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FOREWORD 

The p u r p o s e  o f  t h e  E n v i r o n m e n t a l  E v a l u a t i o n  Group (EEG) i s  t o  

c o n d u c t  an  i n d e p e n d e n t  t e c h n i c a l  e v a l u a t i o n  o f  t h e  p o t e n t i a l  

r a d i a t i o n  e x p o s u r e  t o  p e o p l e  f r o m  t h e  p r o p o s e d  F e d e r a l  r a d i o -  

a c t i v e  Waste  I s o l a t i o n  P i l o t  P l a n t  (WIPP) n e a r  C a r l s b a d ,  i n  

o r d e r  t o  p r o t e c t  t h e  p u b l i c  h e a l t h  a n d  s a f e t y  a n d  e n s u r e  t h a t  

t h e r e  i s  no  e n v i r o n m e n t a l  d e g r a d a t i o n .  The  EEG i s  p a r t  o f  t h e  

E n v i r o n m e n t a l  I m p r o v e m e n t  D i v i s i o n ,  a  componen t  o f  t h e  New M e x i c o  

H e a l t h  a n d  E n v i r o n m e n t  D e p a r t m e n t  - t h e  a g e n c y  c h a r g e d  w i t h  t h e  

p r i m a r y  r e s p o n s i b i l i t y  f o r  p r o t e c t i n g  t h e  h e a l t h  o f  t h e  c i t i z e n s  

o f  New M e x i c o .  

The G r o u p  i s  n e i t h e r  a  p r o p o n e n t  n o r  an  o p p o n e n t  o f  WIPP. 

A n a l y s e s  a r e  c o n d u c t e d  o f  r e p o r t s  i s s u e d  b y  t h e  U . S .  D e p a r t m e n t  

o f  E n e r g y  (DOE) and  i t s  c o n t r a c t o r s ,  o t h e r  F e d e r a l  a g e n c i e s  a n d  

o t h e r  o r g a n i z a t i o n s ,  a s  t h e y  r e l a t e  t o  t h e  p o t e n t i a l  h e a l t h ,  

s a f e t y  a n d  e n v . i r o n m e n t a 1  i m p a c t s  f r o m  WIPP. 

The  p r o j e c t  i s  f u n d e d  e n t i r e l y  b y  t h e  U.S. D e p a r t m e n t  o f  E n e r g y  

t h r o u g h  C o n t r a c t  DE-AC04-79AL10752 w i t h  t h e  New M e x i c o  H e a l t h  and  

E n v i r o n m e n t  D e p a r t m e n t .  

R o b e r t  H. N e i l 1  
D i r e c t o r  



I N T R O D U C T I O N  

These comments a r e  l i m i t e d  t o  t h e  r a d i o l o g i c a l  h e a l t h  a n d  s a f e t y  

a n d  e n v i r o n m e n t a l l y  r e l a t e d  a s p e c t s  o f  t h e  D r a f t  E n v i r o n m e n t a l  

I m p a c t  S t a t e m e n t  ( D E I S ) ,  Waste I s o l a t i o n  P i l o t  P l a n t  (DOE/E IS-0026-0 )  

and  t h e  b a c k g r o u n d  m a t e r i a l  u s e d  b y  DOE, w i t h  t h e  p r i m a r y  f o c u s  o f  

t h e  comments on  t h o s e  a s p e c t s  t h a t  have  p o t e n t i a l  e f f e c t s  on  t h e  

S t a t e  o f  New M e x i c o .  

W h i l e  t h e  E n v i r o n m e n t a l  E v a l u a t i o n  Group (EEG) r e c o g n i z e s  t h a t  

some l a t e r  d a t a  have  become a v a i l a b l e  a n d  t h a t  t h e r e  may be  s i g n i -  

f i c a n t  c h a n g e s  i n  t h e  m i s s i o n  o f  t h e  WIPP, t h e  r e v i e w  has  been * 
c o n f i n e d  t o  t h e  DEIS WIPP R e f e r e n c e  Case ( 1 - 2 ;  6 ) .  I n  t h o s e  c a s e s  

w h e r e  o p t i o n s  o n  WIPP a r e  s t i l l  open  o r  d a t a  was n o t  p r o v i d e d ,  

f i n a l  e v a l u a t i o - n  w i l l  a w a i t  t h a t  i n f o r m a t i o n .  

T h i s  e v a l u a t i o n  i n c l u d e s :  

( 1 )  c h e c k i n g  t h e  c a l c u l a t i o n s  i n  t h e  DEIS w i t h  t h e  a s s u m p t i o n s  

a n d  m e t h o d s  used;  

( 2 )  c h e c k i n g  c o m p u t a t i o n s  b y  a l t e r n a t e  ( u s u a l l y  s i m p l i f i e d )  

a p p r o a c h e s ;  

( 3 )  e v a l u a t i n g  t h e  a s s u m p t i o n s  and  m e t h o d o l o g y  u s e d ;  

( 4 )  c o n s i d e r i n g  p o s s i b l e  o m i s s i o n s ;  

( 5 )  e v a l u a t i n g  c o n c l u s i o n s  r e a c h e d ;  a n d  

( 6 )  r e c o m m e n d i n g  a d d i t i o n a l  a c t i o n s  t o  b e  t a k e n .  

A l t e r n a t i v e  l o c a t i o n s  t o  t h e  p r o p o s e d  WIPP s i t e  h a v e  n o t  been 

e v a l u a t e d  s i n c e  t h e y  a r e  b e y o n d  t h e  s c o p e  o f  EEGLs m i s s i o n .  

S e v e r a l  m e e t i n g s  w e r e  h e l d  w i t h  t h e  DOE a n d  i t ' s  c o n t r a c t o r s  t o  
c l a r i f y  some o f  t h e  a s s u m p t i o n s ,  i n p u t  p a r a m e t e r s ,  a n d  n u m e r i c a l  

p r o c e d u r e s  u s e d  i n  v a r i o u s  a n a l y s e s .  

.- * 
The n o t a t i o n  ( 1 - 2 ;  6 )  r e f e r s  t o  C h a p t e r  1 ,  p a g e  2, p a r a g r a p h  6 

o f  t h e  D E I S .  
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. 

S U M M A R Y  

General  

The Department o f  Energy i s  t o  be commended f o r  making a m b j o r  

e f f o r t  t o  de te rm ine  t h e  e n v i r o n m e n t a i  ,msac t  o f  W I P ? .  

T h i s  r e v i e w  o f  r a d i o l o g i c a l  he? I t n  n n s i d e r a t i o n 5  z c n t a i n s  a  

number o f  concerns,  q u e s t i o n s  and recommendations t h a t  s h o u l d  

be addressed by t h e  Department of  Energy i n  t h e  f i n a l  E n v i r o n -  

men ta l  Impact  S ta tement  ( E I S ) .  

U s i n g  t h e  assumpt ions c o n t a i n e d  in t h e  D r a f t  Env i ronmen ta l  Impac t  

S ta tement  (DEIS) ,  t h e  EEG c a l c u l a t e d  a  number o f  r a d i a t i o n  doses 

and t h e  r e s u l t s  were found t o  be i n  g e n e r a l  agreement w i t h  t h o s e  

p r e s e n t e d  i n  t h e  DEIS. The doses r e s u l t i n g  f r o m  t h e  o p e r a t i o n a l  

and l o n g - r a n g e  r e l e a s e s  f rom UIPP t o  t h e  g e n e r a l  p o p u l a t i o n  a r e  

A 
no more than  a  f r a c t i o n  o f  e x i s t i n g  r a d i a t i o n  doses t o  t h e  p u b l i c .  

However, t h e r e  a r e  a  number o f  t e c h n i c a l  c o n s i d e r a t i o n s  i n  t h e  

assessment o f  r a d i a t i o n  exposure  t h a t  were n o t  a d e q u a t e l y  e v a l u a -  

t e d  i n  t h e  DEIS. They a r e  d i s c u s s e d  i n  t h i s  r e v i e w .  

A number o f  a d d i t i o n a l  dosage e s t i m a t e s  have been i d e n t i f i e d  t h a t  

need t o  be c a l c u l a t e d  by  b o t h  DOE and EEG. 

As t h e  DEIS d i d  n o t  c o n t a i n  e s t i m a t e s  o f  t h e  amounts o f  r a d i o -  

a c t i v i t y  t o  be pe rmanen t l y  l o c a t e d  i n  t h e  r e p o s i t o r y ,  i t  was 

necessa ry  t o  c a l c u l a t e  t h e s e  amounts. 

E s t i m a t e d  P l u t o n i u m  I n v e n t o r y  i n  TRU Wastes* 

R a d i o n u c l i d e  A c t i v i t y  ( C u r i e s )  

PU-238 35,000 

PU-239 480.000 

PU-240 120,000 

PU-241 1,200,000 

* 
a f t e r  30 y e a r s  of r e p o s i t o r y  o p e r a t i o n  

-1 - 



I t  i s  appa ren t  f rom o u r  a n a l y s e s  t h a t  a d d i t i o n a l  i n f o r m a t i o n  and 
-, 

e v a l u a t i o n s  w i l l  be necessa ry  i n  t h e  f u t u r e  i f  t h e  WIPP p r o j e c t  

:eeds. Consequent ly ,  t h e  D E I S  and i t s  r e v i e w  a r e  o n l y  t h e  

b e g i n n i n g  o f  t h e  h e a l t h  and s a f e t y  e v a l u a t i o n s  t h a t  need t o  be 

per formed.  

The DOE s t a t e d  i n  t h e  DEIS t h a t  t h e  WIPP r e p o s i t o r y  s h o u l d  be 

l i c e n s e d  by t h e  N u c l e a r  R e g u l a t o r y  Commission (NRC). Recent 

developments sugges t  t h a t  t h e  WIPP may n o t  be l i c e n s e d  by t h a t  

o r g a n i z a t i o n .  EEG recommends t h a t  t h e  p roposed f a c i l i t y  be 

sub;ected t o  t h e  f u l l  s c r u t i n y  o f  h e a l t h  and s a f e t y  c o n s i d e r a t i o n s  

a f f o r d e d  by t h e  l i c e n s i n g  p rocedu res  of  t h e  NRC. 

H e a l t h  E f f e c t s  

The DEIS d i d  n o t  e s t i m a t e  h e a l t h  e f f e c t s  t o  p e o p l e  f r om e i t h e r  

t h e  e x p e c t e d  o r  p o t e n t i a l  r a d i a t i o n  exposure  b u t  used dose as a  

p r e s u m p t i v e  i n d e x  o f  haza rd .  A l t h o u g h  n o t  as i n f o r m a t i v e  as 

h e a l t h  e f f e c t s ,  i t  has been a  common p r a c t i c e  i n  r a d i a t i o n  p r o -  4 

t e c t i o n  work.  V a r i o u s  r a d i a t i o n  s t a n d a r d s - s e t t i n g  o r g a n i z a t i o n s  

such as t h e  I n t e r n a t i o n a l  Commission on R a d i o l o g i c a l  P r o t e c t i o n  

( ICRP),  U n i t e d  N a t i o n s  S c i e n t i f i c  Commit tee on E f f e c t s  o f  Atomic 

R a d i a t i o n  (UNSCEAR) and t h e  B i o l o g i c a l  E f f e c t s  o f  I o n i z i n g  Rad i -  

a t i o n  Commit tee (BEIR) o f  t h e  N a t i o n a l  Academy o f  Sc iences  have 

deve loped models  f o r  m o r t a l i t y  r i s k  c o e f f i c i e n t s  f r o m  i o n i z i n g  

r a d i a t i o n .  I n  o r d e r  t o  do e x p e c t e d  m o r t a l i t y  c a l c u l a t i o n s ,  i t  

i s  n e c e s s a r y  t o  know n o t  o n l y  t h e  magn i tude  o f  t h e  . ? d i a t i o n  

exposu re  b u t  t n e  s i z e  o f  t h e  p o p u l a t i o n  exposed a; w e l l  as t h e  

p r o b a b i l i t y  o f  such an o c c u r r e n c e .  DOE s h o u l d  address t h e  i s s u e  

o f  h e a l t h  e f f e c t s  i n  t h e  f i n a l  EIS. EEG w i l l  gene ra te  t hose  

e s t i m a t e s  when t h e  r e q u i r e d  i n f o r m a t i o n  has been deve loped f o r  

t h e  v a r i o u s  p o p u l a t i o n  g roups  f r o m  b o t h  normal  and a c c i d e n t a l  

exposu res .  



A T r a n s p o r t a t i o n  

The e q u a t i o n s  u s e  d i n  t h e  DEIS c a l c u l a t i o n s  of  r a d i a t i o n  dose  
from t h e  normal t r a n s p o r t a t i o n  of t h e  r a d i o a c t i v e  w a s t e s  were 

d e r i v e d  by t h e  E E G  and t h e  c a l c u l a t e d  d o s e s  were found t o  be i n  
ag reemen t  w i t h  t h o s e  p r e s e n t e d  i n  t h e  DEIS. These e x p o s u r e s  t o  

t h e  g e n e r a l  p o p u l a t i o n  a r e  smal l  a d d i t i o n s  t o  th 'ose from n a t u r a l  
background and o t h e r  man-made. r a d i a t i o n  s o u r c e s .  However,  a  
c r i t i c a l  e v a l u a t i o n  of t h e  a s s u m p t i o n s  used on p o t e n t i a l  
a c c i d e n t s  i n  t h e  DEIS r a i s e s  t h e  f o l l o w i n g  i s s u e s .  

R a d i a t i o n  e x p o s u r e s  from d e l i b e r a t e  a c t s  o f  s a b o t a g e  i n  t h e  t r a n s -  

p o r t a t i o n  of r a d i o a c t i v e  m a t e r i a l s  c o u l d  be c o n s i d e r a b l y  h i g h e r  
t h a n  t h o s e  from t r a f f i c  and r a i l  a c c i d e n t s  b u t  t h e  DEIS assumed 

t h e r e  would n o t  be a d i f f e r e n c e .  

Some o f  t h e  DEIS a s s u m p t i o n s  f o r  a c c i d e n t s  may n o t  be c o n s e r v a t i v e .  

- Examples a r e :  

1 )  A f i r e  o c c u r r i n g  d u r i n g  a  r a i l  a c c i d e n t  i n v o l v i n g  c o n t a c t -  

hand led  t r a n s u r a n i c  w a s t e s  (CH-TRU). 

2 )  Leakages  o f  r emote -hand led  t r a n s u r a n i c  w a s t e s  (RH-TRU) from 

a  c o n t a i n e r  f o l l o w i n g  a  r a i l  a c c i d e n t .  

3 )  I n g e s t i o n  of  r a d i o a c t i v e  m a t e r i a l  f o l l o w i n g  an a i r b o r n e  

r e l e a s - e .  

C o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  s h i p p i n g  a l l  t h e  r a d i o a c t i v e  w a s t e  

by r a i l  whe reve r  t h e  c a l c u l a t i o n s  show t h a t  t h e  a c t u a l  and p o t e n -  

t i a l  r a d i a t i o n  e x p o s u r e s  t o  p e o p l e  w i l l  be r e d u c e d .  T h i s  i s  con-  

s i s t e n t  w i t h  t h e  c o n c e p t  i n  r a d i o l o g i c a l  h e a l t h  t h a t  a l l  u n n e c e s s -  

a r y  r a d i a t i o n  e x p o s u r e  be avo ided  and e x p o s u r e s  k e p t  a s  low a s  

r e a s o n a b l y  a c h i e v a b l e  (ALARA). C o n s i d e r a t i o n  s h o u l d  a l s o  be g i v e n  
.-- t o  r e s t r i c t i n g  s h i p m e n t s  i n  i c y  w e a t h e r .  



Waste Acceptance  C r i t e r i a  

A f u l l  e v a l u a t i o n  of t h e  r a d i o l o g i c a l  c o n s e q u e n c e s  o f  o p e r a t i o n s  
and a c c i d e n t s  c a n n o t  be comple t ed  u n t i l  t h e  w a s t e  a c c e p t a n c e  
c r i t e r i a  a r e  d e v e l o p e d  by t h e  D O E  Waste Accep tance  C r i t e r i a  S t e e r -  

i ng  Commit tee .  D O E  has  been f u r n i s h i n g  t h a t  m a t e r i a l  t o  E E G  f o r  

r ev i ew  a s  i t  becomes a v a i l a b l e .  T h e r e  a r e  a  number o f  c r i t e r i a  
t h a t  must be s p e c i f i e d  such  a s  t h e  d e g r e e  o f  c o m b u s t i b i l i t y  o f  

t h e  w a s t e s ,  t h e  amount o f  g a s  t h a t  can be g e n e r a t e d  t h rough  decom- 

p o s i t i o n  o f  o r g a n i c  m a t e r i a l s ,  t h e  amount of  p y r o p h o r i c  m a t e r i a l ,  

and t h e  amount and t y p e  of  n o n - r a d i o a c t i v e  h a z a r d o u s  m a t e r i a l  t o  

be s t o r e d .  

S i t e  C h a r a c t e r i z a t i o n  

The re  a r e  u n c e r t a i n t i e s  r e g a r d i n g  s e v e r a l  g e o l o g i c  and h y d r o l o g i c  

a s p e c t s  o f  t h e  a r e a  s u r r o u n d i n g  t h e  W I P P  s i t e .  DOE i s  c o n t i n u i n g  

t o  g a t h e r  and a n a l y z e  d a t a  r e l e v a n t  t o  t h e s e  f e a t u r e s  and p r o c e s s e s .  - 
The f i n a l  EIS s h o u l d  i n c l u d e  a  more d e t a i l e d  a n a l y s i s  o f  t h e  

f o l l o w i n g :  

1 )  n r i n e  r e s e r v o i r s ,  a p p a r e n t l y  l a r g e  and u n d e r  h i g h  p r e s s u r e ,  

which have  been e n c o u n t e r e d  i n  a t  l e a s t  7 w e l l s  w i t h i n  9  

m i l e s  o f  t h e  p e r i p h e r y  o f  t h e  WIPP  s i t e .  

2 )  Deep d i s s o l u t i o n ;  i . e .  d i s s o l u t i o n  o f  l o w e r  and i n t e r m e d i a t e  

l e v e l s  o f  t h e  s a l t  b e d s .  

3 )  B r e c c i a  p i p e s ,  which may be l o c a l i z e d  d e e p  d i s s o l u t i o n  

f e a t u r e s ,  s t a r t i n g  i n  t h e  l o w e r  p o r t i o n  o f  t h e  s a l t  beds  

and m i g r a t i n g  upward. 

4 )  V a r i a t i o n s  and u n c e r t a i n t i e s  i n  g round  w a t e r  f l o w  r a t e s  and 
f l o w  p a t h s .  



5) The effect of the presence of impurities (e.g. clay, 
anhydrite, and polyhalite) on the physical, hydrological, 
thermal and strength characteristics o f  rock salt from the 

repository horizons. 

Site Selection Criteria 

In the absence of regulatory standards by the Nuclear Regulatory 
Commission and the Environmental Protection Agency for the 

permanent disposal of radioactive wastes, reliance has been 

placed by the Department o f  Energy on establishing criteria 
that a repository should meet. 

In light of this fact, we recommend that the Department o f  Energy 

formally request the involved federal agencies and other bodies 
of technical expertise to comment on the reasonableness and 

adequacy of the site selection criteria s o  that a consensus can 

be achieved. In this manner, any allegation that the criteria 

were unilaterally established by DOE can be avoided. 

A failure of the proposed repository to meet a given design 

criterion does not in itself mean there is a hazard. It does 

identify or flag those areas that need to be thoroughly analyzed 

to determine whether or not the consequences of failure could 

result in radiation exposure to people. 

Operational Exposure 

The information on occupational radiation exposure is incomplete 

in the DEIS and presumably will be covered in more detail in the 

Preliminary Safety Analysis Report (PSAR). 

The operational accident scenarios evaluated in the DEIS appear to 

be fairly complete in scope and the EEG calculations agreed with 

the DEIS when the same assumptions were used. Some of the assump- 
tions may underestimate the amount o f  radioactivity released from 

damaged containers. 



I t  i s  a l s o  u n c l e a r  w h e t h e r  t h e  e x h a u s t  a i r  f r o m  t h e  u n d e r g r o u n d  

w a s t e  h a n d l i n g  f a c i l i t y  w i l l  p a s s  t h r o u g h  t h e  HEPA f i l t e r s  

b e f o r e  b e i n g  r e l e a s e d  t o  t h e  e n v i r o n m e n t .  

From t h e  i n f o r m a t i o n  i n  t h e  O E I S ,  t h e r e  i s  a  q u e s t i o n  w h e t h e r  

t h e  n o n - r a d i o l o g i c a l  A m b i e n t  A i r  Q u a l i t y  S t a n d a r d s  o f  New M e x i c o  

w i l l  be m e t  i n  Zones 11, I 1 1  and I V .  A more d e t a i l e d  a n a l y s i s  i s  
n e c e s s a r y  t o  d e t e r m i n e  t h e  c o n t r o l  measures  t h a t  w i l l  b e  r e q u i r e d .  

E x p e r i m e n t a l  Waste  P rog ram 

It i s  r e c o g n i z e d  t h a t  t h e  e x p e r i m e n t a l  h i g h  l e v e l  r a d i o a c t i v e  

w a s t e  p r o g r a m  w i l l  p r o v i d e  e m p i r i c a l  e v i d e n c e  f o r  many o f  t h e  

t h e o r e t i c a l l y  d e r i v e d  g e o l o g i c a l  p a r a m e t e r s .  However ,  i n  o r d e r  

t o  e v a l u a t e  t h e  p o t e n t i a l  r a d i a t i o n  e x p o s u r e  t o  w o r k e r s  a n d  t h e  

p u b l i c  i t  w i l l  be  n e c e s s a r y  t o  know t h e  r a d i o n u c l i d e s  i n v o l v e d ,  

t h e  a m o u n t s  o f  r a d i o a c t i v i t y ,  t h e  w a s t e  f o r m ,  t h e  d e t a i l s  o f  t h e  

e x p e r i m e n t s  a n d  t h e  p l a n s  f o r  r e t r i e v a l  o f  t h e  r a d i o a c t i v e  -. 
m a t e r i a l .  The e x p e r i m e n t a l  w a s t e  p r o g r a m  c o u l d  c o n t a i n  9 t o  90 

m i l l i o n  c u r i e s  o f  r a d i o a c t i v i t y  if t h e  f u l l - s i z e d  c o m m e r c i a l  h i g h  

l e v e l  w a s t e  c a n i s t e r s  a r e  used.  

L o n g  T e r m  R a d i a t i o n  R e l e a s e s  

The DEIS c o n s i d e r s  a  number o f  s c e n a r i o s  w h i c h  c o u l d  l e a d  t o  

r e l e a s e  o f  r a d i o a c t i v i t y  a f t e r  t h e  r e p o s i t o r y  has  been  s e a l e d .  

Based  o n  t h e  a s s u m p t i o n s  u s e d  i n  t h e  DEIS a n a l y s e s  o f  l o n g - t e r m  

r e l e a s e  s c e n a r i o s ,  EEG's r e s u l t s  a r e  i n  r e a s o n a b l e  a g r e e m e n t  w i t h  

d o s e  r a t e s  a n d  r a d i o n u c l i d e  m i g r a t i o n  t i m e s  p r e s e n t e d  i n  t h e  t e x t .  

E x c e p t  f o r  t h e  d r i l l i n g  s c e n a r i o ,  t h e  d o s e  r a t e s  a r e  s m a l l .  How- 

e v e r ,  t h e  s c e n a r i o s  c o n s i d e r e d  were  l i m i t e d  and  t h e  EEG has  i d e n t i -  

f i e d  a d d i t i o n a l  s c e n a r i o s  and  c a l c u l a t i o n s  w h i c h  s h o u l d  be  c o n s i d -  

e r e d  s u c h  as  t h e  p o t e n t i a l  c o n t a m i n a t i o n  o f  w e l l  w a t e r  o r  t h e  r o l e  

o f  p r e s s u r i z e d  g a s  i n  b r i n g i n g - r a d i o a c t i v e  m a t e r i a l  t o  t h e  s u r f a c e .  

EEG h a s  c o n s i d e r e d  t h e  r a n g e s  o v e r  w h i c h  some o f  t h e  p a r a m e t e r s  - ,..--- 



- r e l e v a n t  t o  t h e  movement o f  r a d i o a c t i v i t y  i n  g r o u n d  w a t e r  c a n  

v a r y  and  t h e  e f f e c t s  o f  t h e s e  v a r i a t i o n s  on  t h e  D E I S  r e s u l t s .  

T h e r e f o r e ,  E E G  recommends t h a t  t h e  d e t a i l e d  s e n s i t i v i t y  a n a l y s i s  

c u r r e n t l y  b e i n g  c o n d u c t e d  by  DOE s h o u l d  be  i n c l u d e d  i n  t h e  f i n a l  

E I S .  

R e t r i e v a b i l i t y  

I t  i s  e s s e n t i a l  t h a t  t h e  a b i l i t y  t o  r e t r i e v e  t h e  r a d i o a c t i v e  

w a s t e s  be  e x a m i n e d  i n  d e t a i l  as  t o  c r i  

c a n i s t e r  i n t e g r i t y ,  h a z a r d s  t o  w o r k e r s  

p o p u l a t i o n .  

t e r i a ,  p r o c e d u r e s ,  

a n d  h a z a r d s  t o  t h e  

l o g i s t i c s ,  

g e n e r a l  

D e c o m m i s s i o n i n g  

D e c o m m i s s i o n i n g  o p t i o n s  a r e  d i s c u s s e d  i n  s a t i s f a c t o r y  d e t a i l  i n  

t h e  D E I S .  However ,  t h e  r e l a t e d  i s s u e  o f  t h e  d e g r e e  a n d  l o n g e v i t y  

,- 
o f  s i t e  c o n t r o l  a f t e r  d e c o m m i s s i o n i n g  m u s t  be a d d r e s s e d .  T h i s  i s  

i m p o r t a n t  s i n c e  an u n c o n t r o l l e d  s i t e  w o u l d  be  s u b j e c t  t o  v a r i o u s  

human a c t i o n s ,  e s p e c i a l l y  d r i l l i n g ,  t h a t  c o u l d  v i o l a t e  s i t e  

i n t e g r i t y .  The  a d v a n t a g e  a n d  f e a s i b i l i t y  o f  s i t e  c o n t r o l  f o r  

p e r i o d s  g r e a t e r  t h a n  100  y e a r s  s h o u l d  be  e v a l u a t e d .  



HE,".LTH EFFECTS 

The D E I S  n e i t h e r  e s t i m a t e d  n o r  d i s c u s s e d  h e a l t h  e f f e c t s  f r o m  t h e  

p o t e n t i a l  r a d i a t i o n  e x p o s u r e  t o  t h e  p o p u l a t i o n  b u t  u s e d  d o s e s  

i n s t e a d  as  an i n d e x  o f  h a z a r d .  I n  t h e  d e f i n i t i o n  o f  r i s k  i n  t h e  

g l o s s a r y ,  t h e  DEIS d e f i n e d  " c o n s e q u e n c e "  o f  e x p o s u r e  as  " p o p u  

t i o n  d o s e "  and  n o t  " h e a l t h  e f f e c t s " .  A l t h o u g h  t h i s  i s  n o t  as  

i n f o r m a t i v e  a,  h e a l t h  e f f e c t s ,  i t  has  been a  common p r a c t i c e  

r a d i a t i o n  p r o t e c t i o n  w o r k .  

E s t i m a t e d  h e a l t h  e f f e c t s  f r o m  WIPP s h o u l d  be  i n c l u d e d  i n  t h e  f i n a l  

E1.S. I t  i s  r e c o g n i z e d  t h a t  t h e r e  a r e  u n c e r t a i n t i e s  a s s o c i a t e d  

w i t h  s u c h  e s t i m a t e s  t h a t  i n c l u d e  t h e  a n t i c i p a t e d  s i z e  o f  t h e  f u t u r e  

p o p u l a t i o n  a t  r i s k  f r o m  WIPP, t h e  p r o b a b i l i t y  o f  a c c i d e n t s  a n d  t h e  

f r e q u e n c y  d i s t r i b u t i o n  o f  t h o s e  a c c i d e n t s ,  t h e  m a g n i t u d e  o f  t h e  

p o p u l a t i o n  d o s e  f o r  v a r i o u s  c o n d i t i o n s  a n d  i n d e e d  t h e  b a s i c  a p p l i -  

c a b i l i t y  o f  a  l i n e a r  c o r r e l a t i o n  o f  h e a l t h  e f f e c t s  w i t h  d o s e s  a t  

s u c h  l o w  d o s e  r a t e s .  EEG p l a n s  t o  u n d e r t a k e  t h e s e  c a l c u l a t i o n s  i n  - 
t h e  f u t u r e  a n d  t o  a l s o  i n c l u d e  c o m p a r i s o n s  w i t h  p r e s u m e d  d e a t h s  f r o m  

n s t u r a l  b a c k g r o u n d  a n d  o t h e r  r a d i a t i o n  s o u r c e s  i n  t h e  e n v i r o n m e n t .  

E E G  i n t e n d s  t o  u s e  t h e  f o l l o w i n g  a p p r o a c h .  ICRP ( P u b l i c a t i o n s  2 6  

2 7 )  has  d e v e l o p e d  a  s e t  o f  r i s k  c o e f f i c i e n t s  f o r  v a r i o u s  s o m a t i c  

b i o l o g i c a l  e n d  p o i n t s  a n d  t i s s u e s  t h a t  a r e  b a s e d  o n  c u r r e n t l y  a v a  

a b l e  d a t a  ( R e f .  1,  2 ) .  F o r  a  u n i f o r m  w h o l e - b o d y  i r r a d i a t i o n  

( a v e r a g e d  o v e r  b o t h  s e x e s  a n d  a l l  a g e s )  t h e i r  r e p o r t  i n d i c a t e s  a  

m o r t a l i t y  r i s k  c o e f f i c i e n t  o f  a p p r o x i m a t e l y  rem- '  ( a  p r o b a -  

b i l i t y  o f  1  d e a t h  p e r  10 ,000 p e r s o n - r e m ) .  I n  1 9 7 7  UNSCEAR g a v e  more  

d e t a i l e d  i n f o r m a t i o n  o n  t h e  b a s i s  f o r  t h i s  n u m e r i c a l  v a l u e  a n d  

p o i n t e d  o u t  t h a t  s u c h  c o e f f i c i e n t s  a r e  o b t a i n e d  f o r  m o r t a l i t i e s  

i n d u c e d  a t  d o s e s  i n  e x c e s s  o f  1 0 0  r a d s  ( R e f .  3, p .  4 1 4 ) .  T h e r e  i s  

d i s a g r e e m e n t  o v e r  t h e  n u m e r i c a l  v a l u e s  o f  t h e  r i s k  c o e f f i c i e n t s  a x d  

t h e i r  a p p l i c a b i l i t y  f o r  d i f f e r e n t  t y p e s  o f  r a d i a t i o n  and  f o r  d i f f e r -  

e n t  p o p u l a t i o n  g r o u p s  a n d  t h e  r e s u l t s  s h o u l d  b e  c o n s i d e r e d  as  

a p p r o x i m a t i o n s .  T a b l e  1  i n d i c a t e s  t h e  s t e p s  i n  d e v e l o p i n g  r i s k  

e s t i m a t e s .  



.- As i n d i c a t e d  i n  t h e  f i r s t  c o l u m n ,  p o p u l a t i o n s  a t  r i s k  o f  10 4 

( 1 0 , 0 0 0 )  and  l o 6  ( 1 , 0 0 0 , 0 0 0 )  a r e  assumed.  I n  co lumn 2 ,  t h e  

u n i f o r m  w h o l e - b o d y  e q u i v a l e n t  dose  r e c e i v e d  b y  each  member o f  

t h a t  p o p u l a t i o n  i s  i n d i c a t e d  t o  be  e i t h e r  ( 0 . 0 0 0 0 0 1 ) ,  

( 0 . 0 0 0 1 ) ,  o r  l o - '  ( 0 . 0 1 )  r e m s .  These  r a n g e s  o f  v a l u e s  g e n e r a l l y  

c o v e r  t h e - e s t i m a t e d  a v e r a g e  d o s e  e q u i v a l e n t s  r e c e i v e d  a n d  t h e  

p o p u l a t i o n  s i z e s  a c c o r d i n g  t o  t h e  c a l c u l a t i o n s  ' c o n t a i n e d  i n  t h e  

OEIS. I t  i s  assumed f o r  p u r p o s e s  o f  t h i s  t a b l e  t h a t  t h e s e  dose  

e q u i v a l e n t s  a r e  r e c e i v e d  t h r o u g h o u t  t h e  b o d y  o f  e a c h  o f  t h e  

p e r s o n s  i n  t h e  p o p u l a t i o n s .  The p r o d u c t s  o f  a  v a l u e  i n  c o l u m n  1  

a n d  t h e  v a l u e  i n  c o l u m n  2 ,  f o r  a  g i v e n  l i n e ,  g i v e s  t h e  p o p u l a t i o n  

d o s e  e q u i v a l e n t  i n  p e r s o n  rems  i n d i c a t e d  i n  t h e  t h i r d  c o l u m n .  I f  

t h e  r i s k  c o e f f i c i e n t  i s  assumed t o  be  l o m 4  d e a t h s / r e m ,  t h e  p r o d u c t  

o f  a  n u m e r i c a l  v a l u e  i n  t h e  t h i r d c o l u m n  a n d  g i v e s  t h e  

number  o f  d e a t h s  t h a t  a r e  p r e s u m e d  t o  o c c u r  a s  a  r e s u l t  o f  t h e  

i r r a d i a t i o n .  One n e e d s  t o  remember  t h a t  t h e s e  a r e  t h e  number  o f  

d e a t h s  t h r o u g h o u t  t h e  l i f e t i m e  o f  t h e  i n d i v i d u a l s  i n v o l v e d .  I t  

i s  seen  t h a t  f o r  a  p o p u l a t i o n  o f  1  m i l l i o n  p e r s o n s ,  u n i f o r m l y  

e x p o s e d  t o  a  d o s e  e q u i v a l e n t  o f  0 . 0 1  rem, one  w o u l d  e s t i m a t e  

1  d e a t h  f r o m  r a d i a t i o n  i n d u c e d  c a n c e r  d u r i n g  t h e  e n t i r e  l i f e t i m e  

o f  a l l  members o f  t h a t  p o p u l a t i o n .  

T a b l e  1  

I l l u s t r a t i o n  o f  M e t h o d  t o  C a l c u l a t e  

R a d i a t i o n  I n d u c e d  D e a t h s *  

I f  a n d  
Oose E q u i v a l e n t  

P o p u l a t i o n  Oose E q u i v a l e n t  Presumed 
P o p u l a t i o n  ( p e r s o n - r e m )  

i s  ( r e m )  
D e a t h s  

i s  

10 ,000 0 .000001 0 . 0 1  0 .000001  

10,000 0 . 0 0 0 1  1  0 .0001  

10,000 0 . 0 1  1 0 0  0 . 0 1  

1,009,000 0 .0001  1 0 0  0 . 0 1  

1,000,000 0 .01  10 ,000  1  

*The numbers  u s e d  f o r  t h i s  e x a m p l e  a r e  f o r  i l l u s t r a t i v e  p u r p o s e s  o n l y  

a n d  a r e  n o t  d i r e c t l y  a p p l i c a b l e  t o  W I P P .  



Comparison w i t h  N a t u r a l  Background 

I n  t h e  a b s e n c e  of  i n f o r m a t i o n  on h e a l t h  e f f e c t s ,  i t  i s  cus tomary  

t o  compare man-made r a d i a t i o n  e x p o s u r e  t o  t h a t  which o c c u r s  from 

n a t u r a l  background and t h e  DEIS has  done t h i s .  Dose commitments 

from i o n i z i n g  r a d i a t i o n  a r e  p r e s e n t e d  i n  t h e  DEIS f o r  t i m e  p e r i o d s  

r a n g i n g  from a  few d a y s  t o  one y e a r  and f i f t y  y e a r s .  These  d o s e  

commitments a r e  :ompared t o  t h e  dose  e q u i v a l e n t  from n a t u r a l  back- 

ground o v e r  a  few h o u r s ,  one y e a r ,  f i f t y  y e a r s  and s e v e n t y  y e a r s .  
In  some c a s e s ,  t h e  DEIS i n a p p r o p r j a t e l y  used d i s s i m i l a r  t i m e  

p e r i o d s .  

Doses i n  which t h e  r a d i a t i o n  i s  a b s o r b e d  o v e r  one y e a r  s h o u l d  o n l y  

be compared t o  n a t u r a l  background r a d i a t i o n  o v e r  a  s i m i l a r  t i m e  

p e r i o d .  S i m i l a r l y ,  d o s e s  from r a d i a t i o n  t h a t  o c c u r  o v e r  f i f t y  

y e a r s  can  be compared t o  f i f t y  y e a r s  c u m u l a t i v e  t o t a l  f rom n a t u r a l  

background r a d i a t i o n  e x p o s u r e .  Examples where t h i s  has  n o t  been 

done i n c l u d e  T a b l e s  9-18 ,  9 - 1 9 ,  9-25 a n d '  i n  t h e  d i s c i r s s i o n  of - 
T a b l e  6 -13 .  
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INVENTORY O F  RADIOACTIVITY 

( D E I S  Chapters 2, 6, 9, E) 

TRU Waste Inventory 

T h e  DEIS stated that: " T h e  q u a n t i t i e s  o f  w a s t e  s t o r e d  at various 

s t o r a g e  locations a r e  not p r e c i s e l y  known; t h a t  is, t h e  estimations 

o f  t h e s e  quantities ... have l a r g e  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  

them. In addition, it has not y e t  been 'jecided w h i c h  l o c a t i o n s  

will actually be shipping w a s t e  t o  t h e  W I P P  r e f e r e n c e  r e p o s i t o r y "  

(6-11;3). EEG r e c o g n i z e s  DOE'S d i f f i c u l t y  in o b t a i n i n g  a n  a c c u r a t e  

inventory o f  T R U  w a s t e  t o  b e  stored a t  t h e  WIPP. T h e  c a l c u l a t e d  

inventories used by EEG a r e  based on i n f o r m a t i o n  in t h e  DEIS. If 

t h i s  information is i n c o m p l e t e  o r  i n c o r r e c t  o n  t h e  q u a n t i t y  o r  

isotopic composition, t h e n  t h e  d o s e  and c o n c e n t r a t i o n  e s t i m a t e s  

will a l s o  be i-n error. 

Activity E s t i m a t e s  

S i n c e  t h e  D E I S  did not i n c l u d e  e s t i m a t e s  o f  t h e  total v o l u m e  o r  
6 

a c t i v i t y  o f  t r a n s u r a n i c  (TRU) waste, EEG has p r e p a r e d  e s t i m a t e s  

o f  t h e  a m o u n t s  t o  be l o c a t e d  i n  t h e  r e p o s i t o r y  ( s e e  T a b l e s  2, 3 and 

5) and t h e  i n v e n t o r i e s  f o r  t r u c k  a n d  rail s h i p m e n t s  ( s e e  T a b l e s  3 

a n d  4) a n d  r e c o m m e n d s  t h a t  s u c h  i n f o r m a t i o n  be i n c l u d e d  in t h e  

final EIS. 

EEG's e s t i m a t e s  a r e  based o n  informati 

w a s t e  v o l u m e  a n d  s h i p m e n t  p r o j e c t i o n s  

c o n c e n t r a t i o n s  in A p p e n d i x  E. T h e  per 

w a s  taken t o  be t h i r t y  y e a r s ,  b e c a u s e  

"...the plant is d e s i g n e d  f o r  a useful 

1 - 4 ; )  De t a i l s  o f  t h e  c a l c u l a t i o n s  

o n  in the DEIS, p a r t i c u l a r l y  

in C h a p t e r  6 a n d  r a d i o n u c l i d e  

i o d  o f  r e p o s i t o r y  o p e r a t i o n  

of t h e  D E I S  s t a t e m e n t  that 

l i f e  o f  a t  l e a s t  30 y e a r s "  

a p p e a r  in A p p e n d i x  1. 

R a dionuclide C o n c e n t r a t i o n s  

It is r e c o g n i z e d  t h a t  t h e  a m o u n t s  o f  r a d i o n u c l i d e s  p r e s e n t  in 

c o n t a i n e r s  o f  a g i v e n  t y p e  d i f f e r  g r e a t l y ,  m a k i n g  it d i f f i c u l t  

t o  get an a c c u r a t e  inventory. However, t h e r e  a r e  i n c o n s i s t e n c i e s  ir- 



t h e  D E I S .  The a v e r a g e  p l u t o n i u m  c o n t e n t  l i s t e d  i n  A p p e n d i x  E 

i s  8 grams p e r  box a n d  13 grams p e r  d rum f o r  C H - T R U  w a s t e  

( T a b l e s  E-1, E-2 ,  pp .  E - 2 , 3 ) ,  w h e r e a s  T a b l e  9 -43  ( 9 - 1 0 3 )  i n  t h e  

D E I S  l e a d s  t o  h i g h e r  e s t i m a t e s .  T h i s  t a b l e  g i v e s  p r o j e c t e d  

CH-TRU w a s t e  i s o t o p i c  c o n c e n t r a t i o n s  ( i n  C i l l i t e r  a n d  g l l i t e r )  100  

and 1000 y e a r s  a f t e r  b u r i a l .  The D E I S  n o t e s  t h a t  " t h e  i n v e n t o r y  l i s t e d  

i n  t h e s e  t a b l e s  i s  n o t  p r e c i s e l y  t h e  same as  t h a t  shown i n  A p p e n d i x  

E" and  s t a t e s  t h a t  " a c t u a l  a s s a y  d a t a  f r o m  t h e  I d a h o  N a t i o n a l  

E n g i n e e r i n g  L a b o r a t o r y "  w e r e  u s e d  ( 9 - 1 0 2 ) .  The d a t a  i n  T a b l e  9 -43  

a p p e a r  c o n s i s t e n t  w i t h  r e s u l t s  o f  an  INEL a s s a y  r e p o r t e d  by  

B ingham and B a r r  (SAND 7 8 - 1 7 3 0 ) .  

T a b l e  6 summar i zes  t h e  d i f f e r i n g  a c t i n i d e  c o n c e n t r a t i o n s  o b t a i n e d  

f r o m  T a b l e s  E-1, E-2  and  9 - 4 3 .  Box  c o n c e n t r a t i o n s  o b t a i n e d  

f r o m  T a b l e  E-2  a r e  an  o r d e r  o f  m a g n i t u d e  l o w e r  t h a n  d rum c o n c e n t r a t i o n s  

o b t a i n e d  f r o m  T a b l e  E -1 .  The INEL a s s a y  c o n c e n t r a t i o n s  a r e  s l i g h t l y  

h i g h e r  t h a n  t h e  T a b l e  E-1 d rum c o n c e n t r a t i o n s .  Does t h i s  mean 

t h a t  new d a t a  s u g g e s t  h i g h e r  b o x  a n d  d r u m  c o n c e n t r a t i o n s  t h a n  t h o s e  

g i v e n  i n  T a b l e s  E-1 a n d  E - 2 ?  - 
S p e n t  F u e l  I n v e n t o r y  

The s p e n t  f u e l  i n v e n t o r y  i n  t h e  DEIS a g r e e s  w i t h  o t h e r  p u b l i s h e d  

i n v e n t o r i e s  ( r e f e r e n c e s  1, 2, 3 ) .  The c o m p u t e r  p r o g r a m  u s e d  t o  

d e r i v e  t h e s e  i n v e n t o r i e s  was ORIGEN ( r e f . 4 ) .  ORIGEN has  been 

e v a l u a t e d ,  t e s t e d  a n d  d i s t r i b u t e d  b y  t h e  U. S .  D e p a r t m e n t  o f  

E n e r g y ,  R a d i a t i o n  S h i e l d i n g  I n f o r m a t i o n  C e n t e r  ( r e f .  5 )  and  i s  

b e i n g  u s e d  w r 1 d w i d . e  a s  a n  a c c e p t e d  i n v e n t o r y  c o d e  b y  t h e  n u c l e a r  

f i e l d .  C o r r e l a t i o n  b e t w e e n  m e a s u r e m e n t s  a n d  c a l c u l a t i o n s  has  

g e n e r a l l y  been  g o o d  ( r e f .  6 ) .  

EEG n o t e s  t h a t  t h e  a c t i v a t i o n  p r o d u c t  C a r b o n - 1 4  was n o t  i n c l u d e d  

i n  t h e  s p e n t  f u e l  i n v e n t o r y .  I t  w i l l  b e  p r e s e n t  i n  g r e a t e r  

q u a n t i t i e s  t h a n  1 - 1 2 9  ( r e f .  7 ) ,  h a s  a  h a l f - l i f e  o f  5 7 3 0  y e a r s ,  

a n d  i s  v e r y  m o b i l e  i n  t h e  e n v i r o n m e n t .  I t  has  b e e n  p r o j e c t e d  t o  - c a u s e  t h e  m a j o r  p a r t  o f  t h e  p o p u l a t i o n  d o s e  f r o m  n u c l e a r  r e a c t o r s  



T a b l e  2 

C s t i m a t e d  - 3 0 - y e a r  re posit or^ T R U  Waste I n v e n t o r y *  

I s o t o p e  A c t i v i t y  ( C i l  

* 
T h e s e  e s t i m a t e s  i n c l u d e  t h e  e f f e c t s  o f  d e c a y  a n d  i n g r o w t h .  

* * 
P l u t o n i u m - 2 4 1  ( h a l f - l i f e  = 1 3  y e a r s )  i s  a  b e t a  e m i t t e r  w h i c h  
d e c a y s  t o  A m e r i c i u m - 2 4 1  ( h a 1  f - 1  i f e  = 4 6 0  y e a r s ) .  



T a b l e  2 

I n v e n t o r y  o f  R a d i o a c t i v i t y *  

,- 

CH-TRU 

I s o t o p e  R e p o s i t o r y  T o t a l  
( C i )  

Pu-241**  2.8 x 1 0  6  

Am-241 -- 7 . 7  1 c 3  

T o t a l  3 . 4  x l o 6  

RH-TRU 

R e p o s i t o r y  T o t a l  A c t i v i t y  i n  a  A c t i v i t y  i n  a  

- ( C i )  r a i l  s h i p m e n t  t r u c k  s h i p m e n t  
( C i )  ( C i  

S r - 9 0 / Y - 9 0  2.8 x 1 0  2100.  420. 6  

CO-60 1.7 x 1 0  1 3 .  2.6 4  
.A 

RU-106/Rh-106 2.5 x 1 0  18.5 3.7 4  

Cs-137/Ba-137m 1 . 4  x 1 0  4  10.5 2.1 

Eu-152 3.6 x 1 0  2.7 .53  3  

Eu-154 1 .4  x 1 0  10.5 2.1 4  

Th-232 8.0 .006  .991 

U-234 6.5 x ( 4 . 9  (9 .7  x 

U-235 2.7 .002  ( 4 . 1  

U-238 6.0 x 1 0  .044  .009 

Pu -238 7.4 x l o 2  . 5 5  . I 1  

Pu-239 8.7 x 1 0  6.5 1.3 3  

PU -240 2.0 l o 3  1.5 .3 

Pu -241** 5.2 x 1 0  39 .  7.0, 4  

Am-241 1.4 x 1 0  .ll .02 2  

Cm-244 3.6 x 1 0  27.  5.3 4  

T o t a l  3.0 x 10' 2.2 l o 3  4.5 x 1!12 

A. * 3 0  y e a r s  o f  new p r o d u c t i o n  a r e  a d d e d  t o  t h e  b a c k l o g  ( s e e  D E I S  T a b l e s  
6 -2 ,  6 - 6 ) .  The  e f f e c t s ' o f  d e c a y  a n d  i n g r o w t h  a r e  n o t  i n c l u d e d  i n  t h e s e  
e s t i m a t e s .  

* * 
B e t a  e m i t t e r  w i t h  a  1 3  y e a r  h a l f - l i f e .  



T a b l e  4 

CH-TRU S h i p m e n t  I n v e n t o r i e s  

I s o t o p e  C i / d r u m  C i / b o x  C i / r a i l  C i l t r u c k  C i l r a i l  C i l t r u c k  
( T a b l e  ( T a b l e  s h i p m e n t  s h i p m e n t  s h i p m e n t  s h i p m e n t  

E - 1 )  E - 2 )  o f  d rums  o f  drums o f  b o x e s  o f  boxes  

I 
A CH-TRU S h i p m e n t  Vo lumes*  
m 
I 

Mode C o n t a i n e r  Volume o f  C o n t a i n e r s  Waste volume 
c o n t a i n e r  p e r  s h i p m e n t  p e r  s h i p m e n t  

( f t 3 )  ( f t 3 )  

 ail^ Box 112  2 4  2700 

R a i l  Drum 7.4 120  930 

T r u c k  b  Box 112  8 900 

T r u c k  Drum 7.4 42 31 9 

a~~~~ r a i l c a r  assumed f o r  r a i l  s h i p m e n t .  

b ~ y p e  B  c o n t a i n e r  f o r  t r u c k  s h i p m e n t  assumed t o  h o l d  8 b o x e s .  

*DEIS, T a b l e  6 - 3 ( 6 - 1 2 ) .  



T a b l e  5  

TRU Waste Volumes ( f t m 3 ) :  30  Y e a r  R e p o s i t o r y  T o t a l s  

TY pe New w a s t e  New w a s t e  
o f  p r o d u c t i o n  p r o d u c t i o n  B a c k l o g  + 30 y e a r  

Waste  C o n t a i n e r s  B a c k l o g *  p e r  y e a r *  i n  30  y e a r s  p r o d u c t i o n  

CH Boxes 7.0 l o 5  9.0 x 1 0  
4  2.7 x l o 6  

C H Drums 2 . 4  x l o 6  1.5 x 1 0  5  4 . 5  x 10  6  

R H C a n i s t e r s  7.7 l o 4  6.9 l o 3  2.1 x 10  5 2.8 x 10  5 

* 
D E I S ,  T a b l e s  6-2 ,  6 - 6  ( 6 - 1 2 . 6 - 1 4 ) .  A 

u 
I 



T a b l e  6 

C H  T R U  R a d i o n u c l i d e  C o n c e n t r a t i o n s  -. - 

I R a d i o n u c l i d e  c o n c e n t r a t i o n s  ( p C i / l )  * I 
H a l f -  F r o m  T a b l e  E-l.* F r o m  T a b l e  E-2, From I N E L  a s s a y  F r o m  T a b l e  9-43 

I s o t o p e  l i f e  (yrs.) in d r u m s  in b o x e s  S A N D  7 8 - 1 7 3 0  ( p .  87, a t  100 years 
- 

I 
* C a l c u l a t e d  by d i v i d i n g  t h e  e x p e c t e d  a c t i v i t i e s  (Ci/drum a n d  C i / b o x )  in T a b l e s  E-1 a n d  E - 2  by OD 

I 

t h e  c o n t a i n e r  v o l u m e s  ( 2 0 8  l i t e r s  f o r  a  d r u m  a n d  3.2 x  lo3 l i t e r s  f o r  a  box), a n d  m u l t i p l y i n g  

by lo6 pCi/Ci. 
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WASTE ACCEPTANCE CRITERIA 

( D E I S  C h a p t e r  5 )  

M a j o r  C o n c l u s i o n s  

1 )  S i n c e  t h e  w a s t e  a c c e p t a n c e  c r i t e r i a  a r e  u n d e r  a c t i v e  d e v e l o p -  

m e n t  b y  t h e  DOE, t h e y  a r e  n o t  i n  t h e  D E I S .  However ,  D O E  has  

been f u r n i s h i n g  EEG w i t h  m a t e r i a l  on t h e  c r i t e r i a  as  t h e y  a r e  

b e i n g  d e v e l o p e d  b y  t h e  Waste A c c e p t a n c e  C r i t e r i a  S t e e r i n g  

C o m m i t t e e  f o r  r e v i e w .  

U n t i l  s u c h  t i m e  as  w a s t e  a c c e p t a n c e  c r i t e r i a  a r e  d e f i n e d ,  

t h e  r a d i o l o g i c a l  c o n s e q u e n c e s  o f  o p e r a t i o n s  and  a c c i d e n t s  

c a n n o t  be  f u l l y  a n a l y z e d .  T h r e e  m a j o r  c o n c e r n s  o f  b o t h  

t h e  DOE and  t h e  EEG a r e  t h e  p r e s e n c e  i n  t h e  TRU w a s t e  o f :  

a )  g a s  f r o m  o r g a n i c  d e c o m p o s i t i o n  

b )  c o m b u s t i b l e  m a t e r i a l s ;  a n d  

c )  r e s p i r a b l e  p a r t i c l e s .  

2 )  Some i n t e r i m  c r i t e r i a  o n  RH-TRU w a s t e  i n  T a b l e  5 - 1  a r e  

l e s s  s t r i n g e n t  t h a n  c r i t e r i a  f o r  CH-TRU w a s t e .  

3 )  I t  i s  e s s e n t i a l  t h a t  t h e  r e t r i e v a b i l i t y  o f  t h e  r a d i o a c t i v e  

w a s t e s  be  e x a m i n e d  i n  d e t a i l  as  t o  c r i t e r i a ,  l o g i s t i c s ,  p r o -  

c e d u r e s ,  i n t e g r i t y  o f  c o n t a i n e r s ,  h a z a r d s  t o  w o r k e r s ,  a n d  

h a z a r d s  t o  t h e  g e n e r a l  p o p u l a t i o n .  

CH a n d  RH-TRU C r i t e r i a  

The r e v i e w  o f  t h e  i n t e r i m  w a s t e  a c c e p t a n c e  c r i t e r i a  f o r  CH a n d  

RH-TRU w a s t e  ( 5 - 4 ,  5 - 5 )  l e d  t o  s e v e r a l  c o n c e r n s :  

1 )  C o m b u s t i b i l i t y .  A l i m i t  h a s  n o t  been  p l a c e d  o n  t h e  amount  o f  - 
.+ 

c o m b u s t i b l e  m a t e r i a l s  w h i c h  may be p l a c e d  i n  i n d i v i d u a l  c o n t a i n e  

o r  c o l l e c t i v e l y  i n  t h e  u n d e r g r o u n d  s t o r a g e  rooms .  EEG i s  
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c o n c e r n e d  s i n c e  f i r e  i s  l i s t e d  among t h e  p o s s i b l e  a c c i d e n t s .  

2 )  Gas G e n e r a t i o n .  G a s - g e n e r a t i n g  m a t e r i a l s  i n  CH-TRU w a s t e  a r e  
4.- 

l i m i t e d  t o  1 0 %  b y  w e i g h t  i n  any  s i n g l e  s t o r a g e  room.  No 

,,_.--. l i m i t  i s  g i v e n  f o r  RH-TRU w a s t e .  The 10% l i m i t  shown w o u l d  
" n o t  p r o v i d e  m e a n i n g f u l  g u i d a n c e  t o  t h e  i n d i v i d u a l s  p a c k i n g  

t h e  c o n t a i n e r s .  How much g a s - g e n e r a t i n g  w a s t e  w i l l  be a c c e p t e d ?  

How much gas  a n d  w h a t  t y p e  c a n  be  g e n e r a t e d ?  What w i l l  be  

t h e  l o n g  t e r m  e f f e c t s  o f  gas  g e n e r a t i o n ?  On. p p .  9 - 1 3 3  t o  9 - 1 3 6 ,  

gas  g e n e r a t i o n  a n d  i t s  p o s s i b l e  e f f e c t s  on t h e  r e p o s i t o r y  a r e  

d i s c u s s e d .  T h e s e  p r o b l e m s  a r e  b e i n g  i n v e s t i g a t e d  b y  t h e  D O E .  

C a l c u l a t i o n s  h a v e  been c a r r i e d  o u t  w h i c h  i n d i c a t e  t h a t  gas  

p r e s s u r e s  i n  t h e  r e p o s i t o r y  " m i g h t  e x c e e d  l i t h o s t a t i c  p r e s s u r e s  

a t  t h e  r e p o s i t o r y  d e p t h s "  ( 9 - 1 3 6 ;  d e t a i l s  a r e  n o t  g i v e n ) .  

The s t a t e m e n t  i s  made t h a t  "To i n s u r e  t h a t  e v o l v e d  g a s e s  w i l l  

n o t  f r a c t u r e  t h e  r o c k  o v e r l y i n g  t h e  r e f e r e n c e  r e p o s i t o r y ,  t h e  

w a s t e  a c c e p t a n c e  c r i t e r i a  w i l l  l i m i t  t h e  amount  of gas-producing 

m a t e r i a l  i n  t h e  w a s t e  a c c e p t e d  f o r  b u r i a l "  ( 9 - 1 3 6 ; 3 ) .  Gas 

g e n e r a t i o n  c r i t e r i a  s h o u l d  be  v e r y  s p e c i f i c  a n d  s h o u l d  be  

s u p p o r t e d  b y  e v i d e n c e  o f  t h e i r  a d e q u a c y .  D e t a i l e d  g u i d a n c e  

s h o u l d  be  p r o v i d e d  t o  w a s t e - g e n e r a t i n g  f a c i l i t i e s  i n  o r d e r  

t o  h e l p  t h e m  m e e t  t h e  c r i t e r i a .  I t  i s  n o t  c l e a r  how w a s t e -  

g e n e r a t i n g  f a c i l i t i e s  w i l l  d e t e r m i n e  t h e  c o n t e n t  o f  g a s - p r o d u c i n g  

m a t e r i a l s  i n  p r e v i o u s l y  s t o r e d  w a s t e s .  

3 )  P y r o p h o r i c s .  EEG b e l i e v e s  c r i t e r i a  s h o u l d  s p e c i f y  t h e  

a m o u n t s  o f  p y r o p h o r i c  m a t e r i a l  p e r m i t t e d  i n  b o t h  CH a n d  RH-TRU 

w a s t e .  

4 )  H a z a r d o u s  M a t e r i a l .  What n o n - r a d i o a c t i v e  h a z a r d o u s  m a t e r i a l s  

m u s t  WIPP be  p r e p a r e d  t o  h a n d l e ,  a n d  i n  w h a t  t o t a l  q u a n t i t y ?  

What c r i t e r i a  w i l l  t h e  WIPP o p e r a t o r  u s e  i n  a u t h o r i z i n g  s u c h  

m a t e r i a l ?  ( S e e  t h e  r e f e r e n c e  t o  " H a z a r d o u s  m a t e r i a l s "  i n  

T a b l e  5 . 1 ) .  What c a l c u l a t i o n s  h a v e  been d o n e  o n  t h e  p o t e n t i a l  

r e e n t r y  o f  t h e s e  m a t e r i a l s  t o  t h e  b i o s p h e r e ?  Some o f  t h e m  

c o u l d '  be  h a z a r d o u s  f o r  p e r i o d s  l o n g e r  t h a n  t h e  r a d i o a c t i v e  w a s t e s .  



5 )  T h e r m a l  Power .  A c r i t e r i o n  o f  0 . 1  w / f t 3  i s  g i v e n  f o r  color 

c o d i n g  and  i d e n t i f i c a t i o n  f o r  t h e  C H - T R U  w a s t e .  A c r i t e r i o n  

s h o u l d  be g i v e n  f o r  RH-TRU as w e l l .  - 
The e x p l a n a t i o n  g i v e n  f o r  n o t  r e s t r i c t i n g  c o m b u s t i b i l i t y ,  gas  

g e n e r a t i o n  o r  t h e r m a l  power  f o r  RH-TRU w a s t e  i s  t h a t  " q u a n t i t i e s  

[ o f  RH-TRU w a s t e ]  a r e  i n s i g n i f i c a n t ,  and  p r o c e s s i n g  w i l l  p r o b a b l y  

n o t  be a v a i l a b l e "  ( 5 - 4 ) .  The D E I S  r e f e r s  t o  RH-TRU w a s t e  as  

c o n s t i t u t i n g  " a  s m a l l  f r a c t i o n  ( a b o u t  2% by  v o l u m e )  o f  t h e  TRU w a s t e  

g e n e r a t e d  :y t h e  DOE c o m p l e x "  ( 5 - 6 ; 1 ) ,  and  g o e s  o n  t o  s t a t e  t h a t  

"Even  i f  a l l  t h e  RH-TRU w a s t e  w e r e  g a s - p r o d u c i n g  o r  c o m b u s t i b l e ,  

t h e r e  w o u l d  p r o b a b l y  n o t  be e n o u g h  t o  c a u s e  s i g n i f i c a n t  p r o b l e m s  

a t  t h e  WIPP r e f e r e n c e  r e p o s i t o r y "  ( 5 - 6 ; 2 ) .  EEG's  e s t i m a t e s  o f  

t o t a l  r e s p o s i t o r y  TRU w a s t e s  v o l u m e s  ( s e e  T a b l e  5, p . 2 0 )  a r e  
7 5  1 . 0  x  1 0  c u b i c  f e e t  o f  CH-TRU a n d  2 .8  x  1 0  c u b i c  f e e t  o f  RH-TRU. 

I f  t h i s  amount  o f  RH-TRU m a t e r i a l  i s  t o  be c o n s i d e r e d  i n s i g n i f i c a n t ,  

c a l c u l a t i o n s  i n  t h e  f i n a l  E I S  s h o u l d  s u p p o r t  t h i s  c o n c l u s i o n .  

F u r t h e r m o r e ,  EEG e s t i m a t e s  t h e  a v e r a g e  l e v e l  o f  r a d i o a c t i v i t y  o f  

m a t e r i a l  i n  a  s h i p m e n t  o f  RH-TRU w a s t e  t o  be  2 . 2  x l o 3  C i l r a i l  
2 .  s h i p m e n t  and  4.5 x  1 0  C i l t r u c k  s h i p m e n t  ( s e e  T a b l e  3,  p . 1 8 ) .  -. 

The d e g r e e  o f  m o b i l i t y  a n d  c o m b u s t i b i l i t y  o f  w a s t e s  w i l l  be  a  f a c t o r  

i n  d e t e r m i n i n g  t h e  c o n s e q u e n c e s  o f  a  t r a n s p o r t a t i o n  a c c i d e n t .  

P r e v i o u s l y  S t o r e d  TRU \ !astes 

To  w h a t  e x t e n t  w i l l  p r e v i o u s l y  s t o r e d  TRU w a s t e  be  r e - e x a m i n e d ,  

t r e a t e d  a s  may b e  n e c e s s a r y  ( i n c i n e r a t i o n ,  i m m o b i l i z a t i o n  o f  a s h ,  

e t c . )  a n d  r e p a c k a g e d  p r i o r  t o  s h i p m e n t  t o  WIPP? Some o f  t h e  

w a s t e s  p r o p o s e d  f o r  WIPP may h a v e  b e e n  i n  s t o r a g e  a s  l o n g  a s  20  

y e a r s .  The  c h a r a c t e r i s t i c s  o f  t h e  w a s t e s  a n d  t h e  c o n t a i n e r s  

c o u l d  h a v e  c h a n g e d  s u b s t a n t i a l l y  i n  t h a t  t i m e ,  r e n d e r i n g  e i t h e r  

t h e  w a s t e s ,  t h e  c o n t a i n e r s ,  o r  b o t h  u n s u i t a b l e  f o r  s t o r a g e  a t  t h e  

WIPP. A c c o r d i n g  t o  r e f e r e n c e  16,  i t  i s  d o u b t f u l  t h a t  17C d rums  

w o u l d  m e e t  t h e  l e a k  t e s t  r e q u i r e m e n t s  o f  t h e  ANSI s t a n d a r d  1 4 . 5 ,  

p a r t i c u l a r l y  a f t e r  a d e c a d e  o f  s t o r a g e .  The i n t e g r i t y  o f  t h e  

drums w i t h o u t  p o l y e t h y l e n e  
--.-.. -.. t h e  n o - l e a k  r e a u i r e m e n t  o f  

1  i n e r s  i s  p a r t i c u l a r l y  s u s p e c t .  I s  
A 

ANSI 1 4 . 5  o r  t h e  r e q u i r e m e n t s  o f  1 0  



Information in reference 1 1  indicated that there was non-uniformity 
among the various suppliers of the TRU wastes in the way in which 

wastes were stored and data recorded. The waste acceptance 

criteria should clearly establish uniform practices which are 
consistent with the needs o f  WIPP. For example, reference 22 

indicated that all Pu-238 contaminated waste in 'drums which have 

been previously stored for significant time periods should be 

considered potentially explosive until individual drum analyses are 
conducted. This would imply that such drums would not meet a 

criterion prohibiting explosive material in CH and RH-TRU waste 
containers. 

Impacts of Processinp 

Processing of CH-TRU Waste by s 

in the DEIS as a strong possibi 

lagging pyrolys 

lity (5-9). Th 

is was presented 

is raises certain 

.- questions. Would slagging pyrolysis facilities be set up at all 
sites from which waste would be sent? Would pyrolysis take 

place only at INEL? In this case, would waste from other locations 

be sent to Idaho for processing o r  would the waste acceptance 

criteria be relaxed for waste from other locations? Will some of 

the waste be processed at the repository site? This would have 

implications in t h e a r e a  o f  transportation and operational 

exposures. 

The statement on page 5-7;3 that "the waste-acceptance criteria 

finally selected will produce smaller impacts than the impacts 
calculated from the assumed criteria" seems premature. 



D e t a i l e d  Comments - 
5 - 3 ,  5 - 4  What i s  t h e  r a t i o n a l e  b e h i n d  " L a r g e  s u p p l i e r s  m u s t  o b s e r v e  

a n o t h e r  l i m i t :  t h e  s u r f a c e - d o s e  r a t e  o f  t h e i r  s h i p m e n t  

a v e r a g e d  o v e r  3  m o n t h s ,  m u s t  be  no  h i g h e r  t h a n  10 m r e m / h r U  

( 5 - 3 : 7 ) ?  What i s  t h e  l i m i t  f o r  s m a l l  s u p p l i e r s ?  A l s o ,  

w h a t  a r e  t h e  s u r f a c e  c o n t a m i n a t i o n  l i m i t s  ( R e f .  49 CFR 

1 4 3 . 3 9 a ) ?  

Have c r i t e r i a  b e e n  d e v e l o p e d  f o r  s p e n t  f u e l  and  H i f l h  L e v e l  

Was te?  

5 - 5  S u r f a c e  C o n t a m i n a t i o n  C r i t e r i a  r e f e r e n c e  s h o u l d  be  49 CFR 

1 7 3 . 3 9 8  

5 -4 ,5 -7 ;4  T a b l e  5 -  

m a t e r i a l  

i n s t e a d  o f  49 CFR 7 3 . 3 9 8  i n  T a b l e  5 - 1 .  

1  s t a t e d  t h a t  s m a l l  q u a n t i t i e s  o f  p y r o p h o r i c  

w i l l  b e  a c c e p t a b l e .  Page 5 -7  s t a t e d  t h a t  

e n v i r o n m e n t a l  i m p a c t s  w e r e  a s s e s s e d  u n d e r  t h e  a s s u m p t i o n  

t h a t  n o  p y r o p h o r i c  m a t e r i a l  w o u l d  b e  a c c e p t e d .  - 
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M e e t i n g ,  June 1 4 - 1 5 ,  1978 , "  w i t h  17 a t t a c h m e n t s .  

" T r a n s u r a n i c  Waste A c c e p t a n c e  C r i t e r i a  f o r  G e o l o g i c  D i s p o s a l , "  

a  memorandum f r o m  M.L. Kram t o  Waste  A c c e p t a n c e  C r i t e r i a  S t e e r i n g  

C o m m i t t e e .  

" C o n t a c t - H a n d l e d  TRU Waste P a c k a g e s , "  a  memorandum and  r e p o r t  

f r o m  L . W .  S c u l l y  t o  Waste A c c e p t a n c e  C r i t e r i a  S t e e r i n g  C o m m i t t e e ,  

S e p t e m b e r  1 9 ,  1 9 7 8 .  

L o s  A lamos T e c h n i c a l  A s s o c i a t e s ,  I n c .  P r e l i m i n a r y  R e p o r t  on  

t h e  WIPP O p e r a t o r  Dose C a l c u l a t i o n s ,  S e p t e m b e r  1 9 7 8 .  

"The  E f f e c t  o f  ~ a - s t e  L e a c h a b i l i t y  o n  E a d i o n u c l  i d e  Mob i  1  i t y  , I 1  

a  memorandum and  r e p o r t  f r o m  P.D. O ' B r i e n  t o  Was te  A c c e p t a n c e  

C r i t e r i a  S t e e r i n g  C o m m i t t e e ,  S e p t e m b e r  22,  1978 .  
A 

S h e f e l b i n e ,  H e n r y  C .  P r e l i m i n a r y  E v a l u a t i o n  o f  t h e  C h a r a c t e r -  

i s t i c s  o f  D e f e n s e  T r a n s u r a n i c  W a s t e s  (SAhD 78,-1850 D r a f t ) ,  

u n d a t e d .  

"Comments R e c e i v e d  on TRU P a c k a g i n g  i n  WIPP C o n c e p t u a l  D e s i g n  

R e p o r t , "  an u n d a t e d  and  u n s i g n e d  r e p o r t .  

" M i n u t e s  o f  H a s t e  A c c e p t a n c e  C r i t e r i a  S t e e r i n g  C o m m i t t e e  M e e t i n g , "  

S e p t e m b e r  25 ,  1 9 7 8 .  

"Comments on  R e v i s i o n  1 ( O c t .  5, 1 9 7 8 )  o f  P r o p o s e d  I n t e r i m  

A c c e p t a n c e  C r i t e r i a  f o r  C o n t a c t - H a n d l e d  TRU W a s t e s , "  a  memorandum 

and  r e p o r t  f r o m  M.L. Kram t o  H.H. I r b y .  

"Comments on P r o p o s e d  I n t e r i m  W a s t e  A c c e p t a n c e  C r i t e r i a  f o r  

C o n t a c t - H a n d l e d  TRU Waste,"  a  l e t t e r  f r o m  D.E. L a r g e  t o  H.H. I r b y ,  

O c t o b e r  5 ,  1978 .  



2 1 .  "WIPP F i r e  T e s t  P r o g r a m , "  a  memorandum f r o m  T.O. H u n t c r  t o  - W a s t e  A c c e p t a n c e  C r i t e r i a  S t e e r i n g  C o m m i t t e e ,  S e p t e m b e r  2 2 ,  1 9 7 8 .  

2 2 .  " A n  I n t e r i m  Summary o f  E x p e r i m e n t a l  P r o g r a m s  f o r  t h e  WIPP TRU 

W a s t e  , A c c e p t a n c e  C r i t e r i a , "  ( D r a f t ) ,  J a n u a r y  1 9 7 9 .  

2 3 .  U.S.  D e p a r t m e n t  o f  E n e r g y .  P r o j e c t  O v e r v i e w . .  W a s t e  I s o l a t i o n  

P i l o t  P l a n t  ( W I P P - D O E - 2 1 ) ,  J a n u a r y  1 0 ,  1 9 7 9 .  



TRANSPORTATION 
(DEIS C'apter 6) 

Major Conclusions 

The equations used i n  the calculations of radiation doses 
from the normal transportation of the radioactive wastes 
have been derived by the EEG and the calculated doses were 
found to be in agreement with those presented in the DEIS. 
EEG has made a critical evaluation o f  the assumptions used 
in order to determine the validity of these dose estimates. 
These doses would represent small additions to the general 
population radiation exposure in comparison to other man- 
made radiation sources and natural background. 

EEG has identified a number of additional dosage calculations 
to be performed and these are listed on pages 90-92. 

- 
Radiation exposures from deliberate acts of sabotage in the 
transportation of radioactive materials could be considerably 
higher than those from conventional traffic and rail accidents. 
The DEIS assumed there would not be a difference. 

Some of the assumptions for accidents may not be sufficiently 
conservative. The following possibilities were not included 
in the DEIS calculations. 

a) A fire occurring during a rail accident involving contact 
handled transuranic wastes (CH-TRU). 

b) Leakage of remote handled transuranic wastes (RH-TRU) 
from a container following a rail accident. 

c) Ingestion of radioactive material following an airborne 
release. 



5 )  C o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  s h i p p i n g  a l l  t h e  r a d i o a c t i v e  - w a s t e  by  r a i l  w h e r e v e r  t h e  c a l c u l a t i o n s  show t h a t  t h e  p o t e n t i a l  

r a d i a t i o n  e x p o s u r e s  t o  p e o p l e  w o u l d  be r e d u c e d .  T h i s  i s  

c o n s i s t e n t  w i t h  t h e  c o n c e p t  i n  r a d i o l o g i c a l  h e a l t h  t h a t  a l l  

u n n e c e s s a r y  r a d i a t i o n  e x p o s u r e  be a v o i d e d  and  e x p o s u r e s  k e p t  

as l o w  as  r e a s o n a b l y  a c h i e v a b l e  (ALARA).  C o n s i d e r a t i o n  s h o u l d  

a l s o  be g i v e n  t o  r e s t r i c t i n g  s h i p m e n t s  i n  i c y  w e a t h e r .  

6 )  The maximum d o s e  t o  p e o p l e  f r o m  a t m o s p h e r i c  d i s p e r s i o n  c a n  be 

c l o s e r  t h a n  t h e  0 . 5  m i l e s  c a l c u l a t e d  i n  t h e  DEIS i f  t h e  p l u m e  

does  n o t  r i s e  t o  a  h e i g h t  o f  20. m e t e r s  a t  t h e  t i m e  o f  r e l e a s e  

o r  i f  more  u n s t a b l e  a t m o s p h e r i c  c o n d i t i o n s  o c c u r .  

R a d i a t i o n  Doses f r o m  t h e  N o r m a l  T r a n s p o r t a t i o n  o f  R a d i o a c t i v e  Wastes 

The r a d i o n u c l i d e  i n v e n t o r i e s  f o r  t r u c k  and  r a i l  s h i p m e n t s  o f  b o t h  

CH-TRU a n d  RH-TRU w a s t e s  w e r e  c a l c u l a t e d  b y  EEG a n d  a r e  shown i n  

T a b l e s  3 a n d  4 .  D e r i v a t i o n s  o f  t h e  e q u a t i o n s  u s e d  i n  t h e  c a l c u l a -  - t i o n  o f  r a d i a t i o n  e x p o s u r e  f r o m  t h e  n o r m a l  t r a n s p o r t a t i o n  o f  r a d i o -  

a c t i v e  w a s t e s  a r e  shown i n  A p p e n d i x  11. 

C o m p a r i s o n  o f  c a l c u l a t e d  d o s e s  i n  T a b l e  7 and 8 show s u b s t a n t i a l  

a g r e e m e n t  b e t w e e n  t h e  a n n u a l  d o s e s  i n  t h e  DEIS and  t h o s e  c a l c u l a t e d  

b y  t h e  EEG u s i n g  NUREG-0170. T h e s e  e x p o s u r e s  r e p r e s e n t  s m a l l  

a d d i t i o n s  t o  n o r m a l  b a c k g r o u n d  r a d i a t i o n  and  man-made r a d i a t i o n  

e x p o s u r e .  

The  d o s e s  g i v e n  i n  t h e  DEIS a r e  p o p u l a t i o n  d o s e s .  No i n f o r m a t i o n  

was p r e s e n t e d  o n  p o t e n t i a l  d o s e s  t o  i n d i v i d u a l s .  P r o j e c t i o n s  o f  

maximum i n d i v i d u a l  d o s e s  d u r i n g  n o r m a l  t r a n s p o r t  s h o u l d  be  p r o v i d e d .  



TABLE 7  

C a l c u l a t e d  R a d i a t i o n  Doses f r o m  Normal  
T r a n s p o r t a t i o n  o f  CH-TRU Waste 

Annua l  P o p u l a t i o n  Dose (man-rem) 

O r i g i n  
and 

l o d e  

R a i l  1 1 . 6  1 .0  1 .6  

I N E i (  box )  
T ruck  

Rai  1 

IMEL(drum) 
T ruck  

R a i l  

H a n f o r d  
T ruck  

P o p u l a t i o n  
s u r r o u n d i n g  r o u t e  

w h i l e  mov ing  

E I S  E E G  E I S / E E G *  

.096  .14 .62 

. 34  . 2 1  1 . 6  

. 5 9  . 8 8  . 6 8  

2 .1  1.3 1 . 7  -. 

. 52  . 75  .69  

LASL 
T r u c k  

P a s s i n g  
M o t o r i s t s  

E I S  E E G  E I S I E E G *  

.049  . 044  1.1 

.31  .27 1 . 1  

. 27  . 24  1 .1  

- 1 5  .:2 . 68  

SRP 
T r u c k  

Crew - 

E I S  E E G  E I S / E E G *  - 

P o p u l a t i o n  
s u r r o u n d i n g  r o u t e  

w h i l e  s t o p p e d  

E I S  E E G  E I S I E E G *  

. 06  .09  .67  

Rai  1  

* R a t i o  o f  E I S  Dosf t o  E E G  Oose. 

.16  . 10  1 . 6  



TABLE 8 

C a l c u l a t e d  R a d i a t i o n  O o s e s  f r o m  N o r m a l  
T r a n s p o r t a t i o n  o f  RH-TRU W a s t e  

A n n u a l  P o p u l a t i o n  Dose  ( m a n - r e m )  

O r i g i n  P o p u l a t i o n  s u r r o u n d i n g  r o u t e  
a n d  w h i l e  m o v i n g  

Mode E I  S  E E G  EIS /EEGt  

INEL - 
T r u c k  . 2 9  . 4 4  . 6 6  

R a i  1  . 2 6  . 37  . 7 0  

H a n f o r d  
T r u c k  . 1 6  . 2 5  . 6 7  

R a i  1  . 1 3  . 1 9  .68 

* R a t i o  o f  E I S  D o s e  t o  E E G  D o s e .  - 



R a d i a t i o n  Doses f r o m  T r a n s p o r t a t i o n  A c c i d e n t s  

A c c o r d i n g  t o  t h e  DEIS,  t h e  b a r r i e r s  l i m i t i n g  t h e  r e l e a s e  o f  r a d i o -  

a c t i v i t y  t o  t h e  e n v i r o n m e n t  f o l l o w i n g  an a c c i d e n t  r e s u l t  i n  o n l y  

0 . 0 0 4 %  o f  t h e  r a d i o a c t i v e  m a t e r i a l  b e i n g  r e s p i r a b l e  f o l l o w i n g  a  

r a i l  a c c i d e n t  w i t h  CH-TRU w a s t e s  ( 6 - 2 3 )  a n d  0 . 0 1 5 %  f o l l o w i n g  a  

t r u c k  a c c i d e n t  ( 6 - 2 4 ) .  The o n l y  r a d i o a c t i v e  m a t e r i a l  t h a t  w o u l d  

be  r e l e a s e d  i n  a  r a i l  a c c i d e n t  i n v o l v i n g  RH-TRU.waste w o u l d  be  0 .15  

o f  t h r  Cs-137 a c t i v i t y  ( 6 - 2 5 ) .  The r e f e r e n c e s  f r o m  w h i c h  t h e  

v a l u e s  o f  t h e s e  b a r r i e r s  w e r e  s e l e c t e d  i n  many i n s t a n c e s  do n o t  

show t h e  b a s i s  o n  w h i c h  t h e y  were  d e r i v e d .  E m p i r i c a l  e v i d e n c e  

n e e d s  t o  be  d e v e l o p e d  u n d e r  e x p e r i m e n t a l  c o n d i t i o n s  t o  c o n f i r m  

t h e  r e a s o n a b l e n e s s  o f  many o f  t h e s e  v a l u e s .  

C o n s o l i d a t e d  c a l c u l a t i o n s  f o r  a t m o s p h e r i c  d i s p e r s i o n  c o e f f i c i e n t s  

i x / Q )  a r e  t o  be  f o u n d  i n  A p p e n d i x  V a n d  a r e  i n  r e a s o n a b l e  a g r e e m e n t  

w i t h  t h o s e  p r e s e n t e d  i n  t h e  DEIS when t h e  same a s s u m p t i o n s  a r e  

u s e d .  

If t h e  p l u m e  i n  an  a i r b o r n e  r e l e a s e  does  n o t  r i s e  t o  a  h e i g h t  o f  -1 

2 0  m e t e r s ,  t h e n  l a r g e r  x / Q  v a l u e s  c a n  be  o b t a i n e d  and  t h e  m a x i r c m  

d o s e  c a n  o c c u r  a t  d i s t a n c e s  c l o s e r  t h a n  0 . 5  m i l e s .  . 

The  f o l l o w i n g  c a l c u l a t i o n s  w e r e  p e r f o r m e d  f o r  a  r a i l  a c c i d e n t  w i t h  

s p e n t  f u e l ,  u s i n g  t h e  a s s u m p t i o n s  shown i n  t h e  DEIS.  The r e s u l t s  

o b t a i n e d  w e r e  i n  s u b s t a n t i v e  a g r e e m e n t  w i t h  t h o s e  i n  t h e  DEIS.  

T a b l e  9 

Dose t o  an  1 n d i v i d u a l a  

Dose Commi tment ,  ( r e m )  

O r p a n  DEIS EEG DEIS/EEG 

Bone  1.2 1 .2  1  . O  

L u n g  0 .3  0 .2  1 . 5  

! , lhole Body  1 . 1  0 .9  1 . 2  
-, 

a  
Maximum d o s e  t o  an  i n d i v i d u a l  o n e - h a l f  m i l e  f r o m  t h e  a c c i d e n t .  
D e t a i l s  a r e  shown i n  A p p e n d i x  11. 
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A l t h o u g h  t h e  C H  and R H - T R U  doses  t o  t h e  g e n e r a l  p o p u l a t i o n  f r o m  

.- n o r m a l  t r a n s p o r t a t i o n  a r e  n o t  c o n s i d e r e d  t o  be o f  p u b l i c  h e a l t h  
s i g n i f i c a n c e  i n  c o m p a r i s o n  t o  o t h e r  r a d i a t i o n  s o u r c e s  i n  t h e  e n v i r o n -  

m e n t ,  s e r i o u s  c o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  s h i p p i n g  a l l  t h e  r a d i o -  

a c t i v e  w a s t e  by  r a i l ,  w h e r e v e r  t h e  c a l c u l a t i o n s  show t h a t  t h e  a c t u a l  

and  p o t e n t i a l  r a d i a t i o n  e x p o s u r e s  w i l l  be r e d u c e d .  T h i s  i s  c o n s i s t e n t  

w i t h  t h e  c o n c e p t  i n  r a d i o l o g i c a l  h e a l t h  t h a t  a l l  u n n e c e s s a r y  r a d i a -  

t i o n  e x p o s u r e  be  a v o i d e d  and  e x p o s u r e s  k e p t  as l o w  as r e a s o n a b l y  

a c h i e v a b l e  (ALARA).  

The a p p r o x i m a t e  t o t a l  d i s t a n c e  t o  be  d r i v e n  b y  t h e  t r u c k s  w i l l  b e :  

( 6 0 0  s h i p m e n t s / y e a r )  x  ( 1 0 0 0  m i l e s / s h i p m e n t )  x  (30 y e a r s )  = 1 8  

 illi ion t r u c k - m i l e s .  C a l c u l a t i o n s  o f  i n j u r i e s  and  a c c i d e n t s  

u n r e l a t e d  t o  r a d i a t i o n  s h o u l d  be  p e r f o r m e d  f o r  r a i l  a n d  t r u c k  

s h i p m e n t s .  C o n s i d e r a t i o n  s h o u l d  a l s o  be  g i v e n  t o  r e s t r i c t i n g  

s h i p m e n t s  i n  i c y  w e a t h e r .  

The f o l l c , w i n g  n e e d  t o  b e  c l a r i f i e d :  

- 
1 )  Uho i s  r e s p o n s i b l e  f o r  a c c i d e n t  r e s p o n s e ?  

2 )  What r e s p o n s e  c a p a b i l i t y  e x i s t s  now and i s  p l a n n e d  f o r  t h e  

f u t u r e ?  

3 )  What  s t a t e  a n d  l o c a l  a s s i s t a n c e  i s  r e q u i r e d ?  

4 )  Who e q u i p s ,  t r a i n s  a n d  f u n d s  t h e  p e o p l e ?  

5 )  Who ' p a y s  f o r  d e p l o y m e n t ,  i f  r e q u i r e d ?  

6 )  Who assumes f i n a n c i a l  r i s k  f o r  a c c i d e n t s ?  

A d d i t i o n a l  Dosage E s t i m a t e s  

T h e r e  a r e  a number  o f  a d d i t i o n a l  d o s a g e  e s t i m a t e s  t h a t  n e e d  t o  be  

- c a l c u l a t e d :  



Radiation exposure from acts of sabotage in the transportation 
of radioactive waste materials. The amounts of radioactivity 

released could be greater than those released in accidents. 

Are there any sabotage scenarios that could produce criticality? 

(Occupational, General Population) 

Radiation exposure to emergency workers such as police and 

firemen following a transportation accident. 

(Occupational ) 

Exposure to a person stopped in an automobile next to a radio 

active waste truck at a red light or in a traffic jam. 

(General Population) 

Exposure from shipments of retrieved radioactive waste follow 

the completion of the high level waste experiments. Containers 

could be bent, damaged or under pressure from gas generated by 

decomposed organic material. 
(Occupational, General Population) A 

Ingestion from contamination o f  a water supply or crops 

following an airborne release. 

(General Population) 

Material resulting from decommissioning and dismantling of 

weapons production facilities in Hanford. While the DEIS 

assumes that none of the 5 to 95 million cubic feet of mater- 
ial will be shipped to WIPP, it notes that the WIPP will have 

the capacity to receive some o f  this TRU waste ( 2 - 2 2 ; Z ) .  

(Occupational, General Population) 

Consideration of a diffuse source of radioactivity rather than 

a point source in transportation calculations. 

Population dose estimates were provided in man-rems. They 

do not identify the maximum dose to an individual. - 
- 34 -  



D e t a i l e d  Comments 

C o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  l i m i t i n q  t r u c k  s h i p -  

m e n t s  d u r i n g  i c y  w e a t h e r  f r o m  s i t e s  s u c h  as LASL. 

A c c o r d i n g  t o  t h e  D E I S  ( 5 - 7 ) ,  t h e  s h i p p i n g  c o n t a i n e r s  w i l l  

n o t  c b n t a i n  p y r o p h o r i c  m a t e r i a l .  Can d e p l e t e d  u r a n i u m  be 

p y r o p h o r i  c  u n d e r  c e r t a i n  c i r c u m s t a n c e s ?  

The  i n t e r a c t i o n  o f  t h e  p y r o p h o r i c  m a t e r i a l  p e r m i t t e d  on page  

5 - 4  and  t h e  h y d r o g e n o u s  m a t e r i a l  l a y e r e d  i n  t h e  c a s k  c o n s t r u c -  

t i o n  i s  n o t  a d d r e s s e d  i n  t h e  t r a n s p o r t a t i o n  f i r e  s c e n a r i o s .  

W i l l  D O E  o r  t h e  c a r r i e r  s e l e c t  t h e  r o u t e s  t o  be  t a k e n ?  

A r e  t h e r e  a l w a y s  t w o  d r i v e r s  o r  c o u l d  t h e  s h i p m e n t  be 

l e f t  u n a t t e n d e d  d u r i n g  s t o p s ?  

No i n f o r m a t i o n  i s  p r o v i d e d  on w a s t e  u s e d  i n  HLW e x p e r i m e n t s  

s u c h  a s :  

r a d i o n u c l i d e s  

amoun t  o f  r a d i o a c t i v i t y  

t y p e  o f  c o n t a i n e r  

f o r m  o f  m a t e r i a l  

Idhat  q u a n t i t y ,  t y p e s ,  c o n f i g u r a t i o n  o f  n o n - r a d i o a c t i v e  

w a s t e s  a r e  e x p e c t e d  t o  be s h i p p e d  as  a  c o n t a m i n a n t  i n  t h e  

r a d i o a c t i v e  w a s t e ?  

The l a s t  l i n e  s h o u l d  r e a d  " f r o m  n a t u r a l  b a c k g r o u n d "  and  

t h e  t i m e  p e r i o d  s h o u l d  be  o n e  y e a r .  

The numer  

t h e  v a l u e  

d o s e "  i s  

f i g u r e  o f  

i c a l  v a l u e  ( 1 . 0  p e r s o n - r e m )  does  n o t  a g r e e  w i t h  

shown i n  T a b l e  6-10,  and  u n i t  " p e r s o n - r e m  

i n a p p r o p r i a t e .  We a r e  n o t  a b l e  t o  c o n f i r m  t h e  

0.02%. 

T a b l e s  o f  d o s e s  i n c l u d e  v a l u e s  f o r  o c c u p a t i o n a l  a n d  g e n e r a l  

p o p u l a t i o n .  T h e y  s h o u l d  be  s e p a r a t e d  s i n c e  d i f f e r e n t  

c r i t e r i a  a p p l y  t o  them.  



What i s  t h e  b a s i s  f o r  assuming  no ingestion o f  r a d i o a c t i v i t y  

f r o m  an a i r b o r n e  r e l e a s e  f o l l o w i n g  a  t r a n s p o r t a t i o n  a c c i d e n t ?  

A l s o ,  a body o f  w a t e r  c o u l d  be  c o n t a m i n a t e d .  - 
The a s s u m p t i o n s  f o r  m e t e o r o l o g y  c o u p l e d  w i t h  a r e l e a s e  

h e i g h t  o f  20 m e t e r s  f o r  t h e  a e r o s o l  r e s u l t  i n  a  maximum 

dose  o c c u r r i n g  0 .5  m i l e s  downwind.  O t h e r  a s s u m p t i o n s  can 

p r o d u c e  l a r g e r  e x p o s u r e s  a t  c l o s e r  d i s t a n c e s .  

What i s  t h e  b a s i s  f o r  t h e  a s s u m p t i o n  t h a t  c o n t a m i n a t e d  

f o o d  w o u l d  i m m e d i a t e l y  be t a k e n  o u t  o f  d i s t r i b u t i o n ?  Such 

a d m i n i s t r a t i v e  a c t i o n  has  n o t  a l w a y s  been p o s s i b l e  o r  

n e c e s s a r y .  

The h y p o t h e t i c a l  r a i l  a c c i d e n t  i n v o l v i n g  CH-TRU . . - s t e  

c a l c u l a t e s  t h a t  o n l y  0 . 0 0 4 %  o f  t h e  r a d i o a c t i v e  m a t e r i a l  

i n  t h e  s h i p m e n t  w o u l d  be  a i r b o r n e  a n d  r e s p i r a b l e  i n  a  

r e l e a s e .  .What i s  t h e  b a s i s  f o r  e a c h  o f  t h e  f a c t o r s  i n  

t h e  c a l c u l a t i o n ?  

The 1978 S h e f e l b i n e  r e f e r e n c e  i s  n o t  a d e q u a t e  t o  j u s t i f y  -. 

t h e  a s s u m p t i o n  t h a t  10% o f  t h e  w a s t e  i s  i n  powder  f o r m .  

Would r a d i o n u c l i d e s  o t h e r  t h a n  K r - 8 5  a n d  Cs be v o l a t i l i z e d  

i n  t h e  f u e l  e l e m e n t  a c c i d e n t s  i n v o l v i n g  f i r e ?  

The h y p o t h e t i c a l  r a i l  a c c i d e n t  o f  a  v i o l e n t  w r e c k  w i t h  a  

f i r e  f o r  one h o u r  i n v o l v i n g  RH-TRU w a s t e  assumes t h a t  o n l y  

0.1% o f  t h e  Cs-137 w o u l d  be r e l e a s e d .  No o t h e r  r a d i o -  

n u c l i d e  l i s t e d  i n  T a b l e  E - 3  on page  E-4 w o u l d  b e  r e l e a s e d  

t o  t h e  e n v i r o n m e n t .  What i s  t h e  b a s i s  and  r a t i o n a l e  f o r  
t h e s e  n u m e r i c a l  v a l u e s ?  

The h y p o t h e t i c a l  r a i l  a c c i d e n t  o f  a  v i o l e n t  w r e c k  w i t h  a  

f i r e  f o r  one  h o u r  i n v o l v i n g  s p e n t  f u e l  w a s t e  assumes t h a t  

o n l y  30% o f  K r - 8 5  and  0 .1% o f  Cs-134/137 w o u l d  be  

r e l e a s e d .  No o t h e r  r a d i o n u c l i d e  l i s t e d  i n  T a b l e  E -3  o n  page  

E-4 w o u l d  be r e l e a s e d  t o  t h e  e n v i r o n m e n t .  What i s  t h e  -. 

b a s i s  f o r  t h e s e  s t a t e m e n t s ?  
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The hypothetical accident involving the shipment of 
spent fuel only considers cesiuv acC krypton teinc 

released; but the operational accident for spent fuel 011 
9-37;l otes that tritium, Kr:.,~ton-85, and Iodine-129 are 

easily released. 

It was assumed that there was no route of exposure 

except inhalation for the accident. Administrative control 

cannot be relied upon in this type o f  incident and other 
routes of exposure must be considered. 

6-26 The assumptions that many nuclides including tritium, 

..<:'- -3 Iodine-129 (and others) are released from a damaged spent- 
. ~ .  . . 

,, 
fuel assembly in the WIPP above ground facility, are 

,g t! 
, ' ?: 

. ; J  
different than the assumptions discussed on 6-26 for a 

-i rail accident. These differences should be resolved. 
'1.. 

,.,, 
-. ..--" 

6-26, We were able to reproduce the spent fuel bone dose of 4200 
Tables man-rem shown in Table 6-14. We were unable to reproduce 

-. 6-1436-15 the population dose commitments in Table 6-15. 

6 - 2 7 Drums were considered in the scenarios involving trans- 
portation accidents but boxes were not. An explanation 

is needed. 

Surface contamination tests upon arrival at the repository 

are needed. 

6-27, 

Table 

6-3 

Using the assumptions of the spent fuel transportation 

accident outlined in the DEIS, calculations by EEG were in 
general agreement with the dose to individuals given in 

Table 6-3. 

The various radiation exposures from the shipment by 

truck are greater than by rail (annual man-rem doses from 
transportation of CH-TRU, RH-TRU and spent fuel, pp. 6-18 

and 6-19). The same is true for accidents ( p .  6-28). 

Consideration should be given to transporting all the 



r a d i o a c t i v e  w a s t e s  b y  r a i l  w h i c h  w o u l d  r e d u c e  t h e  e x p e c t e d  

a n d  p o t e n t i a l  r a d i a t i o n  e x p o s u r e  i n  a c c o r d a n c e  w i t h  t h e  

A L A R A  ( a s  l o w  a s  r e a s o n a b l y  a c h i e v a b l e )  c o n c e p t .  
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SITE CHARACTERIZATION 

(DEIS C h a p t e r  7 )  

M a j o r  C o n c l u s i o n s  

The E E G  has  e v a l u a t e d  t h e  G e o l o g i c a l  C h a r a c t e r i z a t i o n  R e p o r t  (GCR) 

Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) S i t e ,  S o u t h e a s t e r n  New M e x i c o  

(SAND 7 8 - 1 5 9 6 ) ,  December, 1978,  w h i c h  i s  t h e  s o u r c e  o f  m o s t  o f  t h e  

g e o l o g i c a l  and  h y d r o l o g i c a l  d a t a  i n  t h e  DEIS; t h e  c o m p l e t e  r e v i e w  

i s  i n  A p p e n d i x  111. CcJnc lus ions  and  summary s t a t e m e n t s  i n  t h e  

DEIS, as  w e l l  as  i n  t: ,e G C R ,  d i d  n o t  t a k e  i n t o  a c c o u n t  c e r t a i n  

i m p o r t a n t  p r o b l e m s  r e l a t e d  t o  g e o l o g i c  a n d  h y d r o l o g i c  f a c t o r s .  The 

f o l l o w i n g  i s  a  summary o f  EEG's m a j o r  c o n c e r n s :  

1 )  Seven w e l l s  w i t h i n  n i n e  m i l e s  o f  t h e  p e r i p h e r y  o f  t h e  I.IIPP s i t e  

h a v e  e n c o u n t e r e d  b r i n e  r e s e r v o i r s  u n d e r  a r t e s i a n  p r e s s u r e .  The 

o r i g i n ,  e v o l u t i o n ,  f r e q u e n c y  o f  o c c u r r e n c e  a n d  s i z e  o f  t h e s e  

h i g h  p r e s s u r e  b r i n e  r e s e r v o i r s  w e r e  n o t  a d e q u a t e l y  a d d r e s s e d  - i n  e i t h e r  t h e  DEIS o r  t h e  G C R .  

2 )  T h e r e  i s  a t  l e a s t  one  c o n f i r m e d  o c c u r r e n c e  o f  a  " c h i m n e y  ... 
w i t h  c l a y  cemen ted  b r e c c i a t e d  r o c k " ,  commonly c a l l e d  a  b r e c c i a  

p i p e ,  a p p r o x i m a t e l y  s e v e n  m i l e s  f r o m  t h e  WIPP s i t e  ( M i s s i s s i p p i  

C h e m i c a l  C o r p o r a t i o n  p o t a s h  m i n e ) .  S e v e r a l  o t h e r  p o s s i b l e  

b r e c c i a  p i p e s  a r e  u n d e r  v a r i o u s  s t a g e s  o f  i n v e s t i g a t i o n .  The  

o r i g i n ,  e v o l u t i o n  a n d  f r e q u e n c y  o f  o c c u r r e n c e  o f  t h e s e  f e a t u r e s  

m u s t  b e  b e t t e r  u n d e r s t o o d .  T h e y  may b e  l o c a l i z e d  d e e p  d i s s o l u -  

t i o n  f e a t u r e s  w h i c h  o r i g i n a t e  i n  t h e  l o w e r  p o r t i o n  o f  t h e  

e v a p o r i t e s  a n d  m i g r a t e  upward .  Such  l o c a l i z e d  d i s s o l u t i o n  

f e a t u r e s  c o u l d  now e x i s t  o r  d e v e l o p  l a t e r  b e n e a t h  t h e  p r o p o s e d  

s i t e .  

3 )  The  DEIS and t h e  G C R  assumed t h a t  s u r f a c e  o r  s h a l l o w  d i s s o l u t i o n  

i s  t h e  d o m i n a n t  p r o c e s s  o f  s a l t  r e m o v a l  f r o m  t h e  e v a p o r i t e  beds .  

However ,  deep d i s s o l u t i o n  may be  c a u s i n g  a  p r e f e r e n t i a l  r e m o v a l  

o f  t h e  s a l t  h o r i z o n  w h i c h  i s  p r o p o s e d  f o r  t h e  r e p o s i t o r y .  



4) The lithology of the repository horizons is described on page 
7-24 of the DEIS and parts of the lithologic log of the ERDA-9 
hole are shown in Figures 1 and 2 of this section (from Fig. 
4 . 3 - 3 8  of the GCR). These sections o f  the logs describe the 

lithology of the repository horizons for CH and RH zones as 

shown on Figure 4 . 3 - 3 A  of the GCR. The logs show the presence 

of clay, anhydrite and polyhalite in addition to halite, as 

the constituents of both repository horizons. The presence 

of these impurities should be taken into account in evaluating 

physical, hydrological, thermal and strength characteristics 

of "rock salt" from the repository horizons. 

5) The values of hydrologic parameters (e.g. hydraulic conductivity. 

distribution coefficients, and effective porosity) can vary 
over a large range and the DEIS provides such information. In 

addition, potentiometric surface maps, hydraulic gradients and 

flow paths have been constructed on the basis o f  limited data. 

In some cases (e.g. hydraulic conductivity) the DEIS gives a 

range of measured values. Rannes should be assessed in all cases, 

particularly for distribution coefficients. The distribution 

coefficient (Kd), which affects the speed with which a given 

radionuclide is transported in groundwater, can be affected by 

rock type, extent o f  fracture permeability, water quality charac- 

teristics, competing ion effects, and the chemical form of the 

radionuclide o f  interest. Values obtained for a given nuclide 
in a given rock formation have been observed to vary by several 
orders o f  magnitude. 

6) More information should be given in the final EIS on surface water 
hydrology in the region surrounding the HIPP site. 

Items 1 ,  2 and 3 have been discussed in detail in Appendix 111 

(EEG's Review Comments on the GCR). No new information on these 

items is presented in the DEIS. The DEIS concluded that there was 

no evidence of brine reservoirs o r  ongoing deep dissolution at the 

WIPP site. EEG questions the basis o f  these conclusions in the 

Review of the GCR. 



Litholoqy of Proposed Emplacement Horizons 
-. 

According to the DEIS (7-21;4), the repository horizons were 
selected due to the presence of relatively pure salt layers. 

When the NAS-NRC Committee (Ref.2 ) recommended salt as the most 

likely geologic medium for radioactive waste disposal, it placed 
strong emphasis on the "purity" of a bedded salt formation so 

that its thermal and physical properties could b e  predicted. 

The presence of impurities can affect the properties of bedded 

salt. Examples are: 

Argillaceous (clayey) layers in bedded salt may provide 

conduits for the migration of water to and from the reposi- 
tory. While some of the impurities found i n  bedded salt 

have lower permeabilities than halite, a path for migration 

of water may be created along the contact between two layers 

of differing lithology. 

A subgroup of the Interagency Review Group on Nuclear Waste 

Management commented on salt formations: "The hydrologic 
regimes in which anhydrite occurs are characterized by flows 

along bedded planes, but locally channeling (cavern formation) 

occurs in anhydrite similar to that in limestone and gypsum" 

(Ref. 1). 

The chemical reactions which may take place in the vicinity 
of high level waste, accelerated by elevated temperatures and 

high pressures become more complex and unpredictable when the 

host rock is heterogeneous. 

Because thermal conductivities of clays and polyhalite are 
very different from that of halite, the dissipation of heat 

resulting from the high level wastes will not be uniform 
around the waste. This may result in cracking, parting of 
seams and uneven concentration of moisture. 



h e s e  p o t e n t i a l  p r o b l e m s  a r e  n o t  d i s c u s s e d  i n  t h e  DEIS, a l t h o u g h  

t h e  l i t h o l o g y  o f  t h e  r e p o s i t o r y  h o r i z o n s  i s  p r e s e n t e d  a s  f o l l o w s :  

" T h e  b a s i c  m i n e r a l  o f  b o t h  r e p o s i t o r y  h o r i z o n s  i s  h a l i t e .  A l s o  

p r e s e n t  a r e  a n h y d r i t e ,  p o l y h a l i t e ,  q u a r t z  and  a  s u i t e  o f  c l a y  

m i n e r a l s  ( i l l i t e ,  c h l o r i t e ,  t a l c ,  s e r p e n t i n e ,  and  e x p e n d a b l e  c l a y s ) .  

H a l i t e  beds  w i t h i n  t h e  emplacement  h o r i z o n s  a r e  a b o u t  97% h a l i t e .  

M o s t  o f  t h e  r e m a i n d e r  i s  a n h y d r i t e "  ( 7 - 2 4 ; 5 ) .  N o t e  t h a t  t h e  l a s t  

l i n e  q u o t e d  r e f e r s  t o  97% h a l i t e  i n  h a l i t e  beds  and  n o t  i n  t h e  

t o t a l  r e p o s i t o r y  h o r i z o n .  The l i t h o l o g i c  l o g  f o r  t h e  C H  r e p o s i t o r y  

h o r i z o n s  ( F i g u r e  1 )  shows a n h y d r i t e  beds w h i c h  a r e  0.2,  0 . 7  and  

0 . 9  f e e t  t h i c k  a n d  m o s t  h a l i t e  l a y e r s  a r e  " a r g i l l i c  and  p o l y h a l i t i c " . .  
The RH r e p o s i t o r y  r o c k s  a r e  m o s t l y  " a n h y d r i t i c  and a r g i l l i c  h a l i t e "  

( F i g u r e  2 ) .  The  b o t t o m  20  f e e t  o f  t h e  RH zone i s  p r i m a r i l y  "dense  

a n h y d r i  t e " .  

U n i d e n t i e i e d  S t r u c t u r e s  

A l a m p r o p h y r e  d i k e  o r  a  s e r  

w i t h i n  s i x  m i l e s  o f  t h e  p e r  

i g n e o u s  b o d i e s  u n d e r l i e  t h e  

i n t e g r i t y  o f  t h e  s a l t  beds .  

t h e  GCR shows f a u l t s  i n  t h e  

and  t h e  c o n t o u r  map on F i g u  

es  o f  e n - e c h e l o n  d i k e  s  w e r e  r e p o r t e d  

p h e r y  o f  t h e  WIPP  s i t e .  I f  a s s o c i a t e d  - 
WIPP s i t e ,  t h e y  c o u l d  a f f e c t  t h e  

The c r o s s - s e c t i o n  o n  F i g u r e  4.4-5 i n  

C a s t i l e  d i r e c t l y  b e l o w  t h e  WIPP s i t e  

e  4 .4-6  shows c o n f i n e d  f a u l t s  o n  t o p  

o f  t h e  C a s t i l e .  These  s h o u l d  be  e x p l a i n e d .  

S u r f a c e  W a t e r  H y d r o l o g ~  

.There  i s  n o t  e n o u g h  i n f o r m a t i o n  g i v e n  on s u r f a c e  w a t e r  h y d r o l o g y  

i n  t h e  r e g i o n  a r o u n d  t h e  s i t e  t o  e n a b l e  one t o  a d e q u a t e l y  e v a l u a t e  

t h e  e f f e c t  o f  t h e  s i t e  o n  l o c a l  w a t e r  r e s o u r c e s .  S i n c e  s u r f a c e  

r u n o f f  i s  a  p o t e n t i a l  p a t h w a y  t o  s p r e a d  c o n t a m i n a t i o n ,  i t  needs  t o  

b e  e v a l u a t e d  i n  much more  d e t a i l .  T h i s  e v a l u a t i o n  s h o u l d  i n c l u d e  

r u n o f f  f r o m  f l o o d s  w i t h  a 1 0 0 - y e a r  and  1 , 0 0 0 - y e a r  r e t u r n  p e r i o d .  

The f a t e  o f  t h i s  r u n o f f  w a t e r  a f t e r  i t  r e a c h e s  Nash Draw 

( o r  e l s e w h e r e  ) needs  t o  be  e v a l u a t e d .  A d e s c r i p t i o n  o f  



e x i s t i n g  and  p l a n n e d  w a t e r  r e s o u r c e  d e v e l o p m e n t  i n  t h e  a r e a  

( i n c l u d i n g  i r r i g a t i o n  w i t h d r a w a l ,  c a n a l s ,  i r r i g a t e d  l a n d s ,  and  

r e t u r n  f l o w s )  w o u l d  make i t  p o s s i b l e  t o  e v a l u a t e  t h e  e f f e c t  o f  

t h e  p r o j e c t  on p r e s e n t  and f u t u r e  s u r f a c e  w a t e r  r e s o u r c e s .  A l s o ,  

i t  w i l l  be  n e c e s s a r y  t o  d e s c r i b e  w a t e r  u s e  d o w n s t r e a m  f r o m  M a l a g a  

Bend i n t o  Texas i n  o r d e r  t o  e v a l u a t e  t h e  t r a n s p o r t  and c o n c e n t r a -  

t i o n  o f  r a d i o n u c l i d e s  r e l e a s e d  t o  t h e  Pecos R i v e r  f r o m  t h e  l o n g  

t e r m  b r e a c h  s c e n a r i o s .  

Ground  W a t e r  H y d r o l o g y  

The g r o u n d  w a t e r  d a t a  was l a r g e l y  o b t a i n e d  on t h e  R u s t l e r  and  

d e e p e r  a q u i f e r s  and  was u s e d  t o  e v a l u t e  t h e  - 3 l e  o f  t h e s e  a q u i f e r s  

i n  t r a n s p o r t i n g  r a d i o n u c l i d e s  away f r o m  t h e  s i t e .  A n o t h e r  p a t h -  

way o f  e x p o s u r e  w o u l d  be  f r o m  w e l l s  d r i l l e d  i n t o  t h e  R u s t l e r ,  

S a n t a  Rosa S a n d s t o n e  o r  o t h e r  s h a l l o w  l e n s e s  n e a r  t h e  s i t e ,  a n d  

u s e d  f o r  i n d i v i d u a l  w a t e r  s u p p l i e s ,  g a r d e n s  o r  s t o c k  w a t e r i n g .  

M o r e  i n f o r m a t i o n  i s  needed  o n  p r e s e n t  and  p o t e n t i a l  w e l l  w a t e r  

u s e ,  q u a n t i t i e s  o f  w a t e r  a v a i l a b l e ,  e f f e c t  o f  s u r f a c e  r e c h a r g e ,  

P a n d  p o t e n t i a l  f o r  t h e  w e l l  w a t e r  t o  b e  c o n t a m i n a t e d  b y  t h e  B e l l  

Canyon o r  R u s t l e r  a q u i f e r s .  

C l i m a t i c  Changes 

Based  o n  t h e  e v i d e n c e  p r e s e n t e d  on p a g e  H-62 a n d  H-63 o f  t h e  DEIS,  

t h e  p r e s e n t  i n t e r g l a c i a l  p e r i o d  may l a s t  a n o t h e r  4,000-5,000 y e a r s  

f o l l o w e d  b y  a  c o o l i n g  t r e n d  c u l m i n a t i n g  i n  a n o t h e r  g l a c i a l  age.  

I n  t h a t  c a s e ,  t h e  c l i m a t e  n e a r  t h e  WIPP s i t e  may b e  s i g n i f i c a n t l y  

c o o l e r  a n d  w e t t e r  i n  10,000-15,000 y e a r s .  EEG recommends t h a t  

l o n g  r a n g e  m o d e l i n g  t a k e  i n t o  a c c o u n t  p l a u s i b l e  f u t u r e  c l i m a t i c  

c h a n g e s  i n  h y d r o l o g i c a l  r e g i m e .  



F i g u r e  1 

F r o m  G C R ,  F i g u r e  4 . 3 - 3 B  
C H  r e p o s i t o r y  h o r i z o n  f r o m  2 0 7 4  t o  2 1 7 6  f e e t  . 

I I 1 I I I I I 
*. .~ A 

- 



F i g u r e  2 

F r o m  G C R ,  F i g u r e  4 . 3 - 3 8  
R H  r e p o s i t o r y  h o r i z o n  f r o m  2 6 2 0  t o  2 7 3 0  f e e t  

I I 1 I I 1 I I I 

- 
I I I 1 8 I I 

I I I I I 

I I 1 I I I I 4'- 



D e t a i l e d  Comments - 

S e c t i o n  1 7 ,  T22S, R31E i s  i n  c o n t r o l  Zone 111. 

What i s  a  " d e p o s i t i o n a l - g r o w t h  f a u l t l ' a n d  w h a t  i s  i t s  

s i g n i f i c a n c e ?  

What i s  t h e  s t a t u s  o f  t h e  i n v e s t i g a t i o n  o f  t h e s e  f a u l t s ?  

It s h o u l d  be  " a p p r o x i m a t e l y  3 3 0 0  s q u a r e  m i l e s "  i n s t e a d  o f  

" 1  m i l l i o n  sq .  m i . "  ( S e e  F i g .  7 - 1  

A map and  a  c r o s s - s e c t i o n  s h o w i n g  

e n c o u n t e r e d  and  t h e i r  s t r a t i g r a p h  

i n c l u d e d  i n  t h e  f i n a l  € I S .  

l o c a t i o n s  o f  b r i n e  p o c k e t s  

i c  l o c a t i o n s  s h o u l d  be  

Why has  t h e  m o d e l  assumed a  f l o w  p a t h  i n  t h e  R u s t l e r  d i r e c t l y  

t o  M a l a g a  Bend t o  t h e  Pecos  R i v e r .  ( S e e  F i g .  K - 5 ) .  C o u l d n ' t  

t h e  w a t e r  i e e p  o u t  i n  Nash Draw s i n c e  t h e  t o p  o f  t h e  

S a l a d o  i s  e x p o s e d  i n  Nash  Draw?  

i s  i t  assumed t h a t  t h e  w a t e r  w i l l  come o u t  a t  M a l a g a  - 
? Why n o t  L a g u n a  G r a n d e  de  l a  S a l ?  !,!hat i s  t h e  

i n  o f  t h e  w a t e r  i n  Laguna  G r a n d e  d e  l a  S a l ?  

Why 
Bend 

o r i g  

What i s  t h e  b a s i s  f o r  t h e  a s s u m p t i o n  o f  t h e  o r i g i n  o f  

a n d  L a g u n a  G a t u n a ?  w a t e r  f o r  L a g u n a  P l a t a  

"Weaver  P i p e "  c o u l d  b e  

has  n o  s u r f a c e  e x p r e s s  

p i p e s  a t  t h e  WIPP s i t e  

an  e x a m p l e  o f  a  b r e c c i a  p i p e  w h i c h  

i o n .  C o u l d  t h e r e  b e  s u c h  b r e c c i a  

w h i c h  h a v e  n o  s u r f a c e  e x p r e s s i o n ?  

L a t e  P l e i s t o c e n e  ( W i s c o n s i n )  was f r o m  40,000 y e a r s  t o  

15 ,000 y e a r s  B . P .  S u c h  c l i m a t e  c h a n g e s  c a n  o c c u r  i n  t h e  

f u t u r e  a s  w e l l .  

The GCR ( A u g u s t  1 9 7 8 )  r e f e r r e d  t o  c u r r e n t  a n d  f u t u r e  

s t u d i e s  t o  e v a l u a t e  d e e p  d i s s o l u t i o n  ( 6 - 4 6 ; l ) .  The  E I S  

( A p r i l  1 9 7 9 )  c o n c l u d e d  " I n  a n y  c a s e ,  d e e p  d i s s o l u t i o n  does-  

n o t  o c c u r  n e a r  t h e  s i t e " .  Have t h e s e  s t u d i e s  b e e n  c o n c l u d .  : 
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- OPERATION OF T H E  REPOSITORY 

( D E I S  C h a p t e r  8 )  

M a j o r  C o n c l u s i o n s  

1 )  P r e s e n t  p l a n s  w o u l d  p e r m i t  p u b l i c  a c c e s s  t o  Zones 1 1 ,  111  and  

I V  d u r i n g  o p e r a t i o n s .  A l s o ,  t h e r e  i s  p r i v a t e  l a n d  2 . 8  m i l e s  

d o w n w i n d  ( n o r t h w e s t )  o f  t h e  c e n t e r  o f  t h e  s i t e  w h e r e  b u i l d i n g  

c o u l d  o c c u r .  C o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  t h e  r a d i o l o g i c a l  

a i r  q u a l i t y  and n o i s e  e n v i r o n m e n t s  a t  t h e s e  l o c a t i o n s  i n  a d d i t i o n  

t o  t h o s e  a t  t h e  James Ranch.  

2 )  C a l c u l a t i o n s  o f  r a d i o n u c l i d e  r e l e a s e s  f r o m  r o u t i n e  o p e r a t i o n s  

a g r e e  w i t h  t h o s e  i n  t h e  DEIS when t h e  same a s s u m p t i o n s  a r e  used .  

However ,  s e v e r a l  a s s u m p t i o n s  u s e d  i n  e s t i m a t i n g  t h e  amount  o f  

r a d i o a c t i v i t y  r e l e a s e d  a r e  u n v e r i f i e d .  

3 )  Radon e m i s s i o n s  f r o m  n a t u r a l  r a d i o a c t i v i t y  i n  t h e  r e p o s i t o r y  h a v e  

n o t  been  m e a s u r e d  i n  s o i l ,  m i n e d  r o c k ,  a n d  t h e  p r o p o s e d  w a s t e  

h o r i z o n s .  Radon s h o u l d  be  m e a s u r e d  t o s e e  i f  l e v e l s  m i g h t  be  h i g h  

e n o u g h  t o  be  a  p r o b l e m  f o r  u n d e r g r o u n d  w o r k e r s  and  a  s o u r c e  o f  

r a d i a t i o n  e x p o s u r e  t o  t h e  p u b l i c  f r o m  t h e  e x c a v a t e d  s a l t .  

4 )  O t h e r  t h a n  r a d o n ,  t h e  p r e s e n t  r a d i o l o g i c a l  m o n i t o r i n g  p r o g r a m  

a p p e a r s  s a t i s f a c t o r y  f o r  t h e  n e x t  s e v e r a l  y e a r s .  

5 )  F r o m  t h e  l i m i t e d  i n f o r m a t i o n  p r o v i d e d  i n  t h e  DEIS o n t h e  h i g h  

l e v e l  w a s t e  e x p e r i m e n t a l  p r o g r a m ,  9 -90  m i l l i o n  c u r i e s  o f  r a d i o -  

a c t i v i t y  may be  i n v o l v e d  i n  t h e  e x p e r i m e n t s  w i t h  f u l l - s i z e  

c a n i s t e r s .  I n  t h i s  c a s e ,  t h e  e x p e r i m e n t a l  w a s t e  c o u l d  be  t h e  

m o s t  s i g n i f i c a n t  f a c t o r  i n  t h e  a n a l y s i s  o f  p o t e n t i a l  r a d i a t i o n  

e x p o s u r e s  d u r i n g  t h e  o p e r a t i o n a l  p h a s e  o f  t h e  r e p o s i t o r y .  T h i s  

was n o t  c o n s i d e r e d  i n  t h e  DEIS c a l c u l a t i o n  o f  r a d i a t i o n  d o s e s .  

- 6 )  A l l  h i g h  l e v e l  w a s t e  u s e d  i n  e x p e r i m e n t s  i s  s c h e d u l e d  t o  b e  
r e t r i e v e d  a n d  a l l  TRU w a s t e  a n d  s p e n t  f u e l  e l e m e n t s  a r e  t o  be  i n  a  



r e t r i e v a b l e  c o n d i t i o n .  The D E I S  d o e s  n o t  a d d r e s s  such  i m p o r t a n t  
i t e m s  a s  t h e  c r i t e r i a  f o r  r e t r i e v a l ,  t h e  h a z a r d s  t o  w o r k e r s ,  a n d  

h a z a r d s  t o  t h e  p u b l i c .  More i n f o r m a t i o n  i s  needed  b e f o r e  t h e  
-\ 

f e a s i b i l i t y  o f  r e t r i e v a b i l i t y  can  be e v a l u a t e d .  

7 )  The o p t i o n s  o f d e c o m n i s s i o n i n ~  a r e  a d e q u a t e l y  c o v e r e d  f o r  t h e  

p r e s e n t .  The a d v a n t a g e  and f e a s i b i l i t y  o f  c o n t r o l  f o r  p e r i o d s  

g r e a t e r  t h a n  100 y e a r s  s h o u l d  be i n c l u d e d  i n  t h i s  e v a l u a t i o n .  

8 )  From t h e  m a t e r i a l  p r e s e n t e d  i n  t h e  DEIS, one c o u l d  c o n c l u d e  t h a t  
Ambient A i r  q u a l i t y  S t a n d a r d s m a y b e  v i o l a t e d  i n  Zcnes 1 1 , 1 1 1 ,  and IV, 

u n l e s s  c e r t a i n  r e a s u r e s  a r e  t a k e n  t o  i n s u r e  t h a t  the  s t a n d a r d s  are  met .  

9 )  The re  w i l l  be some d e g r a d a t i o n  of t h e  n o i s e  env i ronmen t  due t o  
r e p o s i t o r y  o p e r a t i o n s  and t h e  t r a f f i c  r e l a t e d  t o  i t .  More a t t e n t i o n  

needs  t o  be g i v e n  t o  m i t i g a t i n g  n o i s e .  

1 0 )  Due t o  WIPP-induced p o p u l a t i o n  growth  i n  s u r r o u n d i n g  communi t i e s ,  

t h e r e  w i l l  be some impact  on w a t e r  q u a l i t y ,  w a t e r  s u p p l y ,  and 

s o l i d  and h a z a r d o u s  w a s t e  c o n d i t i o n s .  The E E G  a g r e e s  w i t h  t h e  - 
DEIS c o n c l u s i o n  t h a t ,  w i t h  p r o p e r  p l a n n i n g ,  t h e  e x i s t i n g  sys t ems  

a r e  a d e q u a t e  t o  a b s o r b  t h e  i n c r e a s e .  

The S i t e  and I t s  E n v i r o n s  

The e n t i r e  a r e a  o f  t h e  s i t e  and much o f  t h e  l a n d  immed ia t e ly  o u t s i d e  

of  Zone IV a r e  owned by t h e  F e d e r a l  o r  S t a t e  gove rnmen t .  The James 

Ranch, l o c a t e d  3 m i l e s  s o u t h - s o u t h w e s t  o f  t h e  s i t e  c e n t e r ,  i s  p r i v a t e l y  

owned and o c c u p i e d  and was used  t o  c a l c u l a t e  t h e  maximum i n d i v i d u a l  

e x p o s u r e s  t o  r a d i o a c t i v i t y  and  n o i s e  i n  t h e  DEIS. 

However, i t  may n o t  be c o n s e r v a t i v e  t o  assume t h a t  t h i s  i s  t h e  l o c a t i o n  

of  t h e  maximum exposed  i n d i v i d u a l ,  f o r  t h e  f o l l o w i n g  r e a s o n s :  

1 )  P r i v a t e  l a n d  i s  l o c a t e d  j u s t  o u t s i d e  t h e  n o r t h w e s t  bounda ry ,  

2 . 8  m i l e s  downwind from t h e  s i t e  c e n t e r .  From t h e  a t m o s p h e r i c  



d i s p e r s i o n  c o e f f i c i e n t s  g i v e n  i n  T a b l e  H - 3 6 ,  c a l c u l a t i o n s  o f  

c o n c e n t r a t i o n s  o f  a i r b o r n e  e f f l u e n t s  w o u l d  be a b o u t  5 t i m e s  

h i g h e r  t h a n  a t  James danch .  

-- 

2 )  P l a n s  i n d i c a t e  p u b l i c  a c c e s s  t o  p a r t s  o f  t h e  s i t e  f o r  r a n c h i n g ,  

r e c r e a t i o n  and  r e s o u r c e  e x t r a c t i o n .  C o n s e q u e n t l y ,  p e o p l e  may b e  

as c l o s e  as o n e - h a l f  m i l e  f r o m  t h e  s i t e  c e n t e r .  

A n a l y s i s  o f  t h e  e f f e c t s  o f  r e p o s i t o r y  o p e r a t i o n  on  i n d i v i d u a l s  i n  

t h e  p o p u l a t i o n  s h o u l d  c o n s i d e r  t h e s e  l o c a t i o n s  where  n e o p l e w i l l  b e  

p e r m i t t e d  t o  l i v e  o r  v i s i t  a s  w e l l  a s  where  t h e y  l i v e  now. 

N o r m a l  R a d i a t i o n  R e l e a s e s  

Radon E m i s s i o n s  

Radon, a  n a t u r a l l y  o c c u r r i n g  r a d i o a c t i v e  n o b l e  gas  i s  c o n t a i n e d  

i n  a i r  exhaus t -ed  f r o m  u n d e r g r o u n d  m i n e s .  Because  r a d o n  c o n c e n t r a t i o n s  

c o u l d  be  h i g h  e n o u g h  t o  be  a  h a z a r d  t o  some u n d e r g r o u n d  w o r k e r s  a n d  

c o u l d  r e s u l t  i n  m e a s u r a b l e  o f f - s i t e  e x p o s u r e s ,  t h e  c o n c e n t r a t i o n s  

- s h o u l d  be  measured .  

The DEIS r e c o g n i z e d  t h a t  r a d o n  w i l l  b e  p r e s e n t  i n  e x h a u s t  a i r  b u t  d i d  

n o t  c o n s i d e r  t h e  r a d o n  f r o m  t h e  m i n e d  r o c k  s t o r a g e  p i l e  o n  t h e  

s u r f a c e .  Radon c o n c e n t r a t i o n s  i n  t h e  OEIS were  b a s e d  on c o n c e n t r a t i o n s  

r e p o r t e d  i n  t h e  N u c l e a r  R e g u l a t o r y  C o m m i s s i o n ' s  F i n a l  G e n e r i c  I m p a c t  

S t a t e m e n t  o n  M i x e d  O x i d e  F u e l s  (GESMO) .  

A p p e n d i x  I V  c o n t a i n s  a m o r e  d e t a i l e d  d i s c u s s i o n  

e x p o s u r e  a n d  c a l c u l a t e s  d o s a g e s  t o  t h e  b r o n c h i a  

as  t h e  p u l m o n a r y  l u n g  d o s e  a t  0 . 5  m i l e s ,  2 .8  m i  

m i l e s  (SSW). T h e s e  c a l c u l a t e d  d o s e s  ( w h i c h  a r e  

o f  t h e  p o s s i b l e  r a d o n  

1 e p i t h e l i u m  as  w e l l  

l e s  (NW) a n d  3.0 

a v e r a g e ,  r a t h e r  t h a n  

u p p e r - b o u n d  l i m i t s )  s u g g e s t  t h a t  p o t e n t i a l  radon .  e x p o s u r e s  a r e  h i g h  

enough  t o  r e q u i r e  d i r e c t  m e a s u r e m e n t  a t  t h e  s i t e  t o  d e t e r m i n e  a c t u a l  

c o n c e n t r a t i o n s .  

O p e r a t i o n a l  R e l e a s e s  o f  R a d i o a c t i v i t y  - S t a r t i n g  w i t h  t h e  a s s u m p t i o n s  u s e d  i n  C h a p t e r  8, t h e  r a d i a t i o n  r e l e a s e s  

t o  t h e  e n v i r o n m e n t  w e r e  c a l c u l a t e d  b y  EEG a n d  t h e y  a g r e e d  w i t h  t h e  



r e s u l t s  l i s t e d  i n  t h e  DEIS ( T a b l e  8 - 6 ) .  Agreement  was a l s o  o b t a i n e d  

w i t h  t h e  q u a n t i t y  o f  r a d i o a c t i v i t y  c o l l e c t e d  on HEPA f i l t e r s  r e p o r t e d  

i n  T a b l e  8 - 7 .  -. 

H o w e v e r ,  o n e  a r e a  o f  p o t e n t i a l  d i s a g r e e m e n t  r e l a t e s  t o  t h e  c a l c u l a t i o n  

o f  r e l e a s e s  o f  r a d i o a c t i v i t y  f r o m  u n d e r g r o u n d  s t o r a g e  o f  c o n t a m i n a t e d  

c o n t a i n e r s .  The EEG c a l c u l a t i o n s  assumed a  4 - y e a r  a c c u m u l a t i o n  o f  

b o x e s  and  drums t h a t  w e r e  r e l e a s i n g  1 %  p e r  y e a r  o f  t h e i r  r e m a i n i n g  

s u r f a c e  c o n t a m i n a t i o n .  The E E G  c a l c u l a t e d  r e l e a s e  was a p p r o x i m a t e l y  

f o u r  t i m e s  t h e  q u a n t i t y  o f  r e l e a s e d  TRU w a s t e s  l i s t e d  i n  T a b l e  8 - 6 .  

Was t h e  c a l c u l a t i o n  i n  t h e  DEIS b a s e d  on one y e a r ' s  a c c u n u l a t i o n  o f  

c o n t a i n e r s ?  

I t  i s  n o t  c l e a r  f r o m  t h e  d e s c r i p t i o n  i n  t h e  D E I S  w h a t  becomes o f  

s p i l l e d  m a t e r i a l  f r o m  damaged drums a n d  b o x e s .  The DEIS,  assumed 

t h a t  1 .47  c u r i e s  o f  TRU w a s t e  w o u l d  be s p i l l e d  p e r  y e a r  and  0 .1% 

w o u l d  become a i r b o r n e - .  The  r e m a i n d e r  i s  u n a c c o u n t e d  f o r .  The  

q u a n t i t y  o f  TRU w a s t e s  o n  i o n  e x c h a n g e  r e s i n s  r e p o r t e d  i n  T a b l e  8 - 7  

was o n l y  0 . 0 4  c u r i e s  p e r  y e a r .  

--. 
A s s u m ~ t i o n s  f o r  R e l e a s e  

A number  o f  f a c t o r s  a r e  i n v o l v e d  i n  t h e  c h a i n  o f  e v e n t s  t h a t  m u s t  

o c c u r  b e f o r e  r a d i o a c t i v i t y  i s  r e l e a s e d  a t  t h e  s i t e .  n o s t  o f  t h e  f a c t o r s  

t h a t  a r e  u s e d  t o  c a l c u l a t e  t h e  r e l e a s e  o f  t h e  CN-TRU w a s t e  a r e  assumed 

( s u r f a c e  c o n t a m i n a t i o n ,  n o n - f i x e d  s u r f a c e  c o n t a m i n a t i o n ,  number  o f  

b o x e s  a n d  d rums  damaged,  p e r c e n t  o f  t h e  s u r f a c e  a r e a  t h a t  i s  c r a c k e d ) .  

I s  t h e r e  a  d a t a  b a s e  f o r  t h e  s u r f a c e  c o n t a m i n a t e d  o r  damaged drums a n d  

b o x e s  t h a t  h a v e  b e e n  p a c k a g e d ,  s h i p p e d  a n d  s t o r e d  o v e r  t h e  y e a r s ?  

I t  i s  d i f f i c u l t  t o  d e t e r m i n e  i f  t h e  a s s u m p t i o n s  a r e  c o n s e r v a t i v e  

b a s e d  o n  t h e  f o l l o w i n g  i n f o r m a t i o n  p r e s e n t e d  i n  t h e  DEIS:  

1 )  The  DEIS assumed t h a t  one  s p e n t  f u e l  a s s e m b l y  a n d  i t s  c a n i s t e r  

a r e  damaged i n  a  f o u r - y e a r  p e r i o d  ( 8 - 3 2 : l )  as  d e s c r i b e d  i n  t h e  

NRC's R e a c t o r  S a f e t y  S t u d y ,  1 9 7 5 .  A more  r e c e n t  r e p o r t  

r e v i e w i n g  t h e  h i s t o r y  o f  s p e n t  f u e l  a s s e m b l y  a c c i d e n t s  b y  

J o h n s o n  ( R e f .  I ) ,  p r e s e n t e d  d a t a  w h i c h  s u g g e s t  t h a t  o n e  

o r  m o r e  a c c i d e n t s  p e r  y e a r  m i g h t  be  m o r e  r e a l i s t i c .  



.- 2 )  A l l  c a l c u l a t i o n s  assumed an a v e r a g e  p e r c e n t a g e  o f  powder  and  a v e r a g e  
r a d i o n u c l i d e  c o n c e n t r a t i o n  i n  e a c h  drum. C a l c u l a t i o n s  s h o u l d  

a l s o  b e  made u s i n g  boxes ,  w h i c h  c o n t a i n  more  w a s t e  t h a n  drums 

and h a v e  h i g h e r  l e v e l s  o f  r a d i o a c t i v i t y .  

3 )  S p e c i f i c  d a t a  a r e  a b s e n t  on d e s i g n ,  t e s t i n g  and e x p e r i e n c e  

w i t h  r e m o t e  h a n d l e d  TRU w a s t e  c a s k s  and c a n - i s t e r s .  

Due t o  t h e  r a n g e s  o f  p o s s i b l e  v a l u e s  o f  f a c t o r s  i n v o l v e d  i n  a  

p o t e n t i a l  r e l e a s e  o f  r a d i o a c t i v i t y ,  a  s e n s i t i v i t y  a n a l y s e s  s h o u l d  

be p e r f o r m e d  t o  d e t e r m i n e  t h e i r  e f f e c t  on p o t e n t i a l  doses .  

H i g h  L e v e l  Waste E x p e r i m e n t s  

The DEIS d i d  n o t  s t a t e  t h e  amount and  t y p e s  o f  r a d i o n u c l i d e s  t h a t w i l l  be  

b r o u g h t  i n t o - t h e  r e p o s i t o r y  f o r  t h e s e  e x p e r i m e n t s .  Twen ty  t o  200 b a r e  

w a s t e  e x p e r i m e n t s  a r e  t o  be c o n d u c t e d  ( 8 - 4 7 ) .  The number o f  f u l l  s i z e d  

c a n i s t e r s  e m p l a t e d  was e s t i m a t e d  t o  be b e t w e e n  20 an6 200 (8-481,  - b u t  * . . . t h e s e  numbers, l i k e  t h e  e s t i m a t e s  o f  b a r e  w a s t e  r e a c t i o n  chambers  

may change  b y  a s  much a s  a  f a c t o r  o f  2 "  ( 8 - 4 8 ; 2 ) .  "The s o u r c e  o f  t h e  

w a s t e  t o  b e  used  i n  t h e s e  e x p e r i m e n t s  i s  n o t  as y e t  d e f i n e d "  ( 2 - 2 4 ; 3 ) .  

The p o s s i b i l i t i e s  o f  u s i n g  l a b o r a t o r y  p r o d u c e d  c o m m e r c i a l  r e a c t o r  

w a s t e s ,  a g e d  d e f e n s e  HLW o r  w a s t e s  f o r t i f i e d  w i t h  S t r o n t i u m - 9 0  o r  

Ces ium-137 a r e  t h e n  d i s c u s s e d .  

Even  w i t h  t h e s e  f e w  d e t a i l s  i t  i s  a p p a r e n t  t h a t  t h e  q u a n t i t i e s  o f  

r a d i o a c t i v i t y  b r o u g h t  i n t o  t h e  r e p o s i t o r y  i n  t h e  e x p e r i m e n t a l  p r o -  

g ram c o u l d  b e  l a r g e  i f  one assumes t h a t  t h e  f u l l  s i z e d  c a n i s t e r s  

d e s c r i b e d  o n  page 8-48 a r e  t h e  same as t h e  h i g h  l e v e l  w a s t e  c a n i s -  

t e r s  d e s c r i b e d  f o r  c o m m e r c i a l  h i g h  l e v e l  w a s t e  i n  T a b l e  E-4  on page  

E - 5 .  The e s t i m a t e d  amount o f  r a d i o a c t i v i t y  i n  a  h i g h  l e v e l  w a s t e  

c a n i s t e r  i s  a b o u t  460,000 c u r i e s  ( T a b l e  E - 4 )  w h i c h  w o u l d  g i v e  a  

t o t a l  o f  9 - 9 2  m i l l i o n  c u r i e s  f r o m  t h e  c a n i s t e r s  a l o n e .  



e x p e r i m e n t s  a f t e r  c o m p l e t i o n  and  t o  h a v e  t h e  a b i l i t y  t o  r e t r i e v e  

c o n t a c t - h a n d l e d  and  r e m o t e - h a n d l e d  TRU w a s t e s  and  s p e n t  f u e l  

The p e r i o d s  o f  r e t r i e v a b i l i t y  a r e  a p p a r e n t l y  l 0 y e a r s  f o r  T P U  w ~ s t c s  and 

2 C  y e a r s  f o r  s p e n t  f u e l  ( t h e  t i m e s  a r e  r e v e r s e d  i n  t h e  x t d t w ( ! t ! t s  

on 2 -18 ;7  and 2 - 1 9 ; ] ) .  C o n t a i n e r  l i f e  f o r  TRU w a s t e s  i s  d c s i q n c d  

f o r  10 y e a r s  so i t  can be  r e t r i e v e d  ( 5 - 4 ) .  A p o s s i b l e  r l c c ~ t l  fat. 

r e p a c k a g i n g  r e t r i e v e d  c o n t a i n e r s  i s  r e c o g n i z e d  ( 9 - 5 P ; b )  <IIIJ  

a p p a r e n t l y  i t  i s  p l a n n e d  t o  do t h i s  u n d e r g r o u n d .  A n o t h e r  r e f c r -  

ence ( 9 - 4 9 ; 2 )  s t a t e d  t h a t  a c c i d e n t s  d u r i n g  r e t r i e v a l  a r e  e x p e c t e d  

t o  be no  worse  t h a n  c o u l d  o c c u r  d u r i n g  emp lacemen t .  

The D E I S  d i d  n o t  p r o v i d e ~ g u i d a n c e  on t h e  c r i t e r i a  f o r  r e t r i e v a l .  

o f  TRU a n d  s p e n t  f u e l  w a s t e s .  D e t a i l s  were  n o t  p r o v i d e d  on how 

r e t r i e v a l  w o u l d  be  c o n d u c t e d  and  on t h e  c o n t a m i n a t i o n  a n d  e x p o s u r e  

p r o b l e m s  t h a t  a r e  e x p e c t e d .  The r e t r i e v e d  c o n t a i n e r s  c o u l d  be 

damaged d u r i n g  e m p l a c e m e n t .  s t o r a g e ,  a n d  r e t r i e v a l .  A l s o ,  c h e m i c a l  

a c t i o n  o f  t h e  s a l t  e n v i r o n m e n t  f o r  p e r i o d s  o f  1 0  o r  20 y e a r s  c o u l d  - 
p r o d u c e  d e t e r i o r a t i o n  i n  t h e  i n t e g r i t y  o f  t h e  c a n i s t e r s .  R e t r i e v a l  

o f  h i g h  l e v e l  w a s t e  e x p e r i m e n t s  w i l l  b e  f u r t h e r  c o m p l i c a t e d  b y  

b a r e  w a s t e s  and c o n t a m i n a t e d  s a l t .  

W h i l e  r e t r i e v a l  i s  p o s s i b l e ,  t h e  r e m o v a l  o f  r a d i o a c t i v e  w a s t e  f r o m  

t h e  r e p o s i t o r y  w i l l  i n v o l v e  more  p r o b l e m s  t h a n  emp lacemen t .  The 

e x t e n t  o f  t h i s  d i f f e r e n c e  has  n o t  been  a d e q u a t e l y  a d d r e s s e d  i n  t h e  

DEIS and  s h o u l d  be  e x p a n d e d  upon i n  e i t h e r  t h e  f i n a l  E I S  o r  PSAR 

( P r e l i m i n a r y  S a f e t y  A n a l y s i s  R e p o r t ) .  

EEG b e l i e v e s  t h a t  r e t r i e v a l  w i l l  be  a  c o m p l e x  o p e r a t i o n  w i t h  t h e  

p o t e n t i a l  f o r  s i g n i f i c a n t  r a d i a t i o n  e x p o s u r e  t o  w o r k e r s  a n d  f o r  

p o s s i b l e  r e l e a s e s  t o  t h e  e n v i r o n m e n t .  I t  i s  n e c e s s a r y  f o r  

r e t r i e v a b i l i t y  t o  be  e v a l u a t e d  i n  d e t a i l  f o r  p r o c e d u r e s ,  l o g i s t i c s ,  

and c r i t e r i a  b e f o r e  c o n c l u s i o n s  c a n  b e  d r a w n  a b o u t  i t s  f e a s i b i l i t y .  



Decommissioning 
- 

The discussion on decommissioning of the WIPP site repository 

( 8 - 5 3  to 8 - 5 7 )  covers various alternatives and contains adequate 

detail at this time. A n y o f t h e  alternatives listed on page 

8-54 should be acceptable if carried out properly. There are 
two issues that have the potential to increase the probability 

of long-term problems : 

1) administrative control over the site; and 

2) borehole plugging. 

Possible industrial use of the site is indicated (8-53;3). The 

land area is expected to be returned to its natural state in 

several decades unless the mothballing option is taken (11-1). 

Also, Scenario 5 (9-124) assumes administrative control is lost 

after 100 years and unregulated drilling can occur. This scenario 

results in a high dose to well drillers. A detailed evaluation - 
should be made of the degree of control needed at the site after 

decommissioning and should include: 

1) the possibility of control for periods longer than 100 years; 

2) the long-term controls over shallow-well drilling in Zone 111 

and resource extraction in Zone IV; and 

3) details of the long-term radiological monitoring program 

Radiological Monitoring Proqram 

Pages 5-24 to 5-41 of Appendix 5 of the DEIS describe the present 
radiological monitoring program, the tentative pre-operational 

monitoring program, the proposed operational monitoring program, 

and the post-operational monitoring program. 



W h i l e  i t  i s  r e a l i z e d  t h a t  t h e s e  f u t u r e  p r o g r a m s  a r e  n e c e s s a r i l y  

t e n t a t i v e ,  t h e  f o l l o w i n g  comments a r e  o f f e r e d .  -. 

P r e s e n t  P r o g r a m  

T h i s  p r o g r a m  a p p e a r s  a d e q u a t e  f o r  s e v e r a l  y e a r s , w i t h  one e x c e p t i o n .  

M e a s u r e m e n t s  o f r a d o n  a n d  i t s  s h o r t - l i v e d  d a u g h t e r  p r o d u c t  c o n c e n -  

t r a t i o n s  a r e  n e e d e d  f r o m  t h e  s o i l ,  f r o m  i v i n e d  r o c k ,  and  i n  t h e  

u n d e r g r o u n d  m i n e .  

Radon m o l ~ i t o r i n g  s h o u l d  be  done  as  soon  as p o s s i b l e  b e c a u s e  t h e  

p r e s e n c e  o f  h i g h  l e v e l s  c o u l d  i n f l u e n c e  t h e  d e s i g n  o f  u n d e r g r o u n d  

v e n t i l a t i o n .  

I t  w i l l  be  n e c e s s a r y  t o  o b t a i n  s u f f i c i e n t  s a m p l e s  a n d  a n a l y s e s  

b e f o r e  o p e r a t i o n  t o  i n s u r e  t h a t  t h e  v a r i a t i o n s  i n  t h e  b a c k g r o u n d  

( n a t u r a l l y  o c c u r i n g  a n d  f r o m  weapons t e s t i n g  f a l l o u t )  l e v e l s  o f  

a c t i n i d e s ,  t r i t i u m ,  C a r b o n - 1 4  and  f i s s i o n  p r o d u c t s  a r e  a d e q u a t e l y  

known.  T h e s e  v a l u e s  a r e  n e e d e d  i n  o r d e r  t o  be  a b l e  t o  d e t e c t  - 
c o n t a m i n a t i o n  f r o m  s i t e  o p e r a t i o n s .  

P r e - o p e r a t i c n a l  P r o g r a m  

I t  i s  n o t e d  t h a t  n o  a i r  p a r t i c u l a t e  s t a t i o n  i s  p l a n n e d  f o r  Hobbs .  

S i n c e  i t  i s  a  m a j o r  p o p u l a t i o n  c e n t e r ,  w i t h  a  c a l c u l a t e d  l o n g - t e r m  

x/Q o n l y  1 0 %  l o w e r  t h a n  a t  E u n i c e ,  t h i s  o m i s s i o n  s h o u l d  b e  r e c o n -  

s i d e r e d .  A l s o ,  t h e  t h r e e  d a y s  p e r  week o f  s a m p l i n g  s h o u l d  be  

r a n d o m i z e d  i n  o r d e r  t o  m e a s u r e  l e v e l s  on w o r k  d a y s ,  and  n o n - w o r k  

d a y s .  

C o n s i d e r a t i o n  s h o u l d  a l s o  be  g i v e n  t o  m o n i t o r i n g  r a d i o a c t i v i t y  

i n  r a i n f a l l  a n d  r u n o f f  ( w h e n  i t  o c c u r s )  a t  t h e  s i t e  as  w e l l  as  

s u r f a c e  w a t e r  a n d  b i o t a  i n  Nash  Draw. S e v e r a l  a d d i t i o n a l  s h a l l o w  

w e l l s ,  w h e t h e r  p r e s e n t l y  u s e d  f o r  human c o n s u m p t i o n  o r  n o t ,  s h o u l d  

a l s o  be  s a m p l e d  o n  an a n n u a l  or  b i e n n i a l  b a s i s .  



I n  s e v e r a l  cases  i n  T a b l e  5-4 ( A p p e n d i x  J ) ,  t h e  t y p e s  o f  a n a l y s e s  a r e  - n o t  s p e c i f i c  enough .  Gross  a n a l y s i s  i s  u s e f u l  as a  s c r e e n i n g  

mechan ism f o r  d e t e c t i n g  s i g n i f i c a n t  c o n t a m i n a t i o n .  However,  i t  

u s u a l l y  w i l l  n o t  d e t e c t  t r a c e  m i g r a t i o n  o f  r a d i o n u c l i d e s .  A l l  

m e d i a  b e i n g  s a m p l e d  s h o u l d  have p e r i o d i c  a n a l y s e s  o f  t h e  a c t i n i d e s ,  

t r i t i u m ,  C a r b o n - 1 4  and l o n g - l i v e d  f i s s i o n  p r o d u c t s .  C o n s i d e r a t i o n  

s h o u l d  b e  g i v e n  t o  d e v e l o p i n g  and m a i n t a i n i n g  a  c a p a b i l i t y  o f  m e a s u r i n g  

1od;ne-129 i n  c a s e  o f  a c c i d e n t s  (5 -27 ;2 ) .  

O p e r a t i o n a l  M o n i t o r i n g  P r o g r a m  

The same c o n s i d e r a t i o n s  e x p r e s s e d  f o r  t h e  p r e - o p e r a t i o n a l  p r o g r a m  

a r e  a p p l i c a b l e  f o r  t h e  o p e r a t i o n a l  p rog ram.  No f u r t h e r  comments 

a r e  o f f e r e d  a t  t h i s  t i m e .  

P o s t - o p e r a t i o n a l  P rog ram.  

The o u t l i n e  o f  a  p o s t - o p e r a t i o n a l  p r o g r a m  p r e s e n t e d  i n  T a b l e  5 - 7  

a p p e a r s  r e a s o n a b l e .  However,  t h e  b o r e h o l e  r a d i o n u c l i d e  a n a l y s e s  

"- s h o u l d  be  f o r  s p e c i f i c  r a d i o n u c l i d e s  r a t h e r  t h a n  g r o s s  a l p h a  and  
b e t a  f o r  t h e  r e a s o f i s  d i s c u s s e d  above.  

N o n - R a d i o l o q i c a l  H a z a r d s  

A i r  Q u a l i t y  

The EEG a n a l y z e d  t h e  d a t a  p r e s e n t e d  i n  t n e  DEIS t o  d e t e r m i n e  i f  

a  p o t e n t i a l  e x i s t s  t o  e x c e e d  t h e  A m b i e n t  A i r  Q u a l i t y  S t a n d a r d s  a t  

t h e  R e f e r e n c e  S i t e .  I t  was c o n c l u d e d  t h a t  s t a n d a r d s  f o r  s e v e r a l  

o f  t h e  c r i t e r i a  p o l l u t a n t s  c o u l d  be v i o l a t e d  d u r i n g  c o n s t r u c t i o n  

and  o p e r a t i o n  o f  t h e  WIPP. T h i s  c o n c l u s i o n ,  w h i c h  d i f f e r s  f r o m  

t h a t  i m p l i e d  i n  t h e  DEIS, i s  due  t o  t h e  f o l l o w i n g  f a c t o r s :  

1 )  When c a l c u l a t i n g  a m b i e n t  c o n c e n t r a t i o n s ,  i t  i s  a p p r o p r i a t e  

t o  c o n s i d e r  l o c a t i o n s  w h e r e  t h e  p u b l i c  h a s  a c c e s s  r a t h e r  

t h a n  c o u n t y - w i d e  a v e r a g e s .  The d i s t a n c e  f r o m  t h e  WIPP s i t e  

may be  l e s s  t h a n  C . 5  m i l e s .  



2 )  A p p r o p r i a t e  a l l o w a n c e  m u s t  be made f o r  t h e  number o f  s h i f t s  

t h a t  w i l l  o p e r a t e  a t  t h e  s i t e .  T h e r e  i s  a  d i s c r e p a n c y  i n  

t h e  D E I S .  T a b l e  8 - 9  assumes o n l y  one s h i f t  o p e r a t i o n ,  w h e r e a s  

page 2-19 and 8 -27  m e n t i o n  t h r e e - s h i f t  o p e r a t i o n  t o  c a l c u l a t e  

r a d i a t i o n  r e l e a s e s .  

3 )  F o r  t h r e e  s h i f t ,  f i v e - d a y  p e r  week o p e r a t i o n ,  t h e  n i t r o g e n  

o x i d e  a n d  s u l f u r  d i o x i d e  c o n c e n t r a t i o n s  a t  0.5 m i l e s  w e r e  

c a l c u l a t e d  t o  e x c e e d  t h e  a n n u a l  a v e r a g e  c o n c e n t r a t i o n s  

x/Q v a l u e s  i n  

i 

p e r m i t t e d  b y  t h e  S t a t e  o f  New M e x i c o  i f  t h e  

T a b l e  H - 3 6  a r e  used .  The a n n u a l  n i t r o g e n  d  

w o u l d  a l s o  be  e x c e e d e d  d u r i n g  c o n s t r u c t i o n .  

4 )  D u r i n g  c o n s t r u c t i o n ,  t h e  f u g i t i v e  d u s t  e m i s  

o x i d e  S t a n d a r d  

i o n s  shown o n  

page 9 - 8  w o u l d  e x c e e d  t h e  p e r m i s s i b l e  2 4 - h o u r  l e v e l  a t  a  

d i s t a n c e  o f  t w o  m i l e s  when t h e  b a c k g r o u n d  c o n c e n t r a t i o n  o f  

a p p r o x i m a t e i y  30 bg /m3 i s  added.  

5 )  P a r t i c u l a t e  e m i s s i o n s  d u r i n g  t h e  o p e r a t i n g  p h a s e  a r e  d o m i n a t e d  

b y  r e l e a s e s  f r o m  t h e  s a l t  p i l e  a n d  f r o m  t h e  s a l t  d r y i n g  u n i t .  -. 

The m a g n i t u d e  o f  s a l t  p i l e  e m i s s i o n s  h a s  a  r a n g e  o f  u n c e r -  

t a i n t y .  E x p e r i e n c e  w i t h  t h e  p o t a s h  i n d u s t r y  s u g g e s t s  t h a t  

t h e  p i l e  e m i s s i o n s  w i l l  b e  n e g l i g i b l e  e x c e p t  f o r  t h e  p e r i o d s  

when s a l t  i s  b e i n g  r e c l a i m e d  f o r  d r y i n g  a n d  u s e  a s  b a c k f i l l .  

E m i s s i o n s  f r o m  t h e  s a l t  d r y i n g  u n i t  ( o t h e r  t h a n  f r o m  c o m b u s t i o n )  

w e r e  n o t  e s t i m a t e d  i n  t h e  D E I S .  T h i s  s o u r c e  h a s  b e e n  f o u n d  

t o  be  s i g n i f i c a n t  i n  t h e  p o t a s h  i n d u s t r y .  



Although the  E E G  a n a l y s i s  concludes t h a t  c o n s t r u c t i o n  a n d  oper-  

a t i on  of the  s i t e  w i l l  v i o l a t e  t he  New Mexico Ambient Air Q u a l i t y  
S tandards ,  exper ience with t h e  potash i ndus t ry  sugges t s  t h a t  i t  
should be pos s ib l e  t o  meet t h e s e  s t anda rds  w i t h p r o p e r  engineer ing 

c o n t r o l s ,  e l eva t ed  r e l e a s e s ,  a n d  o t h e r  m i t i g a t i n g  measures. 

A more d e t a i l e d  a n a l y s i s  of t h e  a i r  q u a l i t y  a s p e c t s  needs t o  be 
performed. This a n a l y s i s  should i nc lude  one-hour and t h r e e -  

hour ana lyses  as  well as  24-hour and annual va lues .  A more 
p r e c i s e  e s t ima te  of emiss ions  from t h e  s a l t  p i l e  and dryer  i s  
needed. The a n a l y s i s  should c o n s i d e r  such f a c t o r s  a s  e l eva t ed  

r e l e a s e s ,  nonlpoint .  source  emis s ions ,  cloud d e p l e t i o n ,  con t ro l  

technology,  and o t h e r  m i t i g a t i n g  measures t h a t  w i l l  be taken.  
The f i n a l  EIS should con ta in  t h e  r e s u l t s  of t h i s  r e - eva lua t ion  

- and i n d i c a t e  t he  measures t h a t  w i l l  be provided t o  i n s u r e  t h a t  

AI-ibient Air Qua l i ty  Standards  a r e  no t  exceeded. 

The DEIS makes p r e d i c t i o n s  on t h e  n o i s e  l e v e l s  from c o n s t r u c t i o n  

and ope ra t i on  a t  t h e  WIPP s i t e .  For t h e  most p a r t  t h e s e  p ro jec-  

t i o n s  appear  reasonable .  However, t h e  conc lus ions  emphasize t he  

f a c t  t h a t  ambient l e v e l s  w i l l  s t i l l  be well below va r ious  s tandards  

and sugges t  t h e r e  i s  n o  problem. A c t u a l l y ,  t he  no i se  environment 

w i l l  be degraded both dur ing t h e  c o n s t r u c t i o n  and o p e r a t i n g  phase 

and some r e s i d e n t s ,  o f f - s i t e  a n d  near  t r a n s p o r t a t i o n  a r t e r i e s ,  

and use r s  of Zones 11 ,  I11 and IV w i l l  be exposed t o  more no i se  

than  a t  p r e s e n t .  Furthermore,  whi le  t h e  DEIS makes r e f e r e n c e  t o  

measures t h a t  could minimize n o i s e  exposure ,  no commitments a r e  
made t o  implement s p e c i f i c  measures.  



S e v e r a l  i t e m s  i n  t h e  D E I S  r e q u i r i n g  c l a r i f i c a t i o n s  a r e :  

1 )  T r a f f i c  n o i s e  i m p a c t  f r o m  W I P P - r e l a t e d  commuter  a n d  t r u c k  

t r a f f i c  c a n n o t  be  e s t i m a t e d  w i t h o u t  k n o w i n g  t h e  p r o j e c t e d  

t r a f f i c  vo lume ( o f  b o t h  t r u c k s  a n d  a u t o s )  w i t h  a n d  w i t h o u t  

t h e  p r o j e c t .  T h i s  n e e d s  t o  i n c l u d e  t h e  e f f e c t  o f  n i g h t - t i m e  

t r a f f i c  w h i c h  w i l l  b e  p r e s e n t  d u r i n g  t h r e e - s h i f t  o p e r a t i o n  

a n d  c o n s t r u c t i o n .  

2 )  The a s s u m p t i o n  o f  a  p e a k  dBA o f  8 4  a t  50 f e e t  f r o m  d i e s e l  

t r u c k s  i s  o p t i m i s t i c  s i n c e  t h e  F e d e r a l  s t a n d a r d  f o r  I n t e r -  

S t a t e  t r u c k s  p e r m i t s  9 0  dBA a n d  many i n t r a s t a t e  t r u c k s  c a n n o t  

m e e t  t h i s  s t a n d a r d .  

3 )  R e f e r e n c e s  o n  p a g e s  9 - 4  a n d  9 - 2 7  i m p l y  t h a t  n o i s e  l e v e l s  

o f  a b o u t  45 dBA w i l l  b e  i n a u d i b l e  a t  t h e  James Ranch.  

A c t u a l l y ,  i f  t h e  a m b i e n t  i s  26 -28  dBA, sound  p r e s s u r e  l e v e l s  

o f  l e s s  t h a n  3 5  dBA w i l l  be  c l e a r l y  a u d i b l e .  

4 )  I t  i s  u n c l e a r  f r o m  t h e  d e s c r i p t i o n  o f  t h e  m i n e d - r o c k  s t o r a g e  

j u s t  w h a t  n o i s e  s o u r c e s  a r e  i n c l u d e d  and  how t h e y  m i g h t  v a r y  

w i t h  t i m e .  

5 )  O p e r a t i o n a l  n o i s e  n e a r  t h e  s i t e  w o u l d  be  e x p e c t e d  t o  a l t e r  

t h e  p r e s e n t  m i x  o f  w i l d l i f e  s p e c i e s .  The c o n c l u s i o n  t h a t  t h i s  

w o u l d  be  m i n o r  a n d  i n s i g n i f i c a n t  s h o u l d  be  documen ted .  

The f i n a l  E I S  s h o u l d  i n c l u d e  m o r e  p r e c i s e  a n a l y s i s  o f  j u s t  how 

much t h e  n o i s e  l e v e l  i s  e x p e c t e d  t o  r i s e . f r o m  s i t e  c o n s t r u c t i o n  

a n d  o p e r a t i o n .  A l s o ,  c o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  m i t i g a t i n g  

m e a s u r e s  s u c h  a s :  



1 )  b u s i n g  o f  w o r k e r s  t o  d r a s t i c a l l y  r e d u c e  a u t o  t r a f f i c ;  

2 )  m u f f l i n g  o f  c o n s t r u c t i o n  e q u i p m e n t  a n d  u s e  o f  l o w  n o i s e  

p r o d u c t s  where  a v a i l a b l e ;  

3 )  a  r e q u i r e m e n t  t h a t  a l l  t r u c k s  m e e t  t h e  F e d e r a l  n o i s e  

r e g u l a t i o n s  r e q u i r e d  f o r  I n t e r - S t a t e  Commerce; a n d  

4 )  h o u s i n g  o f  v a r i o u s  e q u i p m e n t  and  o p e r a t i o n s .  

W a t e r  Q u a l i t y  

S e v e r a l  a s p e c t s  o f  t h e  WIPP s i t e  o p e r a t i o n  may h a v e  a n  e f f e c t  

o n  w a t e r  q u a l i t y .  P r i m a r y  i m p a c t s  ( o n  s i t e )  c o u l d  o c c u r  f r o m :  

1 )  t h e  sewage p l a n t  e f f l u e n t  a n d  s l u d g e ;  

2 )  r e c l a i m e d  w a t e r  u s e  o n - s i t e ;  

3 )  r u n o f f  a n d  l e a c h i n g  f r o m  t h e  s a l t  p i l e ;  a n d  

4 )  g e n e r a l  s i t e  r u n o f f .  

S e c o n d a r y  i m p a c t s  c o u l d  o c c u r  f r o m  t h e  WIPP i n d u c e d  p o p u l a t i o n  

g r o w t h  i n  Eddy a n d  Lea  c o u n t i e s .  The  m o s t  l i k e l y  p r o b l e m  i s  

f r o m  s e p t i c  t a n k  c o n t a m i n a t i o n  i n  u n s e w e r e d  a r e a s  a n d  i s  r e c o g -  

n i z e d  i n  t h e  D E I S  ( 9 - 9 1 ; Z ) .  B o t h  p r i m a r y  and  s e c o n d a r y  i m p a c t s  

a p p e a r  t o  b e  m a n a g e a b l e  w i t h  p r o p e r  p l a n n i n g .  



S o l i d  and Hazardous Waste C o n t r o l  

C o n s t r u c t i o n ,  o p e r a t i o n  and decommiss ion ing  of t h e  W I P P  s i t e  
w i l l  r e s u l t  i n  t h e  g e n e r a t i o n  of  s u b s t a n t i a l  q u a n t i t i e s  o f  

s o l i d  was t e  and u n e s t i m a t e d  amounts o f  n o n - r a d i o l o g i c a l  haz-  

a r d o u s  w a s t e s .  T h e r e  w i l l  a l s o  be some seconda ry  impac t s  i n  

C a r l s b a d  and Hobbs due t o  t h e  WIPP induced  p o p u l a t i o n  growth 

I t  i s  n o t  p o s s i b l e  t o  e v a l u a t e  t h e  h a z a r d o u s  was te  s i t u a t i o n  

from t h e  l i m i t e d  i n f o r m a t i o n  i n  t h e  DEIS. Under p r e s e n t  New 

Mexico r e g u l a t i o n s ,  i t  i s  p e r m i s s i b l e  t o  d i s p o s e  o f  haza rdous  
w a s t e s  on t h e  s i t e  w i t h o u t  a  p e r m i t  where t h e y  a r e  g e n e r a t e d .  
However, F e d e r a l  r e g u l a t i o n s  a r o  e x p e c t e d  t o  be i n  e f f e c t  

p r i o r  t o  t h e  b e g i n n i n g  o f  s i t e  c o n s t r u c t i o n  and t h e y  w i l l  p rob-  
a b l y  r e q u i r e  r e g u l a t i o n  w h e t h e r  d i s p o s a l  i s  on o r  o f f - s i t e .  

The t y p e s  and q u a n t i t i e s  o f  h a z a r d o u s  w a s t e  e x p e c t e d  t o  be 

g e n e r a t e d  o n - s i t e  need t o  be d e t e r m i n e d  more p r e c i s e l y .  

a  commercia 

sys t em shou  

n o t  l e a d  t o  

1  s a l v a g e  company (8-35;6). An a p p r o p r i a t e  

I d  be e s t a b l i s h e d  t o  i n s u r e  t h a t  t h i s  r e c y c  

o f f - s i t e  r a d i o l o g i c a l  c o n t a m i n a t i o n .  

M e t a l s  and d i s c a r d e d  equ ipmen t  a r e  s c h e d u l e d  t o  be r e c y c l e d  w i t h  

c o n t r o l  

l i n g  does  

Water Supp ly  

S i n c e  t h e  WIPP p l a n t  o p e r a t o r s  p r o p o s e  t o  p u r c h a s e  i t s  w a t e r  

s u p p l y  f rom t h e  C i t y  o f  C a r l s b a d ,  t h e  S t a t e  of New Mexico would 

be i n v o l v e d  i n  r e g u l a t o r y  p r o c e d u r e s  o n l y  i n d i r e c t l y .  I n  a d d i -  

t i o n ,  t h e  p r o j e c t  c o u l d  be exempted from S t a t e  r e g u l a t i o n s  unde r  

P a r t  I . ,  S e c t i o n  1 0 2 ,  Water  Supp ly  R e g u l a t i o n s .  



A p o r t i o n  o f  t h e  p o p u l a t i o n  g r o w t h  c o u l d  t a k e  p l a c e  o u t s i d e  

o f  i n c o r p o r a t e d  c i t y  l i m i t s .  W a t e r  s u p p l i e s  f o r  t h e s e  f a m i l i e s  

w o u l d  p r o b a b l y  come f r o m  i n d i v i d u a l  w e l l s .  L o c a l  and  r e g i o n a l  
, 

. g o v e r n m e n t a l  a g e n c i e s  s h o u l d  be a w a r e  o f  p o t e n t i a l  w a t e r  q u a l i t y  
,,('.~,.~ 

I .. p r o b l e m s  r e l a t e d  t o  t h e  i n c r e a s e d  number  o f  w e l l s  and  t h e i r  

p r o x i m i t y  t o  s e p t i c  s y s t e m s  s i n c e  t h e  S t a t e  E n v i r o n m e n t a l  

I m p r o v e m e n t  D i v i s i o n  does n o t  r e g u l a t e  i n d i v i d u a l  w a t e r  s u p p l y  

s y s t e m s .  



D e t a i l e d  Comments .- 

No m e n t i o n  i s  made i n  t h e  D E I S  o f  t h e  management  o r  

o r g a n i z a t i o n  o f  t h e  h e a l t h  p h y s i c s  p r o g r a m .  E E G  assumes -~ 
t h i s  w i l l  be  c o v e r e d  i n  t h e  P S A R .  

A c o n t a m i n a t i o n  c h e c k  s h o u l d  be  made o n  e m p t y  C H  w a s t e  

c o n t a i n e r s  b e f o r e  t h e y  a r e  " r e l o a d e d  o n t o  v e h i c l e s  

l e a v i n g  t h e  p l a n t " .  

C o n s i d e r a t i o n  s h o u l d  be  g i v e n  t o  i s o l a t i n g  t h e  H i g h  

L e v e l  Waste e x p e r i m e n t a l  a r e a  f r o m  t h e  r e m a i n d e r  o f  

t h e  m i n e  i n  c a s e  o f  a c c i d e n t .  I t  i s  u n c l e a r  how t h e  

i s o l a t i o n  o f  t h e  a i r  f l o w  w i l l  be  a c c o m p l i s h e d  f r o m  

t h e  d e s c r i p t i o n  on  pages  8 - 2 0 ,  8 - 2 2  and  8 - 2 3 .  

The DEIS s t a t e d  t h a t  10% o f  s u r f a c e  a c t i v i t y  i s  r e l e a s e d  

a n d - b e c o m e s  a i r b o r n e .  What d a t a  i s  t h i s  b a s e d  o n ?  

The DEIS s t a t e s  t h a t  3 0  drums a n d  f i v e  b o x e s  p e r  y e a r  

may be  r e c e i v e d  i n  a  damaged c o n d i t i o n .  T h i s  i s  . 0 1 9 %  

o f  t h e  d rums  a n d  0 .21% o f  t h e  b o x e s .  A r e  t h e s e  numbers  

p r e d i c a t e d  o n  a c t u a l  e x p e r i e n c e ?  

The  DEIS s t a t e s  t h a t  c r a c k s  g e n e r a t e d  b y  d r o p p i n g  a  

5 5 - g a l l o n  d r u m  w i l l  be  l e s s  t h a n  1% o f  t h e  t o t a l  a r e a  

o f  t h e  d r u m  s u r f a c e .  I s  t h e r e  a  r e f e r e n c e  f o r  t h i s  

a s s u m p t i o n ?  

The  a s s u m p t i o n s  o f  a n  a i r b o r n e  f r a c t i o n  o f  0 . 0 0 0 2 3  p e r  
6 h o u r  a n d  a  d e c o n t a m i n a t i o n  f a c t o r  o f  1 0  a r e  r e f e r e n c e d  

a n d  t h e  a i r b o r n e  f r a c t i o n  i s  t a k e n  f r o m  an e x p e r i m e n t  

u t i l i z i n g  a  r o a d - l i k e  s u r f a c e .  B o t h  l a r g e r  a n d  s m a l l e r  

f r a c t i o n s  w e r e  o b s e r v e d  f r o m  o t h e r  e x p e r i m e n t s  b y  t h e  

a u t h o r s  ( M i s h i m a  a n d  Schwend iman,  1 9 7 3 ) .  



8-31 ;4 The DEIS assumed that one canister per year will b e  

cracked, the crack is 1% of the area, and that the release - is proportional to the crack. Is there a reference for 

these assumptions? Mishima and Schwendiman i n  BNWL-1732, 

1973 do not cover these items. 

8-32;l It is assumed that one spent fuel assembly and its 

canister are damaged in a four-year period. From the 

data presented in a review of the history of spent fuel 
assembly accidents (ref. 1 )  it appears the assumed rate 

of one accident per 1000 assemblies handled might be too 

The NRC's Draft Generic Environmental Impact Statement on 
Handling and Storage of Spent Light Water Power Reactor 

Fuel (ref. 2) stated that both NFS (Nuclear Fuel Service) 

and AGNS (A1 1 ied-General Nuclear Services) included in 
their safety analysis reports on underwater fuel drop 

accidents in which it is assumed that all of the fuel 

pins in a fuel assembly were ruptured. It appears that 

when the DEIS assumptions on released fractions from fuel 

assemblies are compared to other references (ref. 1 and 

2) the DEIS assumptions might be too low. 

Since experiments with high level waste are planned with 

bare sources, this paragraph should be clarified. 

The assumptions that many nuclides including H-3, Kr-85, 

1-129, tellurium and selenium are released from the damaged 
spent fuel are much different from the assumptions dis- 

cussed on page 6-26 for a rail accident. These differences 

should be resolved or the rationale explained. 

In addition, C-14 has been consistently omitted from 

all inventories. releases and dose calculations pertain- 

ing to spent fuel. The DOE in its Draft Environmental 

Impact Statement Management o f  Commercially Generated 



R a d i o a c t i v e  Waste ( R e f .  31 ,  c o n s i s t e n t l y  l i s t s  

C-14 i n  i t s  i n v e n t o r y  ( a s  on page  2 . 1 . 1 6 )  and  o u t -  - 
l i n e s  t h e  c a l c u l a t i o n s  f o r  C-14 ( i n  A p p e n d i x  0 ) .  

8 - 3 4 ; l  ,3 The DEIS s t a t e d  t h a t  t h e r e  a r e  200 HEPA f i l t e r s  i n  

" p a r a l l e l " .  T h i s  d i f f e r s  w i t h  s t a t e m e n t s  made i n  

8 -26 ;4  w h e r e  i t  s a y s  t h e r e  a r e  t w o  s t a g e s  o f  f i l t e r s  

i n  s e r i e s .  If t h e  s t a t e m e n t  on  page  8-34 i s  c o r r e c t ,  

t h e n  t h e r e  i s  o n l y  a  d e c o n t a m i n a t i o n  f a c t o r  o f  1 0  3  
6  r a t h e r  t h a n  t h e  1 0  u s e d  t h r o u g h o u t  t h e  r e p o r t .  

8 - 3 4  The t o t a l  r a d i o a c t i v i t y  p e r  d rum i n  T a b l e  8 - 7  t o t a l s  

8 - 7  6 . 7 - 4  C i ,  n o t  5 .7 -4 .  

8 -36 ;3  How e f f e c t i v e  w i l l  t h e  p r o t e c t i v e  a c t i o n  o f  s p r a y i n g  

t h e  s a l t  p i l e  w i t h  w a t e r  be i n  c o n t a i n i n g  t h e  

c o n t e n t s ?  

8 - 3 8  W h i l e  t h e  t a b l e  shows t h e  t o t a l  e m i s s i o n s  o f  p o l l u t a n t s  
8-9 a t  t h e  s i t e ,  i t  w o u l d  be  h e l p f u l  t o  show t h e  maximum 

e x p e c t e d  e m i s s i o n  r a t e s  a n d  when t h e y  o c c u r .  

8 - 4 3  ; 3  L a b o r a t o r y  d e c o n t a m i n a t i o n  a g e n t s  w i t h  EDTA may be  

p r e s e n t  i n  t h e  TRU w a s t e .  I f  EDTA i s  p r e s e n t ,  i t  may 

d r a s t i c a l l y  a l t e r  t h e  m i g r a t i o n  o f  a c t i n i d e s  t h r o u g h  

t h e  s o i l  a n d  e f f e c t i v e l y  a l t e r  t h e  Kd v a l u e s  i n  t h e  

l o n g  r a n g e  r e l e a s e  s c e n a r i o s .  

5 -47 ;4  A r e  t h e  " r e a c t i o n  c h a m b e r s "  m e r e l y  d r i l l e d  h o l e s  i n  

t h e  s a l t  o f  t h e  m i n e ?  I f  so ,  how does  one  c o l l e c t  

" g a s e o u s  s a m p l e s "  w i t h o u t  h a v i n g  s u c h  s a m p l e s  c o n t a m -  

i n a t e d  b y  t h e  a m b i e n t  a i r ?  



If the canistered spent fuel assembly is placed inside 

a sleeved hole, can this assembly d o  anything more than 
produce a temperature gradient outside the Sleeve? 

If not, why use a spent fuel assembly? 

T h e r e  is :o reference o r  backup information given t o  

substantiate t h e  statement "sufficient air quantities 

will be provided to support the mining and storaoe 

o p e r a t i o n s  as well a s  t o  remove fission gases that might 

e s c a p e  from unsealed storage rooms". Uranium mining 

e x p e r i e n c e  indicated adequate ventilation can be diffi- 

c u l t  t o  provide. 

T h e  plans for retrieval have not addressed t h e  problem 

o f  radi-ation protection. 

H a v e  t h e  contamination limits been established, and 

w h a t  is "an acceptable level"? T h e  potential contamina- 

tion problem f o r  "retrieval after backfill ing" could 

be e x t r e m e l y  troublesome. More information o n  personnel 

e x p o s u r e  control and contamination 

provided. Where will the radioact 

nated s a l t  be taken? 

limits should be 

ive waste and con tami - 

T h e  D E I S  stated that the s i t e  might be used after decom- 

missioning as a n  industrial site. N o  scenarios c o v e r  

this possibi1i.t~ o f  future use. 

T h e  D E I S  stated that the results obtained s o  f a r  give 

t h e  D O E  c o n f i d e n c e  t h a t  newly developed plugging methods 

will be a v a i l a b l e  in decommissioning t h e  repository. 

What a r e  t h e  references? 
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RADIOLOGICAL IMPACTS OF THE REPOSITORY 

(DEIS C h a p t e r  9 )  

M a j o r  C o n c l u s i o n s  

O p e r a t ' q n a l  R e l e a s e s  

A t m o s p h e r i c  d i s p e r s i o n  c o e f f i c i e n t s  w e r e  c a l c u l a t e d  b y  E E G ,  

c h e c k e d  w i t h  t h o s e  l i s t e d  i n  t h e  DEIS a n d  f o u n d  t o  be  i n  

a g r e e m e n t .  However ,  t h e  DEIS d i d  n o t  u s e  a  c o n s i s t e n t  

a p p r o a c h  i n  c a l c u l a t i n g  t h o s e  c o e f f i c i e n t s  f o r  o p e r a t i o n a l  

r e l e a s e s  o f  r a d i o a c t i v i t y ,  a i r  q u a l i t y  e m i s s i o n s  a n d  t r a n s p o r t a -  

t i o n  a c c i d e n t s .  

EEG o b t a i n e d  c l o s e  a g r e e m e n t  w i t h  t h e  DEIS i n h a l a t i o n  dose  

c a l c u l a t i o n s  f r o m  b o t h  n o r m a l  and  a c c i d e n t a l  r e l e a s e s  t o  an 

i n d i v i d u a l  a t  t h e  James Ranch.  C o n s i d e r a t i o n  s h o u l d  be  g i v e n  

t o  i n h a l a t i o n  d o s e s  r e c e i v e d  b y  t r a n s i e n t  p e o p l e  i n  Zones 11, 

111 and  I V  and  t o  p o t e n t i a l  r e s i d e n t s  n e a r  t h e  n o r t h w e s t  s i t e  

b o u n d a r y .  

The d e t a i l e d  a s s u m p t i o n s  u s e d  i n  e v a l u a t i n g  a c c i d e n t  s c e n a r i o s  

may u n d e r e s t i m a t e  t h e  a m o u n t s  o f  r a d i o a c t i v i t y  t h a t  c o u l d  

be  r e l e a s e d .  

An a c c i d e n t  s c e n a r i o  i n v o l v i n g  a  m e t h a n e  g a s  p o c k e t  s h o u l d  be 

c o n s i d e r e d .  

The a s s u m p t i o n  t h a t  c o n t a m i n a t e d  f o o d  w i l l  be  t a k e n  o u t  o f  

d i s t r i b u t i o n  h a s  n o t  a l w a y s  been  p o s s i b l e  o r  n e c e s s a r y .  

The  C h a p t e r  9 a s s u m p t i o n  t h a t  e x h a u s t  a i r  f r o m  u n d e r g r o u n d  

w a s t e  h a n d l i n g  a n d  s t o r a g e  a r e a s  p a s s e s  t h r o u g h  H E P A  f i l t e r s  i s  

i n c o n s i s t e n t  w i t h  s t a t e m e n t s  i n  C h a p t e r  8 .  S i n c e  t h e  absence  o f  

f i l t e r s  c a n  r e s u l t  i n  a  s u b s t a n t i a l  i n c r e a s e  i n  d o s e s  f r o m  

p a r t i c u l a t e  r a d i o a c t i v i t y ,  i t  i s  i m p o r t a n t  t o  c l a r i f y  t h i s  p o i n t .  



7 )  O c c u p a t  

b e c a u s e  

t i o n  i s  

s y s t e m s  

t h a t  t h  

o n a l  r a d i a t i o n  e x p o s u r e  has n o t  been e v a l u a t e d  by  E E G  

o f  l a c k  o f  n e c e s s a r y  d a t a  i n  t h e  DEIS.  More i n f o r m a -  

needed  o n  w a s t e  o p e r a t i o n s ,  t h e  e n v i r o n m e n t a l  c o n t r o l  

and  t h e  h e a l t h  p h y s i c s  p r o g r a m .  I t  i s  a n t i c i p a t e d  

s  i n f o r m a t i o n  w i l l  be p r o v i d e d  i n  t h e  P r e l i m i n a r y  

S a f e t y  A n a l y s i s  R e p o r t .  

Long  Term R e l e a s e s  

1 )  E E G  h a s  i d e n t i f i e d  a  number o f  r e p o s i t o r y  b r e a c h  s c e n a r i o s  

w h i c h  a l s o  s h o u l d  be  c o n s i d e r e d  and  e v a l u a t e d  i n  t h e  f i n a l  

D E I S :  

a )  w e l l  w a t e r  becomes c o n t a m i n a t e d  and  i s  u s e d  f o r  i r r i g a t i o n  

o r  s t o c k   ater ring; 

b )  g a s ,  g e n e r a t e d  b y  o r g a n i c  d e c o m p o s i t i o n  o f  t h e  w a s t e ,  a c t s  

a s  a  d r i v i n g  m e c h a n i s m  i n  b r i n g i n g  w a s t e  t o  t h e  s u r f a c e ;  

c )  a c o n n e c t i o n  d e v e l o p s  b e t w e e n  t h e  r e p o s i t o r y ,  a  h i a h  p r e s s u r e  - 
b r i n e  r e s e r v o i r  and  t h e  s u r f a c e :  

d )  s o l u t i o n  m i n i n g  f o r  s a l t  t a k e s  p l a c e .  

2 )  EEG has  c h e c k e d  many o f  t h e  DEIS dose  c a l c u l a t i o n s  f o r  t h e  

l o n g  t e r m  r e l e a s e  s c e n a r i o s  c o n s i d e r e d ,  a n d  t h e  EEG and  DEIS 

r e s u l t s  a r e  i n  a g r e e m e n t .  S i n c e  t h e  h y d r o l o g i c  p a r a m e t e r s  on  

w h i c h  t h e s e  d o s e  e s t i m a t e s  a r e  b a s e d  c a n  v a r y  b y  s e v e r a l  o r d e r s  

o f  m a g n i t u d e ,  t h e  e f f e c t  o f  p a r a m e t e r  v a r i a t i o n  on  d o s e  e s t i m a t e s  

s h o u l d  b e  e v a l u a t e d .  

3 )  U n a c c e p t a b l y  h i g h  r a d i a t i o n  d o s e s  c o u l d  o c c u r  t o  w e l l  d r i l l e r s  

f r o m  a  s c e n a r i o  5 t y p e  i n c i d e n t .  C o n t r o l  measures  s h o u l d  b e  

c o n s i d e r e d  t o  p r e v e n t  s u c h  a n  e v e n t .  



O p e r a t i o n a l  R e l e a s e s  

A t m o s p h e r i c  D i s p e r s i o n  C o e f f i c i e n t s  

S e v e r a l  k e y  x/Q v a l u e s  w e r e  c a l c u l a t e d  b y  a  s i m p l i f i e d  hand  

c a l c u l a t i o n  ( s e e  A p p e n d i x  V f o r  d e t a i l s )  and  compared  w i t h  t h o s e  

u s e d  i n  t h e  DEIS.  The EEG mode l  d i f f e r e d  somewhat f r o m  t h e  

MESODIF Code u s e d  i n  t h e  DEIS i n  n o t  a l l o w i n g  t h e  p l u m e  t o  be 

b l o w n  b a c k  o v e r  t h e  s o u r c e  t o  c o n t r i b u t e  on a  " s e c o n d  p a s s " .  

The  v a l u e s  c a l c u l a t e d  f o r  t h e  l o n g  t e r m  a v e r a g e  x / Q  were  l o w e r  

t h a n  t h o s e  u s e d  i n  t h e  DEIS b y  f a c t o r s  o f  3 . 3  t o  4 . 4  ( T a b l e  H - 3 6 ) .  

L o w e r  v a l u e s  w o u l d  be e x p e c t e d  i n  t h e  p r e v a i l i n g  downwind  d i r e c -  

t i o n  f r o m  t h e  m o d e l  d i f f e r e n c e ,  a l t h o u g h  t h e  m a g n i t u d e  o f  t h e  

d i f f e r e n c e  c a n n o t  be  e s t i m a t e d  f r o m  t h e  d a t a  a v a i l a b l e .  V a l u e s  

c a l c u l a t e d  f o r  t h e  o n e - h o u r  f r e q u e n c y  ( x / Q l 5 %  and ( x / Q ) ~ ~ %  (H-  

Annex 1 ,  T a b l e  2 1 )  v a r i e d  f r o m  1 .0 -4 .1  t i m e s  t h o s e  i n  t h e  DEIS 

w i t h  a g r e e m e n t  b e i n g  b e s t  a t  0 .5  m i l e s .  EEG c o n c l u d e d  t h a t  t h e  

s h o r t - t e r m  a n d  l o n g - t e r m  x / Q  v a l u e s  u s e d  f o r  t h e  s i t e  a r e  

- r e a s o n a b l e .  

The DEIS a n a l y s i s  d i d  n o t  u s e  a t m o s p h e r i c  d i s p e r s i o n  c o e f f i c i e n t s  

t o  c o m p u t e  a n n u a l  c o n c e n t r a t i o n s  f o r  n o n - r a d i o l o g i c a l  a i r  p o l l u -  

t a n t s  o t h e r  t h a n  a  2 4 - h o u r  v a l u e  f o r  p a r t i c u l a t e s .  I n  t h i s  c a s e ,  

a n o t h e r  e q u a t i o n  was u s e d  a n d  an e f f e c t i v e  ( x / Q ) * ~  h r s .  o f  2 .1  x 

s/m3 was o b t a i n e d .  T h i s  i s  t o  be  compared  t o  a  ( x / Q ) ~ ~ %  o f  

a b o u t  1 5  x s/m3 (H-Annex 1, T a b l e  2 1 )  a n d  an a n n u a l  a v e r a g e  

o f  5 .9  x s /m3 ( i n  d o w n w i n d  maximum s e c t o r  f r o m  T a b l e  H - 3 6 ) .  

T h i s  c a l c u l a t i o n  i s  i n c o n s i s t e n t  w i t h  t h a t  f o r  s i t e  r a d i o n u c l i d e  

r e 1  e a s e s .  

S l i g h t l y  d i f f e r e n t  d i s p e r s i o n  c o e f f i c i e n t s  w e r e  - u s e d  i n  t h e  DEIS 

t o  c o m p u t e  d o s e s  f r o m  t r a n s p o r t a t i o n  a c c i d e n t s  a n d  a n  e l e v a t e d  

r e l e a s e  was assumed.  T h i s  a s s u m p t i o n  p r o d u c e s  l o w e r  d o s e  e s t i m a t e s  

a n d  i s  c o n s e q u e n t l y  l e s s  c o n s e r v a t i v e  t h a n  a s s u m i n g  a  s u r f a c e  

r e l e a s e .  The  DEIS d i d  n o t  e x p l a i n  i t s  p r o c e d u r e s  f o r  d e t e r m i n i n g  



t h a t  0 . 5  m i l e s  f r o m  an a c c i d e n t  was t h e  maximum c o n c e n t r a t i o n .  
A 

E E G  made t h i s  c a l c u l a t i o n  and  was i n  g e n e r a l  a g r e e m e n t  when t h e  

same a s s u m p t i o n s  were  u s e d .  However ,  i t  was n o t e d  t h a t  c o n c e n -  

t r a t i o n s  were  n o t  n e g l i g i b l e  c l o s e r  t o  t h e  s i t e  a n d  t h a t  i f  o t h e r  

a t m o s p h e r i c  s t a b i l i t y  c a t e g o r i e s  w e r e  assumed t h e  h i g ! ? e s t  v a l u e s  

o c c u r r e d  c l o s e r  t h a n  0 . 5  m i l e s .  

Any i n c o n s i s t e n c i e s  i n  t h e  u s e  o f  a t m o s p h e r i c  d i s p e r s i o n  c o e f  

c i e n t s  and  a s s u m p t i o n s  ( e s p e c i a l l y  t h e  r a t i o n a l e  f o r  a s s u m i n g  

e l e v a t e d  r e l e a s e  i n  t r a n s p o r t a t i o n  a c c i d e n t s  t h a t  do  n o t  i n v o  

f i r e s ,  w h i l e  a s s u m i n g  s u r f a c e  r e l e a s e s  f r o m  t h e  s i t e )  s h o u l d  be 

e x p l a i n e d  i n  t h e  f i n a l  E I S  

R a d i o l o g i c a l  Doses t o  t h e  P u b l i c  

The c a l c u l a t e d  d o s e s  - ( T a b l e  9 - 1 8 )  r e c e i v e d  b y  a n  i n d i v i d u a  

t h e  James Ranch w e r e  c h e c k e d  u s i n g  t h e  r e l e a s e s  f r o m  T a b l e  

( s e e  A p p e n d i x  V I I ) .  I n  a l l  c a s e s ,  t h e  r e s u l t s  a g r e e d  w i t h  

DEIS w i t h i n  20%.  The d o s e s  a r e  s m a l l  a n d  w e l l  b e l o w  e x i s t  

s t a n d a r d s  t h a t  a p p l y  t o  o t h e r  t y p e s  o f  n u c l e a r  f a c i l i t i e s .  

t h e  

i n g  
h 

HOW- 

e v e r ,  t h e r e  a r e  some u n c e r t a i n t i e s  i n  t h e  r e l e a s e  f r a c t i o n s  

assumed ( s e e  C h a p t e r  8 d i s c u s s i o n )  a n d  i n  t h e  s o u r c e  t e r m .  

T h e r e  i s  a  q u e s t i o n  w h e t h e r  t h e  maximum e x p o s e d  i n d i v i d u a l  w o u l d  

n e c e s s a r i l y  be a  r e s i d e n t  o f  t h e  James Ranch.  I f  h e  w e r e  t o  

r e s i d e  o n  p r i v a t e  l a n d  2 .8  m i l e s  n o r t h w e s t  o f  t h e  c e n t e r  o f  t h e  

s i t e ,  he  w o u l d  r e c e i v e  an  i n h a l a t i o n  d o s e  f i v e  t i m e s  a s  g r e a t  a s  

a t  t h e  James Ranch.  A l s o ,  i n d i v i d u a l s  s p e n d i n g  some t i m e  i n  Zones 

11,  I 1 1  a n d  I V  w o u l d  be  e x p o s e d  t o  h i g h e r  c o n c e n t r a t i o n s  w h i l e  o n  

t h e  s i t e .  F o r  e x a m p l e ,  a v e r a g e  c o n c e n t r a t i o n s  a t  0 . 5  m i l e s  f r o m  

t h e  s i t e  c e n t e r  w o u l d  be  1 6 - 1 4 5  t i m e s  t h o s e  a t  t h e  James Ranch.  

The  a s s u m p t i o n s  o n  l i v i n g  p a t t e r n s  i n  T a b l e  9 - 1 7  a p p e a r  r e a s o n a b l e  

f o r  t h e  a v e r a g e  p e r s o n  r e s i d i n g  i n  e a c h  s u b s e c t o r .  The  c a l c u l a t i o n  

o f  a  maximum dose  t o  an  i n d i v i d u a l  s h o u l d  c o n s i d e r  a  p e r s o n  w i t h  a  



f a m i l y  cow t h a t  p r o v i d e s  o v e r  1% o f  h i s  m i l k ,  o r  a  g a r d e n  t h a t  

p r o v i d e s  o v e r  10% o f  h i s  v e g e t a b l e s ,  o r  c a t t l e  t h a t  p r o v i d e  o v e r  

50% o f  h i s  m e a t .  A d d i t i o n a l l y ,  t h e r e  may be game k i l l e d  on  t h e  

s i t e  and consumed by  a r e a  r e s i d e n t s .  The f i n a l  E I S  s h o u l d  s t a t e  

t h e  a s s u m p t i o n s  and c a l c u l a t e  t h e  maximum i n g e s t i o n  dose  t o  an  

i n d i v i d u a l  a t  b o t h  t h e  James Ranch a n d  a t  t h e  n o r t h w e s t  b o u n d a r y .  

The i n h a l a t i o n  doses s h o u l d  be l i s t e d  s e p a r a t e l y  f r o m  t h e  i n g e s -  

t i o n  d o s e s .  

E n v i r o n m e n t a l  E f f e c t s  o f  A c c i d e n t s  D u r i n g  O p e r a t i o n s  

The o p e r a t i o n a l  a c c i d e n t  s c e n a r i o s  e v a l u a t e d  i n  t h e  DEIS ( T a b l e  

9 - 2 1 ,  pp.  9 - 4 5  t o  9 - 4 8 )  a p p e a r  t o  be  f a i r l y  c o m p l e t e .  However ,  

i t  a p p e a r s  t h a t  t h e  DEIS may u n d e r e s t i m a t e  t h e  d u r a t i o n  o f  f i r e s ,  

t h e  number o f  c o n t a i n e r s  i n v o l v e d  a n d  t h e  c l e a n - u p  t i m e  i n v o l v e d .  

An operations-1 s c e n a r i o  n o t  a d d r e s s e d  was t h a t  o f  e n c o u n t e r i n g  

a  me thane  gas  p o c k e t  d u r i n g  t h e  m i n i n g  o p e r a t i o n s  r e s u l t i n g  i n  

an u n d e r g r o u n d  e x p l o s i o n  i n v o l v i n g  m u l t i p l e  d rums  a n d / o r  b o x e s  

o r  s p e n t  f u e l  c a n i s t e r s .  EEG recommends t h a t  s u c h  a  s e v e r e  o p e r -  

a t i o n a l  a c c i d e n t  be i n v e s t i g a t e d  b y  DOE i n  t h e  f i n a l  E I S .  

Where r e f e r e n c e d ,  e s t i m a t e s  o f  r e l e a s e  f r a c t i o n s  ( p p .  9 - 4 9  a n d  

9 - 5 0 )  have  been  r e v i e w e d  and  i n  some c a s e s  t h e  v a l u e s  u s e d  i n  

t h e  DEIS may be  q u e s t i o n e d .  F o r  e x a m p l e ,  i t  i s  s t a t e d  ( 9 - 4 9 ; s )  

t h a t  S h e f e l b i n e  s u p p o r t s  a  c o n s e r v a t i v e  a s s u m p t i o n  t h a t  1 0 %  o f  

t h e  w a s t e  i s  i n  powder  f o r m  a n d  t h a t  25% o f  t h e  w a s t e  i s  combus- 

t i b l e  ( R e f .  1 ) .  In r e v i e w i n g  t h e  S h e f e l b i n e  r e p o r t ,  n o  m e n t i o n  

o f  powder  was f o u n d .  T h e  10% p o w d e r  f i g u r e  m i g h t  be  d e d u c e d  f r o m  

t h e  d a t a  i n d i r e c t l y .  S h e f e l b i n e  d o e s  r e f e r e n c e  D i e c k h o n e r  ( 1 9 7 8 )  

as  t h e  s o u r c e  o f  t h e  i n f o r m a t i o n  t h a t  25% o f  t h e  w a s t e  i s  combus- 

t i b l e .  I n  f a c t ,  S h e f e l b i n e  s t a t e s  t h a t  " t h i s  d a t a  s h o u l d  b e  

u s e d  w i t h  c a u t i o n  b e c a u s e  t h e r e  seems t o  be  a  c o n s e n s u s  t h a t , i n  

s p i t e  o f  r e g u l a t i o n s ,  c o n s i d e r a b l e  m i x i n g  o f  c o m b u s t i b l e s  a n d  

n o n - c o m b u s t i b l e s  o c c u r r e d  i n  t h e  p a s t "  ( R e f .  1, p .  2 5 ) .  T h e  

p r e s e n c e  o f  c o m b u s t i b l e s  d i r e c t l y  a f f e c t s  t h e  s e v e r i t y  o f  a  p o s t u -  

l a t e d  f i r e .  

- 



A s e c o n d  e x a m p l e  c o n c e r n s  t h e  p e r c e n t a g e  o f  a c t i v i t y  w h i c h  i s  - 
r e l e a s e d  a n d  r e s p i r a b l e  d u r i n g  a c c i d e n t s .  I t  was s t a t e d  t h a t  1% 
b r a s  u s e d  as  an i n t e r m e d i a t e  v a l u e  b a s e d  on M i s h i m a  and  Schwendiman 

( q e f .  2 ,  3 ) .  M i s h i m a  a n d  Schwend iman d e s c r i b e d  t h a t  as  much as  

1.:; o f  t h e  p l u t o n i u m  was a i r b o r n e  d u r i n g  t h e  c o m b u s t i o n  o f  f l a m -  

111a5 le  c o n t a m i n a t e d  m a t e r i a l s  ( R e f .  2 ,  p . 6 ) .  They a l s o  f o u n d  

t h a t  1 0 - 4 0 %  o f  u r a n i u m  o x i d e  became a i r b o r n e  a f t e r  b e i n g  m i x e d  

w i t h  c o m b u s t i b l e  m a t e r i a l  a n d  i g n i t e d .  U r a n i u m  o x i d e  was u s e d  

i o  s i m u l a t e  p l u t o n i u m  i n  t h e s e  e x p e r i m e n t s .  

I n  t h e  s p e n t  f u e l  a c c i d e n t ,  a  gap a c t i v i t y  o f  30% o f  t h e  gaseous  

a c t i v i t y  ( H - 3 ,  K r - 8 5 ,  1 - 1 2 9 )  was c h o s e n .  A l t h o u g h  t h e r e  i s  l i t t l e  

i n f o r m a t i o n  i n  t h e  l i t e r a t u r e  on  t h e  g a p  a c t i v i t y  o f  f u e l  assem- 

b l i e s  o l d e r  t h a n  1 0  y e a r s ,  g a p  a c t i v i t i e s  a s  h i g h  a s  45% h a v e  been  

o b s e r v e d  (Ref . -  4 ) .  - A l s o ,  t h e  q u a n t i t y  o f  Ca rbon-14  r e l e a s e d  was 

i s n o r e d .  

The c o m p u t e r  c o d e  AIRDOS- I1  was u s e d  i n  t h e  DEIS t o  c a l c u l a t e  
c-.- 

r e s u l t i n g  d o s e s  a n d  d o s e  c o m m i t m e n t s .  I t  t r a c e s  e a c h  n u c l i d e  

f r o m  t h e  p o i n t  o f  r e l e a s e  t h r o u g h  t h e  b i o s p h e r e  t o  man. AIRDOS- 

I 1  i s  l i s t e d  w i t h  t h e  U.S. D e p a r t m e n t  o f  E n e r g y  R a d i a t i o n  S h i e l d i n g  

I n f o r m a t i o n  C e n t e r  a n d  has  been t e s t e d  a n d  e v a l u a t e d  b y  t h i - s  

g r o u p  p r i o r  t o  d i s t r i b u t i o n  f o r  g e n e r a l  u s e .  Hand c a l c u l a t i o n s  

b y  EEG u s i n g  t h e  DEIS a s s u m p t i o n s  a n d  s t a n d a r d  f o r m u l a s  g a v e  

r e s u l t s  w h i c h  g e n e r a l l y  a g r e e d  w i t h  t h o s e  r e p o r t e d  i n  t h e  DEIS. 

The assumed d i s t r i b u t i o n  o f  r a d i o n u c l i d e s  r e l e a s e d  t o  t h e  e n v i r o n -  

m e n t  d u r i n g  o p e r a t i o n a l  a c c i d e n t s  i s  s o m e t i m e s  d i f f e r e n t  t h a n  

t h e  assumed r e l e a s e s  f r o m  t r a n s p o r t a t i o n  a c c i d e n t s .  F o r  e x a m p l e ,  

t h e  RH-TRU w a s t e  r a i l r o a d  a c c i d e n t  i n v o l v i n g  i m p a c t  a n d  f i r e  

c o n s i d e r s  o n l y  t h e  r e l e a s e  o f  c e s i u m - 1 3 7 .  The  s u r f a c e  f i r e  a t  

t h e  f a c i l i t y  ( A c c i d e n t  R - 1 1 )  h a s  c e s i u m - 1 3 7  as  l e s s  t h a n  1% o f  

t h e  t o t a l  r e l e a s e .  I t  i s  recommended t h a t  a  c o n s i s t e n t  r e l e a s e  

f r a c t i o n  b e  u s e d  i n  c a l c u l a t i o n s  t h r o u g h o u t  t h e  f i n a l  E I S .  



- AIROOS-I1 c o n s i d e r s  o n l y  t h e  i n h a l a t i o n  and e x t e r n a l  pa thways  

of  e x p o s u r e .  In  some s i t u a t i o n s  ( s u c h  a s  s u r f a c e  r u n o f f )  t h e  

w a t e r  oathway c o u l d  be s i g n i f i c a n t  and s h o u l d  be c o n s i d e r e d .  

The a s s u m p t i o n  t h a t  c o n t a m i n a t e d  food w i l l  be t a k e n  o u t  o f  d i s -  

t r i b u t i o n  has  n o t  a l w a y s  been p o s s i b l e  o r  n e c e s s a r y .  E x i s t i n g  

F e d e r a l  P r o t e c t i v e  A c t i o n  G u i d e s  do n o t  recommend removal o f  

f o o d  or m i l k  f rom commerce u n l e s s  the  p r o j e c t e d  d o s e  commitment 

i s  5 rem t o  t h e  whole  body o r  1 5  rem t o  t h e  t h y r o i d .  

Us ing  t h e  r e l e a s e s  and  t h e  a t m o s p h e r i c  d i s p e r s i o n  c o e f f i c i e n t s  

(x/Q) f o r  a c c i d e n t  s c e n a r i o  C - 7  d i s c r i b e d  i n  the  DEIS, E E G  
c a l c u l a t e d  d o s e s  f o r  a  p e r s o n  l i v i n g  a t  t h e  James Ranch. The 

r e s u l t s  a g r e e d  w i t h  t h o s e  g i v e n  i n  T a b l e  9 -25  of  t h e  OEIS and 

a r e  shown on t h e  f o l l o w i n g  T a b l e  1 0 .  

T a b l e  1 0  

Dose E s t i m a t e s  a t  t he  James Ranch from A c c i d e n t  C7 

Reference x/Q 50 y r .  Ronf Dose Commitment ( r e  
Type E E G  EIS 

T a b l e  21 50% 0 . 5 8  7 . 4  5.5 
p. 26 o n e - h o u r  

f r e q u e n c y  

0 .62  x 7 . 9  x 10 
-10 

T a b l e  H-36 Annual 
p. H-59 

T a b l e  21 5% 
P. 26 



E E G  a l s o  c a l c u l a t e d  d o s e s  from t h e  s p e n t  f u e l  h o i s t  d rop  

a c c i d e n t  s c e n a r i o  ( R 1 5 )  u s ing  t h e  a s s u m p t i o n s  of  t h e  D E I S .  

The r e s u l t s ,  p r e s e n t e d  i n  Tab le  1 1 ,  a r e  i n  agreement  w i t h  t h e  
O E I S  c a l c u l a t i o n s .  The o n l y  q u e s t i o n  r a i s e d  conce rned  t h e  

a s s u m p t i o n s  of  r e l e a s e  f r a c t i o n s  f o r  v a r i o u s  a c c i d e n t s .  The 

margin of e r r o r  i n  t h e  a s sumpt ions  i s  n o t  wel l  known and E E G  

recommends t h a t  t h e  b a s i s  of t h e  a s sumpt ions  be d i s c u s s e d  i n  
t h e  f i n a l  E I S .  

The C h a p t e r  9 assumpt ion  t h a t  e x h a u s t  a i r  from underground w a s t e  

h a n d l i n g  and s t o r a g e  a r e a s  p a s s e s  t h r o u g h  H E P A  f i l t e r s  i s  i n c o n -  
s i s t e n t  w i t h  s t a t e m e n t s  i n  C h a p t e r  8. 

O c c u p a t i o n a l  R a d i a t i o n  Exposure  

O c c u p a t i o n a l  r a d i a t i o n  e x p o s u r e  a t  WIPP i s  s c h e d u l e d  t o  be 
c o v e r e d  i n  t h e  P r e l i m i n a r y  S a f e t y  A n a l y s i s  Repor t  (PSAR). 

f o r e ,  no a t t e m p t  w i l l  be made t o  e v a l u a t e  i t  h e r e .  The f o  

a r e  examples  o f  t h e  k i n d  o f  i n f o r m a t i o n  needed t o  a d e q u a t e  

e v a l u a t e  o c c u p a t i o n a l  e x p o s u r e :  

T h e r e -  

l l o w i n g  

1  Y 

1 )  The a n a l y s i s  s h o u l d  c o n s i d e r  e s t i m a t e s  of  maximum i n d i v i d u a l  

d o s e s ,  t h e  e x p e c t e d  d i s t r i b u t i o n  o f  d o s e s  among w o r k e r s ,  and 

t h e  p o p u l a t i o n  dose  t o  t h e  e n t i r e  work f o r c e .  An e v a l u a t i o n  

s h o u l d  be made of w h e t h e r  t h e s e  d o s e s  a r e  a s  low a s  r e a s o n a b l y  

a c h i e v a b l e  (ALARA). 

2 )  A d d i t i o n a l  i n f o r m a t i o n  w i l l  be needed on t h e  e n v i r o n m e n t a l  

c o n t r o l  s y s t e m s ,  o t h e r  p h y s i c a l  f a c i l i t i e s ,  and p e r t i n e n t  

e q u i p m e n t ,  bo th  above and below g r o u n d ,  s o  t h a t  t h e  r e a s o n -  

a b l e n e s s  of  p r o j e c t e d  d o s e s  can be e v a l u a t e d .  More d a t a  a r e  
needed  on t h e  a c t u a l  r a d i a t i o n  l e v e l s  ( a v e r a g e  and r a n g e )  

t h a t  w o r k e r s  w i l l  be exposed  t o  f rom remote  h a n d l e d  TRU 

w a s t e ,  s p e n t  f u e  1  a s s e m b l i e s  and on t h e  h igh  l e v e  1  w a s t e  



T a b l e  11 

O p e r a t i o n a l  A c c i d e n t  S c e n a r i o  R-15 
H o i s t  D r o p  - S p e n t  F u e l  - 6 h r .  R e l e a s e  

l lucl  i d e  50 y e a r  Dose Commi t tmen t  ( r e m ) .  

Bone Lung Whole Body Skin Thyro id  

H-3 9.54 x l o -6  7.66 x lom6 0.77 

Kr-85 2.52 x 7.04 x 

Sr-90 7.43 x 2.78 x 0.46 x 

Ru-106 5.97 x 10-12 

1-129 0.02 x lo-6 0.06 x 4.82 
Cs-134 ? ? 1 4 x  lo-'' 
Cs-137 3.96 x lo-'' 
2m- 147 7.65 x 10- l2 2.4 x 

Eu-154 8.22 x 1.4 x 10'12 

Np-237 5.89 1.0 lo'14 
Pu-238 8.53 x 1 0 ' ~  1.0 x 

-. Pu-239 1.04 x 1 0 ' ~  5.5 x 10'~'  

Pu-240 1.66 x 1 0 ' ~  8.75 x lo-'' 
Pu-241 1.49 x 10-lo 1.06 x lo-' '  
PU-242 2.48 

Am-241 1 . 5 9 ~ 1 0 - ~  2 . 8 7 ~ 1 0 - ' ~  

Am-242111 

Am-243 2.2 x 10- lo 

Cm-243 3.11 x lo-'' 
Cm-244 1.29 x 

EEG 
T o t a l s  

DEIS To ta l s *  

R-15 
Spent Fuel 8.7 x 1 0 ' ~  1 8.3 1 0 ' ~  2.2 3.2 

A 

*Table 9-25, page 9-56 



e x p e r i m e n t s  ( i n c l u d i n g  r e t r i e v a l  o p e r a t i o n s ) .  A l s o ,  i t  w i l l  

be n e c e s s a r y  t o  d e s c r i b e  t h e  management o r g a n i z a t i o n  I 

( i n c l u d i n g  h e a l t h  p h y s i c s  a c t i v i t i e s )  t h a t  w i l l  be used t o  

o p e r a t e  t h e  f a c i l i t y  and p r o v i d e  h e a l t h  and s a f e t y  c o n t r o l .  

Lonq-Term R e l e a s e s  

F i v e  r e p o s i t o r y  b r e a c h  " s c e n a r i o s "  were a n a l y z e d  i n  t h e  DEIS 
( s e c t i o n  9 . 5 . 1 ) .  S c e n a r i o s  1 -4  a l l  r e s u l t e d  i n  d i s s o l u t i o n  of  

t h e  w a s t e ,  p a s s a g e  of t h e  was t e  i n t o  t h e  R u s t l e r  a q u i f e r ,  and 
p a s s a g e  t h r o u g h  t h e  a q u i f e r  i n t o  t h e  Pecos R i v e r .  S c e n a r i o  5  

i n v o l v e d  d i r e c t  a c c e s s  by d r i l l i n g .  

Dose C a l c u l a t i o n  Methodology 

t h e  

r a d  

The 

W h i  

t h e  

The r a d i o n u c l i d e  c o n c e n t r a t i o n s  and r e s u l t a n t  r a d i a t i o n  d o s e s  

r e p o r t e d  i n  t h e  DEIS were o b t a i n e d  by u s i n g  l a r g e  computer  c o d e s .  

E E G  was a b l e  t o  check  many of  t h e s e  computer  c a l c u l a t i o n s  by 

hand.  To check  r e s u l t s  o f  t h e  h y d r o l o g i c  model used  t o  d e s c r i b e  
.-. 

n u c l i d e  t r a n s p o r t  i n  t h e  l i q u i d  b reach  s c e n a r i o s  1 - 4 ,  E E G  used a  

s i m p l e r  model.  To check  dose  c a l c u l a t i o n s ,  E E G  used s t a n d a r d  

f o r m u l a s  and c o n v e r s i o n  f a c t o r s .  The c a l c u l a t i o n s  a r e  d i s c u s s e d  

i n  Appendices  VI and V I I ,  and t h e  r e s u l t s  compared w i t h  t h o s e  i n  

DEIS. In  i t s  c a l c u l a t i o n s ,  E E G  used t h e  h y d r o l o g i c  p a r a m e t e r s ,  

i o n u c l i d e  i n v e n t o r y ,  and s c e n a r i o  d e s c r i p t i o n s  i n  the  DEIS. 

E E G  and DEIS r e s u l t s  a g r e e  c l o s e l y .  

l e  t h e s e  c a l c u l a t i o n  checks  t e n d  t o  s u p p o r t  t h e  v a l i d i t y  of  

methods employed i n  t h e  DEIS t o  c a l c u l a t e  n u c l i d e  c o n c e n t r a -  

t i o n s ,  i n g e s t i o n  d o s e s  and e x t e r n a l  gamma r a d i a t i o n  d o s e s ,  t h e y  

do n o t  p r o v i d e  c h e c k s  on t h e  v a l i d i t y  o f  t h e  a s s u m p t i o n s  used o r  

t h e  a p p r o p r i a t e n e s s  o f  t h e  s i t u a t i o n s  a n a l y z e d .  



P a r a m e t e r  Values  
A 

One must c o n s i d e r  t h e  key p a r a m e t e r s  t h a t  l e a d  t o  t h e  n u c l i d e  
c o n c e n t r a t i o n s  and i n g e s t i o n  doses  c a l c u l a t e d .  They i n c l u d e  t h e  

d i s t r i b u t i o n  c o e f f i c i e n t s  ( K d )  v a l u e s  which a r e  r e s p o n s i b l e  f o r  

h o l d i n g  back such n u c l i d e s  a s  p lu ton ium,  neptunium and t h o r i u m ,  

a s  wel l  a s  t h e  b a s i c  d r i v i n g  p a r a m e t e r ,  i ,  t h e  assumed ground-  

w a t e r  f l o w  v e l o c i t y .  The l a s t  q u a n t i t y  depends on h y d r a u l i c  

c o n d u c t i v i t y ,  p o r o s i t y  and h y d r a u l i c  g r a d i e n t .  All  o f  t h e s e  
p a r a m e t e r s  have  l a r g e  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  them because  

of  n a t u r a l  v a r i a t i o n  and d i f f i c u l t i e s  i n  measurement.  Both K d  

v a l u e s  and h y d r a u l i c  c o n d u c t i v i t i e s  can v a r y  by s e v e r a l  o r d e r s  

of  magn i tude .  A t ho rough  r e v i e w  of  t h e s e  u n c e r t a i n t i e s  and of  

t h e i r  impac t  on r a d i a t i o n  d o s e s  m u s t  be made, and shou ld  be 

i n c l u d e d  i n  t h e  f i n a l  EIS.  

E E G  has  done some c a l c u l a t i o n s  r e l e v a n t  t o  t h e  e f f e c t  o f  v a r i a -  

t i o n s  i n  K d  and h y d r a u l i c  c o n d u c t i v i t y  v a l u e s  and t h e y  a p p e a r  i n  

- Appendix V I I .  

Flow P a t h s  

Al l  of t h e  h y d r o l o g i c  b r e a c h  s c e n a r i o s  assumed a  f l ow a l o n g  t h e  

R u s t l e r  a q u i f e r  and r e l e a s e  a t  t h e  Malaga Bend of  t h e  Pecos  R i v e r .  

However, the i n t e r f a c e  between t h e  R u s t l e r  and S a l a d o  f o r m a t i o n s  

i s  exposed  a t  Nash Draw. A s p r i n g  a t  t h e  n o r t h  edge  o f  Laguna 

Grande de  l a  S a l  i s  f e d  by w a t e r  from t h e  R u s t l e r  a q u i f e r s .  The 

c a l c u l a t e d  h y d r a u l i c  p o t e n t i a l s  f o r  t h e  R u s t l e r  f o r m a t i o n  ( F i g u r e  

K-5, p .  k-13)  i n d i c a t e  t h a t  t h e  s h o r t e s t  r e l e a s e  p a t h  i s  1 5  m i l e s  

from WIPP t o  Malaga Bend. However, t h e  measured h y d r a u l i c  p o t e n -  

t i a l  c o n t o u r s  i n  t h e  R u s t l e r  f o r m a t i o n  ( F i g u r e  K-3, p. K-12) 

i n d i c a t e  t h a t  t h e  s h o r t e s t  f l o w  p a t h  i s  9 m i l e s  t o  Laguna Grande 

de  l a  S a l .  The dosage  c a l c u l a t i o n s  s h o u l d  t a k e  t h i s  s h o r t e r  p a t h  

i n t o  c o n s i d e r a t i o n .  



S c e n a r i o  5 

Dose e s t i m a t e s  i n  t h e  DEIS  f o r  both e x t e r n a l  r a d i a t i o n  t o  a  d r i l l  
crew member ( T a b l e  9 -47 )  and i n h a l a t i o n  t o  a  r e s i d e n t  ( T a b l e s  9-48  
and 9 -49 )  were checked u s i n g  t h e  a s s u m p t i o n s  i n  t h e  DEIS ( s e e  

Appendix V I I ) .  E E G  c a l c u l a t e d  a  dose  of  71 rem t o  a d r i l l  crew- 

menbe r ,  compared t o  %90 rem i n  t h e  DEIS. I n  e i t h e r  c a s e  t h e  dose  

i s  h igh  enough t o  w a r r a n t  s e r i o u s  c o n s i d e r a t i o n  of  c o n t r o l  mea- 

s u r e s  t o  p r e v e n t  such an o c c u r r e n c e .  

A 1  t e r n a t e  S c e n a r i o s  

I t  i s  n o t  c l e a r  t h a t  t h e  s c e n a r i o s  used  i n  t h e  DEIS a r e  i n d e e d  

uppe r  l i m i t s  o r  bounding c a s e s .  E E G  has  i d e n t i f i e d  a  number o f  

s c e n a r i o s  which a l s o  s h o u l d  be c o n s i d e r e d  i n  t h e  f i n a l  EIS: 

1 )  w e l l  w a t e r  becomes c o n t a m i n a t e d  and i s  used  f o r  i r r i g a t i o n  

o r  s t o c k  w a t e r i n g ;  

2 )  g a s ,  g e n e r a t e d  by o r g a n i c  d e c o m p o s i t i o n  of  t h e  w a s t e ,  a c t s  - 
s r  a  d r i v i n g  mechanism i n  b r i n g i n g  w a s t e  t o  t h e  s u r f a c e ;  

3 )  a  c o n n e c t i o n  d e v e l o p s  between t h e  r e p o s i t o r y ,  a  h igh  p r e s s u r e  
b r i n e  r e s e r v o i r  and t h e  s u r f a c e ;  and 

4 )  s o l u t i o n  min ing  f o r  s a l t  t a k e s  p l a c e .  

The A p r i l  1979 D r a f t  Envi ronmenta l  Impact  S t a t e m e n t ,  Management 

o f  Commerc ia l ly  Gene ra t ed  R a d i o a c t i v e  Waste (DOE/EIS-0046D) 
d i s c u s s e d  s o l u t i o n  min ing  f o r  s a l t  a s  t h e  most l i k e l y  o f  s e v e r a l  

r e p o s i t o r y  b r e a c h  s c e n a r i o s .  The main pathway o f  e x p o s u r e  was 

c o n s i d e r e d  t o  be i n g e s t i o n  o f  c o n t a m i n a t e d  s a l t .  The p r e s e n c e  

of  s a l t  c o n t a m i n a t e d  w i t h  r a d i o a c t i v e  m a t e r i a l s  was n o t  e x p e c t e d  

t o  go u n d e t e c t e d  f o r  l o n g ,  due  t o  q u a l i t y  c o n t r o l  c h e c k s .  The 

D O E  assumed t h e  c o n t a m i n a t i o n  went u n d e t e c t e d  f o r  one  y e a r ,  and 
o b t a i n e d  r a d i a t i o n  d o s e s  o r d e r s  o f  magn i tude  h i g h e r  t h a n  t h o s e  

o b t a i n e d  f o r  t h e  s c e n a r i o s  c o n s i d e r e d  i n  t h e  WIPP DEIS. - 



D e t a i l e d  Comments 

9 -4  The c o n s t r u c t i o n  equ ipment  n o i s e  l e v e l s  g i v e n  i n  
9 - 2  T a b l e  9 -2  a r e  a c h i e v a b l e  b u t  w i l l  r e q u i r e  p r o p e r  

e q u i p m e n t  and n o i s e  c o n t r o l  p r o c e d u r e s  t o  o b t a i n .  

9-26 The Depar tment  o f  Hous ing  and Urban Development  

C r i t e r i a  f o r  N o i s e  Assessment g i v e n  - i n  T a b l e  9-13 

were r e v i s e d  i n  1979 and t h o s e  s h o u l d  be l i s t e d  

i n  t h e  f i n a l  E IS .  

21-33 The s c h e m a t i c  d i a g r a m  ( F i g .  9 - 3 )  shows o n l y  t h e  a i r  

Fig' 9 -3  pa thway o f  e x p o s u r e .  S u r f a c e  r u n o f f  f r o m  c o n t a m i n a t e d  

s u r f a c e  a r e a s ,  w i l d l i f e  c o n t a m i n a t i o n  f r o m  s u r f a c e  

l a g o o n ,  and i n g e s t i o n  o f  d r i n k i n g  w a t e r  a r e  n o t  d i s -  

cussed .  A l t h o u g h  t h e s e  pa thways  may n o t  be t h e  

p r i m a r y  ones ,  t h e y  s h o u l d  be c o n s i d e r e d .  

- 9-33;4 Each wedge o f  t h e  s t u d y  a r e a  was d i v i d e d  i n t o  10 

s u b s e c t o r s ,  n o t  1 4  as s t a t e d .  

9-34 A c c o r d i n g  t o  page H-6, F i g u r e  H-1 and page H-8, T a b l e  
Fig '  9-4  H-4, t h e  p o p u l a t i o n  s i z e  o f  50 wou ld  n o t  be w i t h i n  

t h e  5  m i l e  o r  10 m i l e  r a d i u s .  The re  a l s o  appea rs  t o  

be some d i s c r e p a n c y  w i t h  some o f  t h e  o t h e r  numbers. 

F o r  example ,  t h e  p o p u l a t i o n  o f  230 g i v e n  w i t h i n  t h e  

1 0  m i l e  r a d i u s  i n  t h e  WNW d i r e c t i o n  does n o t  a g r e e  

w i t h  t h e  numbers g i v e n  i n  Append ix  H .  Do t h e  numbers 

. i n c l u d e  w o r k e r s  a t  p o t a s h  m i l l s ?  

9-37;2-4 The DOE D r a f t  E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t ,  Manaqe- 

men t  o f  C o m m e r c i a l l y  Genera ted  R a d i o a c t i v e  Waste 

( R e f .  6 )  c o n s i s t e n t l y  used a  70 y e a r  dose commitment  

i n s t e a d  o f  t h e  50  y e a r  dose commitment used i n  t h e  

WIPP D E I S .  The 70 y e a r  dose commitment seems most  

a p p r o p r i a t e  when d i s c u s s i n g  p o p u l a t i o n  dose commitments .  



9 - 3 7 ; 6  Would one e x p e c t  t h e  dose  from k r y p t o n  t o  be a b o u t  
2 5 %  o f  t h e  t o t a l  from s p e n t  f u e l  when one c o n s i d e r s  
t h e  whole body,  l u n g s  and bone? The k r y p t o n  i r r a d i -  

a t i o n  i n v o l v e s  p r i m a r i l y  submers ion  i n  t h e  g a s  
because  l i t t l e  o f  t h e  k r y p t o n  w i l l  c i r c u l a t e  i n  t h e  

b lood  and t h e r e f o r e  i r r a d i a t e  bone.  

9 -38  I t  s h o u l d  be i n d i c a t e d  w h e t h e r  t h e  t r i t i u m  t h a t  seems 
T a b l e s  
9 - 1 8 ,  9-19 t o  be i n c l u d e d  i n  t h e  s p e n t  f u e l  g roup  i s  a  g a s e o u s  

m o l e c u l e  o r  i n c o r p o r a t e d  i n  a  w a t e r  m o l e c u l e .  I f  t h e  

t r i t i u m  i s  a  d i a t o m i c  m o l e c u l e ,  t h e n  t h e  d o s e  i s  
r e c e i v e d  o n l y  from immers ion ,  b u t  i f  i t  i s  a  p a r t  o f  

a  w a t e r  m o l e c u l e ,  t h e n  i t  has  an e f f e c t i v e  h a l f  l i f e  
o f  a b o u t  12 days  ( i n d i c a t e d  i n  ICRP 11, o r  i n  ICRP 

P . u b l i c a t i o n  1 0 ) .  S i n c e  t h e  v a l u e s  i n d i c a t e  s i m i l a r  

d o s e s  f o r  bone ,  l u n g s  and whole  body,  one must  assume 
t h a t  t h e  c a l c u l a t i o n s  were  f o r  t r i t i u m  i n c o r p o r a t e d  

i n  a  w a t e r  m o l e c u l e .  I n  t h i s  c a s e ,  t h e  v a l u e s  g i v e n  

a r e  f o r  d o s e  e q u i v a l e n t  and n o t  dose  e q u i v a l e n t  commit- - 
ment .  

I t  i s  n o t  c l e a r  what n u c l i d e s  a r e  c o n t a i n e d  w i t h i n  

" s t r u c t u r a l  m a t e r i a l s ,  f i s s i o n  p r o d u c t s ,  a c t i n i d e s ,  

and s p e n t - f u e l " .  One c a n  assume t h a t  t h e  a c t i n i d e s  

a r e  s p e c i f i e d  i n  T a b l e  8 - 6 ,  page 8-30;  however ,  i t  i s  

n o t  c l e a r  how one s e p a r a t e s  t h e  s t r u c t u r a l  m a t e r i a l ,  

f i s s i o n  p r o d u c t s  and s p e n t - f u e l .  

E E G  q u e s t i o n s  t h e  compar i son  o f  d o s e  commitment and 

50 y e a r  d o s e  e q u i v a l e n t  f rom n a t u r a l  background  i n  

a s s e s s i n g  t h e  a c c e p t a b i l i t y  o f  s u c h r e l e a s e s .  



.- 9 - 3 8  A dose  c a l c u l a t i o n  was made f r o m  t h e  a c t i n i d e s  

( l a r g e s t  d o s e  c o n t r i b u t o r )  u s i n g  Pu-239 as  t h e  

p r i m a r y  i s o t o p e  a n d  a g r e e m e n t  w i t h  T a b l e  9 - 1 8  was 

o b t a i n e d  when t h e  i n f o r m a t i o n  i n  T a b l e  8 - 6 ,  page  

8 - 3 0 ,  was u s e d  a s  t h e  s o u r c e  t e r m .  

9 - 4 0  The  s u r f a c e  d o s e  r a t e  s h o u l d  be  lOmr 'em/hour n o t  

9 - 2 0  p e r  y e a r .  T h e  1 9 0 0  m r e m l y e a r  s h o u l d  b e  s u b j e c t e d  

t o  t h e  " a s  l o w  a s  r e a s o n a b l e  a c h i e v a b l e "  (ALARA) 

p r i n c i p l e .  

9 -4O; l  T h e  s t a t e m e n t  was made t h a t  t h e  r a d i a t i o n  d o s e  t o  

w o r k e r s  on  t h e  RH w a s t e  p o r t i o n  h a s  n o t  b e e n  c o m p u t e d .  

T h i s  t y p e  o f  w a s t e  i s  p e r h a p s  t h e  s o u r c e  o f  h i g h e s t  

i n d i v i d u a l  e x p o s u r e s  a n d  s h o u l d  be  c a r e f u l l y  m o n i t o r e d .  

9 -42 ;5  The  i n f o r m a t i o n  f o r  t h e  e n v i r o n m e n t a l  c o n t r o l  f o r  t h e  

r o c k  p i l e  i s  i n a d e q u a t e .  

9 - 5 1  ;7  The  u s e  o f  f i l t e r s  o n  e x h a u s t  a i r  f r o m  t h e  

s t o r a g e  a r e a s  t o  t h e  a t m o s p h e r e  c a n  r e d u c e  

a c t i v e  c o n c e n t r a t i o n  o f  p a r t i c u l a t e s  b y  a  

l o 6 .  I t  i s  u n c l e a r  f r o m t h e  f o l l o w i n g  t w o  

w h e t h e r  t h e  s t o r a g e  r o o m  a i r  i s  a c t u a l l y  f 

u n d e r g r o u n d  

t h e  r a d i o -  

f a c t o r  o f  

s t a t e m e n t s  

i 1  t e r e d :  

( 1 )  p a g e  8 - 2 9 ,  T a b l e  8 - 5 ,  f o o t n o t e  a  - " E x c e p t  f o r  

u n d e r g r o u n d  o p e r a t i o n s ,  e f f l u e n t  t r e a t m e n t  i s  

p r o v i d e d  b y  f i l t e r s  i n  t h e  v e n t i l l a t i o n  s y s t e v  
6 ( d e c o n t a m i n a t i o n  f a c t o r  = 1 0  ) I1 .  

( 2 )  p a g e  8 -33 ;4  - " A i r b o r n e  s u r f a c e  a c t i v i t y  i n  t h e  

u n d e r g r o u n d  s t o r a g e  a r e a  w i l l  b e  r e l e a s e d  t o  t h e  

a t m o s p h e r e  u n f i l t e r e d " .  



Opera t iona l  Accident  Scena r io s  C13 a n d  C 2 2  b o t h  use 
6 1 0  decontaminat ion f a c t o r  f o r  t he  H E P A  f i l t e r s .  

9-53 The D E I S  used d i f f e r e n t  d i s t r i b u t i o n s  of r a d i o n u c l i d e s  
r e l e a s e d  t o  t he  environment i n  t r a n s p o r t a t i o n  acc iden t s  

and o p e r a t i o n a l  a c c i d e n t s  i nvo lv ing  R H - T R U  c a n i s t e r s .  

v. 

9-54;3  The DEIS assumed 30% of t h e  Kr-85, H-3 and 1-129 p r e s e n t  

i n  t h e  f u e l  c l a d d i n g  g a p  were a v a i l a b l e  f o r  r e l e a s e .  

NUREG-0404 assumed t h a t  10% of t h e  Kr-85 and 1 %  of 

t h e  1-129 p r e s e n t  i s  in t h e  f u e l  c ladd ing  gap and 

a v a i l a b l e  f o r  r e l e a s e  ( r e f .  9 ,  p.  4-19).  A General 

E l e c t r i c  document ( r e f .  4 )  p r e d i c t e d  t h a t  f i s s i o n  gas 

r e l e a s e  f r a c t i o n s  range from 20 t o  45%. This  r e p o r t  

f u r t h e r  quo te s  s t u d i e s  which r e p o r t  3% of  i o d i n e  found 
i n  t h e  gas plenum and i s  a v a i l a b l e  f o r  r e l e a s e .  The 

45% -for  Krypton i s  somewhat h i g h e r  than  t h e  30% pre-  

d i c t e d  by t h e  Reac tor  S a f e t y  Study ( r e f .  8 )  used i n  

t h e  DEIS. The General  E l e c t r i c  f i g u r e s  of 20 - 45% 

a r e  a l s o  h i g h e r  t han  r e f .  2 r e s u l t s  of  10% r e l e a s e  of - 
Kr-85 and 1% of 1-129. The doses  and dose commitments 

a r e  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  r e l e a s e  f r a c t i o n s  

chosen f o r  the c a l c u l a t i o n s ,  and t h e  DEIS va lue  o f  302 

appea r s  r e a s o n a b l e .  

Why i s  t h e  50 p e r c e n t i l e  x / Q  used f o r  t h e  a c c i d e n t s ?  

Would t h e  5  p e r c e n t i l e  va lue  be more r ea sonab le?  

The ( x / Q )  5% i n  N W  downwind s e c t o r  i s  approx imate ly  

16 t imes  t h e  ( x / Q )  50% i n  SSW s e c t o r  used i n  t h e  DEIS 

9-56;l  Al l  c a l c u l a t e d  doses  a p p e a r  t o  be a d u l t  doses .  Were 

t h e  doses  t o  i n f a n t s ,  c h i l d r e n  and t e e n a g e r s  con- 

s i d e r e d  i n  t h e  computer programs used? 



9-56  One s h o u l d  n o t  compare t h e  r a d i a t i o n  r e c e i v e d  from 
9-57 n a t u r a l  background o v e r  50 y e a r s  w i th  d o s e s  t h a t  

o c c u r  o v e r  s h o r t e r  t i n e s  ( e . g .  t r i t i u m  and 1 - 1 2 9 ) .  

9 -107 ;3  How was t h e  p r e s s u r e  d i f f e r e n c e  of 7 . 5  p s i  o b t a i n e d ?  

How r e l i a b l e  i s  t h a t  p r e s s u r e  d i f f e r e n c e ?  See EEG1s 

q u e s t i o n  i n  t h e  G C R  r e v i e w  (Appendix 1 1 1 )  on t h e  

r e l i a b i l i t y  of t h e  head  d a t a  i n  t h e  Delaware  Mountain 

Group a q u i f e r .  

9 -108  In t h e  f l o w  c a l c u l a t i o n s  f o r  s c e n a r i o  1 ,  what v a l u e  o f  
2 t r a n s m i s s i v i t y  was u s e d , f o r  t h e  D M G ?  Was i t  50 f t .  / d a y ?  

How r e l i a b l e  i s  t h e  v a l u e ?  

I n  t h e  f l o w  c a l c u l a t i o n s  f o r  s c e n a r i o  2 ,  what was t h e  

b a s i s  f o r  t h e  a s s u m p t i o n  t h a t  t h e  w e l l b o r e  has  a  

h y d r a u l i c  c o n d u c t i v i t y  K = 50 f t . / d a y ?  

9--112;5 Shou ld  t h i s  r e f e r e n c e  be t o  f i g u r e  K-5 r a t h e r  t h a n  
.- K-6? 

9-1 1 4 ,  T a b l e  9-45 i s  i n c o n s i s t e n t  w i t h  T a b l e  9-46.  The t r a n s -  
9-115 p o r t  r a t e s  g i v e n  f o r  1 -129 ,  Ra-226, and U-235 i n  

s c e n a r i o  2  ( w i t h  t h e  u p p e r  t r a n s m i s s i v i t y  a s s u m p t i o n ) ,  

do  n o t  a g r e e .  

T a b l e  9-45 T a b l e  9-46 

1 -129 ,  g / y r  2 . 6  x 1 0  3 . 3  x 10- I  

1 -129 ,  C i / y r  4 . 5  5 . 8  x  l o q 5  

Ra-226, g / y r  2 . 0  x 1 0  
-1 4  2 .9  

Ra-226, C i l y r  2 . 0  x 1 0  
-14 2.9  x 

U-235, g / y r  2 .9  x  1 0  2 .2  x  1 0  

U-235, C i / y r  6 .2  x 4 . 8  



9-116 The g raphs  appear  t o  be i n c o r r e c t l y  p l o t t e d .  F o r  
9 - 1  17 example ,  i n  F i g u r e  9-15 t h e  maximum c o n c e n t r a t i o n  o f  

3 . 1  x s h o u l d  be p l o t t e d  a t  between . 5  and .6  

o f  t h e  d i s t a n c e  f rom 1  towards  l o - ' ' .  T a b l e s  w o u l d  
p r o v i d e  a  more a c c u r a t e  p r e s e n t a t i o n .  

9 -117  The g raphs  t e r m i n a t e  w h i l e  t h e  dose r a t e  i s  s t i l l  

r i s i n g  i n  F i g u r e  9-16 a,  d ,  and f. The f i n a l  E I S  
s h o u l d  show t h e  maximum dose r a t e s  and when t h e y  w i l l  

o c c u r .  

9 -133 ,  E E G  agrees  t h a t  t h e  g e n e r a t i o n  o f  gas f r o m  o r g a n i c  
9 -1  34 m a t e r i a l  i n  t h e  r a d i o a c t i v e  was te  can be i m p o r t a n t  

f o r  b o t h  t r a n s p o r t a t i o n  a c c i d e n t  and l o n g - t e r m  s t o r a g e ,  

and t h e  q u e s t i o n  posed  i n  t h e  D E I S  o f  t h e  gas g e n e r a t i o n  

e f f e c t s  upon t h e  r e p o s i t o r y  mus t  be r e s o l v e d .  L a r g e  

amounts  o f  gas c o u l d  be g e n e r a t e d .  P r e s s u r e s  e x c e e d  

l i t h o s t a t i c  p r e s s u r e  ( 9 - 1 3 6 ) ,  i . e .  2000 p s i .  

These  l a r g e  p r e s s u r e s  c o u l d  cause  f r a c t u r i n g  o f  t h e  -. 

o v e r l y i n g  r o c k s  and w o u l d  p o s s i b l y  r e l e a s e  gas w i t h  

r a d i o a c t i v e  c o n t a m i n a n t s  d i r e c t l y  t o  t h e  a tmosphe re  

t h r o u g h  f r a c t u r e s  o r  t h r o u g h  a  w e l l  d r i l l e d  i n t o  t h e  

r e p o s i t o r y .  

9-136;4 W i l l  t h e  b r i n e  m i g r a t i o n  i n d u c e d  by  h e a t - e m i t t i n g  

r a d i o n u c l  i d e s  cause  d i f f i c u l t y  i n  r e t r i e v a l  o f  s o u r c e s ?  

9 -153  The p r o b a b i l i t y  o f  f i r e  i s  assumed t o  be and o f  

9-53 a  d r o p p e d  c o n t a i n e r ,  The r e a s o n i n g  b e h i n d  

t h e s e  numbers s h o u l d  be i n  t h e  E I S .  
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9 - 1 5 4  What i s  t h e  e x p e c t e d  d i s t r i b u t i o n  o f  a n n u a l  d o s e :  ,. , : "  " i t 
e q u i v a l e n t s  r e c e i v e d  by t h e  r a d i a t i o n  w o r k e r s  . 

. . r e t r i e v i n g  s t o r e d  w a s t e ?  

9 - 1  5 7  T h e  r a t i o  o f  p o p u l a t i o n  d o s e s  t o  m a x i m a l l y  e x p o s e d  

p e r s o n s  i s  c o n s t a n t  i n  T a b l e  9 - 5 5 ,  e x c e p t  f o r  t h e  

w h o l e  body d o s e .  Why? 
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A D D I T I O K A L  D O S E  E S T I I ! A T E S  

-. . ,/, 
The following lists additional dosage estimates that should be 
considered in the final € I S .  

Long Term 

Build-up in the environment from radionuclides in water 

removed from the Pecos River for irrigation;incorporated into 

soil and plants, and cycled in food and man over long periods 

o f  time. 
(General Population) 

Generate dosage estimates using the DOE generic Waste Isolation 

Safety Assessment Program (WISAP) model currently under develop- 
ment by the Battelle Northwest Laboratories. 

(General Population) 

A connection is made between the Delaware Mountain Group aquifer. 

the repository and the surface. 

(General Population) 

A connection is made between t h e r e p o s  
brine reservoir and the surface. 

itory, a high pressure 

Effects o f  high pressure gas formation 

nuclides to the environment. 
(General Population) 

on the release o f  radio- 

Transportation 

1 )  Radiation exposure from acts o f  sabotage in the transportation of 
radioactive waste materials. .The amounts o f  radioactive mater- 

ial released could be greater than those released in accidents. 

(General Population. Occupational) 

- 2 )  Radiation exposure to emergency workers such as police and firemen 

following a transportation accident. 

(Occupational ) 

-90- 



Exposure t3 a person i n  an automobile stopped next to a radio- 
active waste truck at a red light or i n  a highway traffic jam. 

.A (Gen?ral Population) 

E x p o s ~ ~ r e s  from shipments of retrieved radioactive wastes 

following the completion of high level waste experiments. 

Contziners could be bent, damaged or under pressure from 
gas generated by decomposed organic material. 

(Occupational, General Population) 

Contamination of a water supply or crops following an airb 

release. 

(General Population) 

Potential radiation exposure from transportation o f  material 

resulting from decommissioning and dismantling ofweapons pro- 
duction facflities. While the DEIS assumes that none of the 5 
to 95 million cubic feet of material will be shipped to WIPP, 

it notes that the WIPP will have the capacity to receive some 
o f  the TRU waste (2-22;2). 

(Occupational, General Population) 

Calculation of individual doses as well as population doses. 

(Occupational, General Population) 

Consideration of a diffuse source o f  radioactivity rather than 

a point source. 

Construction and Operation 

1 )  Radon-222 from the mined salt and fr 

ground repository. 

(Occupational, General Population) 

2) Radiation exposure from decommission 

the above ground facility. 

(Occupational ) 

m the walls of the under- 

ng and dismantling of 



3) Pressurized brine breaches the mine, damages containers 2 n d  f ! g w ;  

up the shaft to the surface. 

(Occupational, General Population) 

4) A methane gas pocket leaks into mine and explodes. i I 

, . 
\ !. , '  ' 

5) Acts of sabotage at surface processing facility. 

(Occupational, General Population) 

6) On-site exposure. 
(General Population) 

7) Ingestion doses from operational releases at the site. 

(General Population) 

Mineral Extraction 

1 )  Radiation exposure to workers who may bring minerals to the 
scrface (oil drilling, s o l ~ t i o n  mining) and to the ?ublic using 

the products. 

(Occupational, General Population) 

2) Exposure from burning natural gas obtained from formations below 

the site. Radioactive waste material could move downward as 

pressure is decreased with the removal o f  gas. 

(General Population) 

3) Exposure to people who may use well water from the Culebra, 

Magenta, or Santa Rosa sandstone aquifers contaminated with 

radionuclides. 

(General Population) 





APPENDIX I 

R a d i o a c t i v i t y  I n v e n t o r y  C a l c u l a t i o n s  

T a b l e s  2 - 5  i n  t h e  I n v e n t o r y  o f  R a d i o a c t i v i t y  s e c t i o n  w e r e  p r e p a r e d  

a s  f o l l o w s :  

Vo lume e s t i m a t e s  ( c u .  f t . ) , T a b l e  5, w e r e  c a l c u l a t e d  t o  e q u a l :  

new w a s t e  
30 x  p r o d u c t i o n ,  

cu .  f t . / y r .  

w h e r e  b a c k l o g  and  new p r o d u c t i o n  v o l u m e s  w e r e  t a k e n  f r o m  T a b l e  6 - 2  

f o r  CH w a s t e  and T a b l e  6 - 6  f o r  RH w a s t e .  

T o t a l  r e p o s i t o r y  C H  and RH-TRU a c t i v i t i e s  ( C u r i e s ) ,  T a b l e  3, 

w e r e  o b t a i n e d  b y  a d d i n g  t o t a l  box ,  d r u m  and  RH-TRU c a n i s t e r  a c t i v i t i e s ,  

- w i t h o u t  c o n s i d e r i n g  decay  o r  i n g r o w t h .  The t o t a l  a c t i v i t y  o f  a  

g i v e n  n u c l i d e  i n  a  g i v e n  t y p e  o f  c o n t a i n e r  was c a l c u l a t e d  a s :  

( c u r i e s  p e r  c o n t a i n e r )  x  ( t o t a l  cu .  f t .  o f  w a s t e  i n  c o n t a i n e r s  
( c u .  f t .  p e r  c o n t a i n e r )  

w h e r e  t h e  c o n t a i n e r  a c t i v i t i e s  w e r e  t a k e n  f r o m  T a b l e  E -1  ( d r u m s ) ,  

E - 2  ( b o x e s )  and E - 3  (RH c a n i s t e r s ) ;  s i n g l e  c o n t a i n e r  v o l u m e s  w e r e  

t a k e n  f r o m  T a b l e  6 - 3  and  6 - 5 ;  and  t o t a l  w a s t e  v o l u m e s  i n  g i v e n  t y p e s  

o f  c o n t a i n e r s  w e r e  t a k e n  f r o m  T a b l e  5  o f  t h i s  r e v i e w .  

S h i p m e n t  a c t i v i t i e s  ( C u r i e s ) ,  T a b l e s  3  a n d  4, w e r e  o b t a i n e d  b y  mu1 t i  p l y  i n :  

a c t i v i t i e s  p e r  c o n t a i n e r  ( T a b l e s  E-1, E-2,  E - 3 )  b y  t h e  number  o f  

c o n t a i n e r s  i n  a  s h i p m e n t  ( T a b l e s  6 - 3 ,  6 - 5 ) .  

The  t o t a l  r e p o s i t o r y  a c t i n i d e  i n v e n t o r y  ( C u r i e s ) ,  T a b l e  2 ,  w h i c h  

i n c l u d e s  t h e  e f f e c t s  o f  d e c a y  a n d  i n g r o w t h ,  a f t e r  30 y e a r s  o f  r e -  

...-. p o s i t o r y  o p e r a t i o n ,  was c a l c u l a t e d  a s  f o l l o w s .  The P l u t o n i u m - 2 3 9  
a n d  240  i n v e n t o r i e s  a r e  n o t  a f f e c t e d  b y  d e c a y  o v e r  a 30 y e a r  p e r i o d ,  



and t h e s e  a c t i v i t i e s  a r e  found by  a d d i n g  t h e  C H  and R H - T R U  a c t i v i t i e s  

g i v e n  i n  T a b l e  3. P l u t o n i u m - 2 3 8  and 241 have h a l f - l i v e s  o f  88 and 

1 3  y e a r s ,  r e s p e c t i v e l y ,  and so t h e s e  i n v e n t o r i e s  decay s i g n i f i c a n t l y  - 
i n  30 y e a r s .  The a c t i v i t y  a f t e r  30 y e a r s ,  A ( 3 0 ) ,  i s  f o u n d  f rom:  

where X i s  t h e  n u c l i d e  decay c o n s t a n t ,  A ( 0 )  i s  t h e  n u c l i d e  a c t i v i t y  

i n  t h e  was te  b a c k l o g ,  and C i s  t h e  a c t i v i t y  i n  t h e  new was te  

p r o d u c e d  each y e a r .  

Amer ic ium-241 i s  a f f e c t e d  by b o t h  decay  and i n g r o w t h  ( f r o m  P l u t o n i u m -  

241) i n  a  30 y e a r  p e r i o d .  The f i n a l  i n v e n t o r y  was e s t i m a t e d  by 

a d d i n g  t h e  t o t a l  T a b l e  3 Amer ic ium-241 i n v e n t o r y  t o  t h e  i n g r o w t h  

te rm:  

Pu-241 a c t t v i t y  t n  T a b l e  3 Cwi:thout d e c a y )  

460 - Pu-241 a c t i v i t y  i n  T a b l e  2 [w i th  decay )  I A. 

where 13 /460  i s  t h e  r a t i o  o f  t h e  Pu-241 and Am-241 h a l f - l i v e s .  

Then t h i s  undecayed t o t a l  was m u l t i p l i e d  by a  3 0 - y e a r  Am-241 decay 

f a c t o r  o f  .96. T h i s  me thod  u n d e r e s t i m a t e s  s l i g h t l y  t h e  amount o f  

Am-241, s i n c e  i t  assumes t h a t  a l l  o f  t h e  Am-241 ( f r o m  t h e  30 y e a r  

r e p o s i t o r y  i n v e n t c r y  and f r o m  t h e  decay  o f  Pu-241)  has been p r e s e n t  

f o r  t h e  f u l  

A more  comp 

i n c l u d e d  i n  

1  30  y e a r s .  

l e t e  d i s c u s s i o n  of  decay  and i n g r o w t h  e s t i m a t e s  i s  

A p p e n d i x  V I .  



A P P E N D I X  I 1  

TRANSPORTATION CALCULATIONS 

( C h a p t e r  6 )  

To D e v e l o p  An E x p r e s s i o n  F o r  Dose To A P e r s o n  - 
A t  P o i n t  P From A M o v i n g  S o u r c e .  

( 1 )  Dose a t  P o i n t  P = SD, d t  

w h e r e  D  = d o s e  ( r a d s )  

Dr = d o s e  r a t e  ( r a d s / h )  

t = t i m e -  ( h )  
n 

M o v i n g  
S o u r c e  

A 

w h e r e  Dr6 = dose  r a t e  a t  6 f e e t  

r = d i s t a n c e  ( f e e t )  

p = 1  i n e a r  a b s o r p t i o n  c o e f f i c i e n t  ( f e e t - '  ) 

2  - 4  d s  = 1 (,2 - x ) ( 3 )  v = - d r  . 
d t  2 2 r ~  , 

s u b s t i t u t i n g  ( 3 )  f o r  d t  i n t o  ( 2 ) :  

To  e v a l u a t e  t h e  i n t e g r a l  



7 ; : e  f o l  l c l : i r , p  c h a n g e  o f  v a r i a b l e  i s  made:  

r  - - 
X 

- s e c  9 

r  = x s e c  9 

dr = x s e c  9 t a n  0 d  0 

t a n  0 = ( r 2  - x xAL' 
0 t a n  0 d 0 = 

x s e c  0 x  t a n  0 2x 

0 = n / 2  
T h e r e f o r e ,  

D  = Dr6q 3 6  a 2  

v  2 x  

f o r  b o t h  s i d e s  o f  A h  
Dose t o  a  P e r s o n  a t  P o i n t  P  = D r 6  3 6 n  

v  X 

To C a l c u l a t e  T o t a l  Man Rem Dose t o  P e o p l e  

Dose = 2  (P .D . )L  Dr6 36. d x  
(Man-Rem) M i  n  v X 

Dose = 2 (P .D . )L  D,, 3511 I n  ( d / m i n )  

w h e r e  

2  P.D. = p o p u l a t i o n  d e n s i t y  ( p e o p l e / m i  ) 

L  = l e n g t h  o f  s h i p m e n t  p a t h  ( m i l e s )  

v = v e l o c i t y  ( m i l e / h o u r )  

d  = d i s t a n c e  t o  p e o p l e  ( m i l e s )  

m i n  = m i n i m u m  d i s t a n c e  ( m i l e s )  

- 2 -  



correcting for different population densities in urban (u), 
suburban (s) and rural ( r )  and velocities and using format of 

A 
NUREG 0170, p. D-6, Ref. 4 and R A D T R A N  P. 19, Ref. 3. 

incorporating PPS = Packages per shipment 

Dose = 

- 
Stops. - 

SPY = Shipments per year 

L = Distance of Shipment (miles) 

TI = Transport Index (mr/hj 
K = Dose Rate at Distance d 

k =  KO (TI) 

(TI)(Ko)(PPS)(SPY)(L)~ ln(d/min) x 

Dose = SO d t  r 

= Ko(T1)AT 

= Ko(T1)AT 

Fixed 

Annu S 2nrdr eWur B(rl 
(Pop. Dens.) r 2 



E v a l u a t i n g  t h e  i n t e g r a l  

To D e v e l o p  An E x p r e s s i o n  f o r  Dose To Crew 

Dose = Dr A t  

where  N c  = Number i n  c rew 

d = A v e r a g e  d i s t a n c e  t o  crew ( f e e t )  

FM = D i s t a n c e / s h i p r n e n t  ( m i l e s  

A t  = A v e r a g e  t i m e  f o r  sh ipment  ( h o u r s )  

S = S h i p m e n t s / y e a r  

Dose = K o ( T 1 ) S  Nc e  
FM 



A c c i d e n t  C a l c u l a t i o n s  

A 

I n h a l a t i o n  Dose 

D~~~ = K~~~ * 'INK 
( rem/pCi  i n h a l e d )  

E x t e r n a l  y Dose 

3 ) (rem-cm / u C i - h r )  

Immers ion  Dose 

E I S  App. G-5 

E I S  App.  6-5 

3 
2 ( rem cm h C i - h r . )  R t  = s u r f a c e  dep. pC i /cm -sec  

E I S  App .  6 - 6  

D w i m m  = w a t e r  immers ion  dose 

d  = d e p t h  o f  w a t e r  

A t  = e f f e c t i v e  A 

t = b u i l d  up i n  w a t e r  

A t m o s p h e r i c  D i s p e r s i o n  

U s i n g  Gauss ian  Plume D i s p e r s i o n  f o r  Ground L e v e l  C o n c e n t r a t i o n s ,  

E I S  G-1 E q u a t i o n  o f  P a s q u i l l  Reduces t o  

E I S  p .  6-3 



- 
x = ? ~ i  /m3 

T~ 
= horiz. dispersion coef. (m) 

TZ = vert. dispersion coef. (m) 
H = effective ht. of plume 
Q = emission rate (pCi/sec) 

AIRDOS-I1 
(FORTRAN on CDC 6600) 

To Calculate Curies (Release) 

NUREG 0170 Vol. 1 G-1 

Q' = (ni) (RF (AER) (RESP) (E) (DF) 
(ci/ (Fraction (Particle Size 

shipment) as Aerosol) Dust Factor) 
(Fraction (Fraction (Dilution 
Released) Respirable Factor) 

in Aerosol) 



. 
R a d i o a c t i v i t y  Re leased  i n  T r a n s p o r t p t i o n  A c c i d e n t s  

V 
I 

Common 
Assump t i ons  Sou rce  From Drum 

Type 
o f  

A c c i d e n t  

R a i l  
CH-TRU 

T ruck  
CH-TRU 

R a i l  
RH-TRU 

R a i l  
Spen t  
F u e l  

- 

P a s q u i l l  1  F l a t  Bed Car 505 i n  
S t a b i l i t y  3 Type B  Packages Drums 
F a c t o r - F  42 DrumslPackage Re leased  t o  

126 Drums Packages  
6 3 

M i n d  Speed = 
1  m l s e c  

I n v e r s i o n  
L a y e r  = 
1000 m  

Re lease  
H e i g h t  = 
20 m 

1  t r u c k  
4 2  Drums 

42  Drums 

1  F l a t  Bed Car 
5  C a n i s t e r s  

1  % 
(011ly 
V o l a t i l e  
f i s s i o n  
p r o d u c t s )  

F r a c t i o n  
Re leased 

t 0  
Env i r onmen t  

F r a c t i o n  
i n  A i r  

10% 

. 6 4  Orum 

F r a c t i o n  
E n t r a i n e d  

i n  A i r  
F r a c t i o n  

R e s p i r a b l e  

6 2 %  

,0055 Drum 

--I%...----- 

Amt o f  
a d i o a c t i v i t y  

- - 

ee l n v e n t o r y  o f  
l a d l o a c t i v i  t y  

ee I n v e n t o r y  o f  
t a d i o a c t i v i t y  

.0065 Orum 



T r a n s p o r t a t i o n  X / Q  F a c t o r s  

a t  0 .5  m i ,  F c o n d i t i o n  

p= 1  m/sec ,  H = 20 

As compar i son :  

Worst  a n n u a l  a t  0 . 5  m i  = 9 . 0  - 5  ( T a b l e  H-36) 10  x l o w e r  
( X / Q ) 5 %  f o r  1  h o u r ,  0 . 5  m i  = 4 . 3  - 4 ( T a b l e  21 ,  App. H )  

3  x  h i g h e r  ( X / Q )  rnax f o r  1  h o u r ,  0 . 5  mi = 1 . 1  - 3 

The X / Q  f o r  gound l e v e l  r e l e a s e  i s  between 5% and max one -hour  

X / Q  s o  i s  c o n s e r v a t i v e  enough .  J u s t i f i c a t i o n  f o r  u s i n g  e f f e c t i v e  

h e i g h t  o f  20m i s  n o t  o b v i o u s .  

A l s o ,  c a n ' t  check  w h e t h e r  X max a t  1 / 2  m i l e  i s  c o r r e c t .  

See  a d d i t i o n a l  comments on x / Q  i n  C h a p t e r  8. 
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FOREWORD 

The p u r p o s e  o f  t h e  E n v i r o n m e n t a l  E v a l u a t i o n  Group  (EEG) i s  t o  

c o n d u c t  an i n d e p e n d e n t  t e c h n i c a l  e v a l u a t i o n  o f  t h e  p o t e n t i a l  

r a d i a t i o n  e x p o s u r e  t o  p e o p l e  f r o m  t h e  p r o p o s e d  F e d e r a l  r a d i o -  

a c t i v e  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) n e a r  C a r l s b a d ,  i n  

o r d e r  t o  p r o t e c t  t h e  p u b l i c  h e a l t h  a n d  s a f e t y  and  e n s u r e  t h a t  

t h e r e  i s  no  e n v i r o n m e n t a l  d e g r a d a t i o n .  The E E G  i s  p a r t  o f  t h e  

E n v i r o n m e n t a l  I m p r o v e m e n t  D i v i s i o n ,  a  componen t  o f  t h e  New M e x i c o  

H e a l t h  and  E n v i r o n m e n t  D e p a r t m e n t  - t h e  a g e n c y  c h a r g e d  w i t h  t h e  

p r i m a r y  r e s p o n s i b i l i t y  f o r  p r o t e c t i n g  t h e  h e a l t h  o f  t h e  c i t i z e n s  

o f  New M e x i c o .  

The Group  i s  n e i t h e r  a  p r o p o n e n t  n o r  a n  o p p o n e n t  o f  WIPP. 

A n a l y s e s  a r e  c p n d u c t e d  o f  r e p o r t s  i s s u e d  b y  t h e  U . S .  D e p a r t m e n t  

o f  E n e r g y  (DOE) a n d  i t s  c o n t r a c t o r s ,  o t h e r  F e d e r a l  a g e n c i e s  and  

o t h e r  o r g a n i z a t i o n s , a s  t h e y  r e l a t e  t o  t h e  p o t e n t i a l  h e a l t h ,  

s a f e t y  a n d  e n v i r o n m e n t a l  i m p a c t s  f r o m  WIPP. 

The p r o j e c t  i s  f u n d e d  e n t i r e l y  b y  t h e  U . S .  D e p a r t m e n t  o f  E n e r g y  

t h r o u g h  C o n t r a c t  DE-AC04-79AL10752 w i t h  t h e  New M e x i c o  H e a l t h  

and  E n v i r o n m e n t  D e p a r t m e n t .  

R o b e r t  H. N e i l 1  
D i r e c t o r  



The purpose 
scientific 

tion Report 
New Mexico, 

referred to 

pertains to 
radioactive 

INTRODUCTION 

- 
is to review and evaluate the o f  this document 

information contained in the Geological Characteriza- 

, Waste Isolation Pilot Plant (WIPP) Site, Southeastern 
SAND 78-1596, Volume I and 11, December, 1978, (herein 

as the GCR), and its supporting references, as it 

the environmental, health and s a f e t y a s p e c t s  of the 
waste repository proposed near Carlsbad, New Mexico. 

These evaluations and interpretations are based on reviews by :he 
Environmental Evaluation Group (EEG) staff and several consultants 

with expertise on geological aspects o f  the site. EEG also con- 

vened t w o  technical meetings t o  explore some topics o f  particular 

concern. 

The review focused on s o m e  major concerns regarding areas in 

which more data o r  more detailed analysis appeared necessary and 
did not comment on those areas with which EEG agrees such as 

I 

Seismology, or on areas which fall outside the scope o f  EEG's 

mission such as Resources. In this sense, the review may appear 

negative in tone and does not acknowledge those areas that have 

been thoroughly investigated by Sandia, and the U.S. Geological 

Survey and other contractors o f  the U.S. Department o f  Energy. 

It is recognized that additional data have been obtained since 

August, 1978, which may answer some o f  the questions raised. 

The revi.ew describes in detail t h e  important geotechnical issues 

on which there are questions o r  differences in interpretation 

and comments on the technical basis f o r  certain conclusions 
presented in the GCR. - 
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of  Mining & T e c h n o l o g y .  

Each of t h e  c o n s u l t a n t s  had an o p p o r t u n i t y  t o  r ev i ew  and comment 

o n  an e a r l y  d r a f t  a f  t h i s  document .  I n  t h e  p r o c e s s  o f  t h e  

e v a l u a t i o n  t h e r e  were  i n f o r m a l  c o n t a c t s  and a  mee t ing  o n  March 2 2  

and August  2 0 ,  1979 w i t h  p e r s o n n e l  from Sand ia  L . a b o r a t o r i e s  and 

t h e  U.S. G e o l o g i c a l  Su rvey  who a r e  a s s o c i a t e d  w i t h  t h e  WIPP 

p r o j e c t .  T h e i r  a s s i s t a n c e  i n  c l a r i f y i n g  i n t e r p r e t a t i o n s  i n  t h e  

G C R  and p r o v i d i n g  r e f e r e n c e  m a t e r i a l s  i s  acknowledged .  They a l s o  

i n d i c a t e d  t h a t  a  c o n s i d e r a b l e  amount of d a t a  has  been o b t a i n e d  

by t h e  Depa r tmen t  o f  Energy  s i n c e  t h e  G C R  was p r e p a r e d  o v e r  a  

y e a r  ago t h a t  w i l l  be  p u b l i s h e d  s h o r t l y .  



- 
The f o  l l o w i n g  geo t e c h n  

PRINCIPAL CONCERNS 

i c a l  q u e s t i o n s ,  e a c h  o f w h i c h  b e a r s  o n  t h e  

s h o r t - t e r m  o r  l o n g - t e r m  i n t e g r i t y  o f  t h e  s i t e ,  a r e  n o t  r e s o l v e d  

b y  t h e  A u g u s t  1978  i n f o r m a t i o n  i n  t h e  G C R  and i t s  r e f e r e n c e s .  

D O E  i s  c o n t i n u i n g  t o  g a t h e r  and a n a l y z e  d a t a  r e l e v a n t  t o  t h e s e  

f e a t u r e s  and p r o c e s s e s .  

1. What i s  t h e  o r i g i n ,  e v o l u t i o n  and  o c c u r r e n c e  o f  t h e  h i g h -  

p r e s s u r e  b r i n e - r e s e r v o i r s  w h i c h  w e r e  e n c o u n t e r e d  i n  t h e  u p p e r  

p a r t  o f  t h e  C a s t i l e  f o r m a t i o n  i n  ERDA No. 6 a n d  i n  a t  l e a s t  

6 w e l l s  w i t h i n  9 m i l e s  o f  t h e  s i t e ?  (See  S e c t i o n  2 ) .  

2.  What i s  t h e  o r i g i n ,  e v o l u t i o n  and  o c c u r r e n c e  o f  t h e  " b r e c c i a  

p i p e s "  w h i c h  h a v e  b e e n  e n c o u n t e r e d  i n  t h e  a r e a ?  They may be 

l o c a l i z e d  d e e p  d i s s o l u t i o n  f e a t u r e s  w h i c h  o r i g i n a t e  i n  t h e  

l o w e r  p o r t i o n  o f  t h e  e v a p o r i t e s  and  m i g r a t e  u p w a r d .  Such 

l o c a l i z e d  d i s s o l u t i o n  f e a t u r e s  c o u l d  now e x i s t  o r  d e v e l o p  

l a t e r  b e n e a t h  t h e  p r o p o s e d  s i t e  ( s e e  S e c t i o n  3 ) .  

3. What a r e  t h e  p r o c e s s e s  a n d  r a t e s  o f  deep  d i s s o l u t i o n  o f  

s a l t  n e a r  t h e  s i t e ?  T h e r e  may be  a  p r e f e r e n t i a l  r e m o v a l  o f  

t h e  s a l t  h o r i z o n  w h i c h  i s  p r o p o s e d  f o r  t h e  r e p o s i t o r y  ( s e e  

S e c t i o n  3 ) .  

4. What a r e  t h e  r e g i o n a l  a n d  s i t e  h y d r o l o g i c  c o n d i t i o n s  f o r  t h e  

a q u i f e r s  a b o v e  a n d  b e l o w  t h e  e v a p o r i t e s ?  The h y d r o l o g i c  

i n f o r m a t i o s  i s  n e c e s s a r y  t o  a s s e s s  a n y  p o s s i b l e  l o n g - t e r m  

r e l e a s e  o f  r a d i o a c t i v e  m a t e r i a l  f r o m  t h e  r e p o s i t o r y  ( s e e  

S e c t i o n  5 ) .  

A d d i t i o n a l  i n f o r m a t i o n  on  g e o l o g i c a l  phenomena w i l l  b e  r e q u i r e d  

b y  EEG i n  o r d e r  t o  a s s e s s  t h e i r  s i g n i f i c a n c e  i n  a n y  p o t e n t i a l  

r e l e a s e  o f  r a d i o a c t i v e  m a t e r i a l s  t o  t h e  s u r f a c e  a n d  any  e f f e c t  

on  t h e  h e a l t h  and  s a f e t y  o f  p e o p l e  and  o n  t h e  e n v i r o n m e n t .  



REVIEW OF GEOTECHNICAL I S S U E S  

1 .  S i t e  S e l e c t i o n  P r o c e d u r e s  a n d  C r i t e r i a  

The f o l l o w i n g  r e f e r e n c e s  s u g g e s t e d  e n d o r s e m e n t  b y  d i f f e r e n t  

a g e n c i e s  i n  t h e  s e l e c t i o n  o f  s i t e s  f o r  an u n d e r g r o u n d  

r a d i o a c t i v e  w a s t e  r e p o s i t o r y .  Were t h e y  o f f i  c i a 1  recommenda- 

t i q n s  b y  t h o s e  a g e n c i e s  o r  w e r e  t h e y  made b y  i n d i v i d u a l  

s t a f f  members? 

a )  " . . . t h e  

New Mex 

l i n e s . "  

b )  " I n  t h e  

AEC 7 a  

USGS and  ORNL s e l e c t e d  t h e  P e r m i a n  B a s i n  i n  

c o  a s  b e s t  s a t i s f y i n g  t h e i r  s i t e  s e l e c t i o n  g u i d e -  

( 2 - 5 . 1 ) * ?  

o p i n i o n  o f  b o t h  ORNL and  USGS, t h e  t w o  c o r e  h o l e s ,  

d  8,. i n d i c a t e d  a c c e p t a b l e  s u b s u r f a c e  g e o l o g y  

a t  t h e  ORNL s i t e . "  ( 2 - 5 . 4 )  

c )  ''On November  1 4 ,  1975 ,  t h e  USGS recommended a n  a r e a  a b o u t  - 
s e v e n  m i l e s  s o u t h w e s t  o f  t h e  ORNL s i t e  f o r  f u r t h e r  

e x a m i n a t i o n " ?  ( 2 - 7 . 1 )  

T h e r e  a r e  s e v e r a l  i n s t a n c e s  i n  w h i c h  c r i t e r i a  a p p e a r  t o  h a v e  

been  d e v e l o p e d  o r  a l t e r e d  t o  s a t i s f y  t h e  c o n d i t i o n  o f  t h e  

W I P P  s i t e .  A f a i l u r e  o f  t h e  p r o p o s e d  r e p o s i t o r y  t o  m e e t  a  

g i v e n  d e s i g n  c r i t e r i o n  d o e s  n o t  i n  i t s e l f  mean t h e r e  i s  a  

h a z a r d .  I t  d o e s  i d e n t i f y  o r  f l a g  t h o s e  a r e a s  t h a t  n e e d  t o  

be  t h o r o u g h l y  a n a l y z e d  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e  c o n -  

s e q u e n c e s  o f  f a i l u r e  c o u l d  r e s u l t  i n  r a d i a t i o n  e x p o s u r e  t o  

p e o p l e .  T h e  r e q u i r e m e n t  ( 2 - 1 2 . 3 )  t h a t  t h e  s i t e  b e  l o c a t e d  

a t  l e a s t  o n e  m i l e  f r o m  a  b o r e h o l e  p e n e t r a t i n g  t h e  S a l a d o  

f o r m a t i o n  was c h a n g e d  f r o m  t w o  m i l e s  t o  o n e  m i l e  a f t e r  t h e  

s i t e  a t  t h e  ERDA No. 6 b o r e h o l e  was d i s c o v e r e d  t o  b e  u n a c c e p t a b l e .  

* 
The n o t a t i o n  ( 2 - 5 . 1 )  r e f e r s  t o  C h a p t e r  2, p a g e  5, p a r a g r a p h  1  

o f  t h e  GCR. 



a)  The G C R  s t a t e s  t h a t  t h e  s t u d i e s  of Snow and (.hang ( 1 0 7 5 )  a n d  

W a l t e r s  ( 1 9 7 5 )  a l lowed a  more q u a n t i t a t i v e  judpirent  

on t h e  q u e s t i o n  ( 2 - 6 . 2 ) .  

1 )  What s p e c i f i c  r e s u l t s  of t h e s e  s t u d i e s  j u s t i f y  t h e  

s t a t e m e n t  t h a t  "Th i s  b u f f e r  would a s s u r e  more t h a n  
a  q u a r t e r  of a  m i l l i o n  y e a r s  of i s o l a t i o n  u s i n g  very  

c o n s e r v a t i v e  f low a s s u m p t i o n s " ?  

2 )  How a r e  t h e  c o n d i t i o n s  of t h o s e  s t u d i e s  p e r t i n e n t  

t o  t h e  WIPP s i t u a t i o n ?  

b) A r e p o r t  by Fader  ( 1 9 7 3 )  i s  a l s o  c i t e d  ( 2 - 1 2 . 3 )  a s  j u s t i f i -  
c a t i o n  of  t h e  one m i l e  c r i t e r i o n .  However, t h i s  s t u d y  

was based on f i e l d  o b s e r v a t i o n s  of  s u r f a c e  s u b s i d e n c e  
n e a r  abandoned w e l l s  i n  a  Kansas s a l t  bed and i n d i c a t e d  

t h a t  b o r e h o l e  d i s s o l u t i o n  can d e v e l o p  very  r a p i d l y  i n  

t e rms  of  g e o l o g i c  t i m e .  The a r e a  of  s u r f a c e  s u b s i d e n c e  

was found  t o  be a p p r o x i m a t e l y  1000 f e e t  i n  d i a m e t e r  a f t e r  

a b o u t  31 y e a r s  and s u b s i d e n c e  of o v e r  10  f e e t  was obse rved .  

In  view of  t h e s e  o t h e r  s t u d i e s ,  a r e  t h e r e  any a n a l y s e s  t o  

s u b s t a n t i a t e  t h e  " q u a r t e r  m i l l i o n  y e a r s  of  i s o l a t i o n "  and 

j u s t i f y  t h e  one -mi l e  c r i t e r i o n ?  

c )  Gr i swo ld  ( 1 9 7 7 ,  p .  1 2 )  i s  a l s o  c i t e d  ( 2 - 1 2 . 3 )  a s  p r o v i d i n g  

j u s t i f i c a t i o n  f o r  t h e  one -mi l e  c r i t e r i o n  b u t  G r i s w o l d ' s  

r e p o r t  o n l y  had a  g e n e r a l  s t a t e m e n t  t h a t  "Th i s  change ,  
which r e s u l t e d  from s t u d i e s  per formed f o r  O R N L  on t h e  

d i s s o l u t i o n i n g  e f f e c t s  i n  b o r e h o l e s ,  was made d e s i r a b l e  

by t h e  e x t e n s i v e  deep  g a s - e x p l o r a t i o n  d r i l l i n g  i n  t h e  

Delaware B a s i n . "  

The O R N L  c r i t e r i o n  "no a c t i v e  min ing  w i t h i n  5 m i l e s  ( 2 - 1 0 . 3 )  

was a l s o  changed t o  " m i n i m i z e - e x i s t i n g  p o t a s h  l e a s e  r i g h t s  

i n  Zones I and 11" ( 2 - 2 2 . 1 ) .  



The c r i t e r i o n  t h a t  t h e  s i t e  shou ld  be l o c a t e d  one m i l e  from a  
d i s s o l u t i o n  f r o n t  ( 2 - 2 1 )  a p p e a r s  t o  be a r b i t r a r y  i n  view of 
t h e  u n c e r t a i n t y  o f  t h e  mechanism and r a t e s  of d i s s o l u t i o n .  

According t o  F ig .  2-9,  t h e  d i s s o l u t i o n  f r o n t  a t  t h e  t o p  of 

t h e  S a l a d o  i s  l o c a t e d  s l i g h t l y  i n s i d e  t h e  w e s t e r n  boundary 
of Zone IV o f  t h e  s i t e .  Th i s  would be abou t  1 . 8  m i l e s  wes t  
of t h e  boundary of  Zone 11, t h e  l i m i t s  o f  underground  s t o r a g e  

i n  t h e  proposed  W I P P  r e p o s i t o r y  ( 4 - 3 9 . 1 ) .  How a c c u r a z e l y  

i s  t h e  l o c a t i o n  of t h e  d i s s o l u t i o n  f r o n t  a n d  t h e  r a t e  of 6 -8  
m i l e s  p e r  m i l l i o n  y e a r s  known? + -  -+ 

2 .  B r ine  R e s e r v o i r s  i n  t h e  E v a p o r i t e s  

As no t ed  on ( 2 - 1 1 . 2 ) ,  an a r t e s i a n  b r i n e  f l ow  was e n c o u n t e r e d  
a t  t h e  o r i g i n a l  s i t e  a t  E R O A  No. 6.  Aspec t s  o f  t h i s  b r i n e  

o c c u r r e n c e  a r e  d i s c u s s e d  i n  s e v e r a l  l o c a t i o n s  i n  t h e  r e p o r t  

( e . g .  1 -16 .3 ,  1 -31 .4 ,  2 -11 .2 ,  4 -67 .3 ,  4 -69 .3 ,  6 -19 .4 ,  7 - 7 5 . 2 ,  
7 -90 .1 ,  7 -99 .3 ,  7 -102 .4 ,  8 - 5 . 1 ) .  T h i s  app roach  t o g e t h e r  

w i t h  some o m i s s i o n s  has  made i t  d i f f i c u l t  t o  a s s e s s .  The 
E R D A  No. 6  b r i n e ,  accompanied by c o n c e n t r a t i o n s  of H 2  S  

e x c e e d i n g  OSHA's s t a n d a r d s  f o r  o c c u p a t i o n a l  e x p o s u r e ,  was A 

e n c o u n t e r e d  on t h e  f l a n k  of an e x t r e m e  l o c a l i z e d  u p t h r u s t i n g  

s t r u c t u r e  from t h e  midd le  o f  t h e  C a s t i l e ;  d i p s  a s  h igh  a s  
70° were  s e e n  i n  t h e  c o r e  and t h e  midd le  a n h y d r i t e  u n i t  
(A-11) has  been d i s p l a c e d  v e r t i c a l l y  by a s  much a s  950 f e e t  

(Anderson and Powers,  1978,p.  7 9 ) .  Accord ing  t o  a  r e p o r t  t o  

S a n d i a  L a b o r a t o r i e s  [ T i a b ,  1977 ,  p. I ]* ,  t h e  w e l l  f lowed a t  

662 b a r r e l s l d a y ,  b u t  t h i s  d a t a  i s  n o t  i n  t h e  G C R .  T i a b  [1977,  

p. 61 a l s o  r e p o r t e d  t h a t  t h e  volume o f  t h e  r e s e r v o i r  a t  EROA 

No. 6  cou ld  be a s  l a r g e  a s  2 m i l l i o n  b a r r e l s  o f  w a t e r .  The 
G C R  r e p o r t s  G r i s w o l d ' s  e s t i m a t e  o f  100 ,000  t o  1  m i l l i o n  

b a r r e l s  i n  t he  d i s c u s s i o n  of l i t h i u m  r e s o u r c e s  ( 5 - 5 . 1 ) .  

Seven w e l l s  have  e n c o u n t e r e d  b r i n e  r e s e r v o i r s  w i t h i n  a  d i s -  

t a n c e  o f  9  m i l e s  from t h e  s i t e .  G r i s w o l d ' s  (1977.  page  4 2 )  
Tab le  XI1 ( s e e  below) gave  d a t a  on f o u r  nea rby  o i l  wells 

* R e f e r e n c e s  i n  b r a c k e t s  a r e  l i s t e d  i n  t h e  end o f  t h i s  document ;  a l l  -, 

o t h e r  r e f e r e n c e s  a r e  g i v e n  i n  t h e  G C R .  



(Masco No. 1 
b r i n e  i n  t h e  

o n  t h e s e  add  

G e l h a r ,  A p r i l  6 .  1 9 7 9 )  

& 2 ,  Sec.  

C a s t i l e .  

i t i o n a l  b r  

w h i c h  h a v e  a l s o  e n c o u n t e r e d  a r t e s i a n  b r i n e  r e s e r v o i r s ;  t h e s e  

f l o w s  a r e  t y p i c a l l y  an  o r d e r  t o  m a g n i t u d e  l a r g e r  t h a n  t h a t  

o f  E R D A  No. 6. G r i s w o l d  [ p e r s o n a l  c o m m u n i c a t i o n  t o  ~ y n n  

c o n f i r m e d  t h a t  t w o  a d d i t i o n a l  w e l l s  

20,  T22S, R33E) e n c o u n t e r e d  a r t e s i a n  

The G C R  g i v e s  o n l y  s k e t c h y  i n f o r m a t i o n  

i n e  f l o w s .  L o c a t i o n s  o f  " a r t e s i a n  

i n  F i g u r e  2-5  b u t  t h e  t e x t  (2 -13 .31  

t h a t  d e s c r i b e s  t h e  f i g u r e  s i m p l y  r e f e r s  t o  ".. . , b r i n e  f l o w  

a n t i c l i n e s . . . . ' '  w i t h o u t  d i s c u s s i o n .  A m o r e  c o m p r e h e n s i v e  

d i s c u s s i o n  o f  t h e s e  b r i n e  r e s e r v o i r s  s h o u l d  h a v e  b e e n  i n c l u d e d  

b r i n e  f l o w s "  a r e  shown 

i n  C h a p t e r  6 o n  h y d r o l o g y .  

Well Name 

.A 

EROA No. 6 

Hudson Federal 

Cul bertson-Erwin 

Boot legger Ridge 

G u l f  1-A 

Griswold (1977) 

TABLE X I 1  

B r i n e  Flows From Nearby Wel ls  

Locat ion  Flow Rate ( b b l l d a y )  

Sec. 35, T21S. R31E 600 

Sec. 1, T23S, R30E 12,000 

Sec. 26, T225, R32E Strong 

Sec. 36, T22S. R32E 20,000 

Sec. 25, T22S, R32E 36,000 

Depth o f  Flow ( f t . )  

The  C a s t i l e  b r i n e  r e s e r v o i r  e n c o u n t e r e d  a b o u t  1 / 4  m i l e  f r o m  

t h e  s o u t h w e s t  c o r n e r  o f  t h e  o u t e r  b o u n d a r y  o f  t h e  s i t e  a t  t h e  

B e l c o  Hudson F e d e r a l  w e l l  i s  d i s c u s s e d  b r i e f l y  ( -4 -68 .1) .  T h i s  

o c c u r r e n c e ,  w i t h  a n  e s t i m a t e d  f l o w  o f  12 ,000  b a r r e l s / d a y  

( G r i s w o l d ,  1 9 7 7 ) ,  d e m o n s t r a t e d  t h a t  s u c h  b r i n e  f l o w s  a r e  n o t  

a l w a y s  a s s o c i a t e d  w i t h  t h e  h i g h l y  d e f o r m e d  r e g i o n  n e a r  t h e  



Cap i t an  r e e f .  G r i s w o l d ' s  F i g u r e  6 ( s e e  F igu re  1 )  g r a p h i c a l l y  
demons t r a t ed  t h e  s t r a t i g r a p h i c  p o s i t i o n  of t h e s e  b r i n e  f lows  
i n  r e l a t i o n s h i p  t o  t h e  proposed r e p o s i t o r y .  

S e v e r a l  s t a t e m e n t s  a r e  made i n  t h e  r e p o r t  implying t h a t  
C a s t i l e  b r i n e  f l o w s  a r e  g e n e r a l l y  a s s o c i a t e d  w i t h  a n t i c l i n a l  

s t r u c t u r e s ;  t h e s e  i n c l u d e :  u se  of  t h e  te rm " . . . b r i n e  f low 
a n t i c l i n e  . . ."  ( 2 - 1 3 . 3 ) .  t h e  c r i t e r i o n  on a n t i c l i n a l  s t r u c t u r e s  

( 2 - 2 2 . 1 ) ,  t h e  d i s c u s s i o n  of  s t r u c t u r e  of t h e  124 marker  bed 

on ( 4 - 6 9 . 3 )  and d i s c u s s i o n  of  l i t h i u m  r e s o u r c e s  ( 8 - 5 . 1 ) .  
The s t r u c t u r e  of  t h e  t o p  of  t h e  C a s t i l e  ( F i g u r e  4 .4-6)  i n d i c a t e s  

a n t i c l i n a l  f e a t u r e s  w i t h i n  t h e  immediate s i t e  a r e a  ( e . g .  a t  

t h e  n o r t h  edge o f  Zone 1 1 )  which a r e  a s  s e v e r e  as  t h a t  a s s o c i a t e d  

w i t h  t h e  Belco Hudson F e d e r a l  b r i n e  f low.  In  view of  t h e  

common a s s o c i a t i o n  of  t h e  b r i n e  f l ows  and a n t i c l i n a l  s t r u c t u r e s  

t h e r e  a p p e a r s  t o  be l i t t l e  j u s t i f i c a t i o n  f o r  t h e  s t a t e m e n t  
on ( 4 - 7 3 . 1 ) ;  " T h e r e  i s  no s u g g e s t i o n  h e r e  of  d e f o r m a t i o n  of 

t h e  t y p e  a s s o c i a t e d  w i t h  a r t e s i a n  b r i n e  r e s e r v o i r s . "  

The G C R  makes no a t t e m p t  t o  e v a l u a t e  'he p o s s i b i l i t y  t h a t  geo- 

p r e s s u r i z e d  b r i n e  w i t h  H2S may o c c u r  w i t h i n  t h e  e v a p o r i t e s  i n  - 
p l a c e s  w i t h o u t  a n t i c l i n a l  s t r u c t u r e s .  Anderson (1976 ,  p .  21-22) 
d e s c r i b e d  such an o c c u r r e n c e  a t  t h e  UNM-Pokorney No. 1  l o c a t i o n  

and n o t e d  t h a t  d i s s o l u t i o n  e f f e c t s  were s i m i l a r  t o  t h o s e  

o b s e r v e d  a t  E R D A  No. 6. 

B r i n e  r e s e r v o i r s  o c c u r  i n  t h e  C a s t i l e  f o r m a t i o n  which i s  
d i r e c t l y  below t h e  S a l a d o  f o r m a t i o n  where t h e  r e p o s i t o r y  would 

be l o c a t e d  and t h e  b r i n e  r e s e r v o i r  a t  t h e  E R D A  No. 6 l o c a t i o n  

has  i n t r u d e d  l o c a l l y  up t o  t h e  l e v e l  o f  t h e  lower  p a r t  o f  

t h e  Inf racowden s a l t .  The o r i g i n ,  o c c u r r e n c e  and c o n f i g u r a t i o n  

of  t h e s e  b r i n e  r e s e r v o i r s  a r e  n o t  a d e q u a t e l y  a d d r e s s e d  i n  

t h e  G C R .  For example ,  t h e  geochemica l  a n a l y s e s  o f  t h e  E R D A  

No. 6 b r i n e  a r e  g e n e r a l l y  i n c o n c l u s i v e  w i t h  r e g a r d  t o  t h e  

o r i g i n  and p e r i o d  of  i s o l a t i o n  of  t h e  b r i n e  ( s e e  S e c t i o n  6 ) .  

I t  i s  c o n c e i v a b l e  t h a t  s t r e s s  changes  due t o  r e p o s i t o r y  con- 



s t r u c t i o n  a n d / o r  h e a t  g e n e r a t i n g  w a s t e s  i n  c o m b i n a t i o n  w i t h  

t h e  h i g h  p r e s s u r e  i n  a n  u n d e r l y i n g  b r i n e  r e s e r v 3 i r  c o u l d  

i n d u c e  d e f o r m a t i o n  a n d  f r a c t u r i n g  w h i c h  w o u l d  r ? l e a s e  b r i n e  

i n t o  t h e  r e p o s i t o r y .  I n  v i e w  o f  t h e  l a r g e  f l o w s  a n d  v o l u m e s ,  

h i g h  p r e s s u r e s ,  a n d  a c c o m p a n y i n g  H 2 S  o f  t h e s e  r e s e r v o i r s ,  t h e y  

n e e d  t o  b e  c h a r a c t e r i z e d  i n  d e t a i l  i n  o r d e r  t o  a s s e s s  t h e i r  

r o l e  a s  a  p o t e n t i a l  t h r e a t  t o  h e a l t h ,  s a f e t y  a n d  e n v i r o n m e n t .  

F i n a l l y ,  f u t u r e  r e s o u r c e  e x p l o r a t i o n  c o u l d  i o n c e i  v a b l y  p e n e t r a t e  

a n  u n d e r l y i n g  b r i n e  r e s e r v o i r  a n d  b r i n g  p r e s s u r i z e d  b r i n e  

t o  t h e  s u r f a c e .  



BRINE FLOW - 

Figure 1 
DELAWARE MOUNTAIN GROUP 

(UNDIFFERENTIATEDI 
A copy of a portion of  figure 6 from Griswold ( 1 9 7 7 ) s  



3. D i s s o l u t i o n  P r o c e s s e s  a n d  R a t e s  

S a l t  d i s s o l u t i o n  c a n  o c c u r  a t  d i f f e r e n t  d e p t h s  i n  t h e  s a l t  

b e d s .  The G C R  p resumes  t h a t  t h e  d i s s o l u t i o n  a t  t h e  t o p  

s u r f a c e  o f  t h e  S a l a d o  ( s h a l l o w  d i s s o l u t i o n )  i s  t h e  m o s t  

s i g n i f i c a n t  ( 1 - 2 6 . 2 ,  6 - 3 8 ) .  However ,  t h e  p r e s e n c e  o f  o n -  

g o i n g  deep  d i s s o l u t i o n ,  n e a r  t h e  l e v e l s  o f  t h e  r e p o s i t o r y ,  

has  been s u g g e s t e d  a s  a  p o s s i b l e  t h r e a t  t o  t h e  s i t e .  B o t h  

t y p e s  o f  d i s s o l u t i o n  a r e  d i s c u s s e d  s e p a r a t e l y  b e l o w .  

S h a l l o w  D i s s o l u t i o n .  

The G C R  a d o p t s  t h e  e s t i m a t e  b y  Bachman and J o h n s o n  ( 1 9 7 3 )  

t h a t  t h e  l a t e r a l  s h a l l o w  d i s s o l u t i o n  f r o n t  l o c a t e d  2  m i l e s  w e s t  

o f  t h e  s i t e  i s  a p p r o a c h i n g  t h e  s i t e  a t  6  t o  8 m i l e s  p e r  

m i l l i o n  y e a r s  a n d  w o u l d  t a k e  225,000 y e a r s  t o  r e a c h  a  p o i n t  

1 ,500 f e e t  a b o v e  t h e  r e p o s i t o r y .  However ,  t h e  d i s s o l u t i o n  i s  

p r o b a b l y  n o t  a d v a n c i n g  e a s t w a r d  a t  a  u n i f o r m  r a t e .  The f r o n t  

i s  e n v i s i o n e d  a s  a  " f e a t h e r  e d g e "  ( 5 - 3 7 . 2 )  a n d  c e r t a i n  t o n g u e s  

o f  t h e  e d g e  may move f a s t e r  t h a n  o t h e r s .  V e r t i c a l  d i s s o l u -  

t i o n  i s  e s t i m a t e d  a t  0 .33  t o  0.5 f e e t  p e r  1,000 y e a r s  w h i c h  

w o u l d  r e q u i r e  3  m i l l i o n  y e a r s  t o  r e m o v e  t h e  1,500 f e e t  o f  

e v a p o r i t e s  a b o v e  t h e  r e p o s i t o r y .  Much o f  t h e  s a l t  i n  t h e  

R u s t l e r  f o r m a t i o n  d i r e c t l y  a b o v e  t h e  r e p o s i t o r y  has  a l r e a d y  

b e e n  r e m o v e d  ( 4 - 4 1 . 3  a n d  F i g u r e  6 .3-7)  b y  d i s s o l u t i o n  a l o n g  

t h i s  f r o n t .  How a c c u r a t e l y  i s  t h e  l o c a t i o n  o f  t h e  d i s s o l u t i o n  

f r o n t  a n d  t h e  r a t e  o f  d i s s o l u t i o n  known? 

Deep f l i s s o l u t i o n .  

The q u e s t i o n  a r i s e s  w h e t h e r  d e e p  d i s s o l u t i o n  i s  a n  o n - g o i n g  

p r o c e s s  i n  o r  n e a r  t h e  h o r i z o n s  p r o p o s e d  f o r  t h e  r e p o s i t o r y  

a n d  may p l a y  a  r o l e  i n  h e l p i n g  t o  b r i n g  r a d i o a c t i v e  w a s t e  t o  

t h e  s u r f a c e .  E E G  i s  p r e s e n t i n g  t h e  f o l l o w i n g  d i s c u s s i o n  i n  

an  a t t e m p t  t o  h e l p  r e s o l v e  t h e  i s s u e .  



The G C R  s t a t e d  t h a t  e x p l o r a t o r y  h o l e s ,  i n c l u d i n g  l R D A  10 
and E R D A  11 ( 6 - 2 . 1 )  as w e l l  as o t h e r  d a t a ,  i n d i c a t e  t h a t  

deep d i s s o l u t i o n  i s  n o t  t a k i n g  p l a c e  n e a r  t h e  s i t e .  Anderson 

( l e t t e r  t o  E E G ,  4 /24 /79 )  has p r o v i d e d  a  p h o t o g r a p h  o f  a  

p o r t i o n  o f  t h e  ERDA 10 c o r e  wh i ch  shows a  p o s s i b l e  d i s s o l u -  

t i o n  b r e c c i a  i n  t h e  l o w e r  a n h y d r i t e  o f  t h e  Sa lado  f o r m a t i o n .  

Anderson ( l e t t e r  t o  EEG, 5 /14 /79 )  a l s o  p r o v i d e d  a  p h o t o g r a p h  

o f  c o r e  f r o m  WIPP 11 a t  a  d e p t h  o f  3100 f e e t  showing c l e a r  
r e p l a c e m e n t  h a l i t e  i n d i c a t i v e  o f  s o l u t i o n  a c t i v i t y .  The p h o t o -  
g raphs  a r e  n o t  i n c l u d e d  i n  t h i s  r e v i e w  s i n c e  t h e y  do n o t  

r e p r o d u c e  c l e a r l y .  EEG i s  s e n d i n g  them t o  t h e  D O E  f o r  t h e i r  

i n t e r p r e t a t i o n .  Why i s  ERDA 10  c o n s i d e r e d  t o  be " . . . t he  

n e a r e s t  p r o b a b l e  l o c a t i o n  o f  r e g i o n a l  deep d i s s o l u t i o n .  .." 
(6-42 .1 )?  

A c c o r d i n g  t o  Anderson (1978)  deep d i s s o l u t i o n  w i t h i n  o r  

b e l o w  t h e  s a l t  has o c c u r r e d  e x t e n s i v e l y  i n  t h e  De laware  

B a s i n .  The GCR q u o t e d  Ande rson ' s  (1978)  e s t i m a t e  t h a t  50  

p e r c e n t  o f  t h e  o r i g i n a l  s a l t  o f  t h e  De laware  B a s i n  e v a p o r -  

i t e s  has  been removed (6-37.14)  and t h a t  t h e  s a l t  f r o m  t h a t  

u n i t  w i l l  be gone f r o m  t h e  b a s i n  i n  a b o u t  a n o t h e r  m i l l i o n  

y e a r s  (6 -45 .3 )  b u t  does n o t  i n c l u d e  h i s  e s t i m a t e  t h a t  73 

p e r c e n t  o f  t h e  l o w e r  Sa lado  s a l t  has been removed. Ander-  

s o n ' s  d a t a  i n d i c a t e  t h a t  t h e  l o w e r  Sa lado  s a l t  beds, i n  

w h i c h  t h e  d i s p o s a l  h o r i z o n s  a r e  l o c a t e d ,  have been t h e  most  

a c t i v e  zone  o f  d i s s o l u t i o n  i n  t h e  b a s i n .  

The GCR (6-45.2)  appears  t o  q u e s t i o n  Ande rson ' s  (1978 )  con-  

c l u s i o n  t h a t  d i s s o l u t i o n  i s  m a i n l y  a  Cenozo ic  p r o c e s s  and 

t h a t  i t  c o u l d  remove t h e  e n t i r e  l o w e r  S a l a d o  s a l t  i n  a n o t h e r  

m i l l i o n  y e a r s ,  h y p o t h e s i z i n g  t h a t  deep d i s s o l u t i o n  may have 

been i m p o r t a n t  i n  t h e  J u r a s s i c  p e r i o d .  Anderson (1978)  con -  

c l u d e d  t h a t  "The a d v a n c i n g  e f f e c t s  o f  l a t e r a l  d i s s o l u t i o n  can 

be e x p e c t e d  t o  r e a c h  t h e  d i s p o s a l  s i t e  b e f o r e  remova l  o f  t h e  

o v e r l y i n g  s a l t  beds." Are  t h e r e  
t h i s  d i f f e r e n c e  between Anderson 

any r e c e n t  d a t a  t o  r e s o l v e  
*" 

- 
and t h e  GCR? 



I n e  6 L K  Scared t n a t  "The p roposea  s i t e  i s  i n  an a r e a  o f  t h e  
Delaware B a s i n  t h a t  i s  f r e e  o f  r e g i o n a l  deep d i s s o l u t i o n ,  b u t  
l o c a l i z e d  f e a t u r e s  a r e  p r e s e n t  i n  t h e  v i c i n i t y "  ( 6 - 4 1 . 3 ) .  

What a r e  t h e s e  l o c a l i z e d  f e a t u r e s ?  

The f o l l o w i n g  g e o l o g i c a l  phenomena may be r e l a t e d  t o  deep 

d i s s o l u t i o n .  

F e a t u r e  5 m i .  S E  o f  s i t e .  The G C R  d i s c u s s e d  a  map o f  Anderson 

on deep -sea ted  d i s s o l u t i o n  f e a t u r e s  i n  t h e  n o r t h e r n  Delaware 

B a s i n  and s t a t e d  "The n e a r e s t  o f  t h e s e  deep m i d - b a s i n  f e a t u r e s  

t o  t h e  p roposed W I P P .  s i t e  ... o c c u r s  about  5 m i l e s  s o u t h e a s t  

o f  t h e  s i t e .  . . "  (4 -64 .2 ) .  The s o n i c  l o g  o f  t h e  P e r r y  Fede ra l  

#1-31 w e l l  i n  t h a t  a r e a  (Sec.  31, T22S. R32E, Fed-1, F i g u r e  

4.1-2)  i n d i c a t e d  t h a t  200 f e e t  o f  I n f racowden  s a l t  was m i s s i n g  

( R .  Anderson,  p e r s o n a l  c o m m u n i c a t i o n  t o  Lynn G e l h a r ,  4 / 2 4 / 7 9 ) .  

F u r t h e r m o r e ,  a  m a j o r  s t r u c t u r a l  d e p r e s s i o n  appeared i n  t h e  

124 m a r k e r  -bed i n  t h a t  same l o c a t i o n  ( s e e  F i g u r e  4.4-7) .  A 

s i m i l a r  d e p r e s s i o n  i n  t h e  124 m a r k e r  bed was found  i n  t h e  

n o r t h e r n  p a r t  o f  t h e  WIPP s i t e  ( s e e  F i g u r e  4.4-7, Sec. 9, 

T22S, R31E). The GCR s u g g e s t s  t h a t  t h i s  f e a t u r e  " . . . i s  n o t  

s i g n i f i c a n t  t o  t h e  W I P P  s i t e "  (4 -70 .1 ) ,  c i t i n g  i s o p a c h  maps 

o f  Anderson ( 1 9 7 8 ) .  and s e i s m i c  r e f l e c t i o n  d a t a .  However. 

none o f  t h i s  i n f o r m a t i o n  r e s o l v e s  t h e  q u e s t i o n  o f  whe the r  

t h i s  d e p r e s s i o n  i s  a  d e e p - d i s s o l u t i o n  f e a t u r e .  The i s o p a c h  

maps ( F i g s .  4.3-4 t h r o u g h  4.3-7) do n o t  cove r  t h e  l o w e r  p o r t i o n  

o f  t h e  Sa lado  o r  t h e  C a s t i l e  where t h e  deep d i s s o l u t i o n  wou ld  

be e x p e c t e d .  

Ande rson ' s  r e g i o n a l  i s o p a c h  maps o b v i o u s l y  a r e  n o t  g o i n g  t o  

r e s o l v e  t h i s  f e a t u r e  because t h e y  a r e  based on deep w e l l  d a t a  

wh i ch  a r e  s p a r s e  i n  t h e  s i t e  a r e a .  Se i sm ic  r e f l e c t i o n  d a t a  

f o r  t h e  n e x t  h o r i z o n  b e l o w  t h e  124  m a r k e r  bed ( t o p  o f  t h e  

C a s t i l e ,  F i g .  4.4-6) a r e  i n c l u s i v e  i n  t h a t  a rea  w h i c h  i s  

i d e n t i f i e d  a s  " h i g h l y  d i s t u r b e d  a r e a " .  

T h i n n i n g  o f  s a l t .  A n d e r s o n ' s  (1978 )  F i g u r e  16 a l s o  showed 

a  p o s s i b l e  d i s s o l u t i o n  f e a t u r e  a t  t h e  sou thwes t  edge o f  t h e  

s i t e .  The I n f r a c o w d e n  s a l t  ( t h e  h i g h  l e v e l  was te  h o r i z o n )  ,: i y  ~. 
'. !" ;; ,: 
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t h i n s  r a p i d l y  t 

a b o u t  t h r e e  m i l  

(Ande rson  1978, 

and A n d e r s o n ' s  

G r i s a o l d  ( 1 9 7 7 ,  

be l e f t  b e h i n d  

oward t h e  sou thwes t  and d i s a p p e a r s  c o m p l e t e l y  
es f r om ERDA No. 9 i n  t h e  a rea  o f  t h i s  f e a t u r e  

F i g u r e  7 ) .  The G C R  ( 4 -35 .1 )  p r e s e n t s  J o n e s '  

d i f f e r e n t  i n t e r p r e t a t i o n s  o f  t h i s  t h i n n i n g .  

p .  4 2 )  has sugges ted  t h a t  b r i n e  p o c k e t s  may 

a  d i s s o l u t i o n  ( s u b e r o s i o n )  f r o n t .  M i g h t  some 

o f  t h i s  t h i n n i n g  o f  I n f racowden  s a l t  be a s s o c i a t e d  w i t h  d i s s o -  

l u t i o n  and b r i n e  f l o w s  i n  t h e  a r e a  o f  t h e  B e l c o  Hudson F e d e r a l  

w e l l ?  

The G C R  ( 4 - 3 5 . 1 )  i n d i c a t e s  t h a t  t h e  l o w e r  member o f  t h e  \ 
S a l a d o  i s  1,195 f e e t  t h i c k  a t  EROA No. 9  and " . . . t h i n s  t o  ,, 

t e  / 
430 f e e t  n e a r  t h e  n o r t h e a s t  c o r n e r  o f  t h e  a rea ,  ..., due t o  -.. 1 

beds m i s s i n g  a t  c o r r o s i o n  s u r f a c e s . . . " .  Where was t h e  430 

f o o t  t h i c k n e s s  measured? " C o r r o s i o n "  s u r f a c e s  i n  EROA No. 6 

c o r e  samples  a r e  a s s o c i a t e d  w i t h  d i s s o l u t i o n  (Ande rson  and 

Powers 1 9 7 8 ) .  I s  t h i s  t h i n n i n g  p r i m a r i l y  due t o  f a u l t i n g  o r  

i s  d i s s o l u t i o n  a l s o  a  f a c t o r ?  

O r i g i n  o f  San Simon S i n k .  I n  d i s c u s s i n g  t h e  o r i g i n  o f  San 

Simon S i n k ,  t h e  G C R  i n d i c a t e s  t h a t  " s h a l l o w  d i s s o l u t i o n  i s  

a  f a c t o r  i n  t h e  deve lopmen t  o f  t h i s  s i n k "  (6 -40.3) .  I n  v i e w  

o f  t h e  d e p t h  o f  c o l l a p s e ,  t h e  s c a l e  o f  t h e  f e a t u r e ,  and i t s  

l o c a t i o n  a l o n g  t h e  r e e f  m a r g i n ,  why i s  deepe r  d i s s o l u t i o n  n o t  

c o n s i d e r e d  an e q u a l l y  good p o s s i b i l i t y ?  

B r e c c i a  p i p e s .  B r e c c i a  p i p e s  o r  "domal k a r s t  f e a t u r e s "  ( V i n e ,  

1960 )  a r e  t h o u g h t  t o  be a  r e s u l t  o f  l o c a l i z e d  remova l  o f  s a l t  

and a r e  d i s c u s s e d  on pages 2-17.2, 3-18,  4-7.1,  4-41.2 and 

10-12 .1 .  The second p a r a g r a p h  o f  t h e  s e c t i o n  on page 3-17 

d i s c u s s e d  Anderson's h y p o t h e s i s  t h a t  b r e c c i a  p i p e s  a r e  

c a u s e d  by  l o c a l i z e d  deep d i s s o l u t i o n  and b r i n e  d e n s i t y  f l o w  

t h r o u g h  f r a c t u r e s  c o n n e c t e d  t o  an u n d e r l y i n g  a q u i f e r .  Ander -  

son  ( 1 9 7 8 )  s u g g e s t e d  t h a t  b r e c c i a  p i p e s  a r e  f o r m e d  by d i s s o l u -  

t i o n  f r o m  b e l o w  f o l l o w e d  by  c o l l a p s e  o f  t h e  o v e r l y i n g  u n i t s .  

B r e c c i a  p i p e s  w o u l d  t h e n  m i g r a t e  upward and m i g h t  e v e n t u a l l y  

p e n e t r a t e  t h e  s u r f a c e .  The deep d i s s o l u t i o n  t h e o r y  o f  b r e c c i a  

p i p e  f o r m a t i o n  i s  c o n s i s t e n t  w i t h  c o n c l u s i o n s  r e a c h e d  i n  - 
i n v e s t i g a t i n g  t h e  M i c h i g a n  B a s i n  [Landes,  E h l e r s ,  S t a n l e y  19541 

and c o l l a p s e  s t r u c t u r e s  o f  t h e  P r a i r i e  F o r m a t i o n  Saskatchewan 



L D e M i l l e  -- e t  a l ,  1 9 6 4 1 .  Anderson  s u g g e s t e d  t h a t  t h e s e  p r o c e s s e s  

a r e  o n g o i n g  and  t h a t  b r e c c i a  p i p e s  a r e  p r e s e n t l y  b e i n g  f o r m e d  

o r  c o u l d  be  a c t i v a t e d  i n  t h e  b a s i n .  If A n d e r s o n ' s  i d e a s  a r e  

c o r r e c t ,  a n d  i n  v i e w  o f  t h e  p r e s e n c e  o f  d i s s o l u t i o n  f e a t u r e s  

n e a r  t h e  s i t e ,  i t  i s  n o t  i n c o n c e i v a b l e  t h a t  b r e c c i a  p i p e s  may 

e x i s t  o r  may d e v e l o p  b e n e a t h  t h e  p r o p o s e d  r e p o s i t o r y .  

. : The G C R  i n d i c a t e d  t h a t  r e c e n t  d r i l l i n g  (WIPP 1 3 )  o f  a  s u s p e c t e d  
d 

~, ,! ,. .. 
' ;.y/ b r e c c i a  p i p e  has  shown t h a t  t h e  r e s i s t i v i t y  a n a 8 n o l y  i s  n o t  

,,> > 
...- c a u s e d  b y  d i s s o l u t i o n i n g  ( 4 - 7 ) .  What d a t a  f o r m e d  t h e  b a s i s  f o r  

t h i s  i n t e r p r e t a t i o n ?  A l s o ,  w h a t  a d d i t i o n a l  s t u d i e s  a r e  p l a n n e d  

t o  r e s o l v e  t h e  o r i g i n ,  o c c u r r e n c e  and  s i g n i f i c a n c e  o f  b r e c c i a  

p i p e s ?  A n d e r s o n ' s  ( 1 9 7 8 )  c o n c e p t ,  as w e l l  as  o t h e r s ,  o f  t h e  

o r i g i n  o f  d i s s o l u t i o n  f e a t u r e s  i n  t h e  s a l t  beds  i n  t h e  D e l a w a r e  

B a s i n  s h o u l d  be  t r e a t e d  i n  d e t a i l .  

The n a t u r e  a n d  o c c u r r e n c e  o f  deep d i s s o l u t i o n  h a s  n o t  been  

r e s o l v e d  b y  t h e  i n f o r m a t i o n  i n  t h e  G C R .  A n d e r s o n  ( 1 9 7 8 )  has  

p r e s e n t e d  e v i d e n c e  i n d i c a t i n g  t h a t  deep d i s s o l u t i o n  c a n  p l a y  

a  s i g n i f i c a n t  r o l e  i n  t h e  r e m o v a l  o f  s a l t  a n d  c o n c l u d e d  " E x t e n -  

s i v e  r e g i o n a l  a n d  l o c a l i z e d  d i s s o l u t i o n  i n  t h e  D e l a w a r e  B a s i n  

a n d  t h e  random d i s t r i b u t i o n  a n d  o n - g o i n g  n a t u r e  o f  l o c a l i z e d  

d i s s o l u t i o n  s u g g e s t s  t h a t  t h i s  p a r t i c u l a r  b a s i n  may h a v e  a l r e a d y  

p r o g r e s s e d  t o  a  s t a g e  o f  d i s s o l u t i o n  where  g e o l o g i c a l  e s t i m a t e s  

o f  s i t e  i n t e g r i t y  may n o t  be  o b t a i n e d  w i t h  t h e  r e q u i r e d  d e g r e e  

o f  c e r t a i n t y "  ( p a g e  I V ) .  How w i l l  t h e  mechan ism a n d  r a t e  o f  

deep  d i s s o l u t i o n  be  d e t e r m i n e d ?  

F u t u r e  c o u r s e  o f  t h e  Pecos R i v e r .  A n o t h e r  a s p e c t  o f  s a l t  d i s s o -  

l u t i o n  i s  i t s  p o s s i b l e  e f f e c t  on  t h e  f u t u r e  c o u r s e  o f  t h e  Pecos  

R i v e r .  The t h i c k n e s s  o f  t h e  s a l t  s e c t i o n  d e c r e a s e s  o n  t h e  o r d e r  

o f  1 0 0 0  f e e t  f r o m  t h e  W I P P  s i t e  t o  a  p o i n t  a t  t h e  Pecos R i v e r  

d i r e c t l y  w e s t  o f  t h e  s i t e  a n d  t h e  c o r r e s p o n d i n g  d i f f e r e n c e  i n  

s u r f a c e  e l e v a t i o n  i s  a r o u n d  4 0 0  f e e t .  I f  d i s s o l u t i o n  c a u s e s  

s u b s i d e n c e  e a s t  o f  t h e  Pecos  R i v e r ,  i t  c o u l d  c a u s e  t h e  r i v e r  t o  

m i g r a t e  e a s t w a r d  t o w a r d  t h e  s i t e .  I f  t h e  c o u r s e  o f  t h e  Pecos 

R i v e r  i s  s o  a l t e r e d ,  t h i s  c o u l d  l e a d  t o  a c c e l e r a t e d  d i s s o l u t i o n  

n e a r  t h e  s i t e .  



The G C R  does n o t e  b r i e f l y  t h a t  t h e  c o u r s e  o f  t h e  Pecos  

R i v e r  may be a f f e c t e d  b y  s o l u t i o n  f e a t u r e s  ( 3 - l o ) ,  b u t  

does  n o t  c o n s i d e r  p o s s i b l e  e a s t w a r d  m i g r a t i o n  o f  t h e  r i v e r  

o r  i t s  r o l e  i n  o n g o i n g  a n d  f u t u r e  d i s s o l u t i o n .  What i s  

b e i n g  done t o  e v a l u a t e  t h i s  p o s s i b i l i t y ?  

4 .  S i t e  S t r u c t u r e  and G e o p h y s i c a l  E x p l o r a t i o n  

I n f o r m a t i o n  on  s t r u c t u r a l  f e a t u r e s  w i t h i n  t h e  e v a p o r i t e s  i n  

and  a r o u n d  t h e  W I P P  s i t e  i s  n e e d e d  t o  e v a l u a t e  p o t e n t i a l  

h a z a r d s  s u c h  a s  b r i n e  r e s e r v o i r s  o r  b r e c c i a  p i p e s  w h i c h  may 

be  a s s o c i a t e d  w i t h  d e f o r m a t i o n  o r  d i s s o l u t i o n  i n  t h e  e v a p o r -  

i t e s .  P o t a s h  e x p l o r a t i o n  h o l e s  p r o v i d e  some d e t a i l  o n  s h a l l o w  

f e a t u r e s  b u t  t h e  o n l y  d i r e c t  i n f o r m a t i o n  o n  t h e  d i s p o s a l  

l e v e l s  i n  t h e  l o w e r  S a l a d o  i s  f r o m  a  s i n g l e  w e l l ,  ERDA No. 9 .  

A l l  i n f o r m a t i o n  i n  t h e  G C R  on  t h e  u n d e r l y i n g  C a s t i l e  f o r m a -  

t i o n  i n  t h e  s i t e  a r e a  a p p e a r s  t o  be b a s e d  o n  s e i s m i c  r e f l e c -  

t i o n  s u r v e y s .  

The  GCR i d e n t i f i e d  s e v e r a l  a n o m a l o u s  f e a t u r e s  w h i c h  may be  

c o n c e r n  i n c l u d i n g :  

A  r e s i s t i v i t y  a n o m a l y  i n  t h e  n o r t h e r n  p o r t i o n  o f  Zone I 1  

b e a r i n g  some r e s e m b l a n c e  t o  t h e  p a t t e r n s  a s s o c i a t e d  w i t h  

b r e c c i a  p i p e s  ( 4 - 7 . 1 ) .  The GCR s a i d  i t  i s  a  s h a l l o w  

s u r f i c i a l  f e a t u r e  w i t h  n o  d i s t u r b a n c e  o f  u n d e r l y i n g  b e d s ,  

b a s e d  on d r i l l i n g  W I P P  1 3 .  

A 7 0 - f o o t  d e p r e s s i o n  a t  t h e  t o p  o f  t h e  S a l a d o  f o r m a t i o n ,  

t w o  m i l e s  NE o f  t h e  s i t e  ( 4 - 7 . 1 ) .  

A d e p r e s s i o n  i n  t h e  1 2 4 - m a r k e r  b e d  i n  t h e  S a l a d o  f o r m a -  

t i o n  on  t h e  n o r t h e r n  edge  o f  t h e  s i t e ,  o n e  m i l e  w e s t  o f  

f e a t u r e  b )  ( F i g u r e  4 . 4 - 7 ) .  A c c o r d i n g  t o  A n d e r s o n  ( 1 9 7 8 ,  



p .  7 8 ) ,  t h i s  f e a t u r e  c o u l d  be a s s o c i a t e d  w i t h  f a u l t i n g  

i n  t h e  B e l l  Canyon f o r m a t i o n .  I f  so ,  t h i s  w o u l d  s u g g e s t  

t h a t  t h e  d e p r e s s i o n  was f o r m e d  by  deep d i s s o l u t i o n ,  

p o s s i b l y  c a u s e d  b y  movement o f  w a t e r  u p w a r d  f r o m  t h e  

B e l l  Canyon f o r m a t i o n .  

A m i s s i n g  s e c t i o n  o f  I n f r a c o w d e n  s a l t  ' ( b a s e  o f  t h e  S a l a d o  

f o r m a t i o n )  5 m i l e s  s o u t h e a s t  o f  t h e  s i t e  w h i c h  a l s o  shows 

up h i g h e r  i n  t h e  S a l a d o  f o r m a t i o n  as a  d e p r e s s i o n  i n  t h e  

1 2 4 - m a r k e r  bed.  

A s a l t  a n t i c l i n e  l o c a t e d  o n  t h e  n o r t h e r n  b o u n d a r y  o f  t h e  

s i t e  o r i g i n a t i n g  i n  t h e  C a s t i l e  f o r m a t i o n .  WIPP 1 1  was 

d r i l l e d  t h r o u g h  t h i s  s t r u c t u r e  t o  t h e  l o w e r  a n h y d r i t e  o f  

t h e  C a s t i i e  and  d i d  n o t  e n c o u n t e r  b r i n e  ( 4 - 6 8 . 3 ,  4 - 6 9 ) .  

S e i s m i c  r e f l e c t i o n  d a t a  s u g g e s t e d  t h e  p r e s e n c e  o f  f a u l t s  

a t  t h e  t o p  o f  t h e  S a l a d o  f o r m a t i o n  n o r t h  o f  ERDA No. 9  

b u t  d a t a  f r o m  WIPP 18,  1 9 ,  21 and  22 showed n o  a p p a r e n t  

f a u l t i n g  ( 4 - 7 2 ) .  

S e v e r a l  w e l l s  w e r e  d r i l l e d  t o  e v a l u a t e  some o f  t h e s e  f e a t u r e s  

(WIPP 1 1 ,  13,  1 8 ,  1 9 ,  21, 2 2 )  and  i n  e a c h  c a s e  t h e  i n t e r p r e -  

t a t i o n  was t h a t  t h e  a n o m a l y  was n o t  s i g n i f i c a n t .  No i n f o r m a -  

t i o n  i s  g i v e n  i n  t h e  GCR on t h e  t y p e  o f  d a t a  t h a t  was c o l l e c -  

t e d  f r o m  t h e  w e l l s  o r  t h e  d e p t h  o f  t h e  w e l l s .  What d a t a  a r e  

a v a i l a b l e  f o r  t h e s e  w e l l s ?  

The  c o n f i g u r a t i o n  o f  t h e  t o p  o f  t h e  C a s t i l e  ( F i g u r e  4 . 4 - 6 )  

i s  i m p o r t a n t  b e c a u s e  t h a t  h o r i z o n  may r e f l e c t  d e f o r m a t i o n  

r e l a t e d  t o  b r i n e  r e s e r v o i r s  o r  deep d i s s o l u t i o n .  F i g u r e  

4 . 4 - 6  i n d i c a t e d  s e v e r a l  f a u l t s  w i t h  v e r t i c a l  d i s p l a c e m e n t  u p  

t o  300 f e e t ,  a  p o s s i b l e  a n t i c l i n e  n o r t h e a s t  o f  t h e  s i t e ,  a n d  

a  " h i g h l y  d i s t u r b e d  a r e a "  e x t e n d i n g  t o  t h e  n o r t h e a s t .  The 

s i g n i f i c a n c e  o f  t h e s e  s t r u c t u r e s  i s  r e c o g n i z e d  i n  t h e  GCR 

( 4 - 7 3 . 1 ) .  "Among a s p e c t s  n e e d i n g  f u r t h e r  i n v e s t i g a t i o n ,  





p e r h a p s  t h e  m o s t  s i g n i f i c a n t  i s  a  d e t e r m i n a t i o n  o f  t h e  

e x t e n t  t o  w h i c h  t h e  u p p e r  l e v e l s  o f  t h e  C a s t i l e  c l o s e s t  

t o  t h e  r e p o s i t o r y  l e v e l s  h a v e  been d e f o r m e d  b y  any  s a l t  

d e f o r m a t i o n  t h a t  may h a v e  t a k e n  p l a c e  i n  t h e  l o w e r  h a l i t e  

u n i t s  o f  t h e  C a s t i l e . "  Because  o f  t h e s e  u n c e r t a i n t i e s ,  

t h e  f o l l o w i n g  s t a t e m e n t s  i n  p a r a g r a p h  ( 4 - 7 3 . 1 ) ,  ( 1 )  " T h e r e  

i s  n o  s u g g e s t i o n  h e r e  o f  d e f o r m a t i o n  o f  t h e  t y p e  a s s o c i a t e d  

w i t h  b r i n e  r e s e r v o i r s . . . "  and  ( 2 )  " T h i s  k n o w l e d g e  w i l l  p e r -  

m i t  a  more  d e t a i l e d  a s s e s s m e n t  r e l a t i v e  t o  t h e  l o c a t i o n ,  

d e s i g n  a n d  c o n s t r u c t i o n  o f  t h e  s t o r a g e  f a c i l i t y  b u t  i s  n o t  

b e l i e v e d  n e c e s s a r y  f o r  a  g e n e r a l  q u a l i f i c a t i o n  o f  t h e  s i t e . "  

do  n o t  a p p e a r  w a r r a n t e d  on t h e  b a s i s  o f  i n f o r m a t i o n  i n  t h e  

G C R  o r  i t s  r e f e r e n c e s .  I n  v iew o f  t h e  c o m p l e x  s t r u c t u r a l  

f e a t u r e  i n d i c a t e d  b y  F i g u r e  4 . 4 - 6 ,  w h a t  d e t a i l e d  j u s t i f i -  

c a t i o n  i s  a v a i l a b l e ?  

B e c a u s e  o f  t h e  p o s s i b i l i t y  o f  l o c a l i z e d  d e e p - d i s s o l u t i o n  

f e a t u r e s  ( b r e c c i a  p i p e s )  i n  t h e  s i t e  a r e a ,  t h e r e  i s  a  n e e d  

t o  d e f i n e  t h e  a b i l i t y  o f  t h e  s e i s m i c  r e f l e c t i o n  m e t h o d  t o  

d e t e c t  s u c h  f e a t u r e s .  What i n f o r m a t i o n  i s  a v a i l a b l e  o n  t h e  

a b i l i t y  o f  t h e  s e i s m i c  r e f l e c t i o n  m e t h o d  o r  o t h e r  g e o p h y s i c a l  

t e c h n i q u e s  t o  d e t e c t  b r e c c i a  p i p e s  o r  b r i n e  r e s e r v o i r s ?  

5 .  H y d r o l o g y  

A q u i f e r s  e x i s t  a b o v e ,  b e l o w  a n d  a d j a c e n t  t o  t h e  e v a p o r i t e  

b e d s  w h i c h  a r e  p r o p o s e d  f o r  t h e  r e p o s i t o r y .  T h e r e f o r e ,  s u b -  

s u r f a c e  h y d r o l o g y  a t  t h e  s i t e  a n d  i n  t h e  r e g i o n  i s  a  m a j o r  

c o n c e r n  b e c a u s e  g r o u n d  w a t e r  f l o w  c o n t r o l s  t h e  p r o c e s s  o f  

s a l t  d i s s o l u t i o n  a n d  i s  a  p r i m a r y  t r a n s p o r t  mechan ism f o r  
t h e  r e l e a s e  o f  r a d i o a c t i v e  m a t e r i a l  f r o m  t h e  r e p o s i t o r y .  

The  u n d e r l y i n g  a q u i f e r  ( D e l a w a r e  M o u n t a i n  G r o u p )  i s  d i s c u s s e d  

on ( 6 - 1 4 ) ;  t h e  p o t e n t i o m e t r i c  map f o r  t h i s  a q u i f e r  ( F i g .  6 . 3 - 1 )  

i s  b a s e d  o n  H i s s  ( 1 9 7 5 ) .  As shown i n  F i g u r e  3, t h e r e  i s  a  

l a r g e  a r e a  a r o u n d  t h e  s i t e  i n  w h i c h  n o  w e l l  d a t a  w e r e  a v a i l -  

a b l e .  A r e  t h e r e  a d d i t i o n a l  d a t a  w h i c h  c o u l d  be  i n c l u d e d  i n  



t h i s  map? What about  A E C  8 ?  A l so ,  wou ld  i t  be more u s e f u l  - 
t o  map t h e  p o t e n t i o m e t r i c  s u r f a c e  o f  De laware  M o u n t a i n  Group 

a q u i f e r s  u s i n g  a  d e n s i t y  nea r  t h a t  o f  t h e  a q u i f e r  w a t e r s ?  

The G C R  ( 6 - 1 6 . 1 )  i n d i c a t e s  t h a t  r e c h a r g e  t o  t h e  Delaware 

M o u n t a i n  Group o c c u r s  v i a  p r e c i p i t a t i o n  on t h e  o u t c r o p s  and 

downward l e a k a g e  t h r o u g h  t h e  younger  r o c k s  where t h e  e v a p o r i t e s  

have been removed. I f  t h e r e  i s  t o  be any assessment o f  t h e  

e f f e c t s  o f  c l i m a t e  change on t h i s  a q u i f e r ,  i t  i s  necessa ry  

t o  know more s p e c i f i c a l l y  t h e  l o c a t i o n s  and c o n d i t i o n s  i n  

t h e  r e c h a r g e  a r e a ( s )  o f  t h e  Delaware M o u n t a i n  Group a q u i f e r .  

Data on t h e  o v e r l y i n g  a q u i f e r s  a r e  more e x t e n s i v e  b u t  t h e  

r e g i o n a l  p o t e n t i o m e t r i c  map f o r  t h e  R u s t l e r  a q u i f e r s  ( F i g u r e  

6 . 3 - 2 )  c o n t p i n s  no d a t a  f r o m  e a s t  o f  t h e  s i t e .  The degree  

o f  c o n n e c t i o n  between t h e  b r i n e  a q u i f e r  and t h e  R u s t l e r  

a q u i f e r s  e a s t  o f  t h e  s i t e  s h o u l d  be c l a r i f i e d .  Do t h e  two  

a q u i f e r s  have t h e  same p o t e n t i o m e t r i c  s u r f a c e  ( F i g u r e  6 . 3 - 2 ) ?  

The GCR c o n t a i n s  no s p e c i f i c  i n f o r m a t i o n  on t h e  n a t u r e  o f  

r e c h a r g e  t o  t h e  R u s t l e r  a q u i f e r ;  on ( 6 - 9 . 4 )  i t  s t a t e s  " . . . i s  

presumed t o  be f r o m  p r e c i p i t a t i o n  i n  o u t c r o p  a r e a s  o r  f r o m  

o v e r l y i n g  f o r m a t i o n s . "  How much r e c h a r g e  o c c u r s  a n d w h a t  

f r a c t i o n  o f  t h i s  e n t e r s  t h e  z q u i f e r  f r o m  t h e  o u t c r o p  a reas ,  

and what  f r a c t i o n  f r o m  t h e  o v e r l y i n g  f o r m a t i o n s ?  How w i l l  

t h e  r e c h a r g e  and f l o w  i n  t h e  R u s t l e r  a q u i f e r  be a f f e c t e d  by 

c l i m a t i c  change? The summary o f  t h e  M e r c e r  and O r r  (1978) 

r e p o r t  i n  t h e  GCR (6 -30 .2 )  n o t e d  t h a t  head d i s t r i b u t i o n s  i n  

s o u t h -  

i s t e n t  

w h i c h  

d i f f e r -  

t h e  C u l e b r a  D o l o m i t e  i n d i c a t e  f l u i d  

e a s t  a c r o s s  t h e  s i t e .  T h i s  o b s e r v a t  

w i t h  t h e  r e g i o n a l  p o t e n t i o m e t r i c  map 

i n d i c a t e d  f l o w  t o w a r d  t h e  sou thwes t .  

ences r e c o n c i l e d ?  

movement t o  t h e  

i o n  i s  n o t  cons 

( F i g u r e  6.3-2)  

How a r e  t h e s e  



The summary s t a t e d  " . . .measurements  o f  t h e  e f f e c t i v e  

p o r o s i t y  . . .  a r e  v e r y  d i f f i c u l t  t o  o b t a i n " .  Have r a n g e s  been 

e s t a b l i s h e d  o f  t h e  e f f e c t i v e  p o r o s i t y  i n  t h e  s i t e  a r e a ?  

T h i s  p a r a m e t e r  i s  i m p o r t a n t  i n  t h e  h y d r o l o g i c  t r a n s p o r t  

m o d e l i n g  o f  t h e  l o n g - t e r m  r e l e a s e  o f  r a d i o a c t i v e  m a t e r i a l  

f rom t h e  r e p o s i t o r y .  A q u i f e r s  a d j a c e n t  t o  t h e  e v a p o r i t e  

beds a r e  a l s o  o f  i m p o r t a n c e  e s p e c i a l l y  i n  r e l a t i o n  t o  p o s s i b l e  

d e e p - d i s s o l u t i o n  i n  t h e  e v a p o r i t e s .  The d i s c u s s i o n  o f  t h e  

C a p i t a n  a q u i f e r  ( 6 - 1 7 )  does n o t  c o n s i d e r  t h e  p o s s i b i l i t y  o f  

some l a t e r a l  c o n n e c t i o n  between t h e  r e e f  a q u i f e r  and t h e  

s a l t  beds w i t h  t h e  r e s u l t i n g  deve lopment  o f  d e e p - d i s s o l u t i o n  

wedges and r e e f  - m a r g i n  d i s s o l u t i o n  f e a t u r e s  (Ande rson ,  1978). 

The s t a t e m e n t  on ( 6 - 1 0 )  r e f e r r i n g  t o  t h e  C a s t i l e  f o r m a t i o n  

". . .as an a q u i c l u d e  s e p a r a t i n g  t h e  Sa lado  f r o m  t h e  u n d e r l y i n g  

sands tones  o f  t h e  D e l a w a r e  M o u n t a i n  Group" does n o t  c o n s i d e r  

t h e  p o s s i b i l i t y - o f  f r a c t u r e  p e r m e a b i l i t y  w h i c h  may be a s s o c i -  

a t e d  w i t h  d e f o r m a t i o n  i n  t h e  C a s t i l e ,  as s u g g e s t e d  by  Anderson  

( 1 9 7 8 )  i n  r e l a t i o n  t o  deep d i s s o l u t i o n .  

The q u e s t i o n  o f  t h e  e f f e c t  o f  c l i m a t e  change on t h e  h y d r o l o g i c  

r e g i m e  i s  n o t  addressed.  

G e n e r a l l y  t h e  h y d r o l o g i c  d a t a  f o r  t h e  r e g i o n  and t h e  s i t e  i s  

n o t  adequa te  t o  c h a r a c t e r i z e  t h e  l o n g - t e r m  h y d r o l o g i c  t r a n s p o r t  

o f  r a d i o a c t i v e  m a t e r i a l s  o r  t o  d e f i n e  t h e  mechanism and r a t e s  

o f  s a l t  d i s s o l u t i o n .  

6. Geochemica l  A n a l y s e s  

The a n a l y s e s  o f  w a t e r s  f rom ERDA No. 6 ( S e c t i o n s  7.7 and  7 .9 )  

a r e  i n t e n d e d  t o  r e s o l v e  q u e s t i o n s  a b o u t  t h e  n a t u r e  and o r i g i n  

o f  t h i s  b r i n e  r e s e r v o i r ;  t h e  a p p r o p r i a t e  q u e s t i o n s  a r e  s t a t e d  

on ( 7 - 9 0 ) .  On (7 -102 .4 )  t h e  G C R  c o n c l u d e s ,  on t h e  b a s i s  o f  

t h e  u r a n i u m  d i s e q u i l i b r i u m  mode l ,  t h a t  t h e  E R D A  No. 6 r e s e r -  

v o i r  " . . .has no c o n n e c t i o n  w i t h  any o t h e r  known g r o u n d  w a t e r ,  

and has been i n  i t s  p r e s e n t  e n v i r o n m e n t  f o r  a t  l e a s t  880,000 

- y e a r s . "  T h i s  conc1,us ion i s  u n j u s t i f i e d .  A more q u a l i f i e d  
s t a t e m e n t  i s  f o u n d  on (7 -99 .1 )  t h a t  assumes an o r i g i n a l  con -  

n e c t i o n  t o  t h e  C a p i t a n  r e e f  and an o r i g i n a l  a c t i v i t y  r a t i o  

e q u a l  t o  t h a t  o f  t h e  C a p i t a n  r e e f  w a t e r  a t  " C a r l s b a d  7 " ,  ao= 5 - 1 4 .  



One c o u l d  assume a s  an i n i t i a l  v a l u e  t h e  r e s u l t s  f o r  t h e  

Middle ton  ( a o  = 1 . 8 1 )  o r  Hackbe r ry  ( a o  = 1 . 2 2 )  w a t e r s  ( T a b l e  

7 . 2 7 )  which a l s o  come from t h e  C a p i t a n  a q u i f e r  and a r e  geo-  
g r a p h i c a l l y  c l o s e r  t o  E R D A  No. 6 ( s e e  F i g .  7 . 1 8 ) .  From 

F i g u r e  7 .20  t h e s e  v a l u e s  o f  a,  y i e l d  much s m a l l e r  a g e s ;  

abou t  300,000 y e a r s  f o r  M i d d l e t o n e  and a  " n e g a t i v e "  age  f o r  

Hackber ry .  The r e s u l t s  o f  t h e  u r a n i u m - d i s e q u i l i b r i u m  d a t i n g  

a r e  s t o n g l y  d e p e n d e n t  on an assumed a. and do n o t  p r o v i d e  
any d e f i n i t i v e  i n f o r m a t i o n  a b o u t  t h e  age  o r  d e g r e e  of  i s o l a -  

t i o n  o f  t h e  E R O A  No. 6 r e s e r v o i r .  

O n  ( 7 - 9 9 . 1 )  i t  i s  i n d i c a t e d  t h a t  t h e  s o l i d ,  l i q u i d  and 

g a s e o u s  p h a s e s  a r e  n o t  i n  chemica l  e q u i l i b r i u m  i n  t h e  E R D A  

No. 6 b r i n e  r e s e r v o i r .  A  s t a t i c  body of  w a t e r  would be 

e x p e c t e d  t o  come- to  chemica l  e q u i l i b r i u m  w i t h  s u r r o u n d i n g  
r o c k s  w i t h i n  a  r e l a t i v e l y  s h o r t  t i m e  f r ame .  ( O p i n i o n s  

e x p r e s s e d  t o  E E G  r anged  from weeks t o  d e c a d e s ) .  Yet t h i s  
presumably  v e r y  o l d  w a t e r  was n o t  found  t o  be i n  chemica l  

e q u i l i b r i u m  w i t h  t h e  h o s t  r o c k .  One o r  more of  t h e  f o l l o w i n g  - 
i s  i m p l i e d :  

a )  The l a b o r a t o r y  a n a l y s e s  o f  b r i n e ,  g a s  and  s t a b l e  

i s o t o p e s  a r e  i n  e r r o r .  

b )  The E R D A  No. 6 w a t e r  i s  n o t  " o l d " ,  i . e . ,  t h e  i n t e r p r e t a -  

t i o n  o f  t he  u r a n i u m - d i s e q u i l i b r i u m  method i n  t h e  GCR 

( 7 - 9 9 )  i s  i n v a l i d .  

c )  Water w h i c h  has  been i n  c o n t a c t  w i t h  o t h e r  t y p e s  o f  

r o c k s  i s  m i x i n g  w i t h  t h e  b r i n e  r e s e r v o i r  f l u i d s  and 

p r e v e n t i n g  e q u i l i b r i u m .  

d )  B i o g e n i c  r e a c t i o n s  which p r e v e n t  e q u i l  i  br ium a r e  o c c u r r i n g .  

e )  The s u r r o u n d i n g  r o c k s  a r e  n o t  h a l i t e  o r  a n h y d r i t e ,  -_ 
c o n t r a r y  t o  c o r e  d a t a .  



i s o t o p i c  c o m p o s i t i o n  o f  EROA No. 6 As s t a t e d  on ( 7 - 7 8 )  "The  
i b r i n e  i s  c o n s  

b e t w e e n  w a t e r  

C a s t i l e . "  Th  

t h e  ERDA No. 

s t e n t  w i t h  

and  c l a y  m 

s  o b s e r v a t  

b r i n e  may 

an a p p r o a c h  t o  i s o t o p i c  e q u i l i b r i u m  

i n e r a l s ,  n o t  n e c e s s a r i l y  i n  t h e  

i o n  i s  an a d d i t i o n a l  i n d i c a t i o n  t h a t  

n o t  be i n d i g e n o u s  t o  t h e  C a s t i l e ;  

t h i s  p o s s i b i l i t y  i s  f u r t h e r  s u p p o r t e d  by  t h e  f o l l o w i n g :  

a )  Gas a n a l y s e s  f r o m  ERDA No. 6  ( 7 - 7 6 )  p r e d i c t  a  c a l c u l a t e d  P  

o f  8 . 8  x 1 0  -83  u s i n g  C02-CH4 r e d o x  e q u i l i b r i a .  T h i s  O 2  

v a l u e  i s  n o t  c o m p a t i b l e  w i t h  s u l f a t e  e v a p o r i t e  m i n e r a l  

a s s e m b l a g e s .  

b )  R e s u l t s  o f  t h e  s y n t h e s i s  o f  ERDA No. 6 w a t e r  c h e m i s t r y  

( S a m p l e  1 4 ,  T a b l e  7 . 2 0 )  u s i n g  t h e  U.S. G e o l o g i c a l  S u r v e y  

c o m p u t e r  p r o g r a m  WATEQF i n d i c a t e  t h a t  t h e  r a t e r  i s  

u n d e r s a t u r a t e d  w i t h  h a l i t e ,  a n h y d r i t e  and  gypsum, b u t  

i s  s a t u r a t e d  w i t h  c a l c i t e  a n d  d o l o m i t e .  

c )  WATEQF c a l c u l a t e s  a  P o f  1 0 - 2 . 0 9 .  
C02 P ~ 0 2  

c a l c u l a t e d  

f r o m  t h e  b a s i s  o f  c a l c i t e  s a t u r a t i o n  i s  1 0  - 1 . 9 8  

i n d i c a t i n g  t h a t  ERDA No. 6 w a t e r  i s  i n  e q u i l i b r i u m  w i t h  

c a l c i t e .  

T h e s e  p o i n t s  s u g g e s t  t h e  p o s s i b i l i t y  t h a t  ERDA No. 6 w a t e r  

has  r e c e n t l y  been  i n  c o n t a c t  w i t h  d o l o m i t e  a n d  c a l c i t e ,  e .g .  

t h e  C a p i t a n  l i m e s t o n e  a n d  a s s o c i a t e d  d o l o m i t e s  ( F i g u r e  3 . 3 - 2 )  

o r  t h e  Bel l  Canyon f o r m a t i o n  w h i c h  " c o n t a i n s  c o n s i d e r a b l e  

l i m e s t o n e  i n t e r b e d s  a n d  l i m e  r i c h  i n t e r v a l s "  and  whose t o p  

u n i t  c o n s i s t s  o f  l i m e s t o n e  ( F i g u r e  4 . 3 - 2 ) .  Two p o s s i b l e  r o u t e s  

f o r  w a t e r  movement  f r o m  t h e  C a p i t a n  r e e f  w e r e  s u g g e s t e d  b y  

A n d e r s o n  ( 1 9 7 8 ,  pp .  6 9 ,  72;: al'owg t h e  c o n t a c t  b e t w e e n  t h e  

C a s t i l e  and  S a l a d o  f o r m a t i o n ,  o r  m o v i n g  u p w a r d  f r o m  t h e  B e l l  

Canyon f o r m a t i o n  t h r o u g h  f r a c t u r e s  i n  t h e  C a s t i l e  f o r m a t i o n .  



The s t a b l e  i s o t o p e  d a t a  f o r  E R D A  No. 6 w a t e r  ( F i g u r e  7.12)  
i n d i c a t e d  i s o t o p i c  c o m p o s i t i o n  wh i ch  i s  d i s t i n c t  f r o m  modern 
m e t e o r i c  w a t e r s .  However, t h e s e  d a t a  do n o t  g i v e  a  p o s i t i v e  

i n d i c a t i o n  o f  t h e  o r i g i n  o f  t h e  w a t e r  i n  t h e  b r i n e  r e s e r v o i r ,  

R e g i o n a l  w a t e r  c h e m i s t r y  i n f o r m a t  

can h e l p  t o  u n d e r s t a n d  s a l t  d i s s o  

t h e  i n t e r p r e t a t i o n  o f  t h e  r e g i o n a  

d a t a  

poss  

Be1 1  

Samp 

i o n  i s  i m p o r t a n t  because i t  

l u t i o n  c o n d i t i o n s  and c l a r i f y  

1 h y d r o l o g y .  However, t h e  

a r e  l i m i t e d  and a r e  n o t  s y s t e m a t i c a l l y  r e l a t e d  t o  t h e  

i b l e  f l o w  system. There  a r e  two w a t e r  samples f r o m  t h e  

Canyon a q u i f e r  l i s t e d  i n  t h e  GCR (AEC 8 on T a b l e  6-3.3 and 

l e  No. 9  on T a b l e  7.20) and t h e y  have d i f f e r e n t  c h e m i c a l  

c o m p o s i t i o n s .  The c o m p o s i t i o n  d iagram o f  F i g u r e  3  was p r e p a r e d  

f r o m  c o n c e n t r a t i o n s  o f  3  o f  t h e  8 i o n s  l i s t e d  on T a b l e  7.20. 

O n l y  one B e l l  Canyon w a t e r  sample i s  i n c l u d e d  (No. 9 ) .  F i g u r e  

3  s u g g e s t s  t h a t  t h i s  B e l l  Canyon w a t e r  sample nas a  composi -  

t i o n  s i m i l a r  t o  t h e  t h r e e  w a t e r  samples f r o m  t h e  Salado.  T h i s  

i s  c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  i n  t h e  GCR t h a t  " t h i s  b r i n e  

p r o b a b l y  d i d  n o t  o r i g i n a t e  i n  t h e  B e l l  Canyon, b u t  i t s  s o l u t e s  - 
p r o b a b l y  came f r o m  nea rby  e v a p o r i t e s "  (7-74.3). A p o s s i b l s  

i n t e r p r e t a t i o n  o f  t h e s e  o b s e r v a t i o n s  i s  t h a t  s o l u t e s  i n  t h e  

B e l l  Canyon a q u i f e r  have o r i g i n a t e d  i n  t h e  o v e r l y i n g  e v a p o r i t e s .  

W h i l e  t h i s  i s  n o t  c o n c l u s i v e ,  i t  s u p p o r t s  t h e  Anderson (1978 )  

h y p o t h e s i s  o f  deep d i s s o l u t i o n  t h r o u g h  c o n n e c t i o n  w i t h  t h e  

u n d e r l y i n g  a q u i f e r .  

None o f  t h e  q u e s t i o n s  posed on (7 -90 )  c o n c e r n i n g  t h e  ERDA 

No. 6 r e s e r v o i r  a r e  r e s o l v e d  w i t h  any deg ree  o f  c e r t a i n t y  

by  t h e  geochemica l  i n f o r m a t i o n  i n  C h a p t e r  7; a l l  t h a t  can be 

s a i d  i s  t h a t  t h e  o r i g i n  and e v o l u t i o n  o f  such  b r i n e  r e s e r v o i r s  

i n  t h e  e v a p o r i t e s  rema ins  a  m y s t e r y .  



F i g u r e  3 .  
C o m p o s i t i o n  d i a g r a m  
f o r  w a t e r  sample  
o f  t a b l e  7 . 2 2  



7 .  Rock P r o p e r t i e s  and S p e c i a l  S t u d i e s  

The s p e c i a l  s t u d i e s  o f  Chap te r  9 a r e  n o t  b e i n g  r e v i e w e d  a t  

t h i s  t i m e .  These s t u d i e s  a r e  v e r y  i m p o r t a n t  f o r  t h e  e v a l u a -  

t i o n  o f  t h e  l o n g - t e r m  i n t e g r i t y  o f  a  p r o p o s e d  r e p o s i t o r y ,  

b u t  C h a p t e r  9 g e n e r a l l y  c o v e r s  o n g o i n g  work w h i c h  has n o t  

come t o  d e f i n i t i v e  c o n c l u s i o n s .  The f o l l o w i n g  a r e  some 

g e n e r a l  c o n c e r n s  wh ich  w i l l  have t o  be r e s o l v e d  b e f o r e  t h e  

l o n g - t e r m  i n t e g r i t y  o f  t h e  s i t e  can be e v a l u a t e d .  

The thermo-mechanical-5orcrp-ert'ies.of s a l t  and o t h e r  a d j a -  

c e n t  r o c k  a r e  v e r y  complex e s p e c i a l l y  when one i s  con-  

c e r n e d  w i t h  t h e  r e g i o n a l - s c a l e  d e f o r m a t i o n  i n d u c e d  by 

a  p r o p o s e d  r e p o s i t o r y .  The -- i n  s i t u  p r o p e r t i e s  o f  r o c k s  

a t  t h i s  s c a l e  can be s t r o n g l y  a f f e c t e d  by i m p u r i t i e s ,  

h e t e r o g e n i e t y  and f r a c t u r i n g  w h i c h  i s  n o t  a c c o u n t e d  f o r  

i n  l a b o r a t o r y  e x p e r i m e n t s  o f  t h e  k i n d  d e s c r i b e d  i n  

C h a p t e r  9. T h i s  p r o b l e m  i s  r e c o g n i z e d  on ( 9 - 2 . 3 ) .  

The r a d i o n u c l i d e  s o r p t i o n  p r o p e r t i e s  o f  r o c k s  a r e  

i m p o r t a n t  i n  t h e  h y d r o l o g i c  t r a n s p o r t  m o d e l i n g  o f  t h e  

l o n g - t e r m  r a d i o a c t i v e  r e l e a s e s  f r o m  a  p r o p o s e d  r e p o s i -  

t o r y .  The s t a t i c  e x p e r i m e n t s  w i t h  powdered r o c k  samples 

( 9 - 2 6 )  may n o t  be r e l e v a n t  t o  t h e  f l o w  i n  f r a c t u r e d  r o c k  

t h a t  w o u l d  be i n v o l v e d  i n  t h e  R u s t l e r  a q u i f e r  (6 -30 .4 ) .  

A d d i t i o n a l  l a b o r a t o r y  and f i e l d  work w i l l  be r e q u i r e d  

t o  r e a l i s t i c a l l y  d e s c r i b e  t h e  i n  s i t u  s o r p t i v e  p r o p e r -  

t i e s  o f  r o c k s  a t  t h e  s i t e .  

M i g r a t i o n  o f  b r i n e  i n c l u s i o n s  w i t h i n  t h e  s a l t  u n d e r  t h e  

i n f l u e n c e  o f  w a s t e  i n d u c e d  t h e r m a l  g r a d i e n t s  c o u l d  l e a d  

t o  u n d e s i r a b l e  a c c u m u l a t i o n s  o f  w a t e r  i n  t h e  r e p o s i t o r y .  

On (7 -68 .2 )  " A c c u r a t e  p r e d i c t i o n s  o f  t h e  b e h a v i o r  o f  

s i t u  i n c l u s i o n s  i n  t h e  t h e r m a l  g r a d i e n t  a r o u n d  a  c a n i s t e r  - 
i n  s a l t  c a n n o t  be o b t a i n e d  a t  t h i s  t i m e . . . " .  More i n f o r -  

m a t i o n  i s  r e q u i r e d  on t h i s  phenomenon. 



8. General Comments 

"The purpose of t h e  G C R  i s  t o  p rov ide  a n  account  of t h e  known 
geo techn ica l  in format ion  cons ide red  r e l e v a n t  t o  s i t e  s e l e c t i o n  
( s e e  Sec t ion  2 - 3 )  f o r  t h e  proposed W I P P  s i t e "  ( 2 - 2 . 2 ) .  
Fu r the r  d i s c u s s i o n  on ( 2 - 2 . 2 )  s t a t e s  " . . . f o r  t h e  most p a r t ,  
s p e c i f i c  judgments r ega rd ing  t h e  s u i t a b i l i t y  of t h e  s i t e  a r e  
not  made." A conc lus ion  i s  p r e sen t ed  on ( 2 - 7 . 1 )  t h a t  " S u f f i -  
c i e n t  in format ion  has now been developed t o  a l l ow  t h e  s i t e  
t o  be adequa t e ly  c h a r a c t e r i z e d  f o r  s i t e  s e l e c t i o n  p u r p o s e s , "  
a n d  o n  (2 -23 .6)  t h e  s t a t e m e n t  i s  made t h a t  "...much b a s i c  
in format ion  has been g a t h e r e d  i n d i c a t i n g  no major  t e c h n i c a l  
problems w i t h  t h e  s i t e  a s  i t  i s  now unde r s tood . "  

Based on o u r  review of  t h e  G C R  and i t s  r e f e r e n c e s ,  a d d i t i o n a l  
d a t a  c o l l e c t i o n  and a n a l y s e s  w i l l  be r e q u i r e d  i n  o r d e r  f o r  
E E G  t o  conduct  i t s  assessment  of  any p o t e n t i a l  r e l e a s e  of  
r a d i o a c t i v e  m a t e r i a l s  t o  t h e  s u r f a c e  and any subsequent  
e f f e c t  on t h e  h e a l t h  and s a f e t y  of  people  and on t h e  e n v i r o n -  -_ 
ment. C r i t i c a l  a n a l y s e s  of  t h e  r o l e  o f  l o c a l i z e d  g e o l o g i c a l  
p e r t u r b a t i o n s  such a s  b r e c c i a  p i p e s ,  b r i n e  pocke t s  and vary ing  
r a t e s  of d i s s o l u t i o n  a r e  r e q u i r e d  f o r  h y d r o l o g i c  t r a n s p o r t  
model i  n g  . 
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A P P E N D I X  IV 

R A D O N  R E L E A S E S  F R O M  W I P P  

Summary 

The q u a n t i t i e s  o f  radon e x p e c t e d  t o  be r e l e a s e d  from o p e r a t i o n  

o f  the WIPP s i t e  were c a l c u l a t e d  w i t h o u t  any  l o c a l  measurements .  
The s i t u a t i o n  i s  d i s c u s s e d  i n  g r e a t e r  d e t a i l  below. 

WIPP DEIS Radon Emanation E s t i m a t e s  

The OEIS u s e s  a  v a l u e  of  0 .9  c u r i e s / y e a r  o f  Radon-222 and 0 .04  

c u r i e s / y e a r  f o r  Radon-220 o b t a i n e d  from t h e  Nuc lea r  R e g u l a t o r y  
Commiss ion ' s  F i n a l  G e n e r i c  Impact S t a t e m e n t  on Mixed Oxide F u e l s  

(GESMO). The-DEIS a l s o  uses  a  t y p i c a l  c o n c e n t r a t i o n  of  1  x lo- '  

c u r i e s / c u b i c  m e t e r  i n  e x h a u s t  a i r .  These  v a l u e s  a r e  a p p a r e n t l y  

e s t i m a t e s  s i n c e  t h e y  a r e  u n r e f e r e n c e d  i n  t h e  GESNO document .  

A 

T h e r e  a r e  no d a t a  i n  t h e  DEIS on e i t h e r  uranium l e v e l s  o r  radon 

a t  t h e  s u r f a c e  o r  i n  t h e  S a l a d o  f o r m a t i o n  where e x t e n s i v e  min ing  

would o c c u r .  I n  g e n e r a l ,  t h e  C a r l s b a d  a r e a  has  a  s l i g h t l y  l o w e r  

t h a n  a v e r a g e  t e r r e s t r i a l  r a d i a t i o n ,  which s u g g e s t s  low uranium 

c o n c e n t r a t i o n s  i n  t h e  s o i l .  While s a l t  beds  a r e  u s u a l l y  low i n  

uran ium c o n t e n t ,  t h e r e  a r e  s i g n i f i c a n t  v a r i a t i o n s  i n  d i f f e r e n t  

a r e a s  o r  g e o l o g i c a l  f o r m a t i o n s  and a v e r a g e s  c a n n o t  be presumed.  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  C a r l s b a d  Caverns  has h igh  enough 

radon  l e v e l s  (up  t o  0 .25 Working L e v e l s )  f o r  t h e  N a t i o n a l  Park  

S e r v i c e  t o  be conce rned  a b o u t  e x p o s u r e  t o  t h e i r  employees .  ( R e f .  1 ) .  

S i n c e  c o n c e n t r a t i o n s  o f  radon from mines  can  v a r y  o v e r  two t o  t h r e e  

o r d e r s  o f  m a g n i t u d e ,  i t  i s  n e c e s s a r y  t o  o b t a i n  uran ium,  radium and 
radon  d a t a  underground and a t  t h e  s u r f a c e .  T h r e e  a r e a s  o f  e n v i r o n -  



( 1 )  t h e  amount o f  radon e x h a u s t e d  from t h e  r e p o s i t o r y ;  

( 2 )  t h e  q u a n t i t y  o f  radon  t h a t  e m a n a t e s  from t h e  s a l t  

s t o r e d  above  g r o u n d ;  and 

( 3 )  t h e  radon  n a t u r a l l y  e m a n a t i n g  from t h e  s a l t  s t o r a g e  

a r e a  ( s o  t h a t  i t  can be e s t i m a t e d  w h e t h e r  s a l t  s t o r a g e  

i n c r e a s e s  o r  r e d u c e s  n e t  e m a n a t i o n ) .  

The p o s s i b l e  d o s e s  from r a d o n ,  w h i l e  low,  cou ld  be s i g n i f i c a n t  

compared t o  o t h e r  r e l e a s e s  from t h e  r e p o s i t o r y .  S e e  t h e  a t t a c h e d  

c a l c u l a t i o n s .  



OEIS E  

Radon Dose E s t i m a t e s  

a t e s  - s t i m  - 

- 7  s  x = 6 .2  x 1 0  Q a t  James Ranch ( 3  m i l e s  SSW o f  s i t e )  
m 

Dose, mrem/y  = 0 .18  9 ( 0 . 6 2 5  rnrem/y)  = 0.01 1 mrem/y 
m  

9 m B r o n c h i a l  E p i t h e l i u m  

[ c b n v e r s i o n  f a c t o r  i s  f r o m  6 - 4 4  i n  GEIS U r a n i u m  M i l l s  a n d  i s  t h e  - a v e r a g e  d o s e  a  r e s i d e n t  i n d o o r s  w o u l d  g e t  f r o m  an o u t s i d e  c o n c e n t r a -  

t i o n  o f  1  p c i / m 3  o f  2 2 2 ~ n .  T h i s  d o s e  i s  t o  b r o n c h i a l  e p i t h e l i u m .  

Dose t o  p u l m o n a r y  l u n g  i s  o n l y  4 -11% o f  t h i s  ( p a g e s  6 - 3 9  and 6-67 

o f  G E I S ) ]  

p.  9 - 3 9  T h e  DEIS u s e s  a  d o s e  o f  2 .5  x m r e m l y  t o  l u n g .  
T h i s  c a n  b e  c h e c k e d  b y  t h e  a b o v e  i n f o r m a t i o n  and t h e  

Dose Cornmi t t rnent  F a c t o r  f r o m  NUREG-0172, T a b l e  8. 

Dose  = Q 6' - i n h a l a t i o n )  ( D C F  n r e m  

rn 3 p C i  i n h a l e d  - 



R e a s o n a b l e n e s s  o f  DEIS E s t i m a t e  

Assume an e m a n a t i o n  r a t e  f r o m  t h e  m i n e  e q u a l  t o  t h e  a v e r a g e  r a t e  
2 ( 1  p C i / s e c - m  ) and  t h a t  t h e r e  may be as much as  5  x l o 5  m 2  e x p o s e d  

a r e a  i n  t h e  t u n n e l s  a n d  s t o r a g e  rooms ( t h i s  c o u l d  be h i g h  b y  

and  c l o s i n g  rooms  f a c t o r  o f  2 - 3 ,  d e p e n d i n g  on t h e  p l a n  f o r  

i n  t h e  r e p o s i t o r y ) .  

T h e n :  

o p e n i n g  

3.15 x 1  
J - 

From M i n e  

No e s t i m a t e  h a s  b e e n  made f r o m  p o s s i b l e  s a l t  p i l e  r a d o n .  I f  r a d o n  

e m a n a t i o n  i s  ev-en 1  p c i / m 2  - s  a b o v e  ba ' cky round .  t h e n  f o r  a  3 0  

a c r e  p i l e :  

2  
3 m )  3 . 1 i x 1 0 7  1 ( 1 0 - 1 2  C i  C i l y  . = 30 Ac. ( 4 . 0 5  x 1 0  

Y  2 )  s-m - 
2  C i l y  = - 3 . 8  C i l y  f r o m  p i l e  ( p e r  1  p C i / m  - s )  

T h e s e  v a l u e s  may b e  h i g h e r  t h a n  e x i s t  a t  t h e  s i t e  b u t  t h e y  a r e  b y  n o  

means a n  u p p e r  bound ,  e . g .  a v a r i e t y  o f  m e t a l  m i n e s  h a v e  b e e n  

o b s e r v e d  t o  h a v e  r a d o n  c o n c e n t r a t i o n s  2 - 4 0  t i m e s  t h o s e  assumed h e r e .  

E v a p o r i t e  d e p o s i t s  a r e  t y p i c a l l y  a n  o r d e r  o f  m a g n i t u d e  l o w e r ,  y e t  

i n  some c a s e s  t h e y  c o n t a i n  c o m m e r c i a l  o r e  d e p o s i t s .  A l s o ,  t h e r e  i s  

p o o r  c o r r e l a t i o n  b e t w e e n  r a d o n  l e v e l s  and  o r e  g e o c h e m i s t r y .  

P o s s i b l e  Radon Doses 

Assume 2 0  C i / y r .  r a d o n  r e l e a s e  a n d  c h e c k  d o s e s  a t  t w o  c l o s e s t  

p r i v a t e l y  owned a r e a s  (James Ranch,  u s e  3.0 m i l e  SSW; a n d  2.8 m i l e  

Y W )  w h e r e  r e s i d e n c e s  a r e  p o s s i b l e .  A l s o  c h e c k  d o s a g e  a t  maximum 

0 . 5  m i l e  s e c t o r ,  be  a u s e  t h e s e  a r e a s  a r e  open  t o  p e o p l e .  



P C '  (6 +, 0 . 6 2 5  m;$m/y 1  e m /  = - 
S m P C i  / m  

R e g i o n a l  A n n u a l  Radon Dose Commi t tmen t  

A c r u d e  e s t i m a t e  o f  t h e  t o t a l  dose.  t o  t h e  r e g i o n a l  p . o p u l a t i o n  
f r o m  a l l  p a t h w a y s  c a n  b e  o b t a i n e d  b y  p r o r a t i n g  t h e  d o s e s  

shown on T a b l e  6 -15  ( a t t a c h e d )  f r o m  t h e  G e n e r i c  E n v i r o n m e n t a l  

I m p a c t  S t a t e m e n t  on U r a n i u m  M i l l i n g  (NUREG-0511). A d j u s t m e n t s  

need  t o  b e  made f o r  t h e  d i f f e r e n c e  i n  r e g i o n a l  p o p u l a t i o n  

( 9 4 , 0 5 0  f o r  U I P P  v e r s u s  t h e  57,300 u s e d  i n  T a b l e  6 - 1 5 )  and 

f o r  t h e  c u r i e s  o f  r a d o n  r e l e a s e d  ( 7 , 0 0 0  v e r s u s  20 c u r i e s / y e a r ) .  

A d j u s t i n e n t  F a c t o r  a 94,050 = .a0469  
57,300 7000 

B r o n c h i a l  E p i t h e h i u m  - _ 
Dose 

138 man-rem ( . 0 0 4 7 )  = - 0.65 man-rem - 
aone Dose = 5 3 . 3  ( . 33 )  ( . 0 0 4 7 )  = 0 . 0 8  - m a n - r e a  - 
Y h o l  e 3ody  3 0 s 2  = 6.47 ( . 3 5 )  ( . 0 0 4 7 )  = - 3 . 3 1  man-rem 

Lung  Dose = 12 .8  ( . 5 0 )  ( . 0 0 4 7 )  = - 0.03 man-rem - 



T i e  r e g i o n a l  doses  from a  2 0  c u r i e / y e z r  r2don r e l e a s e  a r e  s ? t a ! i .  
T h e y  a r e ,  howeve r ,  s i m i : a r  i n  7agni :ude t o  :ne to:al d c s e s  ? rzsen :ed  
i n  ' a b l e  9 - 1 9 ,  n o t  t r i v i a l  a s  s u g g e s t e d  on page  9 - 3 9 .  

I: i s  a l s o  n o t e d  t h a t  t h e  i n d i v i d u a l  d o s e s  c a l c u l a t e d  i n  T a b l e  3-18 
a r e  fo r  James Xanch. Areas  o u t s i d e  t h e  s e c u r i t y  f e n c e  h a v e  y,!Q 

v ~ l u ~ s  a5 l a r g e  ris 9 x T O - '  i / m 3  C W N W  a t  0 . 5  m i l k 1  which-  ';s 145 
t i m e s  a s  l . a rge  a s  u sed  h e r e .  T h i s  n e e d s  f u r t h e r  c o n s i d e r a t i o n .  



b 6. I ArtwaI Popula t ion and:fhvironmrntol Oosc Commltnent5 n c t u l t f n g  from Opcral lon o f  the t lodcl MI11 

Annual P o p ~ J l i ~ t i o n  Oosc! Conmi tmcnts ,xi.un-rcn/yr a 

Lxposurc Pathway 

To ta l  Oose Ccrrunitmcnts b -- Ooscs Gccr lv_rQ'Jhr! ncoioaa.1 P o p u l ~ t i ? ~ -  mrc- Lho I e Uone Lung roncbla Uonc Lung O r o n c h ~ ~ l ~  
Oody f ~ i t l i c l i u ~ c  . Body f p i t t i c l l u a  

- 

t x t e r n a l  i r o n  ground 0. 51 1 0.511 0.511 - 0.511 0.511 0.511' 
t x l e r n a l  from c loud  2.36 2.36 2.36 - 2.31, 2.36 7 3 6 ~  - 
InhaIal1011 0.110 4. G I  G. 40 130. 0. I70 4.61 6.50 . 130. 
V r ~ c t ~ b l c  l n ~ c s t i o n  3.58 50.0 3.58 - 2.71 30.3 2.14 ' - 
H e ~ t  I n y c r l  I o n  2.91 30.24 2.94 - 0.137 1.49 0.137 . - 
M i l k  l a f p t i o r i  0.450 5.5 0. 158 - 0.253 3.04 0.253 . - 

TOTALS 10.0 . 93.2 16.3 130. 6.47 53.3 12.0 130. 

Annml  Environmcstol Dose Commitments, pcr%onnrcm/yr 

Exposure Pathway 
To ta l  Oorc Cocni tmcnts- b Coscr Ecccivr.p bv thc W c g l ~ ~ p u l a t i o ~  

~ i o l e  Uonc Lcny U r o n c l ~ i ~ I  m e  UOIIC LUIIIJ ~ G h c i ~ i a  l 
Oodv ~ o i t h e l i u m ~  h d v  f o l ~ l ~ c l l u n i ~  

E x l c r n ~ I  from pround 1.97 1.97 1.91 - 1.97 . 1.97 1.97 - 
Extcrno l  from c loud 2.36 2.36 2.36 - 1. 36 2.36 7.56 
I n l u l a t i o n  0.170 4.61 6.50 130. U. 170 4.61 6.50 130. 
\ ' cqc - ta I~ I~  l n q c r t i o n  4.52 59.1, 1.52 - 3.16 15.6 3.46 - 
I.(Fal I nyes t ion  4.70 10.7 4. 70 - U. 710 I. 7 4  0.710 
tlll'r l n y e 5 l l o n  0.725 8.45 0.725 - 0.100 1.66 0.400 

7 0 1 ~ 1 ~ ~  14.6 125.7 20.9 130. 9.07 GG. 1 15.4 130. 

a 8ascd on cxf~osure d u r i n g  the f i n a l  y c a r  o f  a f i l  opcrat fon. 

U ~ o ~ r s  I.CCCIVC~ by the r r g l o r a l  popul ;~t ion are  le r r .  then t o t a l  dorcr f o r  l n g c s t l o n  pathways hccnu-,c thc reg iona l  popu la t i on  consuncs on ly  
76.5%. 14.9% and 55.2% o f  r e g i o n a l l y  produced vegetables, m o t ,  and m i l k ,  resyec t i vc l y .  

C>uscr p r c r r n t c d  Tor the b ronch ia l  c p l t h e l l c n  a rc  thoso r c r u l t l n g  from i n h a l a t i o n  o f  s h o r t - l l v c d  Rn-222 daughters. 
' 

dThe f o l l o w i n g  percentages of  annual dose comi tmen ts  rece ived  by  the reg ion  are  due Lo ~ n n u a l  rar'on re lcares (7.0 kCI): uho lc  body, 35%; 
hmc.  332; pulnonary lung, SOX: and b ronch ia l  c p i t h c l i u * ,  100%. 
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Mineral E x t r a c t i o n  Industries, A L iterature R e v i e w  (ORPILVF-79-I), 

N o v e m b e r  1978. 



APPENDIX V 

ATMOSPHERIC DISPERSION COEFFICIENTS 

I  Long Term Averages  

P r o c e d u r e  Used. S e v e r a l  key x / Q  v a l u e s  were  c a l c u l a t e d  by E E G  

by a  s e p a r a t e  hand c a l c u l a t i o n  t o  d e t e r m i n e  i f  t h e  v a l u e s  from 

T a b l e  H-36 i n  t h e  D r a f t  EIS were  r e a s o n a b l e .  The p r o c e d u r e  
used d i f f e r e d  i n  s e v e r a l  ways from t h e  MESODIF Code: 

( 1 )  I t  d i d  n o t  a c c o u n t  f o r  a  plume be ing  blown back ove r  
t h e  s o u r c e  t o  c o n t r i b u t e  on t h e  "second  p a s s " .  

( 2 )  I t  d i d  -not  i n c l u d e  t h e  e f f e c t  o f  r e l e a s e s  d u r i n g  t h e  0 .7% 
o f  t h e  t i m e  t h a t  winds a r e  below 0 . 3  m e t e r s  p e r  second  

( " c a l m  c o n d i t i o n s " ) .  

( 3 )  The h o r i z o n t a l  and v e r t i c a l  d i s p e r s i o n  c o e f f i c i e n t s  ( b y ,  6 2 )  

f o r  C a t e g o r y  F were used f o r  Ca t ego ry  G c o n d i t i o n s .  

A l l  o f  t h e s e  d i f f e r e n c e s  would t e n d  t o  make t h e  c a l c u l a t e d  

v a l u e s  of X / Q  l e s s  t h a n  t h o s e  o b t a i n e d  from MESODIF. 

where  
- 
x = a n n u a l  a v e r a g e  downwind c o n c e n t r a t i o n  i n  t h e  s e c t o r  of 

i n t e r e s t  a t  d i s t a n c e  x downwind, pCi/m 
3  

- Q = annua l  a v e r a g e  d i s c h a r g e  r a t e ,  u C i / s  

( ' ) ~ r o m :  Fowle r ,  Ted W . ,  " A i r  Submersion S k i n  S u r f a c e  Dose R a t e  
f rom Noble G a s e s " ,  EPARad io log i ca l  Review G u i d e l i n e s  No. 3 ,  
May 1973.  

- 1  - 



f = f r e q u e n c y  o f  t h e  t i m e  t h a t  w i n d  b l o w s  i n  a  g i v e n  s e c t o r  

2 n x  = s e c t o r  w i d t h  w h e r e  x i s  t h e  downwind  d i s t a n c e  a n d  n  i s  - 
n  number o f  s e c t o r s  

Fi = a n n u a l  s t a b i l i t y  p e r s i s t e n c e  f r e q u e n c y  f o r  t h e  fi t h  

m e t e r o l o g i c a l  z o n d i t i o n s  (A,B,C,D,E, a n d  F )  

d = v e r t i c a l  s t a b i l i t y  p a r a m e t e r  f o r  t h e  i t h  m e t e o r o l o g i c a l  
'i c o n d i t i o n  a t  d i s t a n c e  x downwind,  m 

- 
ui = w i n d  speed a t  g r o u n d  l e v e l  f o r  t h e  i t h  m e t e o r o l o g i c a l  

c o n d i t i o n ,  m/s 

h  = e f f e c t i v e  s t a c k  h e i g h t ,  m 

i f  e l e v a t e d  r e l e a s e s  a r e  i g n o r e d  a n d  1 6  s e c t o r s  a r e u s e d  t h i s  

r e d u c e s  t o :  

The n o r m a l  u s e  o f  t h i s  e q u a t i o n  w o u l d  b e  w h e r e  o n l y  t h e  f r e q u e n c y  

o f  s t a b i l i t y  c a t e g o r i e s  ( i n  T a b l e  H-35 f o r  t h e  WIPP s i t e )  a n d  

t h e  a n n u a l  d i s t r i b u t i o n  o f  w i n d  d i r e c t i o n  ( T a b l e  20, Annex 1 ,  o f  

A p p e n d i x  H) i s  known.  A v e r a g e  v a l u e s  o f  w i n d  s p e e d  ( c i )  a r e  u s e d  

f o r  e a c h  s t a b i l i t y  c a t e g o r y  ( f r o m  F o w l e r ) .  A  s a m p l e  c a l c u l a t i o n  

i s  shown b e l o w  f o r  t h e  n o r t h w e s t  d o w n w i n d  s e c t o r  a t  2.8 m i l e s  

f r o m  t h e  s i t e .  



S t a b i  1 i t y  
C a t e g o r y  

F o r  

X = 
'2 

O E  

NU d o w n w i n d  s e c t o r  ( f  = 0 .182 )  

I S  v a l u e  f r o m  H-36,  b y  i n t e r p o l a t i o n  = ( 3 . 3  - 1 

A s i m i l a r  c a l c u l a t i o n  a t  3.0 m i l e s  SSW o f  t h e  s i t e  g i v e s  a  v a l u e  

s  
o f ( 7 . 8  - 8 1 - 3  c o m p a r e d  t o  t h e  DEIS v a l u e  o f ( 6 . 2  .- 711-  

m m  3  

The D E I S  c o n t a i n s  m o r e  m e t e o r o l o g i c a l  d a t a  t h a n  n e e d e d  f o r  t h e  

above  s i m p l i f i e d  c a l c u l a t i o n .  Use c a n  be made o f  t h e s e  d a t a  by  

u s i n g  a c t u a l  d a t a  f o r  w i n d  s p e e d  a n d  s t a b i l i t y  c a t e g o r y  f r e q u e n c y  

i n  e a c h  d o w n w i n d  s e c t o r .  An e x a m p l e  i s  shown b e l o w  f o r  2.8 m i l e s  

n o r t h w e s t  o f  t h e  s i t e .  Wind s p e e d  f r e q u e n c y  f o r  e a c h  s t a b i l i t y  

c a t e g o r y  i s  o b t a i n e d  f r o m  T a b l e s  1 3 - 2 0  i n  Annex 1, A p p e n d i x  H f o r  

t h e  s o u t h e a s t  w i n d  d i r e c t i o n .  



S t a b i l i t y  u. f F i  6 
1 z f F i  Category 
( m / s )  (m) qL,-  (3) 

G & F  0 . 8 5  . 0 3 3  3  3 1 . 2 8  - 3 

2 .25  . 0 3 8  0 . 5 1  - 3  

4 . 0 5  . 0 0 2  0 .02  -3  1 . 8 1  - 3  

B & A  N e g l i g i b l e  by i n s p e c t i o n  

DEIS v a l u e  f r o m  H-36, by S n t e r p o l a t i o n  = ( 3 . 3  - 61% 
m 



A s i m i l a r  c a l c u l a t i o n  a t  3.0 m i  SSW o f  t h e  s i t e  g i v e s  a  v a l u e  

o f ( 1 . 4  - 7 ) 1 3  compared t o  t h e  DEIS v a l u e  o f ( 6 . 2  - 7)%. 
m m 

A l s o ,  a  c a l c u l a t i o n  f o r  0 .5  m i  N W  d o w n w i n d  s e c t o r  w a s ( l . 6  - 5 ) 5  

S 
m 

compared t o ( 6 . 2  - 5 ) - - 7 ~  i n  DEIS. 
m 

I 1  S h o r t  Term A v e r a g e s  

The ( # ) 5 %  and  (x) Q 50% one  h o u r  f r e q u e n c i e s  w e r e  c a l c u l a t e d  f r o m  

i n s p e c t i o n  o f  T a b l e s  1 6 - 1 9 ,  i n  Annex 1, A p p e n d i x  H. The  k e y  

f a c t o r  i n  d e t e r m i n i n g  e a c h  v a l u e  i s  t o  f i n d  t h e  6, Ui v a l u e  t h a t  
i 

i s  min imum a t  a  g i v e n  d i s t a n c e .  T h i s  i s  d o n e  i n  t h e  t a b u l a t i o n  

b e l o w  a t  800  m. 

S t a b i  1  i t y  6 "i 6 U. 
2 .  z .  1 I n v e r s e  C a t e g o r y  I 1 R a n k i n g  (3.. m2/s  

G & F  1 2  0.85 1 0  1  

2.25 2  7 d 

4.05 49 7 

6.55 7 9  



A SE w i n d  d i r e c t i o n  (NW downw ind  s e c t o r )  o c c u r s  18 .2% o f  t h e  

t i m e .  C o n s e q u e n t l y ,  t h e  5 %  f r e q u e n c y  i s  0 .91% o f  t h e  t o t a l  -. 

t i m e ;  t h e  50% f r e q u e n c y  i s  9 .1%.  

P e r c e n t  o c c u r r e n c e :  G 
.85  - 2.6; F .85  = 0 .7 ;  D . 8 5  = 0.1; 

E . 8 5  = 0.3; G Z e z 5  = 1.8; F Z d z 5  = 2.0; E 2 . 2 5  = -  2.8. 

S D E I S  h a s  ( 2 . - 8  - $)T 
m 

($ )50% 
m = E s t a b i l i t y ,  2 .25 

DEIS h a s  ( 6 . 3  - 5); 
m 



I 1 1  Summary o f  R e s u l t s  

ATMOSPHERIC D I S P E R S I O N  COEFFICIENTS 

(Compar ison  o f  E E G  and D E I S  v a l u e s )  

Downwind Long-Term Va lues  
S e c t o r  D E I S ,  E E G RAT 10 D E I  

One-hour Values 
RAT I 

n ' s  EE' /m  D E I S /  

SSW, 3.0 m i  6 .2-7 ( a )  7.8-8 7.9 ( c )  5.6-5 1.5-5 3.7 

( b )  1.4-7 4.4 ( d )  5.8-6 2.1-6 2.8 

., NW, 2.8 m i  
,/f;--* ',,, :., 

3.3-6 ( a )  4.9-7 6.7 ( c )  6.5-5 1.6-5 4.1 

... 
~ 8 >.a . . . ( b )  1.0-6 3.3 ( d )  8.3-6 3.8-6 2.2 

i?" ,-, i ; *e $,.!NW, 0.5 m i  6.2-5 ( b )  1.6-5 3.9 ( c )  2.9-4 2.5-0 1.2 
c.d"-* 

C d l  6.3-5 6.2-5 1.3 

( a )  S h o r t  method,  u s i n g  a v e r a g e  s t a b i l i t y  c a t e g o r y  f r e q u e n c i e s  

f r o m  H-35 and w i n d  speed. 

( b )  P r o c e d u r e  u s i n g  s p e c i f i c  m e t e o r o l o g i c a l  d a t a  i n  Annex 1, 

Append ix  H. 

( c )  5% o c c u r r e n c e ,  one h o u r  f r e q u e n c y  ( T a b l e  21, Annex 1, 

Append ix  H) .  

( d )  50% o c c u r r e n c e ,  one h o u r  f r e q u e n c y  ( T a b l e  21, Annex 1, 

Append i x  H ) .  

The agreement  i s  n o t  t o o  c l o s e  i n  mos t  cases  w i t h  t h e  v a l u e s  i n  

t h e  DEIS b e i n g  c o n s i s t e n t l y  h i g h e r .  H i g h e r  v a l u e s  i n  t h e  D E I S  

a r e  t o  be e x p e c t e d  f r o m  t h e  d i f f e r e n c e s  i n  mode ls .  The use o f  

s t a b i l i t y  C a t e g o r y  G p a r a m e t e r s  and t h e  i n c o r p o r a t i n g  o f  ca lm  

w inds  i n t o  t h e  model m i g h t  r e a s o n a b l y  i n c r e a s e  t h e  c a l c u l a t i o n s  by 

more t h a n  t w o - f o l d .  r o c l u d i n g  t h e  plume- b e i n g  D l o m - S a c k  on 

t h e  s o u r c e  w o u l d  t e n d  t o  i n c r e a s e  t h e  v a l u e s  some a l s o .  T h i s  - 
i s  c o n s i d e r e d  s a t i s f a c t o r y  ag reemen t  and i t  i s  c o n c l u d e d  

t h a t  t h e  v a l u e s  used i n  t h e  DEIS a r e  - r e a s o n a b l e .  



Figure  1  - V e r t i c a l  d i s p e r s i o n  c o e f f i c i e n t  a s  a  f u n c t i o n  of downwind 
d io tance  Erom the s o u r c e  ( 2  ) 3.9 

I 

( 2 )  Turner, D. Bruce, "Uorkbook of Atmospheric Dispersion Estimates", 
L.S. Department of Health, Education, and Welfare, Public Health 
Service, 1967. 



I V  A i r  Q u a l i t y  x / Q  

F o r  c a l c u l a t i o n  o f  t h e  2 4 - h o u r  g r o u n d - l e v e l  c o n c e n t r a t i o n  

o f  p a r t i c u l a t e s ,  t h e  D E - 5  ( p .  9 - 8 )  used  t h e  f o l l o w i n g  

e q u a t i o n s  ( f r o m  T u r n e r ,  1969 ;  PEDCo, 1 9 7 3 ) :  

- - 0 . 3 ~ n  

""y 67 
and assumed " r e s t r i c t i v e  d i s p e r s i o n  c o n d i t i o n s U t h a t  gave - 
( 6  6 ) = 17,000 mL a t  2 m i l e s .  T h i s  i s  e q u i v a l e n t  t o  c a t e -  

Y z 
g o r y  D c o n d i t i o n s  as  c o m p u t e d  .by  t h e  f o r m u l a s  i n  T a b l e  G-1. 

T h i s  g i v e s  an  " e f f e c t i v e  x / Q "  o f :  

T h i s  v a l u e  c a n  be  compared  t o  t h e  x / Q  v a l u e s  c a l c u l a t e d  i n  

A p p e n d i x  II f o r  l o n g  t e r m  a n d  o n e - h o u r  f r e q u e n c y .  

( p s  = ( 1 5  - 6 ) - 3  ( S W  d o w n w i n d  s e c t o r )  
50:: m 

(6) = ( 5 . 9  - 6)-3 s ( N W  d o w n w i n d  s e c t o r )  
l o n g  t e r m  rn 

S i n c e  t h e  2 4 - h o u r  x / Q  b y  t h i s  c a l c u l a t i o n  i s  o n l y  a b o u t  one-  

t h i r d  o f  t h e  a n n u a l  x / Q  c a l c u l a t e d  i n  A p p e n d i x  H ,  i t  i s  

c o n c l u d e d  t h a t  t h e  t w o  m e t h o d s  a r e  i n c o n s i s t e n t .  



V T r a n s p o r t a t i o n  x / Q  F a c t o r s  

From page G-3: 

Assumpt ions :  d i s t a n c e  = 0 . 5  m i ,  F s t a b i l i t y  c o n d i t i o n s ,  

u = 1 m / s ,  h = 20m 

As c o m p a r i s o n :  
A 

Worst a n n u a l  ( X / Q )  a t  0 . 5  m i  = ( 9 . 0  - 5 ) %  ( T a b l e  H-36) .  
m 

9% o f  above .  

X 
( n ) 5 %  f o r  1  h o u r ,  0 . 5  m i  = ( 4 . 3  - 41% ( T a b l e  2 1 ,  App. H ) .  

m 
44% o f  above .  

X s  
( 0 )max  f o r  1  h o u r ,  0 . 5  mi = ( 1 . 1  - 3 ) - ~  . 111% o f  above .  

m 
X The ( G )  f o r  g round  l e v e l  r e l e a s e  i s  between 5% and max one -hour  

s o  i s  c o n s e r v a t i v e  compared t o  v a l u e s  used e l s e w h e r e  i n  t h e  

DEIS. 

S i n c e  t h e  a s s u m p t i o n  o f  an e l e v a t e d  r e l e a s e  s i g n i f i c a n t l y  r e d u c e s  

t h e  c a l c u l a t e d  d o s e s ,  t h e r e  s h o u l d  be more o f  a  j u s t i f i c a t i o n  



f o r  i t s  u s e ,  e s p e c i a l l y  i n  an a c c i d e n t  where no f i r e  i s  
-. assumed. F u r t h e r m o r e ,  t h e  assumpt ion  of s t a b i l i t y  F 

c o n d i t i o n s  i s  n o t  e s p e c i a l l y  c o n s e r v a t i v e  s i n c e  l e s s  s t a b l e  

c o n d i t i o n s  can r e s u l t  i n  s i m i l a r  c o n c e n t r a t i o n s  o c c u r r i n g  

c l o s e r  t han  0 . 5  m i l e s  from t h e  s o u r c e .  T h i s  a n a l y s i s  s h o u l d  

c o n s i d e r  o t h e r  d i s t a n c e s  and s t a b i l i t y  c a t e g o r i e s  and a l s o  

t h e  c a s e  o f  a g round  l e v e l  o r  o t h e r  e l e v a t e d  r e l e a s e  h e i g h t .  



A P P E N D I X  V I  

S i i - $ l e  Model f o r  E s t i m a t i n g  Maximum R a d i o n u c l i d e  C o n c e n t r a t i o n s  

i n  t h e  Pecos R i v e r ,  and  A s s o c i a t e d  I n g e s t i o n  Doses,  

due t o  t h e  R e l e a s e  o f  R a d i o a c t i v i t y  f r o m  t h e  1 . 1 1 ~ ~  l ? e p o ; i t o r y  

b y  Moses A .  G r e e n f i e l d  

A .  The Square  Wave Model  

The mode l  used  i n  t h e  D r a f t  E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t  (DEIS ,  

1 9 7 9 )  i s  based  on a  s y s t e m  o f  " t h r e e  c o u p l e d  p a r t i a l  d i f f e r e n t i a l  

e q u a t i o n s  d e s c r i b i n g  t h e  b e h a v i o r  o f  a  l i q u i d  p h a s e  i n j e c t e d  i n t o  

an a q u i f e r  s y s t e m "  (INTERA, S e p t .  1.977). The e q u a t i o n s  a r e  based  

on c o n s e r v a t i o n  o f  l i q u i d  mass ,  e n e r g y  and  t h e  mass o f  a  c o n t a m i n a n t  

d i s s o l v e d  i n  t h e  f l u i d .  A d d i t i o n a l l y  t h e r e  a r e  e q u a t i o n s  f o r  e a c h  

r a d i o a c t i v e  n u c l i d e  w h i c h  c o n s e r v e  mass f o r  e a c h  s p e c i e s  a n d  t a k e  

a c c o u n t  r,f r a d i o a c t i v e  d e c a y .  

S o l u t i o n s  f o r  t h i s  c o m p l e x  s y s t e m  o f  c o u p l e d  n o n - l i n e a r  p a r t i a l  - d i f f e r e n t i a l  e q u a t i o n s  a r e  o b t a i n e d  b y  d e v e l o p i n g  f i n i t e - d i f f e r e n c e  

a p p r o x i m a t i o n s  i n  a  t h r e e - d i m i n s i o n a l  g r i d  ( INTERA, S e p t .  1 9 7 7 ) .  

T h e r e  i s  a l z o  i n t e r e s t  i n  d e v e l o p i n g  r e l a t i v e l y  s i m p l e r  s o l u t i o n s  

b a s e d  on a  o n e - d i m e n s i o n a l  a p p r o x i m a t i o n .  The a u t h o r s  o f  t h e  

INTERA r e p o r t  c h e c k e d  t h e  a d e q u a c y  o f  t h e i r  p rog rammed t r a c e  compo- 

n e n t  e q u a t i o n s  b y  c o m p a r i s o n  w i t h  known o n e - d i m e n s i o n a l  a n a l y t i c a l  

s o l u t i o n s  f o r  r a d i o a c t i v e  c h a i n s  ( L e s t e r  e t  a l ,  1 9 7 5 ) .  One-d imen-  

s i o n a l  t r a n s p o r t  m o d e l s  3 ? v e  b e e n  d e v e l o p e d  b y  a  number  o f  w r i t e r s  

and  u s e d  t o  t e s t  p a r a m e t e r  d e p e n d e n c e  a n d  t o  compare  d i f f e r e n t  

n u c l i d e  b e h a v i o r s  ( H o l l y  e t  a l ,  1 9 7 1 :  B o r g  e t  a l ,  1976;  B a r r ,  1 3 7 9 ) .  

I t  i s  h e l p f u l  t o  g i v e  an  e l e m e n t a r y  d e r i v a t i o n  t o  g a i n  i n s i g h t  i n t o  

t h e  i m p o r t a n c e  o f  t h e  v a r i o u s  t e r m s  t h a t  a p p e a r .  

I n  H o l l y ' s  t r e a t m e n t  ( l o c .  c i t . )  a c c o u n t  i s  t a k e n  o f  n u c l i d e  t r a n s p o r t  

due t o  w a t e r  f l o w  i n  a  homogeneous,  i s o t r o p i c ,  p o r o u s  a q u i f e r  w i t h  

h y d r o d y n a m i c  d i s p e r s i o n ,  a d s c r p t i o n  a n d  d e s o r p t i o n ,  a n d  r a d i o a c t i v e  

d e c a y ,  w i t h  a  o n e - d i m e n s i o n a l  s p a t i a l  c o o r d i n a t e .  



Figure I depicts a homoaeneous, isotropic aquifer with groundwater 
flow rate v ,  porosity 0, single spatial coordinate x, and L and 5 

representing the liquid and solid phases respectively. 
C ~ '  Cs 

represent the concentrations of a radionuclide in the two phases. 

In equation representinq material balance in the element Ax after 

a time passage, At, may be written as follows: 

/ . - -  

I. 9 . a x . a ~ ~  + (1 - O).AX.AC~ = C L . O . v . A t  

(expresses chanoe in quantity . (flow in) 

of nuclide after a time -('L '5 AX). 0.v.At 
passage, At, in volume ax 
element Ax.) .(flow out) 

decay 
( ~ r a c t i o u  ) (inventory in L,S.) 

(flow associated with dispersion 

at entrance, exit of element; 
DL assumed independent o f  x .  

Equat 

decay 

ion I represents the material balance for any nuc 

constant and DL is the coefficient of hydrodynam 

1 ide 
ic d 

; A is 

i spers 
the 

ion. 

Combining terms and dividing by O.Ax.At, gives: 

Adsorption may be introduced by assuming instantaneous equilibrium 
and reversibilitv between liquid and solid :bases. with: 

C, = K b C L  ( K i  dimensionless) -, 
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S o l i d  (1-0)Ax 

C L' C S i n T  u C i  o r  s i m i l a r  units 

F i g u r e  1 

- 3  - 



A l s o ,  l e t  K d  = p B K d ,  w i t h  f B ( g / m l )  = b u l k  d e n s i t y  o f  .'̂  

a q u i f e r .  - 
Cs i n  u C i / g ,  Kd i n  m l / g ) .  Then  Cs = K C ' ( -  

7% L' f B  

K d  i s  c a l l e d  t h e  d i s t r i b u t i o n  c o e f f i c i e n t ,  a n d  i s  a  m e a s u r e  o f  t h e  

e x t e n t  t o  w h i c h  t h e  s o l i d  a d s o r b s  t h e  n u c l i d e .  V a l u e s  f o r  Kd a r e  

l i s t e d  i n  t h e  D E I S ,  Volume 11 ,  T a b l e  K - 3 ,  page  K-20,  a n d  w e r e  u s e d  

as  i n p u t  p a r a m e t e r s  f o r  t h e  c a l c u l a t i o n s  made i n  t h e  r e p o r t .  

R e p l a c e  C s  i n  I 1  b y  PBKdCL. Then  

T h e n  : 
a K - aKL a 2 ~ L  

v .  Ea+ = - v - ax + D~ 2 
ax 

L e t  t '  = t / B .  

Then  : 

V I .  a K  - a K ~  + D~ a 2  K~ 2= - " -  
a t '  ax 2 ax 

2 V a l u e s  f o r  DL = 185  m / y r  (P. B r a n n e n ,  p e r s o n a l  c o m m u n i c a t i o n  t o  

M .  G r e e n f i e l d ,  1 9 7 9 )  a n d  i = 4 .45  m / y r  ( = 0 . 0 4  f t / d a y )  

( D E I S ,  11 ,  K-14;  a l s o  D E I S ,  I, 9 - 1 1 2 )  h a v e  been u s e d  i n  t h e  r e p o r t  

c a l c u l a t i o n s .  

N o t e  t h a t  DL 
- - - - 41 rn = 1 3 6  f t .  

v 

I f  t h e  c o n c e n t r a t i o n  g r a d i e n t  c h a n g e s  a r e  s m a l l  in.-40 m e t e r s ,  p e r h a p s  
-3 -. 

a - K ~  c a n  be  n e g l e c t e d  i n  some a n p r o x i m a t i o n  c o m p a r e d  t o  iaK~. .- 
ax 



a K a K ~  + ; L = - 
a x  0 

at' 

Any function of the form f ( x  - qt') or 
satisfy this partial differential equat 

- 

f[x - (i) t] will 

ion; it represents - 
X v a traveling wave form, f ,  moving with the speed r = from 
C 

repository site towards the river. Thus if B>>l, then the 

consequences will be a retarded nuclide moveient. The actua 

concentration 'L i s  of the form e -Atf . For a cnllection of 
nuclides, indexed by i ,  each will move with its own velocity - 9 

- A  t 
q/Bi, and will be modified by its own decay factor. e , and 
the appropriate inventory activity, Ai. 

*i If one assumes a common dissolution time, T d ,  then T is the 
time rate of release from the repository, acting as g source 
term. Figure 2 depicts the "spectral" composition of nuclides 

traveling from the reoository to the Pecos River. 

Concentration 

0 f 

Nuclides 

spicial 
thickness 

- 
v 

Velocity = ii..-+ 
1 

t 
x = o  Distance from Repository 

a? site f 
x=15 miles 

at Pecos River 

Figure 2. 



15  m i l e s  A r r i v a l  t i m e  ( A T ) i  t o  Pecos R i v e r  i s  
i / B i  

R e l e a s e  R a t e  f r o m  R e p o s i t o r y  (RRR) i s  - A i  

d  

D i s c h a r g e  R a t e  a t  Pecos R i v e r  (DRpR)  i s  A i  e  - X i  ( A T )  
- 
T d  

I f  t h e  f l o w  r a t e  o f  t h e  Pecos R i v e r  i s  F ,  t h e n  t h e  c o n c e n t r a t i o n  

o f  n u c l i d e s  a t  t h e  Pecos R i v e r ,  ( C p R ) .  i s  A i  . 1  . e  - A i  ( A T ) i  - - 
T d  F 

a t  t h e  a . t . r i v $ l  t i m e  !AT) i .  

The p u r p o s e  o f  r o - s t r u c t i f i c  t h i s  r a t h e r  c r u d e  a n d  s i a ~ p l e  " s q u a r e  

wa;e" m o d e l  i s  t o  u s e  a  z e r o  o r d e r  a p p r o x i m a t i o n  a p p r o a c h  f o r  

c s m p a r i s o n  w i t h  t h e  c a l c u l a t i o n s  i n  t h e  DEIS r e z o r t s .  S i n c e  t h e  

mode l  i s  o n e - d i m e n s i o n a l  a n d  d i s p e r s i v i t y  i s  n e g l e c t e d ,  one  may 

r e a s o n a b l y  e x p e c t  c o n c e n t r a t i o n s  a n d  d o s e s  t o  be  g r e a t e r  t h a n  t h o s e  

b a s e d  o n  a  m o r e  e l a b o r a t e  3  d i m e n s i o n a l  a p p r o a c h .  C l e a r l y  t h i s  

c o m p a r i s o n  i s  i n t e n d e d  o n l y  a s  a  r o u g h  c h e c k  on  t h e  v a l i d i t y  o f  -. 

t h e  m e t h o d o l o g y  u s e d  i n  t h e  DEIS c a l c u l a t i o n s .  If t h e r e  i s  an  

a p p r o x i m a t e  a g r e e m e n t ,  t h e n  a t t e n t i o n  may be  t u r n e d  t o  t h e  assumed 

v a l u e s  f o r  t h e  i n p u t  p a r a m e t e r s ,  n o t a b l y  t h e  g r o u n d w a t e r  f l o w  

v e l o c i t y  a n d  t h e  Kd v a l u e s .  

0 .  P a r e n t - O a u q h t e r  Decay  C h a i n  

The  p r e c e e d i n g  a n a l y s i s  assumes t h a t  r e p o s i t o r y  i n v e n t o r y  a c c o u n t s  

f o r  a l l  t h e  n u c l i d e s  t h a t  p o t e n t i a l l y  may t r a v e l  t o w a r d s  t h e  Pecos 

R i v e r .  ' A c t u a l l y  o n e  m u s t  c o n s i d e r  d a u g h t e r  d e c a y  p r o d u c t s  as  a d d i -  

t i o n a l  s o u r c e s .  I n  some i n s t a n c e s  t h e  p r o d u c t i o n  o f  t h e  n u c l i d e  v i a  

d e c a y  may b e  much g r e a t e r  t h a n  t h e  s o u r c e  f r o m  t h e  r e p o s i t o r y .  

A n o t h e r  r e a s o n  f o r  t h e  i m p o r t a n c e  o f  d e c a y  p r o d u c t s  s t e m s  f r o m  t h e  

r e t a r d a t i o n  v a l u e s ,  8 ,  f o r  some n u c l i d e s .  F o r  e x a m p l e ,  t h e  Kd v a l u e  

f o r  T h o r i u m  i s  g i v e n  a s  2200  (a) ( D E I S ,  11, T a b l e  K-3,  p .  K - 2 0 ) .  
g  

T h i s  l e a d s  t o  a  B v a l u e  o f  t h e  o r d e r  o f  l o 4 ,  w h i c h  p r e c l u d e s  t h e  

t r a v e l  o f  T h o r i u m  f r o m  t h e  r e p o s i t o r y  ( T h - 2 3 0  a n d  T h - 2 2 9 ) .  However ,  - 



Th-229  i s  t h e  d a u g h t e r  d e c a y  p r o d u c t  o f  U-233 w h i c h  i s  p r e s e n t  i n  

t h f  r e p o s i t o r y  i n v e n t o r y .  The l i s t e d  v a l u e  o f  Kd f o r  u r a n i u m  i s  

1  ( m l / g )  ( D E I S ,  11,  T a b l e  K-3,  p .  K - 2 0 )  w h i c h  l e a d s  t o  a  B v a l u e  

f o r  u r a n i u m  o f  a b o u t  19 .  Thus U-233 t r a v e l s  f r o m  t h e  r e p o s i t o r y  

t o  t h e  Pecos R i v e r  i n  a  t i m e  i n t e r v a l  o f  a p p r o x i m a t e l y  ( A T ) U - 2 3 3  - - 
5  1 9 ( 1 5  m i . l . 9 4  f t . / d a y !  = 1 0  y e a r s .  The Th-229 i n  e f f e c t  g e t s  a  

" p i g g y - - b a c k n  r i d e  a n d  makes t h e  j o u r n e y  i n  t &  same t i m e  i n t e r v a l .  

The f o l l o w i n g  a n a l y s i s  d e v e l o p s  t h e  r e l a t i o n s  needed  t o  compute  

r e l e a s e  r a t e s  i n t o  t h e  Pecos R i v e r  a n d  c o n s e q u e n t  c o n c e n t r a t i o n s .  

Assume a  s i n g l e  d a u g h t e r ,  D ,  f r o m  a  p a r e n t ,  P ,  w i t h  d e c a y  c o n s t a n t :  
a The i n i t i a l  p a r e n t  a c t i v i t y  ( i n  t h e  r e p o s i t o r y )  i s  Ap,o - D ~ ~ P .  

- 

Xp M ~ , 9  (NP,o i s  t h e  number  o f  p a r e n t  a toms i n i t i a l l y  i n  t h e  r e p o s i -  

t o r y ) .  Assume t h e  d a u g h t e r  a c t i v i t y  i n i t i a l l y  i s  A 
D,O 

= 0 .  

I n  g e n e r a l .  

T h u s ,  a t  t = O :  

T h u s ,  t h e  i n i t i a l  r a t e  o f  p r o d u c t i o n  o f  d a u g h t e r  a c t i v i t y  i s :  

F o r  a  v e r y  l o n g  l i v e d  p a r e n t ,  I 1 1  i s  a c o n v e n i e n t  a p p r o x i m a t i o n  f o r  

c o m p u t i n g  t h e  r a t e  o f  p r o d u c t i o n  o f  a d a u g h t e r .  

The g e n e r a l  s o l u t i o n  f o r  I i s :  
r 1 



d A ~  - The general form for d N ~  
- 'D dt can be stated as: 

d A x ~ ~ - ' D ~  
v .  2 = 

- X~ 
dt 'DAP, 0 'D -'P e- 

One may also compute the ratio (AD/Ap): 

For sufficiently long times (with XDt>>l), V I  becomes: 

VII. 

An approximation for the daughter discharge rate into the Pecos 
River can be derived. Assume that B D > > B p .  One may picture the 

"square wave" concentration of the parent making its journey to the 
Pecos River, dropping or leaving behind the daughter product 

distributed along the pathway from repository to the Pecos River. 

Compute the total activity o f  the daughter at the arrival time, 

ATp, of the parent (ATp = G k s ) ,  distributed spatially along - 
the 15 miles. ?/BP 

From VI: 

VIII 

If one makes the approximation that this activity o f  the daughter 

is uniformly spread over the 15 miles (actually there is a small 

gradient which is computed later in this report for an actual case), 
then the spatial distribution at the time ATp is: 

Now one may compute the linear velocity of this distributed activity 



Combining the spatial distribution with the velocity y i e l d s  the 

- discharge rate into t h e  P e c o s  River ( O R p R ) :  . . 

I X .  

C. C o mputation o f  D i s c h a r g e  Rates into t h e  Pecos River and o f  Con- 

centrations; C o m p a r i s o n  o f  P e a k  Values (and T i m e s )  With Intera 

Calculations 

S c e n a r i o  4 m a n d a t e s  t h e  full f l o w  o f  ~ u s t l e r  aquifer through the 

repository, and a s s u m e s  t h e  c o m p l e t e  d i s s o l u t i o n  o f  t h e  s p e n t  fuel 

a s s e m b l i e s  along w i t h  t h e  bedded salt. T h e  DEIS states that 
t h i s  proposed e v e n t  is a bounding c a s e ,  and f o r  t h i s  reason it w a s  

c h o s e n  f o r  c a l c u l a t i o n  u s i n g  t h e  l i n e a r ,  square-wave model. 

C o l u m n  1 o f  T a b l e  1 l i s t s  t h e  n u c l i d e  and C o l u m n  2 lists t h e  

inventory activity, A, i n  c u r i e s  c o n t a i n e d  in t h e  1000 sp e n t  fuel - a s s e m b l i e s  in t h e  repository. T h e s e  n u m b e r s  a r e  based on t h e t a b u l a t e d  

v a l u e s  o f  C i l l i t e r  f o r  e a c h  nuclide, 10 y e a r s  after d i s c h a r g e  from 

t h e  reactor, ( D E I S ,  I, T a b l e  9-44, p. 9-104), and t h e  computed 

v o l u m e  p e r  a s s e m b l y  ( o r  c a n i s t e r )  o f  4 8 5  liters. This number is 

based o n  t h e  s t a t e d  d i m e n s i o n s  o f  t h e  a s s e m b l y  a s  14 inch d i a m e t e r  

by 1 6  f o o t  length. 

"01 c a n  

T h u s  t h e  i n v e n t o r y  l i s t  

2 ITD H - 2 
= - (g) 1 6  ft. 3 

ing f o r  T c - 9 9  i s  o b t a i n e d  as: 

lo-* Ci/l x 4 8 5  l/can x lo3 c a n  

x lo3 ci. 

T h - 2 3 2  i s  o m i t t e d  in c o l u m n  I b e c a u s e  t h e  inventory i s  very small, - 
a f a c t o r  o f  lo4 l e s s  t h a n  t h e  n e x t  l a r g e r  a m o u n t  (Th-229). 



Column 3 lists the release rate from the repository (RRR) in (u~ilsec), 
obtained by dividing the activity in column 2 by the dissolution 
time Td = 4650 yrs. = 1.47 x 10" sec. - 

s value for Td is based on a 
It plus radioactive material 

x 42)ft.3 = 3.63 x lo7 ft. 3 

days = 4,650 yrs. = 1.47 x 

(DEIS, I ,  p. 9-112; 11, p .  K-14. 

dissolution rate of 21.4 ft.3/day 
) ,  and a repository volume of (930 x - 

I . Thus Td = 3.63 x 10 - days = 1.70 x 

sec. 
11 -4 

1 - 0 ~ ~ ~ ~  Column 4 lists the values for the retardation factor, B= 1 + - Q 
(equation I V ,  section A ) .  The porosity, 0 ,  for the Rustler 
aquifer is taken as 0.1 (DEIS, I ,  - 1 8  P6 is assumed to be 

3 
2g/m . Values for Kd are taken from DEIS, 1 1 ,  Table K-3. p. K-20. 

Column 5 lists arrival times, AT, at the Pecos River computed as: 

(AT)i = Bi (5280) years. 
-I 

Since (AT)i = 15 mi./(i/Bi) and i = .04 ft.lday or 15 ft./yr. 

Column 6 lists half- lives (DEIS, I ,  Table 9-44, 9-104). 

Column 7 lists computed discharge rates into the Pecos River (DRpR) 

in units of (~Ci/sec), based on the release rate from repository 

with an appropriate decay factor: (DRpR) = (RRR)e - A  (AT) 

Column 8 lists the concentration in the Pecos River computed by 
dividing the discharge rate by the volume flow rate of the river, 

515 l/s (DEIS I, 9-116). 

Column 9 lists peak values for concentrations in the Pecos River 

as computed by INTERA and listed in BDM/TAC 79-156-TR;Appendix 0 ,  

P. 8-4 through 6-27. 



D. Discharge Rates into Pecos River, Concentrations for Dauqhter 

Products 

Discharge rates for a number of nuclides were not computed (column 7) 

either because of relatively short half-lives, or rather large B (Kd) 
values or both (Ra-226, Th-229, Th-230, Np-237, Pu-?39, Pu-240, 
Pu-242, Am-243). However a number of these are produced as daughter 

products of "traveling" parents and computations are then made on 

that basis. For example: 

U-234 (P) +++ Th-230 ( D ) ;  

Th-239 (P) +++ Ra-226 ( D ) ;  

Thus both Ra-226 and Th-230 will piggy-back on the J-234. 

In the case of U-233, the repository is a source. Yp-237 in the 

repository doesn't travel because of a large B(Kd) value. However 

Np-237 does produce U-233, which constitutes a second (and larger) 

source for that nuclide. Additionally: 

U-233 (P) +++ Th-229(D). 

In this case the Th-229 will piggy-back on a traveling parent, U-233. 

D. 1. Consider this series: 

U-238 (4.8'~ 10' yrs.) 

U-234 (2.4 x lo5 yrs.) 
Th-230 (0.77'~ lo5 yrs.) 
Ra-226 (1 .6'x lo3 yrs.) 

For the first pair (U-238, U-234): 

AL,-238 (repository) = 146Ci 

RRR U-234 = 5.9 x (uCi/sec) 



(from Table 1 ,  column 2 and 3 ) .  From section 0 ,  equation 111, 

d N g  0.693 
= - 

'u-234 d t  2.4 x 10 yr. x 146 Ci x lo6 uCi/Ci A 

X 
yr. 

0 

0.315 x 10" sec 

This is <1/4% of RRR U-234, and is unimportant as a source term. 

0 . 2 .  Now consider U-234- Th-230; AU-234 = 870 Ci 

Compare the initial rate of growth of Th-230 activity with the 
repository source, RRRTh-230. From section B, equation II!, 

d N ~ h - 2 3 0  - - . 0.693 
'Th-230 dt 5 x 8.7 x lo2 ci 0.77 x 10 yr. 

x lo6 pci/ci x 
sec 

This is about 5 x RRRTh-230 ( = 4.6 x ~ ~ i l s e c ) .  

Thus not only is the radioactive decay of U-234 a larger source 

term to produce Th-230 (compared to repository), but the uranium 

also acts as a carrier. 

The method outlined in section B is now used to compute the dis- 
charge rate into the Pecos River. 

First compute the total activity of the Th-230, distributed along 

the 15 miles. The time of interest is the arrival time, A T ,  for 
5 the parent of U-234, which is 1.0 x 10 yrs. (Table 1, column 5). 

5 At t = 10 yrs., the activity of U-234 is: 



= 652 Ci. 

The activity of daughter Th-230 is given by (section 0 ,  equation VIII): 

Thus, 5 
A ~ h - 2 3 0  = 652 x 0.67 = 437 Ci at 5=10 yrs. 

The distribution of this activity spatially over the 15 miles 

is not uniform, but the gradient is not large. It can be estimated 

by computing the rate of formation in (CiIKyr) at the Pecos River 
5 (t=lO yrs.) vs. the rate of formation at the repository with 

5 an allowance for a time interval of 10 hrs. to elapse. 

Using section B ,  equation 1 1 1 ,  at the repository, at t=O: 

d A  Th-230 - - 0.693 (870Ci) = 7.8 CilKyr 

dt 0.77 x lo2 Kyr 

5 Thus at the repository, at t = 1 0  yrs., this would in effect be 
diminished by the decay factor: 

or d A ~ h - 2 3 0  
dt 

= 7.8(.407) = 3.2 CilKyr at the 
5 repository at t=lO yrs. 

-13- 



5 However  a t  t h e  Pecos R i v e r ,  a t  t - 1 0  y r s ,  f r o m  s e c t i o n  B ,  
e q u a t i o n  V :  

Thus  a n  i n v e n t o r y  o f  437 C i  o f  T h - 2 3 0  i s  d i s t r i b u t e d  a l o n g  t h e  

p a t h  f r o m  t h e  r e p o s i t o r y  t o  t h e  Pecos  R i v e r ,  w i t h  a  s p a t i a l  g r a d i e n t  

s u c h  t h a t  t h e  r e l a t i v e  c o n c e n t r a t i o n  ( C i / m i l e )  a t  t h e  r e p o s i t o r y  

i s  j u s t  3 . 2  = 1 . 7  x t h e  v a l u e  a t  t h e  Pecos R i v e r .  I f  t h e  v a r i a t i o n  

i s  assumed t o  be  l i n e a r  w i t h  d i s t a n c e  i t  c a n  b e  shown t h a t  t h e  

s p a t i a l  g r a d i e n t  v a r i e s  f r o m  36.7  - Ci a t  t h e  r e p o s i t o r y  t o  21 .7  C i /  m i l e  
m i l e  a t  t h e  Pecos  R i v e r .  ( I f  u n i f o r m i t y  h a d  been  assumed,  t h e  v a l u e  

437 C i  C i 
be 1 5  m i l e s  = 2 9 . 1  - ) .  The l i n e a r  s p e e d  o f  t h i s  a c t i v i t y  m i l e  

i s  c o m p u t e d  a s :  

C o m b i n i n g  t h e  s p e e d  w i t h  s p a t i a l  g r a d i e n t  o n e  c o m p u t e s  t h e  d i s c h a r g e  

r a t e :  

= 21.7 -FL t6 +) 0.221  r 1 0  - 1 4  D R ~ h - 2 3 0  m i  1 e s  m i l e  s e c  

D i v i d i n g  b y  t h e  f l o w  r a t e  o f  t h e  Pecos  R i v e r ,  F = 515 R : - 
set 



The compar ison  v a l u e  ( I n t e r a )  l i - t e d  i n  BDM-TAC 79-156-TR, 

Append ix  B, 6-12 i s :  

1 .01  x  10 5 -lo u C i  a t  t = 10 y e a r s .  
e 

D.3. The c a l c u l a t i o n  f o r  rad ium-226,  t h e  l a s t  d a u g h t e r  o f  i n t e r e s t  

i n  t h e  U-238 c h a i n  can o n l y  be a p p r o x i m a t e d  w i t h  t h e  c r u d e  

model  b e i n g  used, i n  p a r t  because o f  i t s  r e l a t i v e l y  s h o r t  h a l f -  

l ! f e .  However an uppe r  l i m i t  can be e s t i m a t e d .  

S i n c e  Ra-226 i s - s o  s h o r t - l i v e d ,  i t  may be assumed t o  be i n  

s e c u l a r  e q u i l i b r i u m  w i t h  i t s  p a r e n t ,  Th-230. A t  o r  c l o s e  t o  
5  t h e  t i m e  t = 10 y e a r s ,  t h e  p a r e n t  a c t i v i t y  i s  A T h - 2 3 0  = 437 C i  - ( s e e  D . 2 . ) .  I n  t h i s  case, u s e  s e c t i o n  B e q u a t i o n  V I I ,  t o  compute 

t h e  d a u g h t e r  a c t i v i t y :  

A ~ a - 2 2 6  = 437 ( 1 . 0 2 )  = 446 C i .  

The s p a t i a l  d i s t r i b u t i o n  w i l l  be t h e  same, v i r t u a l l y ,  as f o r  

t h e  Th-230. Thus a t  o r  n e a r  t h e  Pecos R i v e r  t h e  s p a t i a l  
C i g r a d i e n t  w i l l  be 21.7 x 1.02 = 22.1 - m i  1 e . I f  one assumes 

t h a t  t h e  Th-230 d i s t r i b u t i o n  has advanced t o  o r  n e a r  t h e  Pecos 

R i v e r ,  t h e n  t h e  Ra-226 w o u l d  move w i t h  g r e a t e r  speed, s i n c e  

i t s  B v a l u e  i s  much l o w e r  ( -  450)  t h a n  t h a t  f o r  Th-230 ( 3 9 , 6 0 0 ) .  

The p o t e n t i a l  d i s c h a r g e  r a t e  i n t o  t h e  Pecos R i v e r  w o u l d  b e  

t h e  p r o d u c t  o f  t h e  s p a t i a l  g r a d i e n t  and t h e  speed of '  advance.  

Thus:  

+6 uCi f t .  
= 22.1 x  1 0  mnx 0 . 0 4  day 1 

D R ~ a - 2 2 6  
450 5 .28  x l o 3  f t . / m i l e  



This must be considered an upper limit, since it is clear that 
prior to the arrival of Th-230 to the Pecos River, the production 
of the Ra-226 from the leading edge of the Th-230 would "race" 

ahead of the thorium column, but would also undergo relatively 
rapid decay (radium has a short half-life in this context of 

1600 yrs.). Thus there would actually be some build-up of Ra-226 

at or near the Pecos River over some period o f  time. 

The 6:scharge rate computed above must be compared with the total 

production rate of Ra-226 from Th-230, to ascertain whether that 
would constitute a rate-limiting process. Using section B, 
equation 111: 

Thus Th-230 is producing Ra-226 a t  a rate which is orders o f  
-. 

magnitude greater than the rate at which Ra-226 is leaving Th-230 

as a discharge into the Pecos River. 

An upper limit value for the concentration in the Pecos River is 

computed by dividing the discharge rate by the river's flow rate, F:  

The listed concentrations in BDM/TAC 79-156-TR, Appendix B, B-13, 
5 show increasing values up to the last tabulation for tz10 yrs. of 

7.5 x 10 - l o  (pci/l). 



- 0.4. C o n s i d e r  Np-237 --- U-233 as a s o u r c e  t e r m  f o r  t h e  11-233. The 
- 5 

r e p o s i t o r y  p r o d u c e s  a r e l e a s e  r a t e  f o r  U-233 o f  0 .99  x 1 0  u C i / s e c ,  

and  c o n t i n u e s  t h i s  f o r  a  d i s s o l u t i o n  t i m e  DT = 4650 y r s .  F o r  t h i s  

same t i m e  i n t e r v a l  one may compu te  t h e  a c t i v i t y  o f  U-233 p r o d u c e d  
b y  d e c a y  f r o m  t h e  Np-237 i n v e n t o r y  o f  440 C i .  

From S e c t i o n  B,  e q u a t i o n  V I :  

I n  t h i s  c a s e  t ( ~ 4 6 5 0  y r s . )  i s  s u f f i c i e n t l y  s m a l l  t h a t  (AD - X p ) t  < < I .  

Thus one  may r e w r i t e  t h e  a b o v e  a s :  

- 
( b y  e x p a n d i n g  t h e  e x p o n e n t i a l ) .  

T h u s :  AU-233 0.693 x  4 5 6 0  
= A ~ p - 2 3 7  

1.6 x l o 5  

= 8.86 C i  a t  t = 4 6 5 0  y r s .  

T h i s  i s  i n  e f f e c t  t o  b e  a d d e d  t o  t h e  r e p o s i t o r y  i n v e n t o r y  o f  1.46 C i  

f o r  U-233. Thus  t h e  c o r r e c t i o n  t o  t h e  p r e v i o u s l y  compu ted  c o n c e n t r a -  

t i o n  i n  t h e  Pecos  R i v e r  o f  1.2 x  1 0 ' ~  v C i / l  i s :  

See t h e  e n t r y  i n  c o l u m n  8, T a b l e  1  f o r  U-233. Compare w i t h  t h e  BDM, 
- 8  ( u C i  A p p e n d i x  B, 8 -25  v a l u e  o f  6.2 x  1 0  l-). 



r( , . i .  C o n s i d e r  Th-229 a s  t h e  d a u g h t e r  of U-233. As t h e  U-233 moves t o  - 
t h e  Pecos R i v e r ,  i t  p roduces  Th-229 which i s  t h e n  d i s t r  2u t ed  o v e r  

t h e  1 5  m i l e s  from t h e  r e p o s i t o r y  t o  t h e  r i v e r  ( b e c a u s e  o f  t h e  l a r g e  

B v a l u e  f o r  Thor ium) .  To o b t a i n  t h e  t o t a l  a c t i v i t y  o f  Th-229 p r o -  

duced by d e c a y ,  i t  i s  f i r s t  n e c e s s a r y  t o  compute t h e  t o t a l  a c t i v i t y  
5 o f  U-233 produced  i n  t = 10 y e a r s  by decay  from Np-237. From 

s e c t i o n  B ,  e q u a t i o n  V I :  

5 a t  t = 10 y r s . ,  w i t h  a p p r o p r i a t e  v a l u e s  f o r  t h e  A's: 

5  a t  t = 10 y r s . ,  *Np-237 = 440 x e.x  p  1-02;~'l 
= 426 Ci.  

5 T h u s  A ~ - 2 3 3  = 151 C i  a t  t = 10 y r s .  S i n c e  Th-229 i s  a s h o r t  l i v e d  

d a u g h t e r ,  i t  w i l l  be i n  t r a n s i e n t  e q u i l i b r i u m  w i t h  U-233 and have 

v i r t u a l l y  t h e  same a c t i v i t y  o f  151 C i .  

151 C i  - T h u s  t h e  s p a t i a l  d i s t r i b u t i o n  of  t he  Th-229 i s  mile - 10.0  C i  - 
m i  1 e  

The l i n e a r  s p e e d  o f  the  Th-229 i s  0.221 x 10 - I 4  ( s e e  s i m i l a r  sec 

c a l c u l a t i o n s  f o r  Th-230) .  



T h e r e f o r e :  D R p R  = 10.0 x 0 .221  x 1 0  -14  10+6 

= 2 . 2 1  x u t i / s e c  

Compare w i t h  BDM, A p p e n d i x  B, B-26 v a l u e  o f  1 . 5  x 1 0 - l 1  ( u C i / l )  

E .  C o m p a r i s o n  o f  1 -129  and  T C - 9 9 ' w i t h  D E I S ,  I, f o r  D i s c h a r g e  

R a t e  and Maximum C o n c e n t r a t i o n s  

The c o m p u t e d  v a l u e  f o r  t h e  d i s c h a r q e  r a t e  i n t o  t h e  Pecos - 
= ( p C i / d a y  -' 'Ci x 0 . 8 6 4  x 1 0  - f o r  1 - 1 2 9  i s  110 x 1 0  

d a y  

The v a l u e  g i v e n  as  a  maximum i n  DEIS, I, F i g .  g - 1 4 ( b ) ,  9 

12 .2  ( u C i / d a y ) .  

R i v e r  

1. 

- 1 1 3 '  i s  

One may p i c t u r e  t h e  t i m e  s e q u e n c e  f o r  t h e  s q u a r e - w a v e  c a l c u l a t i o n  

and  f o r  t h e  D E I S  c o m p u t a t i o n  a s  f o l l o w s :  

D i s c h a r g e  

R a t e  

wave 

T ime  f r o m  e v e n t  ( t h o u s a n d s  o f  y e a r s )  

F i g u r e  3 



F o r  t h e  c o n c e n t r a t i o n  a t  t h e  Pecos R i v e r ,  one  may p i c t u r e  t h e  

t i m e  sequence  

C o n c e n t r a t i o n  

a t  

Pecos R i v e r  

f o r  1 - 7 2 9  

and  

Tc-99 

( m o s t l y  

T c - 9 9 )  

as f o l l o w s :  

1 . 1 ~ 1 0  - - -  
e D E I S ,  I ,  F i g .  9 -20 ,  p.  9 -121  

- - - - 0 . 9  x 1 0  - 4 

+EEG c a l c u l a t i o n  
( s q u a r e  wave m o d e l )  

J 5 1 0  1 5  

T i m e  f r o m  e v e n t  ( t h o u s a n d s  o f  y e a r s )  

F i g u r e  4 



F. Use o f  " S q u a r e  Wave" Mode l  t o  C a l c u l a t e  Dosages 

Body and Organs  

S c e n a r i o  4, S p e n t  F u e l  A s s e m b l i e s  a t  b la laga  Bend '---/ 

One may t e s t  t h e  s q u a r e  wave mode l  by  c o m b i n i n g  Pecos R i v e r  c o n c e n -  

t r a t i o n s  ( p C i / l )  w i t h  t h e  assumed i n g e s t i o n  r a t e  o f  730 ( l l y r . )  t o  

o b t a i n  uCi i n g e s t e d .  The mrem dose  w i l l  be s p r e a d  o v e r  a  t i m e  

i n t e r v a l  d e p e n d i n g  on t h e  te f f  ( e f f e c t i v e  h a l f - l i f e )  f o r  t h e  

n u c l i d e  i n  t h e  w h o l e  b o d y  ( o r  o r g a n  o f  i n t e r e s t ) .  C o n v e n t i o n a l l y  

a  50 y e a r  c o m m i t m e n t  p e r i o d  i s  u t i l i z e d .  F o r  n u c l i d e s  l i k e  Tc -99  

w i t h  r a p i d  e l i m i n a t i o n  ( t e f f  - 5 t o  30 d a y s ) ,  t h e  dosage i n t e r v a l  

v i r t u a l l y  c o i n c i d e s  w i t h  t h e  i n g e s t i o n  t i m e .  F o r  r a d i u m  and 

t h o r i u m  w i t h  v e r y  s l o w  e l i m i n a t i o n ,  t h e  b o d y  ( o r g a n )  c o n t e n t  

d i m i n i s h e s  s l o w l y ,  and  t h e  d o s a g e  i s  s p r e a d  o v e r  t h e  50 y e a r s .  

Thus,  t h e  f i n a l  c o m p u t e d  d o s e  i s  e q u i v a l e n t  t o  m r e m l y r .  o n l y  f o r  

r a p i d ? y  e q u i l i b r a t e d  n u c l i d e s  ( T c - 9 9 ) .  F o r o t h e r s ,  t t i e  d e s i g n a t i o n  

i s  t h e  u n a v o i d a b l y  awkward :  mrem/pe r  5 0  yr .  p e r  pC i  i n g e s t e d .  
A I f  t h e  i n g e s t i o n  i s  assumed t o  r e - o c c u r  a  s e c o n d  y e a r ,  a  t h i r d  

y e a r ,  e t c . ,  t h e n  t h e  mrem/50 y r .  w i l l  i n c r e a s e  a p p r o x i m a t e l y  

l i n e a r l y  w i t h  t h e  t o t a l  i n g e s t e d  number  o f  p C i l s ,  f o r  r a d i u m  and 

t h o r i u m  b u t  - n o t  f o r  T c - 9 9 .  ( s e e  F i g u r e  5 ) .  

N o t e  t h e  t e m p o r a l  r e l a t i o n  b e t w e e n  u p t a k e  r a t e  I ( u c i l y r . )  and  

b o d y  o r  o r g a n  c o n t e n t  q ( p C i )  f o r  v a r i o u s  n u c l i d e s .  

N o t e  t h a t  t h e  DEIS, p a g e s  9 - 1 2 2  a n d  9 -123 ,  u s e s  t h e  n o t a t i o n  

"Dose r a t e  ( r e m / y r . ) "  w h i c h  i s  i n a p p r o p r i a t e .  To be c o n s i s t e n t  

w i t h  i t s  own s o u r c e  m a t e r i a l  i t  s h o u l d  r e a d :  "Dose Commitment /  

o n e  y e a r  i n t a k e '  o r  e q u i v a l e n t .  



Nucl i de T e f f  I ( u p t a h  r a t e ,  ~ C i l y r . )  q(3ody o r  organ content ,  uCi - 

1-129 7-100d 
( thy ro id )  

15-300d 
(bone) 

55 y r s .  
(kidney) 
190 y r s .  
(bone) 

Ra-226 44 y r s .  
(bone) 

0 1  y r .  

0  1  y r .  

0  1  y r .  

Figure 5 

- 2 2 -  

e j u i  1 i  b r i  urn 

0 1  y r .  50 y r .  

0  1  y r .  50 yr .  



. . T a b l e s  2 - 8  i n c l u d e  t h e  f o l l o w i n g ,  co lumn by c o l u m n :  , , .  , .  
,. ,> L 

c o lumn 1 :  n u c l i d e  

co lumn 2 :  c o n c e n t r a t i o n  a t  t h e  Pecos R i v e r  i n  ( p C i / l ) ,  as 

c o m p u t e d  by  s q u a r e  wave mode l  

co lumn 3 :  mrem/vC i  i n g e s t e d ,  as  t a b u l a t e d  i n  N U R E G  0172  f o r  

w h o l e  body ( o r  o r g a n ) ;  b a s e d  on ICRP R c ? o r t s  2 ( 1 3 5 9 1 ,  

6 ( 1 9 6 2 )  and 1C ( 1 9 6 7 ) .  

c o l u m n  4 :  c o l .  ( 2 )  x c o 1 . . ( 3 )  x  730 & / y r  = mrem/one y e a r  i n t a k e  

c o l u m n  5 :  compare  w i t h  BDM/TAC 7 9 - 1 5 E - T R ,  F p p e n d i x  S l i s t i n g s ,  

p a g e s  d e s i g n a t e d  

b o t t o m  o f  

p a g e  : compare  w i t h  E I S - I ;  9-122,  123 ,  maximum dose,  u p p e r  

t r a n s r n i s s i v i t y  a s s u m p t i o n .  

The t a b l e s  g i v e  c o m p a r i s o n s  f o r  1 0  n u c l i d e s  a n d  f o r  8  o r g a n  

s y s t e m s ,  w h e r e  a p p r o p r i a t e  (e.g. o f  t h e  1 0  n u c l i d e s  o n l y  1 -129  

c o n t r i b u t e s  t o  t h y r o i d  d o s e ) .  The  n a t u r e  o f  t h e  c o n c o r d a n c e  

b e t w e e n  c o l u m n s  ( 4 )  a n d  ( 5 )  f o l l o w s  t h a t  o b t a i n e d  p r e v i o u s l y  

b e t w e e n  P e c o s  R i v e r  c o n c e n t r a t i o n s ,  " s q u a r e  wave'' mode l  v s .  

c o m p u t e r  l i s t i n g s  i n  BDM, A p p e n d i x  B  p r i n t - o u t s .  The r a t i o s  

o f  " s q u a r e  wave"  t o  c o m p u t e r  l i s t i n g s  f o r  d o s e s  v a r y  f r o m  a  

min imum o f  1 .2  t o  a  maximum o f  5.0 w i t h  a  mean v a l u e  o f  4.0. 

C o m p a r i s o n s  ( f o r  i n t e r n a l  c o n s i s t e n c y )  b e t w e e n  DEIS maximum 

v a l u e s  a n d  BDM sums a r e  g e n e r a l l y  good,  w i t h  o n e  e l c e p t i o n :  f o r  

L o w e r  L a r g e  I n t e s t i n e  [ L L I ] ,  t h e  sum o f  B D M  l i s t i n g s  i s  

0.124 7 mrem 
Y  r . i n t a k e  

vs. 0.158 f o r  t h e  DEIS maximum v a l u e ,  a  

d i f f e r e n c e  o f  24%. 



G .  Comments 

The s q u a r e  wave model y i e l d s  r e s u l t s  which d i f f e r  f r o n  IL!TERA - 
B D M  l i s t i n g s  ( e . g .  f o r  maximum c o n c e n t r a t i o n s  i n  Pecos R i v e r )  by 
f a c t o r s  r3ng ing  from 1.1 t o  11.2 ( f o r  Radium-226) w i t h  a  mean 

v a l u e  of 4 . 2  ( s e e  T a b l e  1 ) .  C o n s i d e r i n g  t h e  c r u d i t y  of  t h e  one-  

d imens iona l  s q u a r e  wave model ,  t h i s  may be c o n s i d e r e d  f d i r  a g r e e -  

ment.  The same d e g r e e  of  v a r i a t i o n  i s  p r e s e n t  i n  t h e  compar i sons  

of t o t a l  body and organ  d o s e s  ( s e e  T a b l e s  2 - 8 ) .  U s u a l l y  t h e  
s q u a r e  wave model l e a d s  t o  a  h i g h e r  e s t i m a t e ,  a s  e x p e c t e d .  

Perhaps  t h e  most u s e f u l  outcome of t h e  c a l c u l a t i o n s  made i s  t h a t  

i t  p e r m i t s  one t o  p u t  a s  a  l o w e r  p r i o r i t y  t h e  q u e s t i o n  of  t h e  

v a l i d i t y  of t h e  methodology  employed i n  t h e  DEIS c a l c u l a t i o n s  of 

n u c l i d e  c o n c e n t r a t i o n s  and d o s e s  by i n g e s t i o n .  I n s t e a d  one  may 

c o n s i d e r  t h e  key p a r a m e t e r s  t h a t  l e a d  t o  t h e  f i n a l  r e s u l t s .  T h i s  
would i n c l u d e  t h e  K d  v a l u e s  which a r e  r e s p o n s i b l e  f o r  ' ho ld ing -back  

such  n u c l i d e s  a s  P u ,  N p ,  azd  Thorium. A l s o ,  one  would i n c l u d e  t h e  - 
b a s i c  d r i v i n g  p a r a m e t e r ,  v ,  the  assumed ground w a t e r  f l o w  v e l o c i t y .  - 
A t ho rough  r ev i ew a p p e a r s  t o  be a p p r o p r i a t e  t o  p e r m i t  an a s s e s s m e n t  

t o  be made o f  t h e  v a l i d i t y  o f  the v a l u e s  a c t u a l l y  employed i n  t h e  

DEIS. A d d i t i o n a l l y ,  i t  i s  p r o b a b l y  u s e f u l  t o  examine t h e  s c e n a r i o s  

used i n  t he  DEIS t o  c o n s i d e r  w h e t h e r  i n d e e d  ' bound ing  c a s e s '  have 

been i n c l u d e d ,  a s  s t a t e d  i n  t h e  r e p o r t .  



NUCLIDES ACTIVITY 
C i  

\ 

TABLE 1 

MOVEMENT OF NUCLIDES FROM REPOSITORY TO PECOS RIVER (15 m i . )  
** 

comparison o f  Peak Values w i t h  I n t e r a  (BDM l i s t i n g s )  
1 
P 

RELEASE RATE 
FROM 

REPOSITORY 
RRR Luc i /s )  - 

4.6x10-' 

1 . 0 2 ~ 1 0 - ~  

1 . 0 2 ~ 1 0 - ~  

0.86x10-~ 

0 .4x10-~  

0.99x10-~ 

5. ~ X I O - ~  

5. ~ X I O - ~  

0 .95x10-~ 

0 . 9 9 x l 0 - ~  

RETARDATION ARRIVAL TIME HALF-LIFE 
FACTOR 8 AT PECOS RIVER (YRS.) 

AT (YRS.) 

DISCHARGE CONCENTRATION 
RATE INTO IN 

PECOS R I V E R  PECOS R I V E R  
( ~ ~ c i l l )  

B DM 
PEAK VALUE 
(t ime, y rs )  

- 10 
1.01x10 5 

**ED:!-TAC-79-156-TR. A p p e n d i x  B, 8 - 4  t o  8 -27  
(10 

*as a dauqhter product ' r e p o s i t o r y  p lus  parent  



NUCL IOE 

1-129 

Tc-99 

CS-135 

U-238 

U-234 

Th-230 

Ra-226 

U-236 

U-235 

U-233 

Th-229 

Sum - 

TABLE 2 

Whole Body - A d u l t  - Drinking 730 l/yr 

Also compare EIS, 9-122(a) : 

Note: Ra-226 accounts for 75% of total !! 

*Includes e f fect  of daughters 

'T. 

BOM 79-156-TR 
APP. B 

m rem/l yr intake 

COMPARE J 
1.80 m rern 0.394 rn rern 

1 yr i n t  1 yr i n t  



TABLE 3 

Bone - Adul t  - Dr ink ing  730 l l y r .  - 
.- 

NUCLIDE 'pr ! v c i / l )  m r e m ( p ~ i  NUREG 3172 ( l ) ( ? ) x 7 3 0 ( l / y r )  BDM 79-156-TR 
m rem/ l  yr i n t a k e  App. B. 

i n t a k e .  

3 . 0 2 ~ 1 0 ~  23 1.85 0m403 0-146 

COMPARE 

Sum - 9.26 m rem 2.09 in rem 
1 yr i n t  1 y r  i n t  

4i?IS-I, 9-122(d): 2.09 rn rem 
1 y r  i n t  

U-234 accounts f o r  55% o f  t o t a l .  



TABLE 4 

Thyroid - Adult - Drinking 730 l/yr. 
-I 

YUCLIDE C (Vci/l) NUREG 0172 (1)(2)~730(l/yr) BDM 79-156-TR 
Pr in rem/l yr intake APP. B 

inta e 

EIS-I, 9-122(b) : 

P .  rr 

3 7.23~10 21 1.00 1.86 

COMPARE 00 
Y r r  



NUCLIDE 

Sum - 

TABLE 5 

L i v e r  - Adul t  - Dr ink ing  730 l / y r .  

NUREG 0172 
m rem/uci 

in take 

( 1 )  (Z )x730( l / y r )  BOM 79-156-TR 
m rem/ l  yr i n t a k e  APP. B 

m rem / 1 y r  
i n t a k e  

0. \ 

1.31~10 
COMPARE 

-4 J 
5  2 . 5 8 ~ 1 0 - ~  a t  t=10 y r s .  

EIS-I ,  9-123(a) : 2.72x10-~ 

*No values f o r  l i v e r  f o r  U  are  l i s t e d  i n  NUREG 0172. 



NUCLIDE 

1-129 

TC-99 

U-233 

U-234 

U-235 

U-236 

U-238 

Th-229 

Th-230 

Ra-226 

Sum 

TABLE 6 

Kidney - Adult - Drinking 730 llyr. 

EIS-I , 9-123(b): 

NUREG 0172 (1) (Z)x730(l/yr) BDM 79-156-TR 
m rern/uci m reml 1 yr intake APP.  B 
intake m rem/l yr intake 

P. 
6.04 21 

8.4x10-~ 

2.34 2 1 1.49x10-' 

Y 
2.03~10~ 23 1.26x10-~ 0.98x10-~ B-230 

2 1.99~10 23 1.23 0.27 8-134 

1 .87x102 23 1.36x10-~ 0.36x10-~ B-206 

2 1.91~10 23 2.51~10-I 0.69x10-~ 8-174 

1.75x102 23 2.43~10-I 0.49~10-~ B-126 

2 
5.75~10 23 3.69x10-~ I . ~ O ~ I O - ~  B-238 

2 
5.65~10 23 3.67x10-~ '7.78~10-~ B-142 

2 
1.63~10 23 1.00~10-~ 0.23~10-~ 8-iSo 

COMPARE 

U-234 accounts for 67 Yo 70% of total. 



TABLE 7 

- Lung - Adult - Dr inking 730 l / y r  

NUCLIDE C (!-&i/l) 
P r  

NUREG 0172 (1)  ( 2 ) ~ 7 3 0 ( l / y r )  BOM 79-156-TR 
m rem/uci m rem/l y r  in take 

in take 
APP. B 

1 y r  intake 

CC r+ 
Tc-99 0.87x10-~ 1.58x10-~ 21 1 . 0 0 ~ 1 0 - ~  1 .74~10 .~  B-lll -I ~n o 

COMPARE 

*No value l i s t e d  f o r  I-129/Lung i n  NUREG 0172. 

E I S - I ,  9-123(c) 2.45x10-~ a t  t=10 5 y rs .  

U-235 1 . 0 ~ 1 0 - ~  

U-233 8. 5 x 1 0 - ~  

Th-229 0.88x10-~O 

U-236 1.8x10-~ 

Sum - 

No values o f  m rem/uci in take f o r  Lung are l i s t e d  f o r  U i n  NUREG 0172. 



NUCLIDE 

1-129 

Tc-99 

U-233 

U-234 

U-235 

U-236 

U-238 

Th-229 

Th-230 

Ra-226 

Sum - 

TAGLE 8 

Lower Larqe I n t e s t i n e  ( L L I )  - Adu l t  - D r i n k i n g  730 l l y r .  

NUREG 0172 
m rem/uci 

i n t aKe  

4 . 4 4 ~ 1 0 - I  

6.08 

6 .27~10 '  

6 . 1 4 ~ 1 0  
1 

7 .81~10 '  

5 .76x101 

5.50x101 

5 . 1 2 ~ 1 0  2 

6.02x101 

3 . 3 2 ~ 1 0  
2 

( 1 ) ( 2 ) ~ 7 3 0 ( l l y r )  BDM 79-156-TR 
m r e m l l  y r  i n t a k e  m rern/l y r  i n t a k e  

2.04x10-~ 
- 3 

0 .452~10  B-152 

COMPARE 
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A P P E N D I X  V I I  

OPERATIONAL A N D  LONG T E R M  RELEASE CALCULATIONS 

I t e m  V I I - A  

Annual  Oose Commitment a t  James Ranch 

f r o m  R o u t i n e  O p e r a t i o n  Re leases  

The D r a f t  E I S  uses  t h e  Re leases  t o  t h e  Env i ronmen t  t a b u l a t e d  i n  

T a b l e  8-6 t o  c a l c u l a t e  doses a t  James Ranch (3.0 m i l e s  s o u t h -  

s o u t h w e s t  o f  t h e  c e n t e r  o f  t h e  s i t e )  i n  T a b l e  9-18. The f o l l o w -  

i n g  c a l c u l a t i o n  i s  based  o n  T a b l e  8-6 a n d  t h e  e x t r a p o l a t e d  

x / Q  v a l u e  f r o m  T a b l e  H-36. 

Dose = (6) Q ( i n h a l a t i o n  p e r  y e a r )  (Dose Commitment F a c t o r )  

a d j u s t i n g  f o r  un i t s  

3  P C ~  1 y J 
Dose = (X )(m i n t a k e )  ir; 5 a 7  Y - pC1 i n t a k e  

Y  

( 6 . 2 - 7 ) ( 7 . 3 + 3 ) ( 1 + 1 2 1  Oose = - C i  mrem 
(3.14+/) f L ( Q  x DOC) pc i  I 

mrem Dose ~ ( 1 . 4 4  +2) (0 x DCF) 7 

Dose commitment  f a c t o r s  a r e  f r o m  NUREG-0172, T a b l e  8. 

Va lues  o f  Q x DCF  a r e  t a b u l a t e d  on t h e  f o l l o w i n g  pcge f o r  s i g n i f i -  

c a n t  r a d i o n u c l i d e s  f r o m  T a b l e  8-6. 



TABLE V I I - A  

O rgan  Dose Commi tments  a t  James Ranch f r o m  R o u t i n e  R e l e a s e s  

h u c l  i de 9 Bone Lungs  W G l e  Bod 
-- - 

( C i l y )  DCF - Q(DCF) DCF Q(DCF)  
mrem -- C i  mreni -- lnrem C i  mrem C i C i  mrem 

m---&m 
- -- 

p C i  p C i  y p C i  p C i  y p C i  P C ~  y 
-- 

" 

50 year  dose= (: . 4 4 + 2 ) ( Q x D C F ) =  0.19 mrem c o m m i t m e n t  - 

= 1.9-4 rem - 

1.5-4 rem 

7 .4-3  mrem -- 4 . 5 - 3  mrem -. - 

7.4-6 rem 4.5-6 rem 

7.1-6 rem 3 .8 -6  rem 

DEIS v a l u e  Fati' E E G  v a l u e  



Item V I I -  8 

O p e r a t i o n  A c c i d e n t s  - C H - T R U  Waste 

S c e n a r i o  C - 7  

The a c t i v i t y  r e l e a s e d  and t h e  r e s u l t i n g  doses  due t o  o p e r a t i o n a l  

a c c i d e n t  S c e n a r i o  C - 7 ,  S u r f a c e  F i r e  (1  h r . ) ,  have been e v a l u a t e d .  

The b a s i c  a s sumpt ions  o r  model of t h e  s c e n a r i o  a r e  g i v e n  on page 
9-50, DEIS and summarized below. 

Assumptions 

1 )  I t  t a k e s  one hour  t o  p u t  o u t  t h e  f i r e .  

2 )  25% of  a t y p i c a l  drum i s  c o m b u s t i b l e .  

-. 
3 )  1% of t h e  a c t i v i t y  i n  t h e  c o m b u s t i b l e  w a s t e  i s  r e l e a s e d  i n  

r e s p i r a b l e  form p e r  hour .  

4 )  One d r u m  b u r n s ,  t h e  two a d j a c e n t  d r u m s  burst  e x p o s i n g  c o n t e n t s  

which do n o t  b u r n ,  o n l y  10% o f  s p i l l e d  c o n t e n t s  i s  powder. 

5 )  A t o t a l  o f  0 .0014% of  e a c h  o f  the  two a d j a c e n t  drums i s  

r e s p i r a b l e  and r e l e a s e d .  

6) The d o u b l e  H E P A  f i l t e r  bank h a s  a  d e c o n t a m i n a t i o n  f a c t o r  of  

Based on t h e  CH-TRU i n v e n t o r y  g i v e n  on page E - 2 ,  DEIS,  t h e  

f o l l o w i n g  a n a l y s i s  may be made: 



A n 3 1  y s i s  T a b l e  V I I - B  

Amount o f  R a d i o a c t i v i t y  R e l e a s e d  
i n  C-7 S u r f a c e  F i r e  

Isotope Ci/drum Respirable Release Adjacent Decon t i  
- 

(Pg. E-2) F r a c t i o n  2  Drums Factor Released 

[O.  25% 
-- 

+ 2(0.0014%)1 x = 

?u-238 4.1 1  1.148 x 1  x 10- lo 

To ta l  3.5 8.9 

DEIS (Table 9-23, Page 9-51) 8.8 x lo-' 
n 

The  c u r i e s  r e l e a s e d  d u e  t o  t h e  a c c i d e n t  s c e n a r i o  C-7, S u r f a c e  F i r e  

c a l c u l a t e d  a b o v e  i s  t h e  p r o d u c t  o f  t h e  c u r i e s  p e r  d r u m  t i m e s  t h e  sum 

o f  t h e  f r a c t i o n  r e l e a s e d  f r o m  t h e  b u r n e d  d rum a n d  t w o  a d j a c e n t  

damaged d rums  t i m e s  t h e  d e c o n t a m i n a t i o n  f a c t o r .  

The  c u r i e s  r e l e a s e d  t o  t h e  e n v i r o n m e n t  a r e  t h e n  d i s p e r s e d  a n d  

d i l u t e d  b y  u s i n g  A IRDOS- I1  i n  t h e  DOE a n a l y s i s  ( p a g e  9 - 5 4 ,  D E I S ) .  

I n  o r d e r  t o  e v a l u a t e  t h e  d o s e s  d u e  t o  t h e  r e l e a s e s  g i v e n  i n  T a b l e  

9 - 2 5 ,  p a g e  9 - 5 6 ,  DEIS,  a n  i n d e p e n d e n t  c a l c u l a t i o n  was made u s i n g  t h e  

same p r o c e d u r e  a s ' i n  I t e m  Y I r - 1 ,  w i t h  d o s e  c o m m i t m e n t  f a c t o r s  f r o m  

. N U R E G - O ~ ~ ~ .  F o r  a  [ x / Q ) ~ ~ ~  o f  ( 5 . 8 - 6 ) s  t h e  dose  i s  : 
m  

Dose:  ( 5 . 8 i ~ 0 ' 8 1 1 ( 1 r 1 2 )  .6+3 [Q(.DCF]] = (1.34 + [ Q ( D C F ) ]  

Doses a r e  c a l c u l a t e d  o n  T a b l e  V I I  - 3 f o r  t h e  James Ranch. The 

maximum d o s e  a t  0 . 5  m i l e s  i s  a l s o  c a l c u l a t e d  b e c a u s e  t h e  

p u b l i c  c o u l d  b e  a t  t h i s  l o c a t i o n .  



T a b l e  V I I - C  

Dose R e c e i v e d  a t  J a w s  Ranch F rom 
R a d i o a c t i v i t y  R e l e a s e s  i n  C-7 S u r f a c e  F i r e  

- - -- 

Nucl ide 0 C i  Bone Dose Lung Whole Body 
DCF Q(DCF) DC F Q(DCF) DC F Q[DCFT 

50 year dose comnitment = - 7.4-6 mrem - 3.7-7 mrem 1.8-7 mren - - - - 
= 7.4-9rem 3.7-10 rem 1.8-10 rwr - -- - 

DEIS value (Table 9-25) = 5.5-9rem 2.7-10 rem 1.3-10 ren 

DEIS value 
Ratio EEG value 

Dose a t  0.5 m i l e  = 1.4-6 rem - 7.1-8 rem 3.4-8 rem - - - 



i t e m  V i l - C  

O p e r a t i o n a l  A c c i d e n t s  

U n d e r g r o u n d  C o n t a i n e r  F a i l u r e  ( h o i s t  d r o p  - R15) 

One o f  t h e  p o t e n t i a l l y  more  s e r i o u s  o p e r a t i o n a l  a c c i d e n t s  

w i t h  W I P P  i s  d e s c r i b e d  i n  t h e  D O E  D E I S  i s  t h e  h o i s t  d r o p  

a c c i d e n t  i n v o l v i n g  a  s p e n t  f u e l  c a n i s t e r .  The a s s u m p t i o n s  

made a r e :  

1 )  0 . 1 %  o f  c o n t e n t s  c r u s h e d  i n t o  p a r t i c l e s  1 0  m i c r o n s  o r  l e s s ;  

2 )  D u r a t i o n  o f  a c c i d e n t  - 6  h o u r s ;  

3 )  V u l t i p l y i n g  0 . 8 4 %  ( 6  x 0 . 1 4 % / h )  b y  t h e  p o z d e r  i n v e n t o r y  

w i l l  g i v e  t h e  a i r b o r n e  a n d  r e s p i r a b l e  r e l e a s e  o f  a l l  i s o -  

t o p e s  e x c e p t  - 2 ,  K r - S S ,  1 - 1 2 ? ;  

4 )  30% o f  t i - 3 ,  Kr-9.5, 1 - 1 2 9  r e l e a s e d  d u r i n g  f i r s t  h o u r .  

5 )  Gase 

6 )  Doub 
6 1 0  . 

s  n o t  r e t a i n e d  b y  f i l t e r s ;  a n d  

l e  HEPA f i l t e r  b a n k  g i v e s  a  d e c o n t a m i n a t i o n  f a c t o r  o f  

T a b l e  V I I - D ,  e n t i t l e d  " H o i s t  D r o p  A c c i d e n t " ,  d e t a i l s  t h e  c a l c u -  

l a t i o n s  g o i n g  f r o m  t h e  s p e n t  f u e l  i s o t o p i c  i n v e n t o r y  t o  c u r i e s  

r e l e a s e d .  The  r e s u l t s  a g r e e  w i t h  t h o s e  p r e s e n t e d  i n  t h e  DEIS 

( T a b l e  9 - 2 4 )  f o r  t h e  h o i s t - d r o p  - s p e n t  f u e l  a c c i d e n t .  

The d o s e  t h a t  w o u l d  be  r e c e i v e d  b y  an  i n d i v i d u a l  a t  t h e  James 

Ranch was t h e n  c a l c u l a t e d  u s i n g  t h e  a s s u m p t i o n s  i n  t h e  DEIS.  

The e q u a t i o n s  u s e d  i n  t h i s  c a l c u l a t i o n  a r e  g i v e n  b e l o w .  The 

r e s u l t i n g  d o s e s  a r e  shown i n  T a b l e  1 1  o f  t h e  m a i n  r e p o r t .  



I n t a k e  a n d  Dose E q u i v a l e n t  o r  Dose Commitment 

E q u a t i o n s  f o r  R-15 A c c i d e n t  

I n t a k e  

10 = i n t a k e  i n  u C i  

Where Q = q u a n t i t y  i n  c u r i e s  r e l e a s e d  d i v i d e d  b y  t h e  sec  o f  

r e 1  e a s e .  

X / Q  = 0 . 5 8  x l o e 5  s/m3 g i v e n  i n  T a b l e  2 1 ,  page 2 6  o f  

A p p e n d i x  H, Annex 1  DEIS.  

3 B  = a i r  i n t a k e ,  b r e a t h i n g  r a t e  2 0  m / d  r e l e a s e  o f  6  h o u r s  
5m 3  

= ( 6 / 2 4 ) .  20 = 

f a  = f r a c t i o n  i n h a  

Dose Commitment  

l e d  wh i c h  r e a c h e s  c r i t i c a l  o r g a n .  

DE = 5 0  y e a r  d o s e  c o m m i t m e n t  f r o m  s h o r t  t e r m  i n t a k e .  

DE = 
7 4  10 T EE(RBE)n (l-e -0 .693  t 

m T  

Where DE = r e m  ( 5 0  y e a r )  

5 1  rem d i s  
7 4  = (m 

T = e f f e c t  

ZE(RBE)n = e f f e c t  

i v e  h a l f  l i f e ,  d a y s .  

i v e  e n e r g y  

t = t i m e  o f  e x p o s u r e  5 0  y e a r s ,  ( 5 0  x  365  d a y s )  

m  = mass o f  c r i t i c a l  o r g a n .  

-7 -  



Table V I I - D  

H o i s t  D r o p  A c c i d e n t  R-15 - 
Respirable Respirable a i r -  gas 

Table E-5 Dust borne Dust f r a c t i o n  C; 
Isotope C i /Can is te r  0.001 0.0084 0.3 decon* re leased 

( C i )  (C i )  

H-3 

Kr-85 

Sr-90/Y-90 

Ru-106/Rh-106 

1-129 

CS-134 

Cs-137/Ba-1371~ 

Pm- 1 47 

Eu-1 54 

Np-237 

Pu-238 

Pu-239 

'u-240 

Pu-241 

Pu-242 

Am-241 

Am-242m 

Am-243 

Cm-243 

Cm-244 

Comp;r:.s t o  t a b l e  9 - 2 4  S p e n t  F u e l  H o i s t  d r o p .  

* P a r t i c u l a t e  Decontamination 



I t e m  V I I - 0  

S c e n a r i o  5 - I n d i r e c t  P a t h w a y s  C a l c u l a t i o n  

The DEIS c a l c u l a t e d  t h e  d o s e s  f r o m  i n h a l a t i o n  and  i n g e s t i o n  p a t h -  

ways t o  an i n d i v i d u a l  l i v i n g  500 m e t e r s  downwind  f r o m  a  d r i l l i n g  

mud p i t  t h a t  was c o n t a m i n a t e d  w i t h  CH-TRU o r  s p e n t  f u e l .  A p r o -  

c e d u r e  i s  p r e s e n t e d  on page K - 2 2 ,  K - 2 3  f o r t h i s  c a l c u l a t i o n ,  t iowever ,  

t h e  f o l l o w i n g  c a l c u l a t i o n  w i l l  a t t e m p t  t o  c h e c k  t h i s  r e s u l t  b y  an 

a l t e r n a t e  p r o c e d u r e ,  u s i n g  x / Q  v a l u e s  f r o m  H-36.  

F o r  t h e  CH-TRU w a s t e  c a s e  w i t h  a  1 0 - i n c h  d r i l l  h o l e ,  t h e  f o l l o w i n g  

a s s u m p t i o n s  a r e  u s e d :  

C u r  

p ,  d o ,  K, - A :  same a s  on  K-23 

L' : 2.25 m/s 

x/Q 3  : ( 2 . 3 - 4 ) s / m  e x t r a p o l a t i o n  f r o m  800m t o  500111 

a s s u m i n g  ( r e l a t i o n s h i p  

C i / g  s a m p l e :  a v e r a g e  c o n c e n t r a t i o n  f r o m  T a b l e  E-1 t i m e s  

a  s a m p l e  s i z e  o f  14211 ( 9 . 1 2  i n c h  d i a m e t e r  

d r i l l i n g  t h r o u g h  1 1  f e e t  o f  d r u m s ) .  h o l e  

Q u a n t i t y  o f  mud: 

i e s / g r a m  o f  Pu-239 

1 0 0  t o n s  (p. 9 - 1 2 4 ) .  

0.48Ci (14211) . 20811 

1 0 0  t o n s  ( 2 0 0 0  3 4 5 4 %  

4  cm 2  
C i  Pu-239 i n  t o p  cm o f  mud: 66.9m2 ( 1 0  --T)(l cm d e p t h ) 2  ~ ~ ( 3 . 6 1 - 9 x 1  

m cm 9  

C i  
- 1  1 2 25 = (5 .51 -15 I r  = ( 4 . 8 3 - 3 ) c i  (10  3 (+) S o u r c e  Term, Pu -239  



Dose = ( Q ) ( i n h a l a t i o n ) D C F  

s  p C i  m mrem mrem 
3 

= ( 2 . 3 - 4 - 3 ) ( 5 . 5 1 - 3 T ) ( 7 . 3 + 3 - ) ( 3 . 1 9 - )  ~ ( 2 . 9 5 - 2 ) -  
m Y p  C i Y 

rem (3.05-5)-  
Y 

Dose f r o m  o t h e r  a c t i n i d e s ,  b e s i d e s  Pu-239, a r e  t a b u l a t e d  b e l o w :  

T a b l e  V I I - E  

l n d i r e c t  Path.ways Doses - S c e n a r i o  5  

N u c l  i de C i / d r u m  C i / 1 4 2 a  (DCF) Q(DCF) 
t = O  t = +100y 

T o t a l  Bone, (2 .gS-5)-  
y (m Bone Dose. rem = (3 .93 -5 )  = (3.9-5)-  

Dose Y  

T h i s  v a l u e  i s  c l o s e  t o  t h e  v a l u e  o f  ( 3 .6 -5 )  rem/y used i n  T a b l e  

9-48 o f  t h e  DEIS. 

I t  i s  n o t e d  t h a t  t h e  x1 f a c t o r s  l i s t e d  on t h e  b o t t o m  o f  page K-23 

c a n n o t  be o b t a i n e d  f r o m  t h e  e q u a t i o n  and  assumpt ions  a t  t h e  t o p  

o f  t h e  page w i t h o u t  c h o o s i n g  a  v a l u e  f o r  u ,  t h e  mean w i n d  speed. 

The v a l u e  o f  2.25 m/s u s e d  i n  t h e  above c a l c u l a t i o n  i s  r e a s o n a b l e  

based on t h e  d a t a  i n  Append i x  H ( a l t h o u g h  pe rhaps  l o w e r  t h a n  t h e  

s i t e  a v e r a g e )  and g i v e s  ag reemen t  w i t h i n  10-15%. 



O c c u p a t i o n a l  Dose E v a l u a t i o n  

The a c c i d e n t  s c e n a r i o  d e s c r i b e d  on pages 9 - 1 2 4  t o  9 - 1 2 6  was e v a l -  

u a t e d  t o  c h e c k  t h e  r e a s o n a b l e n e s s  o f  t h e  c a l c u 1 . a t i o n s .  D a t a ,  

and  s o u r c e  i n v e n t o r i e s  f r o m  t h e  

M i n e r a l  E x p l o r a t i o n  Case - S p e n t  

1 )  The v o l u m e  o f  w a s t e  i n  a  geo 

f u e l  r o d  i s :  

E I S  a r e  used  a n d  r e f e r e n c e d .  

F u e l  

o g i c a l  c o r e  w i t h  a  1 4  f o o t  

" 2 ' 1 2 ) 2  f t 2  [ l a  f t l  28.3 3 = 9 .84  l i t e r s  "'if  -R- 

w h i c h  a g r e e s  w i t h  t h e  1 0  l i t e r s  u s e d  i n  9 -124 .  

- 2 )  The  d r i l l  r e c o v e r s  o n l y  a  f r a c t i o n  o f  t h e  f u e l  i n  an  a s s e m b l y .  

I f  t h e  d i m e n s i o n s  o f  an  a s s e m b l y  a r e  8 .5  i n c h e s  s q u a r e  

(NUREG-0116, p .  3 - 8 )  t h e n  

!(2.1212 
F = = 0 . 0 4 9  o f  c o n t e n t s  i n  one  a s s e m b l y .  

( 8 . 5 1 ~  

3 )  The  d o s e  r a t e  was e s t a b l i s h e d  b y  u s i n g  t h e  i n v e n t o r y  i n  

T a b l e  E - 5 ,  p a g e  E -6  o f  t h e  DEIS a n d  c a l c u l a t i n g  t h e  amount  

p r e s e n t  a t  1 0 0  y e a r s  a f t e r  emp lacemen t  ( i . e .  t + 1 1 0  y e a r s  

a f t e r  r e m o v a l  f r o m  r e a c t o r ) .  E x p o s u r e s  a t  1  m e t e r  p e r  c u r i e  

p e r  h o u r  w e r e  o b t a i n e d  f r o m  t h e  R a d i o l o g i c a l  H e a l t h  Handbook,  

1 9 7 9  e d i t i o n ,  p a g e  1 3 0  o r  t h e  r e l a t i o n s h i p :  

( 1 )  Rhr a t  1  f o o t  = 6  C i  ( m e v / H ( N o .  o f r / d i s i n t e g r a t i o n )  



' . 4 )  B r e m s s t r a h l u n g  was a l s o  c a l c u l a t e d  f o r  S r - 9 0 ,  Y-90 a n d  Cs-137 .. . 
,1;?.'!: and  c o n s i d e r e d  f o r  o t h e r  E e t a  e m i t t e r s .  T h e  e x p r e s s i o n :  
2, " 

, . . av 3 a )  
"9 ( 2 )  f =  3 . 5  x Z E  w h e r e  f = f r a c t i o n  e n e r g y  t o  p h o t o n s  

Z = a t o m i c  number  a b s o r b e r  

E = maximum B e t a  e n e r g y  

g i v e s  t h e  amount  o f  Y e n e r g y  f r o m  t h e  b e t a  d e c a y .  T h i s  

v a l u e  i s  u s e d  i n  e x p r e s s i o n  ( 1 )  t o  c a l c u l a t e  t h e  d o s e  r a t e  a t  

1  m e t e r .  U r a n i u m  O x i d e ,  w i t h  a  Z = 8 2 . 2  was u s e d  f o r  Z .  

5 j  I n g r o w t h  o f  241Am f r o m  d e c a y  o f  241pu  was a l s o  c a l c u l a t e d  

u s i n g  t h e  e x p r e s s i o n :  

-0 4 .  0 f o r  241pu,  A1  = 3.1 x  1 0  C i ;  f o r  241Am,  A 2  = 6 . 7  x  1 0  2  C i  

a t  + 1 0 0  y e a r s :  

6 )  M o s t  r a d i o n u c l i d e s  i n  T a b l e  E-5 w e r e  e l i m i n a t e d  b y  i n s p e c t i o n ,  

b e c a u s e  o f  s h o r t  h a l f - l i v e s  a n d  c o n c e n t r a t i o n s  t h a t  a p p e a r e d  

t o  make t h e  c o n t r i b u t i o n  t o  t h e  d o e s  r a t e  n e g l i g i b l e .  

The  a b o v e  p r o c e d u r e  g i v e s  an  e x t e r n a l  r a d i a t i o n  d o s e  o f  a b o u t  71 

r e m  t o  t h e  maximum e x p o s e d  i n d i v i d u a l  w i t h  t h e  a s s u m p t i o n  g i v e n  

i n  S c e n a r i o  5. T h i s  i s  a b o u t  20% b e l o w  t h e  v a l u e  g i v e n  i n  T a b l e  

9 - 4 7  a s  an  a p p r o x i m a t i o n .  The  r e a s o n  f o r  b e i n g  ' t h i s  f a r  b e l o w  i s  

n o t  known;  t h e r e  a p p e a r  t o  be  n o  o t h e r  n u c l i d e s  i n  t h e  i n v e n t o r y  

t h a t  w o u l d  make much d i f f e r e n c e .  



I t  i s  n o t e d  t h a t  if t h e  t i m e w e r e t a k e n  as  100 y e a r s  a f t e r  

r e m o v a l  f r o m  t h e  r e a c t o r  ( r a t h e r  t h a n  110  y e a r s  as  u s e d  h e r e )  

t h e n  t h e  t o t a l  w o u l d  be 90 rem. 

C o n c l u s i o n .  Ag reemen t  on  t h e  maximum dose  t o  a  d r i l l i n g  c r e w  

member i s  s u f f i c i e n t l y  c l o s e  s o  t h a t  t h e  c o n c l u s i o r ~ s  d r a w n  a b o u t  

t h e  s e r i o u s n e s s  o f  s u c h  an a c c i d e n t  r e m a i n  v a l i d .  
.- . . 

T a b l e  V I I - F  

E x t e r n a l  Dose R a t e  From F u e l  A s s e m b l y  R a d i o n u c l i d e s  

Ci (R+lO) T!.j(y) ci(~+llo~) Exp. R , ~ - c ~  Fac tor  Dose Rates - R/h 
Assembly Sample 

Bremsstrahlung Rad ia t ion  

3.0 + 4  28.1 2.55 + 3  0.0016 4.2 0.2 

3.0 + 4  (28.1) 2.55 + 3  0.034 85.8 4.2 

137cs 4.0 + 4  30.1 4.0 + 3  0.0034 7.0 - 0.4 

Dose = 71.1 rem - - 



M i n e r a l  E x p l o r a t i o n  Core  - CH-TRU Was te  

I )  Check v o l u m e s  u s e d  on 9 - 1 2 4  ( 8  l i t e r s  i n  s a m p l e .  

Assume d r i l l  t h r o u g h  e i t h e r  4  l e v e l s  o f  drums o r  3  o f  boxes  

3 .8  f t  o f  b o x  ( 3  b o x e s ) ,  = 7 .94L  
"box = 7 ' 6 4 k [  1 1 . 0  f t  drums 

So t h e  u s e  o f  an 8  l i t e r  s a m p l e  i s  r e a s o n a b l e .  

2 )  S i n c e  t h e  a v e r a g e  d r u m  ( p .  E - 2 )  h a s  a  h i g h e r  c o n c e n t r a t i o n  o f  
p l u t o n i u m  t h a n  t h e  a v e r a g e  b o x ,  t h e  drum c a s e  w i l l  be  used .  

From p .  E-6 t h e  o n l y  e x t e r n a l  d o s e  w o u l d  come f r o m  t h e  Am-241 

t h a t  i s  p r e s e n t  o r  w h i c h  i n g r o w s  f r o m  Pu-241 .  

- - 0 . 0 0 1 5 1  (ci 
A241Am - . 0 5 1 0  ) [ . 0 0 5  - . 8 6 0 ]  + ( 7 . 8  - 3 )  . 86  C i  

2 4 1 ~ u  2 4 1 ~ m  

2.9C'  ( 8 t )  = 0 . 1 1 2  
-. 

C i  241pu  i n  w a s t e  = 208E 

0 . 0 0 7 8  C i  241Am i n  w a s t e  = .- ( 8 1  = 0 .0003  

a t  t + 1 0 0  y r s  AZdlAm = , 0 0 2 8 4  + .00026  = .0030  C i  

Dose:  ( 3 . 0 -  3 )  
~ 1 . 3 5  + 37 ( 1 6 . 3 )  = ( 3 5 . 6  - 6 )  = ( 0 . 0 3 6  - 3 )  Rem f r o m  241A, 

( T a b l e  9 -47  u s e s  1 . 0  - 3 ) .  

N o t e  ( f r o m  SAND 7 8 - 1 8 5 0  p p .  2 1 - 2 3 )  a  d r u m  c o u l d  h a v e  5 2 0 0  gm Pu 

+ 3  a v e r a g e  o n e  o f  t h o s e  w e r e  s t r u c k  o r  25  t i m e s  t h e  a v e r a g e .  I f  

d rums  t h e  d o s e  w o u l d  be :  

2 2 4  ( 3 . 6 - 5 ) ( T )  = ( 2 . 5  - 4 )  Rem 

An i n s p e c t i o n  o f  n u c l  

~ . .  i n d i c a t e s  t h a t  t h e  o n  
,:' b8; 
; p ,,$ s i g n i f i c a n c e  i s  I 3 ' c s  

f r o m  2 4 I A m .  

i d e s  d i s t r i b u t i o n  o n  p a g e s  E-36 a n d  E-37 

l y  n o n  TRU gamma e m i t t e r  o f  p o s s i b l e  

. 6 . 0 8  C i  o f  3 3 7 ~ s  a r e  d i s t r i b u t e d  i n  - 
. 
. , i .  i 

! . . . 467,323 c u b i c  f e e t .  
t;g , .:  



1 3 7 ~ s  p e r  8 %  = - 6 . 0 8  C i  ( 8 t )  ~ ( 3 . 6 8 - 6 ) c i  1 3 7 ~ s  i n  samp le  
il ( 4 . 6 7  + 5 f t 3 ) ( 2 . 8 3 + 1 - )  

ft' 

a t  + I 0 0  y e a r s  = ( 3 . 7 - 7 ) C i  i n  samp le  

Dose = ( 3 . 7 - 7 ) 0 . 3 3  = ( 1 . 2 - 7 ) R e m  f r o m  
137 c 5 

2 2 4  137 s 
I f  c o n c e n t r a t i o n  i s  a v e r a g e ;  c s  = ( 8 . 6 - . 7 ) T  

rn 

So 1 3 7 ~ s  d o s e  i s  n e g l i g i b l e  compared t o  241Am. 

C o n c l u s i o n .  The c a l c u l a t e d  d o s e  i n  T a b l e  9 - 4 7  f o r  CH w a s t e  a p p e a r s  

t o  be  a c c u r a t e  and  p e r h a p s  s l i g h t l y  c o n s e r v a t i v e .  



I t e m  V I I - 7  

S c e n a r i o s  1 - 4  ( H y d r o l o g i c  B r e a c h )  

S c e n a r i o s  1 - 4  ( s e c t i o n  9.5.1)  a r e  s i m i l a r  i n  t h a t  a1 

t h e  f o r m a t i o n  o f  a h y d r o l o g i c  c o n n e c t i o n  b e t w e e n  t h e  

1  i n v o  

r e p o s  

and  t h e  R u s t l e r  a q u i f e r ,  a f t e r  t h e  r e p o s i t o r y  i s  s e a l e d .  

e a c h  c a s e ,  t h e  b r e a c h  r e s u l t s  . n  d i s s o l u t i o n  o f  t h e  c a s t e ,  

o f  t h e  w a s t e  i n t o  t h e  R u s t l e r  a q u i f e r ,  and  p a s s a g e  t h r o u g h  

R u s t l e r  i n t o  t h e  Pecos R i v e r .  

1  ve 

i t o r y  

I n  

p a s s a g e  

t h e  

The t h r e e - d i m e n s i o n a l  mode l  u s e d  i n  - t h e  DEIS a n a l y s i s  o f  n u c l i d e  

t r a n s p o r t  i n  t h e  R u s t l e r  was d e v e l o p e d  b y  I n t e r a  E n v i r o n m e n t a l  

C o n s u l t a n t s .  EEG u s e d  a s i m p l e  " s q u a r e  wave"  m o d e l ,  d e s c r i b e d  i n  

A p p e n d i x  V I ,  t o  g a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  k e y  f e a t u r e s  o f  

t h e  I n t e r a  m o d e l  a n d . t o  check  some o f  t h e  DEIS r e s u l t s .  A p p e n d i x  

V I  i n c l u d e s  an a p p l i c a t i o n  o f  t h e  s q u a r e  wave  m o d e l  t o  s c e n a r i o  4 .  

I n  t h i s  s e c t i o n ,  t h e  s q u a r e  wave m o d e l  i s  o u t l i n e d  b r i e f l y  a n d  i t s  

a p p l i c a t i o n  t o  s c e n a r i o s  1 - 4  i s  d i s c u s s e d .  

The m o d e l  assumes t h a t  t h e  w a s t e  d i s s o l v e s  a t  a  c o n s t a n t  r a t e  a n d  

e n t e r s  t h e  R u s t l e r  a t  t h i s  r a t e .  Each n u c l i d e  t h e n  moves t o w a r d  

t h e  P e c o s  R i v e r  a t  a  r a t e  e q u a l  t o  t h e  R u s t l e r  v e l o c i t y  i ,  d i v i d e d  

b y  a  r e t a r d a t i o n  f a c t o r :  

w h e r e  9 i s  t h e  p o r o s i t y  o f  t h e  R u s t l e r  a q u i f e r , P i s  t h e  b u l k  

d e n s i t y  o f  t h e  R u s t l e r  a q u i f e r  a n d  K d  i s  t h e  d i s t r i b u t i o n  

c o e f f i c i e n t  a s s o c i a t e d  w i t h  a d s o r p t i o n  o f  t h e  g i v e n  n u c l i d e  o n t o  

R u s t l e r  r o c k s .  The v a l u e s  u s e d  f o r  0 a n d P  a r e  0 = 0.1 a n d  P =  2 

( g / m l )  . 
D i s t r i b u t i o n  c o e f f i c i e n t s  u s e d  i n  t h e  DEIS a r e  l i s t e d  i n  T a b l e  K-3,  

p. K - 2 0 .  ' T h e  l a r a e  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  t h e s e  p a r a m e t e r s  

a r e  d i s c u s s e d  b r i e f l y  i n  I t e r r :  V I I - I  o f  t h i s  A p p e n d i x . )  
. - 

A- 



Thus each  r a d i o n u c l i d e  has an a r r i v a l  t i m e  ( A T )  a t  t h e  Pecos 

R i v e r ,  15 m i l e s  f r o m  t h e  r e p o s i t o r y :  

( E a r l i e r  a r r i v a l  t i m e s  f o r  n u c l i d e s  p r o d u c e d  by  r a d i o a c t i v e  d e c a y  

o f  o t h e r  n u c l i d e s  a r e  d i s c u s s e d  i n  A p p e n d i x  V I . )  

Each r a d i o n u c l i d e  has a  r e l e a s e  r a t e  f r o m  t h e  r e p o s i t o r y  (RRR):  

R R R  = r e p o s i t o r y  i n v e n t o r y  a c t i v i t y  (Ca 
T o t a l  d i s s o l u t i o n  t i m e  ( s e c )  

w h e r e  t h e  d i s s o l u t i o n  t i m e  (DT)  i s  g i v e n  by: 

r e p o s i t o r y  v o l u m e  
DT = d i s s o l u t i o n  r a t e  ' 

The r e p o s i t o r y  vo lumes  f r o m  t h e  CH a n d  RH l e v e l s  a r e :  

CH v o l u m e  = 9,000 x  1,200 x 16.5 f t  ( K - 2 2 )  

RH v o l u m e  = 930  x 9 3 0  x  42  f t  ( K - 2 1 ) .  

R a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  t h e  Pecos R i v e r  (CpR)  a t  t h e  n u c l i d e ' s  

a r r i v a l  t i m e  ( A T )  a r e  f o u n d  f r o m :  

- RRR x  e  
-X (AT)  

'PR 
- 

n 5 7  i t e r s / s e c o n d  

w h e r e  X i s  t h e  n u c l i d e ' s  d e c a y  c o n s t a n t  and  515  l / s e c  i s  t h e  f l o w  

r a t e  o f  t h e  Pecos  R i v e r  ( 9 - 1 1 6 ) .  

T a b l e  V I I - G  s u m m a r i z e s  t h e  R u s t l e r  v e l o c i t i e s  a n d  d i s s o l u t i o n  

r a t e s  c h a r a c t e r i s t i c  o f  t h e  d i f f e r e n t  s c e n a r i o s .  T a b l e  V I I - H  

1  i s t s  d i s s o l u t i o n  t i m e s  and s e l e c t e d  a r r i v a l  t i m e s  f o r  s c e n a r i o s  1  

a n d  4. 



T a b l e  V I I - G  

R u s t l e r  V e l o c i t i e s  and D i s s o l u t i o n  Rates  
' . . , I  

.._ . ,* .. ._* 
F l u i d  V e l o c i t y  v , D i s s o l u t i o n  Rates ( f t 3 / d a y ) * *  

S c e n a r i o  i n  R u s t l e r  ( f t l y r )  - C H RH -1 - 

* " F l u i d  v e l o c i t y  t h r o u g h '  t h e  R u s t l e r  a q u i f e r  f o r  t h e  u p p e r - t r a n s -  
m i s s i v i t y  bound i s  r o u g h l y  0.04 f t . / d a y 0 '  Cp. 9 -112 ) ;  t h a t  i s  15 f t ./ 

y e a r .  " I n  s c e n a r i o  1, some f l u i d  f r om t h e  B e l l  Canyon a q u i f e r  i s  

added t o  t h e  R u s t l e r  a q u i f e r ;  a f t e r  t h i s  a d d i t i o n  t h e  f l u i d  v e l o c i t y  

i n  t h e  R u s t l e r  a q u i f e r  i n c r e a s e s  s l i g h t l y  - -  r o u g h l y  by  a  f a c t o r  o f  

1 /  6  ( p . 9 - 1 0 9 ) .  Thus t h e  R u s t l e r  f l u i d  v e l o c i t y  i n  s c e n a r i o  1 
becomes ( 1 5  f t / y r )  x ( 7 / 6 )  = 17.5 f t l y r .  

* * I n  s c e n a r i o  1 ,  a  t o r e h o l e  t h r o u g h  t h e  r e p o s i t o r y  c o n n e c t s  t h e  

R u s t l e r  ( u p p e r )  and De laware  M o u n t a i n  Group ( l o w e r )  a q u i f e r s .  Water  
3  f l o w s  f r o m  t h e  l o w e r  t o  t h e  u p p e r  a q u i f e r ,  d i s s o l v i n g  54 f t  /day  o f  

t h e  s a l t  and w a s t e  b o r d e r i n g  t h e  b o r e h o l e  ( 9 - 1 1 1 ) .  The f r a c t i o n  o f  

d i s s o l v e d  m a t e r i a l  w h i c h  i s  f r o m  t h e  CH r e p o s i t o r y  l e v e l  i s  t h e  r a t i o  

o f  t h e  CH l e v e l  h e i g h t  (16 .5  f t .)  t o  t h e  b o r e h o l e  l e n g t h  (2,700 ft.); 

i .e. 54 x (16 .5 /2700 )  f t 3 / d a y  o r  0 .33 f t 3 / d a y  o f  m a t e r i a l  f r o m  t h e  
3  CH l e v e l  i s  d i s s o l v e d .  S i m i l a r l y .  54  x  ( 4 2 / 2 7 0 0 )  f t 3 / d a y  o r  .84  f t  / 

day o f  m a t e r i a l  f r o m  t h e  RH l e v e l  i s  d i s s o l v e d .  F o r  s c e n a r i o  2 ,  t h e  

D E I S  s t a t e s  t h a t  "The w a s t e - d i s s o l u t i o n  r a t e  f o r  S c e n a r i o  2  was 

c a l c u l a t e d  t o  be l e s s  t h a n  t h a t  f o r  S c e n a r i o  1  b y  a  f a c t o r  o f  2 .17"  

( 9 - 1 0 9 ) .  T h i s  was used  t o  c a l c u l a t e  t h e  s c e n a r i o  2  d i s s o l u t i o n  r a t e s  

g i v e n  i n  T a b l e  V I I - G .  However ,  t h e s e  r a t e s  add up t o  0.54 r a t h e r  
3 t h a n  t h e  t o t a l  0 .64  f t  /day  g i v e n  i n  (9-112;  2 ) .  I n  s c e n a r i o  3,  

t h e  r a t e s  a t  w h i c h  d i f f u s i o n  b r i n g s  w a s t e  and s a l t  i n t o  t h e  R u s t l e r  
3  3  a r e  g i v e n  as 0.057 f t  /day  f o r  t h e  CH r e p o s i t o r y  l e v e l  and .012 f t  / 

I 

day f o r  t h e  RH l e v e l  ( 9 - 1 1 2 ) .  S c e n a r i o  4  i s  d i s c u s s e d  i n  Append ix  V 



T a b l e  V I I  - H 

Migration and Dissolution Times 

& 

Arrival time ( A T 1  at . , 
Pecos River, (yrs.1 if: Dissolution time (yrs.) 

Scenario Kd=9 K d =  1 Kd=10 C E R li 



I t e m  V I I -  G 

H y d r a u l i c  C o n d u c t i v i t y ,  I n t e r s t i t i a l  V e l o c i t y  

- 
N o t a t i o n :  v 

K 
0 

A h  

F o r m u l a  f o r  

i n  t h e  R u s t l e r  A q u i f e r  

i n t e r s t i t i a l  v e l o c i t y  C f t l d a y  1 
h y d r a u l i c  c o n d u c t i v i t y  [ f t l d a y l  

p o r o s i t y  
c h a n g e  i n  h e a d  ( d i f f e r e n c e  b e t w e e n  h e i g h t s  o f  

p o t e n t i a l  l i n e s )  [ f t  I 
d i s t a n c e  o v e r  w h i c h  Ah i s  c a l c u l a t e d .  f t  1 

n t e r s t i t i a l  v e l o c i t y :  

- K  . - Ah 
- B  Aa. 

( s e e ,  f o r  e x a m p l e ,  M e r c e r  a n d  Orr, 1977 ,  p .  1 7 ) .  

C a l c u l a t i o n  o f  v ,  f r o m  DEIS i n f o r m a t i o n :  

L e t  I: = 1  f t / d a y  ( F i g .  K-7 ,  v i c i n i t y  o f  W I P P )  

0 = 0 . 1  ( T a b l e  K -2 )  

Ah = 

= 3 0 0  f t  

A9. = ' 5  m i  ( F i g .  K-3,  F i g .  K-5)  

= 7 9 , 2 0 0 f t .  

Compare w i t h  t h e  DEIS v a l u e  o f  0 . 0 4  f t / d a y  ( 9 - 1 1 2 ) .  



This calculation suggests that the interstitial Rustler aquifer 

velocity of .04 ftlday, taken as an upper bound in the D E I S ,  i s  

not conservative. 

1 )  Figure K-7 
which are 

after that 

gives hydraulic 
lowest (1 ftlday 

conductivity values in the Rustler 
) at the WIPP site and increase 

2) A 1977 Mercer and Orr report used i n  the D E I S  transport 

modeling, gives the average hydraulic conductivity in the 
rustler as 16 ftlday and the average interstitial velocity 

as 0.5 ftlday. 

3) Transmissivities reported in a later Mercer and Orr report 
2 

(1979) range from to 140 ft /day and translate to a 
hydraulic conductivity range of 5 x to 7 ftlday. The 

highest conductivity value measured in a well near WIPP i s  
2 ft/day (for hydrologic hole H - 3  in WIPP Zone 11). 



I t e m  V I I - I  

V a r i a b i l i t y  i n  K d  V a l u e s ;  

E f f e c t  on  R a d i a t i o n  E x p o s u r e  

The l o w  r a d i a t i o n  d o s e s  c a l c u l a t e d  f o r  t h e  h y d r o l o g i c  b r e a c h  

s c e n a r i o s  r e s u l t  i n  p a r t  f r o m  t h e  f a c t  t h a t  t h e  Kd v a l u e  assumed 

f o r  p l u t o n i u m  r e t a r d s  t h e  r a t e  a t  w h i c h  p l u t o n i u m  t r a v e l s  i n  * 
g r o u n d w a t e r  b y  a  f a c t o r  o f  37,800.  Thus,  b y  t h e  t i m e  i t  r e a c h e s  

t h e  P e c o s  R i v e r ,  t h e  l a r g e  i n i t i a l  i n v e n t o r y  o f  p l u t o n i u m  ( i n  

s p e n t  f u e l  o r  t r a n s u r a n i c  w a s t e )  has  d e c a y e d  t o  a n  i n s i g n i f i c a n t  

q u a n t i t y .  I n  f a c t ,  t h e  o n l y  s i g n  

r e t a r d e d  by a d s o r p t i o n  a r e  i o d i n e  

r e t a r d a t i o n  f a c t o r  f o r  o t h e r  n u c l  

u r a n i u m .  

i f i c a n t  n u c l i d e s  t h a t  a r e  n o t  

and  t e c h n e t i u m ,  a n d  t h e  s m a l l e s t  

i d e s  i s  B = 1 9  (when  Kd = 1 )  f o r  

However ,  much s m a l l e r  Kd v a l u e s  t h a n  t h o s e  u s e d  i n  t h e  DElS h a v e  

b e e n  m e a s u r e d  u s i n g  r o c k s  f r o m  t h e  R u s t l e r  f o r m a t i o n  ( r e f .  1, 2 ) .  

More  i m p o r t a n t l y ,  l a b o r a t o r y  m e a s u r e m e n t s  o f  Kd v a l u e s  p r o b a b l y  - 
do n o t  r e f l e c t  f i e l d  c o n d i t i o n s .  F o r  e x a m p l e ,  s m a l l  amoun ts  o f  

p l u t o n i u m  o r  o t h e r  e l e m e n t s  w i t h  t h e  c a p a c i t y  o f  t h e  r o c k s  t o  

a d s o r b  more  p l u t o n i u m ;  t h u s  a  " l o a d i n g  e f f e c t "  c a n  r e d u c e  Kd 

v a l u e s .  C h e l a t i n g  a g e n t s  l i k e  EDTA c a n  a l s o  r e d u c e  Kd v a l u e s ,  

as  c a n  t e m p e r a t u r e ,  pH a n d  o t h e r  p h y s i c a l  a n d  c h e m i c a l  f a c t o r s .  

F i n a l l y  t h e  e q u i l i b r i u m  mode l  i n  w h i c h  K d l s  make s e n s e  may b e  

i n a p p r o p r i a t e  f o r  f l o w  i n  a  f r a c t u r e d  medium. 

T a b l e  V I I - I  s u m m a r i z e s  Kd i n f o r m a t i o n  f o r  d i f f e r e n t  n u c l i d e s  a n d  

T a b l e  V I I - J  i n d i c a t e s  t h e  maxirrulr. n u c l i d e  c o n c e n t r a t i o n s  i n  t h e  

Pecos  R i v e r  i n  s c e n a r i o s  1  a n d  4 when l o w  Kd v a l u e s  ( K d  = O o r  1 )  

a r e  assumed.  

* 
T h e  r e t a r d a t i o n  f a c t o r  B i s :  1  + 1 8  Kd ( s e e  A p p e n d i x  VI). 



- Note that essentially the same effect on nuclide speed can 
be obtained by lowering the Kd value by a given factor o r  raising 
the hydraulic conductivity o r  interstitial velocity by the same 

factor. (See Item VII-H for a discussion of variations in 
hydraulic conductivity and interstitial velocity.) 

Table VII-I 

Kd Information 

Kd used K ranoe d 
Nucl i d e  in DEIS in refs. 1 ,  2 

Thori um 2200 - 
Urani urn 1 -0.9 

t o  6.7 

Np-237 700 8-23 

Plutonium 2 1 0 0  17.6 to 
5400 



T a b l e  V I I - J  

E f f e c t  o f  Kd 's  on P l u t o n i u o ~  Concentration i n  Pecos R i v e r .  S c e n a r i o s  1 and 1,  Spent r u e l  
.- . ~ ~ ~~ . - -. .~ - .. . .- ~- ...~ ~- ~ -.~ 

Decay f a c t o r '  Maximu118 c o n < ~ ~ t t ~ . a t i o n  I 

Re lease  Rate  ' a t  a r r i v a l  t i h ~ e ~  i f  in-Pec_os R i v ? !   till), i f  
I n v e n t o r y  ( C i  ) Ha l  f - L i  f e  f r om R e p o s i t o r y  =O  K d = 1 8  

N u c l i d e  a t  1000 y r s .  Years S c e n a r i o  ( u c i l s e c )  d  d K d = O  K = I  d K ~ - I ~  

N 

P ' h ~ ~ ~ r y  ( C i )  x 1 0 6  r C i / C . i  ( s e e  l t en l  V I I - F ,  T a b l e  V l i - H  , f o r  d i s s o l u t i o n  t i m e s )  
O r s s o l u t i o n  t T n ~ e  G e c T  

2 e - ( l n 2 / h a l f - l i f c )  x ( a r r i v a l  t in :e )  ( s e e  I t e m  V I I - F .  T a b l e  V I I - H  . f o r  a r r i v a l  t i m e s )  



D o r s h ,  R. 

w i t h  Geom 

G .  

e d i  - 

R e f e r e n c e s  

a n d  A .  W .  L y n c h .  I n t e r a c t i o n  o f  R a d i o n u c l i d e s  

a  A s s o c i a t e d  w i t h  t h e  Waste I s o l a t i o n  P i l o t  

P l a n t  (WIPP) S i t e  i n  New M e x i c o  ( S A N D  7 8 - 0 2 9 7 ) ,  1978 .  

i e r n e ,  R .  J . ,  D. R a i  a n d  c l .  J. Mason.  B a t c h  K d  Measuremen ts  

o f  N u c l i d e s  t o  E s t i m a t e  M i g r a t i o n  P o t e n t i a l  a t  t h e  P r o p o s e d  

Was te  I s o l a t i o n  P i l o t  P l a n t  i n  New M e x i c o  ( P N L - 2 4 4 8 ) ,  1977 .  



Environmental Evaluation Group 
Reports 

EEG-12 Little, Marshall S., Potential Release Scenario and 
Radiolopical Consequence Evaluation of Mineral Resources 
at WIPP, Hay 1982. 

EEG-13 Spiegler, Peter., Analysis of the Potential Formation of a 
Breccia Chimney beneath the WIPP Repository, May. 1%. 

EEG-14 Not published. 

EEG-15 Bard, Stephen T., Estimated Radiation Doses Resulting if an 
Exploratory Borehole Penetrates a Pressurized Brine Reservoir 
Assumed to Exist Below the WIPP Repository Horizon, March 
1982. 

EEG-16 Radionuclide Release, Transport and Consequence Modeling for 
WIPP. A Report of a Workshop Held on September 16-17, 1981, 
February 1982. 

EEG-17 Spiegler, Peter, Hydrologic Analyses of Two Brine Encounters 
in the Vicinity of the Waste Isolation Pilot Plant (WIPP) Site, 
December 1982. 

EEG-18 Spiegler, Peter, Origin of the Brines Near WIPP from the 
Drill Holes ERDA-6 and WIPP-12 Based on Stable Isotope 
Concentrations of Hydrogen and Oxygen, March 1983. 

EEG-19 Channell. James K., Review Comments on Environmental Analysis 
Cost Reduction Proposals (WIPP/DOE-136) July 1982, November 
1982. 

EEG-20 Baca, Thomas E., An Evaluation of the Non-radiological 
Environmental Problems Relating to the WIPP, February 1983. 

EEG-21 Faith, Stuart, et al., The Geochemistry of Two Pressurized 
Brines From the Castile Formation in the Vicinity of the Waste 
Isolation Pilot Plant (WIPP) Site, April 1983. 

EEG-22 EEG Review Comments on the Geotechnical Reports Provided by DOE 
to EEG Under the Stipulated Agreement Through March 1, 1983, 
April 1983. 

EEG-23 Neill, Robert H., et al., Evaluation of the Suitability of the 
WIPP Site, May 1983. 

EEG-24 Neill, Robert H. and James K. Channell Potential Problems 
From Shipment of High-Curie Content Contact-Handled 
Transuranic (CH-TRU) Waste to WIPP, Augusf 1983. 

EEG-25 Chaturvedi, Lokesh, Occurrence of Gases in the Salado - 
Formation, March 1984. 



Environmental Evaluation Group 
Reports 

i 
EEG-26 Spiegler. Peter, Environmental Evaluation Group's 

Environmental Monitoring Program for WIPP, October 1984 

EEG-27 Rehfeldt, Kenne~h, Sensitivity Analysis of Solute Transport 
in Fractures and Determination of Anisotropy Within the 
Culebra Dolomite, September 1984. 

EEG-28 Knowles, H. B., Radiation Shielding in the Hot CeLl Facility 
at the Waste Isolation Pilot Plant: A Review, November 1984. 

EEG-29 Little, Marshall S., Evaluation of the Safety Analysis Report 
for the Waste Isolation Pilot Plant Project, Hay 1985. 

EEG-30 Dougherty, Frank, Tenera Corporation, Evaluation of the Waste -'- 
Isolation Pilot Plant Classification of Systems, Structures, 
and Componenrs , July 1985. 

EEG-31 Ramey, Dan, Chemistry of the Rustler Fluids, July 1985. 

EEG-32 Chaturvedi, Lokesh and James K. Channell. The Rustler 
Formation as a Transport Medium for Contaminated Groundwater. 
Decemberl985. 

EEG-33 Channell. James K., John C. Rodgers and Robert H. Neill, 
Adequacy of TRUPACT-I Design for Transporting Contact- 
Handled Transuranic Wastes to WIPP, June 1986. . ,  

. .  . . ;.-..&:&;: *. . . 7.. - . ;. *& ... 
i , .  .. . . .  

EEG-34 Chaturvedi, Lokesh, (edi), The Rustler Formation at the WIPP 
Site, January 1987. - 

EEG-35 Chapman, Jenny B., Stable Isotopes in Southeastern New Mexico 
Groundwater: Implications for Dating Recharge in the WIPP 
w, October 1986. 

EEG-36 Lowenstein. Tim K., Post Burial Alteration of the Permian Rustler 
Formation Evaporites, WIPP Site, New Mexico, April 1987. 

EEG-37 Bodgers, John C.. Exhaust Stack Monitoring Issues at the Waste 
Isolation Pilot Plant, November 1987. 

EEG-38 Rodgers, John C., Kenney, Jim W.. A Critical Assessment of 
Continuous Air Monitoring Systems At The Waste Isolatioon Pilot 
Plant. March 1988. - 

EEG-39 Chapman, Jenny B. , Chemical and Radiochemical Characteristics of 
Groundwater in the Culebra Dolomite. Southeastern New Mexico, 
March 1988. 



ENVIRONMENTAL EVALUATION GROUP 

REPORT NUMBER EEG-8 



THE SIGNIFICANCE OF CERTAIN RUSTLER AQUIFER 
PARAMETERS FOR PREDICTING LONG-TERM RADIATION 
DOSES FROM WIPP 

Carla Wofsy 

Environmental Evaluation Group 
Environmental Improvement Division 
Health and Environment Department 
State of New Mexico 

September 1980 



EEG-1 

EEG-2 

EEG-3 

EEG-4 

EEG - 5 

EEG-6 

EEG-7 

EEG-8 

EEG-9 

EEG - 10 

EEG-11 

Environmental Evaluation Group -_ 
Reports . , .,.. 

Goad, Donna, A Conmilation of Site Selection Criteria 
Considerations and Concerns AD~earine in the Literature on 
the DeeD Dis~osal of Radioactive Wastes, June 1979 

Review Comments on Geological Characterization Reoort. Waste 
Isolation Pilot Plant (WIPP) Site. Southeastern New Mexico 
SAND 78-1596. Volumes I and 11, December 1978. 

Neill, Robert H., et al, (eds.) Radiological Health Review 
of the Draft Environmental Im~act Statement (DOE/EIS-0026-Dl 
Waste Isolation Pilot Plant. U. S. Deoartment of Enerpy, 
August 1979. 

Little, Marshall S., Review Comments on the Re~ort of the 
Steerine Committee on Waste ACceDtanCe Criteria for the Waste 
Jsolation Pilot Plant, February 1980. 

Channell, James K. , Calculated Radiation Doses F r ~ g  
Jle~osi t ion of Material Released in Hv~othetical 
Trans~ortation Accidents Involvine WIPP-Related Radioactive 
Wastes, November 1980. 

Geotechnical Considerations for Radioloeical Hazard 
F.. 

Assessment of WIPP. A ReD0rt of a Meetine Held on January 
17-18. 1980, April 1980. 

Chaturvedi, Lokesh, WIPP Site and Vicinitv Geoloeical Field 
TriD. A Re~ort of a Field Trio to the Provosed Waste 
IQolation Pilot Plant Proiect in Southeastern New Mexico, 
June 16 to 18. 1980, November 1980. 

Wofsy, Carla, The Sienificance of Certain Rustler Aauifer 
Parameters for Predictine Lone-Term Radiation Doses from 
m, September 1980. 
Spiegler, Peter, 4n Amroach to Calculatin~ U m e r  Bounds on 
Maximum Individual Doses From the Use of Contaminated Well 
Water Followine a WIPP Re~ositorv Breach, September 1981. 

Radioloeical Health Review of the Final Environmental Imoact 
Statement (DOE/EIS-0026) Waste Isolation Pilot Plant. U. S. 
De~artment of Enern, January 1981. 

Channell, .James K., Calculated Radiation Doses From 
Radionuclides Broueht to the Surface if Future Drilling 
Jnterce~ts the WIPP Reoositorv and Pressurized Brine, January 
1982. 

(Continued on Back Cover) 



NOTICE TO !I'HE READER 

The Environmental Evaluation Group (EEG) was assigned to the 

New Mexico Institute of Mining and Technology in October 1988 

by the National Defense Authorization Act, Fiscal Year 1989, 

Public Law 100-456, Section 1433, and is no longer a part of 

the New Mexico Health and Environment Department, 

Environmental Improvement Division. Continued funding is 

being provided by the Department of Energy through Contract 

DE-AC04-79AL10752. 

Office are located in Albuquerque and Carlsbad. 

~nvironmental Evaluation Group 

7007 Wyoming Boulevard, NE 

Suite F-2 

Albuquerque, NM 87109 

(505) 828-1003 

505 North Main Street 

P.O. Box 3149 

Carlsbad, NM 88221 

(505) 885-9675 . 



The Significance of Certain Rustler Aquifer 

Parameters for Predicting Long-Tern 

Radiation Doses From WIPP 

Carla Wofsy 

Environmental Evaluation Group 

Environmental Improvement Division 

Health and Environment Department 

State of New Mexico 

P .  0. Box 968 

Santa Fe, New Mexico 

87503 

September, 1980 

(Reprinted August, 1989) 



FOREWORD . . . . . . . . . . . . . . . . . . . . . . .  ii 

L I S T  O F  F I G U R E S  AND T A F L E S  . . . . . . . . . . . . .  iii 

SUMMARY . . . . . . . . . . . . . . . . . . . . . . .  i v  

I N T R O D U C T I O N  . . . . . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . .  N U C L I D E  T R A N S P O R T  MODEL 5 

. . . .  H Y D R O L O G I C  P A R A M E T E R S  AND N U C L I D E  T R A V E L  T I M E S  . 8  

P L U T O N I U M  T R A V E L  T I M E  AND P E A K  C O N C E N T R A T I O N  

I N  T H E  PECOS R I V E R  . . . . . . . . . . . . . . . . .  1 0  

T H E  V A L I D I T Y  O F  U S I N G  AVERAGE P A R A M E T E R  V A L U E S  . . 1 3  

H E T E R O G E N E I T Y  O F  A Q U I F E R  AND N U C L I D E  P A R A M E T E R S .  . 1 6  

. . .  P O T E N T I A L  D O S E S  F R O M  D R I N K I N G  PECOS R I V E R  WATER 2 0  

. 
C O N C L U S I O N S  . . . . . . . . . . . . . . . . . . . . .  2 2  

- 
. . . . . . . . . . . . . . . . .  F I G U R E S  A N D  T A B L E S  2 5  

-- 

R E F E R E N C E S  . . . . . . . . . . . . . . . . . . . . .  3 1  



FOREWORD 
1 

The purpose of the Environmental Evaluat ion Group (EEG) i s  t o  conduct 

an independent technical  evaluat ion o f  the po ten t i a l  r a d i a t i o n  exposure 

t o  people from the  Haste I s o l a t i o n  P i l o t  P lan t  (WIPP), a Federal radio-  

a c t i v e  waste repos i to ry  proposed f o r  cons t ruc t ion  underground i n  an area 

near Carlsbad, New Mexico. The ob jec t i ve  o f  the EEG eva lua t ion  i s  t o  

p r o t e c t  the p u b l i c  hea l th  and sa fe ty  and ensure t h a t  there i s  no 

environmental degradation. The EEG i s  p a r t  o f  the Environmental Improve- 

ment D iv is ion ,  a component o f  the  New Mexico Heal th and Environment 

Department -- t h e  agency charged w i t h  the pr imary responsi b i  1  i ty f o r  

p r o t e c t i n g  t h e  hea l th  of the  c i t i z e n s  o f  New Mexico. 

The Group is  n e i t h e r  a proponent nor  an opponent o f  WIPP. Analyses are 

conducted by EEG o f  repor ts  issued by the  U.S. Department o f  Energy 

(DOE) and i t s  contractors,  o the r  Federal agencies, and o ther  organizat ions 

as they r e l a t e  t o  the p o t e n t i a l  heal th,  safety,  and environmental impacts 

o f  WIPP.  These analyses may i nvo l ve  p u b l i c  meetings, s i t e  v i s i t s ,  and 

consu l ta t ions  w i t h  agencies, profess ional  associat ions, and s c i e n t i f i c  

exper ts .  

The p r o j e c t  i s  funded e n t i r e l y  by the  U.S. Department o f  Energy through 

Contract  #DE-AC-04-79Al.10752 w i t h  t h e  New Mexico Heal th and Environment 

Department. . 

Robert H. ~ e i  11 

D i r e c t o r  
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SUMMARY 

This report considers some a s p e c t s  of t h e  radionuclide transport 

modeling presented in documents published by t h e  U .  S. Department 

of Energy ( D O E )  regarding t h e  W a s t e  Isolation Pilot Plant (WIPP) 

nuclear w a s t e  repository proposed for development in Southeastern 

New Mexico. T h e  radionuclide transport modeling is used to predict 

worst possible consequences o f  a WIPP repository breach event in 

which w a s t e  enters groundwater. T h e  aim o f  t h i s  report is to 

determine whether plausible c h a n g e s  in t h e  parameters used by DOE 

to d e s c r i b e  t h e  flow o f  g r o u n d w a t e r  near t h e  W I P P  site could result 

in: a )  significantly f a s t e r  r a d i o n u c l i d e  movement in groundwater; 

and b )  significantly higher concentrations of radionuclides in 

Pecos River water and correspondingly higher radiat,ion doses than 

predicted by DOE. T h e  c o n c l u s i o n  reached is t h a t  while plausible 

changes in hydrologic c o n d i t i o n s  and waste-rock interactions might 

result in a significant r e d u c t i o n  in t h e  t i m e  it takes f o r  radio- 

nuclides t o  reach the Pecos River, the s h o r t e r  travel times do not 

result in significant increases in t h e  estimated concentrations of 

radionuclides in t h e  P e c o s  R i v e r  nor in t h e  radiation doses 

associated with t h e  u s e  o f  s u c h  water. O t h e r  ways in which para- 

m e t e r  c h a n g e s  might a f f e c t  t h e s e  concentrations and doses a r e  

mentioned in t h e  Conclusions s e c t i o n  o f  t h e  report, but a r e  not t h e  

subject o f  tJis analysis. 



- The S i  g ~ i  f i c a n c e  o f  C e r t a i n  R u s t l e r  A q u i f e r  P a r a m e t e r s  

f o r  ~ i e d i c t i n q  Lonq-Term R a d i a t i o n  E x p o s u r e s  f r o m  WIPP 

I. I n t r o d u c t i o n  

To e s t i m a t e  w o r s t  p o s s i b l e  r a d i a t i o n  d o s e s  w h i c h  m i g h t  

r e s u l t  f r om a  h y d r o l o g i c  b r e a c h  o f  t h e  p r o p o s e d  WIPP r e p o s i -  

t o r y ,  t h e  U .  S .  D e p a r t m e n t  o f  Energy  (DOE) has  c o n s i d e r e d  

s i t u a t i o n s  i n  w h i c h :  

1 .  g r o u n d w a t e r  passes  t h r o u g h  t h e  r e p o s i t o r y ,  d i s s o l v e s  

some w a s t e  and  b r i n g s  t h e  d i s s o l v e d  r a d i o n u c l i d e s  i n t o  

t h e -  R u s t l e r  a q u i f e r ;  

2 .  t h e  r a d i o n u c l i d e s  a r e  c a r r i e d  b y  t h e  R u s t l e r  w a t e r  t o  

t h e  Pecos R i v e r  a t  Ma laga  Bend,  f i f t e e n  m i l e s  f r o m  t h e  

WIPP s i t e .  

( S e e ,  f o r  e x a m p l e ,  t h e  WIPP S a f e t y  A n a l y s i s  R e p o r t ,  R e f .  1  

a n d  t h e  D r a f t  E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t  f o r  WIPP, 

R e f .  2 ) .  F i g u r e  1  i l l u s t r a t e s  t w o  o f  t h e  b r e a c h  e v e n t s  w h i c h  

h a v e  been  a n a l y z e d .  

The a i m  o f  t h  

m o d e l i n g  s t e p  

q u e s t i o n - i s :  

c o n s i d e r e d ?  
- 

i s  r e p o r t  i s  t o  a s s e s s  t h e  a s s u m p t i o n s  made i n  

2 ,  n u c l i d e  t r a n s p o r t  i n  t h e  R u s t l e r .  The 

has  a  w o r s t  ( p l a u s i b l e )  c a s e  r e a l l y  been  

In i t s  r e p o - r t  o f  a  J a n u a r y ,  1980 m e e t i n g  o f  g e o l o g i s t s  and  

h y d r o l o g i s t s  t o  d i s c u s s  c o n d i t i o n s  i n  t h e  v i c i n i t y  o f  t h e  WIPP 

s i t e ,  t h e  E n v i r o n m e n t a l  E v a l u a t i o n  Group has  summar i zed  i n f o r -  

m a t i o n  p r e s e n t e d  c o n c e r n i n g  t h e  s t a t u s  o f  h y d r o l o g i c  t e s t i n g  

a n d  q u e s t i o n s  r a i s e d  c o n c e r n i n g  t h e  adequacy  o f  t h e  a v a i l a b l e  

d a t a  f o r  p r e d i c t i n g  consequences  o f  a  r e p o s i t o r y  b r e a c h ( R e f .  

3 ) .  I t  i s  c l e a r  t h a t  t h e r e  a r e  u n c e r t a i n t i e s  i n  t h e  h y d r o -  

l o g i c  p a r a m e t e r s  used  f o r  m o d e l i n g  f l o w  i n  t h e  R u s t l e r  a q u i f e r ,  



and t h a t  t h e r e  a r e  e v e n  g r e a t e r  u n c e r t a i n t i e s  i n v o l v e d  i n  - 
p r e d i c t i n g  changes i n  h y d r o l o g i c  c o n d i t i o n s  t h a t  m i g h t  o c c u r  

o v e r  t h o u s a n d s  o r  m i l l i o n s  o f  y e a r s .  However ,  i t  i s  n o t  

c l e a r  t h a t  t h e s e  u n c e r t a i n t i e s  i n t r o d u c e  e q u i v a l e n t  u n c e r -  

t a i n t i e s  i n t o  t h e  p r o j e c t e d  consequences  o f  a  w o r s t  c a s e  

W I P P  r e p o s i t o r y  b r e a c h .  T h i s  r e p o r t  w i l l  a d d r e s s  t h e  q u e s t i o n  

o f  w h e t h e r  o r  n o t  a  w o r s t  p l a u s i b l e  c a s e  has  been  c o n s i d e r e d  

i n  t h e  WIPP S a f e t y  A n a l y s i s  R e p o r t  (SAR) n u c l i d e  t r a n s p o r t  

m o d e l i n g  b y  a s k i n g :  

Can p l a u s i b l e  changes  i n  t h e n u c l i d e  t r a n s p o r t  m o d e l i n g  assump- 

t i o n s  and R u s t l e r  a q u i f e r  p a r a m e t e r s  r e s u l t  i n  s i g n i f i c a n t l y  

h i g h e r  e s t i m a t e s  o f  peak  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  Pecos 

R i v e r  w a t e r ?  ( B y  " p e a k  c o n c e n t r a t i o n "  i s  mean t  t h e  r a d i o n u c l i d e  

c o n c e n t r a t i o n  i n  Pecos  R i v e r  w a t e r  a t  M a l a g a  Bend, m e a s u r e d  i n  

p i c o c u r i e s  p e r  l i t e r ,  a t  t h e  t i m e  when t h a t  c o n c e n t r a t i o n  i s  

h i g h e s t . )  

I n  o r d e r  t o  l i m i t  a t t e n t i o n  t o  s t e p  2  o f  t h e  b r e a c h  e v e n t  

m o d e l i n g ,  n u c l i d e  t r a n s p o r t  i n  t h e  R u s t l e r  a q u i f e r ,  i t  i s  

assumed t h a t  r a d i o n u c l i d e s  e n t e r  t h e  R u s t l e r  a t  a  g i v e n  r a t e  

and move a l o n g  a  f l o w  p a t h  t o  M a l a g a  Bend.  Then t h e  c a l c u l a t e d  

r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  Pecos R i v e r  w a t e r  and  t h e  r e -  

s u l t i n g  r a d i a t i o n  d o s e s  depend  p r i m a r i l y  o n  t h e  t r a n s i t  t i m e s  

o f  t h e  r a d i o n u c l i d e s  i n  t h e  R u s t l e r ,  b e t w e e n  t h e  WIPP s i t e  

and t h e  Pekos R i v e r .  F o r  r a d i o n u c l i d e s  i n  t h e  i n i t i a l  r e p o s i -  

t o r y  i n v e n t o r y ,  t h e  l o n g e r  i t  t a k e s  t h e  n u c l i d e  t o  r e a c h  t h e  

Pecos R iver ;  t h e  s m a l l e r  i t s  c o n c e n t r a t i o n  w i l l  be  i n  t h e  r i v e r ,  

b e c a u s e  o f  r a - d i o a c t i v e  d e c a y  o f  t h e  n u c l i d e .  F o r  r a d i o a c t i v e  

d e c a y  p r o d u c t s ,  t h e  s i t u a t i o n  i s  more c o m p l e x ,  b e c a u s e  i n g r o w t h  

causes  an i n c r e a s e  i n  a c t i v i t y  o v e r  a  p e r i o d  o f  t i m e ,  f o l l o w e d  

b y  a  d e c r e a s e .  

T h i s  p a p e r  i s  o r g a n i z e d  as  f o l l o w s :  

S e c t i o n  I 1  o u t 1  i n e s  t h e  m o d e l s  u s e d  i n  t h e  WIPP SAR ( R e f .  1 )  
- 

and i n  t h i s  r e p o r t  t o  d e s c r i b e  r a d i o n u c l i d e  t r a n s p o r t  i n  t h e  

R u s t l e r  ~ q u i f e r .  The n e x t  t w o  s e c t i o n s  e x p l o r e  t h e  r e l a t i o n  

- 2 -  



be tween  peak  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  t h e  Pecos R i v e r  

and k e y - h y d r o l o g i c  p a r a m e t e r s .  F i r s t ,  S e c t i o n  111 c o n s i d e r s  

t h e  r e l a t i o n  b e t w e e n  t h e  h y d r o l o g i c  p a r a m e t e r s  and t h e  r a d i o -  

n u c l i d e  t r a v e l  t i m e s .  Then, S e c t i o n  I V  c o n s i d e r s  t h e  r e l a t i o n  

be tween  r a d i o n u c l i d e  t r a v e l  t i m e s  and peak  r a d i o n u c l i d e  con -  

c e n t r a t i o n s  i n  t h e  Pecos R i v e r .  S e c t i o n s  V and  V I  examine  t h e  

p l a u s i b i l i t y  o f  v a r i o u s  changes i n  p a r a m e t e r  v a l u e s  and 

m o d e l i n g  a s s u m p t i o n s  u s e d  t o  a s s e s s  consequences  o f  a  WIPP 

r e p o s i t o r y  b r e a c h .  I n  S e c t i o n  V I I ,  r a d i a t i o n  d o s e - c o m m i t m e n t s  

w h i c h  c o u l d  r e s u l t  f r o m  d r i n k i n g  Pecos R i v e r  w a t e r  a r e  c a l c u -  

l a t e d ,  u n d e r  a  v a r i e t y  o f  a s s u m p t i o n s .  C o n c l u s i o n s  a r e  

summar i zed  i n  S e c t i o n  V I I I .  

A1 t h o u g h  t h i s  a n a l y s i s  i n v e s t i g a t e s  o n l y  a  p o r t i o n  o f  t h e  

b r e a c h  consequence  a s s e s s m e n t  w h i c h  has  t o  do w i t h  n u c l i d e  

t r a n s p o r t  i n  ' t h e  a q u i f e r ,  i t  i s  n e c e s s a r y  t o  h a v e  some s o u r c e  

t e r m  t o  u s e  f o r  r a d i o n u c l i d e  c o n c e n t r a t i o n  and  dose c a l c u l a t i o n s .  

T h a t  i s ,  o n e  m u s t  s t a r t  w i t h  a  r a t e  a t  w h i c h  r a d i o n u c l i d e s  a r e  

i n t r o d u c e d  i n t o  t h e  a q u i f e r .  F o r  i l l u s t r a t i v e  p u r p o s e s ,  t h i s  

a n a l y s i s  w i l l  f o c u s  on  a  s i n g l e  r a d i o n u c l i d e ,  P l u t o n i u m - 2 3 9  

( P u - 2 3 9 ) .  T h i s  c h o i c e  i s  made f o r  t h e  f o l l o w i n g  r e a s o n s :  

The w a s t e  p r o p o s e d  f o r  p e r m a n e n t  d i s p o s a l  a t  WIPP i s  t r a n s u r a n i c  

w a s t e ,  p r i m a r i l y  t h a t  c l a s s i f i e d  as c o n t a c t  h a n d l e d . *  The 

r a d i o n u c l i d e  c o n t e n t  i n c l u d e s  p l u t o n i u m  and  a m e r i c i u m  i s o t o p e s .  

Pu-239 i s  t h e  d o m i n a n t  r a d i o n u c l i d e  i n  c o n t a c t  h a n d l e d  t r a n s -  

u r a n i c  w a s t e ,  i n  t h e  s e n s e  t h a t  i t  has a  l o n g  h a l f - l i f e  
-4 ( 2 . 4  x 1 0  y e a r s )  and  a  h i g h e r  i n i t i a l ,  i n v e n t o r y  t h a n  any o f  

- 

* T r a n s u r a n i c  w a s t e  ( i  .e. ,  w a s t e  c o n t a m i n a t e d  w i t h  
p l u t o n i u m ,  a m e r i c i u m  and  o t h e r  r a d i o n u c l i d e s  w i t h  
a t o m i c  number g r e a t e r  t h a n  t h a t  o f  u r a n i u m )  i s  
c l a s s i f i e d  as  c o n t a c t  h a n d l e d  i f  i t s  c o n t a i n e r  
h a s  a  s u r f a c e  d o s e  r a t e  o f  200 m r e m / h r  o r  l e s s .  



- > 
t h e  o t h e r  a l p h a - e m i t t i n g  r a d i o n u c l i d e s  p r e s e n t .  However, under  
t h e  h y d r o l o g i c  model ing  a s sumpt ions  used i n  t h e  WIPP SAR, Pu-239 
t r a v e l s  s o  s l o w l y  i n  t h e  R u s t l e r  a q u i f e r  t h a t  i t  decays  b e f o r e  

i t  r e a c h e s  t h e  Pecos R i v e r .  While i t s  decay p r o d u c t  Uranium- 
235 does  c o n t r i b u t e  s i g n i f i c a n t l y  t o  dose  e s t i m a t e s ,  Pl u t o n i  um-  
239 i t s e l f  does  n o t .  T h i s  a n a l y s i s  w i l l  e x p l o r e  t h e  p o s s i b i l i t y  

t h a t  p l a u s i b l e  changes  i n  t h e  h y d r o l o g i c  model ing a s s u m p t i o n s  
can r e s u l t  i n  a  s u b s t a n t i a l  p o r t i o n  o f  t h e  Pu-239 i n v e n t o r y  
r e a c h i n g  t h e  Pecos R i v e r .  

In t h e  WIPP SAR, t h e  h y d r o l o g i c  b reach  e v e n t  which would 

r e s u l t  i n  t h e  l a r g e s t  amount o f  was te  e n t e r i n g  t h e  R u s t l e r  
a q u i f e r  i s  Communication Event  1 ,  i n  which w a t e r  f lows  from 

t h e  B e l l  Canyon a q u i f e r  below t h e  r e p o s i t o r y ,  t h rough  t h e  
r e p o s i t o r y  and u p  i n t o  t h e  R u s t l e r  a q u i f e r  ( s e e  F i g u r e  1 ) .  
Thus,  peak r a d i o n u c l i d e  c o n c e n t r a t i o n s  and dose  commitments 
w i l l  be c a l c u l a t e d  based  on t h e  r a t e  a t  which P lu ton ium-239  - 
would be r e l e a s e d  i n t o  t h e  R u s t l e r  a q u i f e r  under  t h e  SAR 
a s s u m p t i o n s  f o r  Communication Event 1 .  



% j l I I .  N u c l i d e  T r a n s p o r t  Model 
, 

The S a n d i a  Waste I s o l a t i o n  F low  and T r a n s p o r t  model  (SWIFT) ,  

d e v e l o p e d  b y  I n t e r a  E n v i r o n m e n t a l  C o n s u l t a n t s ,  I n c . ,  has been 

u s e d  b y  t h e  D e p a r t m e n t  o f  E n e r g y  f o r  c a l c u l a t i o n s  i n v o l v i n g  

n u c l i d e  t r a n s p o r t  i n  t h e  R u s t l e r  a q u i f e r  ( R e f .  4 ) .  F o r  t h e  

p u r p o s e s  o f  c a l c u l a t i n g  t h e  n u c l i d e  c o n c e n t r a t i o n s  i n  R u s t l e r  

b r i n e  e n t e r i n g  t h e  Pecos R i v e r ,  a  s i m p l i f i e d  v e r s i o n  o f  t h e  

model  i s  u s e d  b y  D O E  ( R e f .  1, S e c t i o n  8 . 2 . 1 . 3 . 3 ) .  The b a s i c  

a s s u m p t i o n s  made f o r  t h i s  a p p l i c a t i o n  c a n  be o u t l i n e d  as f o l l o w s :  

A s s u m p t i o n  1 .  W a t e r  F low  i n  t h e  R u s t l e r  A q u i f e r  

W a t e r  moves a l o n g  a  o n e - d i m e n s i o n a l  f l o w  p a t h  w i t h  a v e r a g e  

v e l o c i t y -  i g i v e n  b y  D a r c y ' s  Law: 

w h e r e :  
6 = a q u i f e r  p o r o s i t y  

K = h y d r a u l i c  c o n d u c t i v i t y  o r  p e r m e a b i l i t y  ( f t l y r )  

A h  h y d r a u l i c  g r a d i e n t  ( c h a n g e  i n  h y d r a u l i c  h e a d  
p e r  u n i t  d i s t a n c e ) .  

To a c c o u n t  f o r  t h e  f a c t  t h a t  a t  any  t i m e  and p o s i t i o n ,  some 

w a t e r  p a r b i c l e s  a r e  m o v i n g  more  r a p i d l y  t h a n  t h e  a v e r a g e  w h i l e  

some a r e  m o v i n g  more  s l o w l y ,  t h e  d i f f e r e n t i a l  e q u a t i o n  d e s c r i b i n g  

f l o w  i n c l u d e s  a  t e r m  w h i c h  r e f l e c t s  t h i s  " l o n g i t u d i n a l  

d i s p e r s i v i t y . "  -- 

A s s u m p t i o n  2.  E q u i l i b r i u m  A d s o r p t i o n  o f  N u c l i d e s  

A t  any  p o i n t  i n  t h e  a q u i f e r  a n d  a t  any  t i m e ,  t h e  a c t i v i t y  

c o n c e n t r a t i o n  o f  a  g i v e n  r a d i o n u c l i d e  i s  d i s t r i b u t e d  b e t w e e n  

t h e  a q u i f e r  r o c k  and  t h e  a q u i f e r  w a t e r  as  f o l l o w s :  

C s  = Kd C L  ( 2 )  



where :  - ,' 
C s  = a c t i v i t y  c o n c e n t r a t i o n  i n / o n  r o c k  ( p C i / g )  

C L  = a c t i v i t y  c o n c e n t r a t i o n  i n  w a t e r  ( p C i / m E )  

K d  = d i s t r i b u t i o n  c o e f f i c i e n t  f o r  t h e  n u c l i d e  
i n  q u e s t i o n  (m!L/g).  

A s s u m p t i o n  3. R a d i o a c t i v e  Decay and  I n g r o w t h  

N u c l i d e  c o n c e n t r a t i o n s  change  w i t h  t i m e  b e c a u s e  o f  r a d i o a c t i v e  

d e c a y .  These changes a r e  b u i l t  i n t o  t h e  SWIFT m o d e l .  

I n  o r d e r  t o  s t u d y  t h e  e f f e c t s  o f  p a r a m e t e r  changes  on n u c l i d e  

c o n c e n t r a t i o n  and  dose  e s t i m a t e s ,  i t  i s  u s e f u l  t o  s i m p l i f y  

A s s u m p t i o n  1  s t i l l  f u r t h e r  and  n e g l e c t  l o n g i t u d i n a l  d i s p e r -  

s i v i t y .  T h i s  c a n  b e  j u s t i f i e d  o n l y  i f  t h e  s i m p l i f i c a t i o n  does  

n o t  change  t h e  mode l  p r e d i c t i o n s  s i g n i f i c a n t l y ,  f o r  t h e  n u c l i d e s  

u n d e r  c o n s i d e r a t i o n .  I n  A p p e n d i x  V I  o f  R e f .  5 ,  G r e e n f i e l d  has  

shown t h a t  f o r  l o n g - l i v e d  r a d i o n u c l i d e s  and t h e i r  d e c a y  p r o d u c t s ,  

t h i s  i s  i n d e e d  t h e  c a s e ;  t h a t  i s ,  t h e  peak c o n c e n t r a t i o n  a n d  

dose e s t i m a t e s  o b t a i n e d  u s i n g  t h e  SWIFT m o d e l ,  - i n c l u d i n g  

l o n g i t u d i n a l  d i s p e r s i v i t y ,  a r e  c l o s e  t o t h o s e  o b t a i n e d  u s i n g  t h e  

a n a l o g o u s  mode l  w i t h  z e r o  d i s p e r s i v i t y .  R e s u l t s  o f  t h e  t w o  

m o d e l s  d i f f e r  b y  l e s s  t h a n  a  f a c t o r  o f  2 i n  t h e  c a s e  o f  l o n g -  

l i v e d  i n i t i a l  i n v e n t o r y  r a d i o n u c l i d e s .  When a d d i t i o n a l  

a p p r o x i m a t i o n s  a r e  made i n  c o n n e c t i o n  w i t h  t h e  s i m p l e  mode l  t o  

accommodate a  d e c a y  c h a i n  i n  w h i c h  d i f f e r e n t  members move w i t h  

d i f f e r e n t  v e L o c i t i e s ,  t h e  c o n c e n t r a t i o n  a n d  dose  e s t i m a t e s  

o b t a i n e d  f r o m  t h e  t w o  m o d e l s  s t i l l  d i f f e r  b y  l e s s  t h a n  a  f a c t o r  

o f  5 .  Peak c c n c e n t r a t i o n  a n d  d o s e  e s t i m a t e s  o b t a i n e d  u s i n g  t h e  

s i m p l e r  mode l  t e n d  t o  be  l a r g e r  t h a n  t h o s e  o b t a i n e d  t a k i n g  

d i s p e r s i v i  t y  i n t o  a c c o u n t .  

Thus, f o r  t h e  r e m a i n d e r  o f  t h i s  a n a l y s i s ,  t h e  f o l l o w i n g  

a s s u m p t i o n  w i l l  be  made. 



~ s s u m p t i o n ;  4 .  z e r o  D i s p e r s i v i  t y  

L o n g i t u d i n a l  d i s p e r s i v i  t y  i s  z e r o .  A1 1  w a t e r  p a r t i c l e s  move 

w i t h  t h e  a v e r a g e  v e l o c i t y  g i v e n  b y  e q u a t i o n  ( 1 ) .  

Under  t h e s e  a s s u m p t i o n s ,  i t  c a n  be  shown ( R e f .  5 ,  A p p e n d i x  V I )  

t h a t  a  n u c l i d e  w i t h  a  d i s t r i b u t i o n  c o e f f i c i e n t  K d  (me /q )  w i l l  

move i n  t h e  a q u i f e r  w i t h  v e l o c i t y :  

where  B ,  t h e  r e t a r d a t i o n  f a c t o r ,  i s  g i v e n  b y :  

P = a q u i f e r  d e n s i t y  (g/m9.). 



-., 

I I I .  Hydro loq ic - -Pa rame te r s  and Nuc l ide  Trave l  Times 

Suppose t h e  a q u i f e r  p a r a m e t e r s  d e f i n e d  i n  S e c t i o n  I 1  a r e  c o n s t a n t  
o v e r  a p o r t i o n  of  t h e  f low pa th  which i s  d f e e t  long .  Then t h e  
t ime  T t h a t  i t  t a k e s  f o r  a  n u c l i d e  t o  t r a v e l  th rough t h a t  p a r t  

of t h e  f low pa th  i s  g iven  by: 

where r i s  t h e  n u c l i d e  v e l o c i t y ,  g iven  i n  f t / y r .  

Combining e q u a t i o n s  ( I ) ,  ( 3 ) ,  ( 4 )  and ( 5 )  g i v e s :  

f o r  t h e  t i m e  T t h a t  i t  t a k e s  f o r  a  r a d i o n u c l i d e  wi th  d i s t r i b u -  
t i o n  c o e f f i c i e n t  K d  t o  t r a v e r s e  a  segment of t h e  a q u i f e r  hav ing  

l e n g t h  d ,  p o r o s i t y  8 ,  d e n s i t y  p ,  h y d r a u l i c  c o n d u c t i v i t y  K and 
h y d r a u l i c  g r a d i  a n t  A h / A L .  

To i l l u s t r a t e  t h e  e f f e c t s  o f  t h e  v a r i o u s  pa rame te r s  on T ,  

c o n s i d e r  Plutonium-239 t r a v e r s i n g  t h e  f i r s t  5 m i l e s  o f  t h e  
f low p a t h  from t h e  r e p o s i - t o r y  t o  t h e  Pecos R ive r .  The p a r a -  

m e t e r  v a l u e s  f o r  t h i s  i n t e r v a l ,  ba sed  on i n f o r m a t i o n  i n  t h e  
SAR*, a r e :  

. 
4  

d = ( 5  mi)  (5280  f t / m i )  = 2.6 x 10 f t  

3  
d  = 2 . 4  x 10 m!L/g 

K = 1  f t l d a y  o r  365 f t / y r  

A h  - 100 f t  - - 
1 5  mi)  (5280  f t / m i  

= 3 .8  x 
A2 

3  - 
* Table 3.3-1 gives 8 =  0.1; Table 2.5-12 gives 2.4 x 10 m!Z/g as the 
lowest Kd value measured w i t h  plutonium, groundwater and Rustler formation 
ruck; Figure 8A-4 gives K=l ft /day a t  the  WIPP s i t e  (Ref. 1 ) .  



The hydrau-1i; g r a d i e n t  Ah/Ae i s  compu ted  o n  t h e  b a s i s  o f  t h e  

p o t e n t i a l  l i n e s  shown i n  F i g u r e  2.  Over t h e  f i r s t  5  m i l e s  o f  

t h e  f l o w  p a t h  f r o m  t h e  r e p o s i t o r y ,  t h e  c a l c u l a t e d  h y d r a u l i c  

p o t e n t i a l s  i n  t h e  R u s t l e r  a q u i f e r  d r o p  100 f e e t ,  f r o m  a b o u t  

3150 t o  3050 f e e t .  

S u b s t i t u t i n g  t h e s e  p a r a m e t e r  v a l u e s  i n t o  e q u a t i o n  ( 6 )  one  f i n d s  

t h a t  t h e  t i m e  T  t h a t  i t  w o u l d  t a k e  f o r  Pu-239 t o  m i g r a t e  o v e r  

t h i s  5  m i l e  s t r e t c h  i s :  
7 T  = 9.0 x 1 0  y r .  

The q u e s t i o n  i s :  What c h a n g e s  i n  p a r a m e t e r  v a l u e s  c o u l d  r e d u c e  

t h e  t r a v e l  t i m e  T  s i g n i f i c a n t l y ?  To make t h e  e x a m p l e  m o r e  

s p e c i f i c ,  w h a t  changes i n  p a r a m e t e r  v a l u e s  c o u l d  r e s u l t  i n  a n  

o r d e r  o f  m a g n i t u d e  d e c r e a s e  i n  T?  

I f  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  Kd d e c r e a s e s  b y  a n  o r d e r  o f  

m a g n i t u d e ,  t h e  t r a v e l  t i m e  T  d e c r e a s e s  b y  an  o r d e r  o f  m a g n i t u d e .  

The same d e c r e a s e  i n  T  w o u l d  r e s u l t  f r o m  a n  o r d e r  o f  m a g n i t u d e  

i n c r e a s e  i n  h y d r a u l i c  c o n d u c t i v i t y  K o r  h y d r a u l i c  g r a d i e n t  

Ah/Ae . Changes i n  t h e  a q u i f e r  p o r o s i t y  0 h a v e  v i r t u a l l y  no  

e f f e c t  on t h e  t r a v e l  t i m e  T, p r o v i d e d  t h a t  t h e  d i s t r i b u t i o n  

c o e f f i c i e n t  K d  r e m a i n s  h i g h  ( s a y ,  above  1 0 ) .  



I V .  ~ l u t o n i u m - 2 3 9  T r a v e l  T ime  and I t s  Peak C o n c e n t r a t i o n  i n  t h e  

Pecos R i v e r  

I f  Pu-239 e n t e r s  t h e  R u s t l e r  a q u i f e r  a t  a  r a t e  o f  q p C i / s e c  

a t  t h e  WIPP s i t e ,  moves i n  t h e  R u s t l e r  a c c o r d i n g  t o  t h e  

a s s u m p t i o n s  i n  S e c t i o n  11, and  b e g i n s  t o  e n t e r  t h e  Pecos 

R i v e r  a t  an a r r i v a l  t i m e  TA y e a r s  a f t e r  w a s t e  emp lacemen t ,  

t h e n  t h e  peak c o n c e n t r a t i o n  C o f  Pu-239 i n  Pecos R i v e r  w a t e r  

i s  g i v e n  b y :  

- ( e n  2 ) ( T A ) / ( 2 . 4  x l o 4 )  

C = q e  
1 p C i / e  ( 7 )  

4  w h e r e  2 .4  x 1 0  y e a r s  i s  t h e  h a l f - l i f e  o f  Pu-239 a n d  F L / s e c  

i s  t h e  Pecos R i v e r  f l o w  a t  M a l a g a  Bend. The min imum v a l u e  f o r  
3  F i s  g i v e n  i n  t h e  SAR as 1 8  f t  / s e c  ( R e f .  1  8 . 9 ) .  T h a t  i s :  

2  F = 5 .1  x 1 0  e / s e c .  

As d i s c u s s e d  i n  S e c t i o n  I, t h e  b r e a c h  e v e n t  u n d e r  c o n s i d e r a t i o n  

i n  t h i s  a n a l y s i s  i n v o l v e d  a  h y d r o l o g i c  c o n n e c t i o n  be tween  a q u i -  

f e r s  above  and  b e l o w  t h e  r e p o s i t o r y .  The SAR d e s c r i b e s  s u c h  a  

b r e a c h  e v e n t :  C o m m u n i c a t i o n  E v e n t  1. U n d e r  t h e  S A R  a s s u m p t i o n s *  

f o r  C o m m u n i c a t i o n  E v e n t  1 ,  t h e  r a t e  q  a t  w h i c h  Pu-239 i n  c o n t a c t  

h a n d l e d  t r a n s u r a n i c  w a s t e  e n t e r s  t h e  R u s t l e r  i s :  

q = 2 .1  x l o 4  p C i / s e c .  

Thus,  f r o m - e q u a t i o n  ( 7 1 ,  t h e  p e a k  c o n c e n t r a t i o n  C o f  Pu-239 i n  

Pecos R i v e r  w a t e r  i s :  

- 3  
The s t e a d  s t a t e  r e p o s i t o r y  d i s s o l u t i o n  r a t e  i s  g i v e n  as 0 .25  f t  / d a y  
( p .  8 .3 -53 ;  t h e  f r a c t i o n  o f  t h e  r e p o s i t o r y  vo lume w h i c h  i s  w a s t e  
i s  0 .115  [p. 8 . 3 - 3 1 3  a n d  t h e  s p e c i f i c  a c t i v i t y  o f  Pu-239 i n 3 t h e  
w a s t e  i s  2 .21  x 10- C 1 4 E  (-Table 3.1-2).) Then q = i 9 . 2 5  f t  l d a y )  
x ( 3 . 1 1 5 )  4 ( 2 8 . 3 2  L / f t  ) x (2 .21  x 13- C i / e )  x 1 0  p ~ i / ~ i )  + 
( 8 . 6 4  x 1 0  s e c / d a y ) ,  ( 2 e f . l ) .  - -. - 



.- 
h e r e  t h e  a r r i v a l  t i m e  TA  i s  t h e  sum o f  t h e  b r e a c h  t i m e  

i .e .  t h e  'number o f  y e a r s  b e t w e e n  w a s t e  emp lacemen t  and t h e  

r e p o s i t o r y  b r e a c h  e v e n t )  and t h e  Pu-239 t r a v e l  t i m e  ( i . e .  t h e  

t i m e  i t  t a k e s  f o r  Pu-239 t o  t r a v e l  i n  t h e  R u s t l e r  a q u i f e r  f r o m  

t h e  WIPP s i t e  t o  t h e  Pecos R i v e r ) .  

U s i n g  t h e  i n f o r m a t i o n  i n  t h e  S A R  c o n c e r n i n g  R u s t l e r  a q u i f e r  

h y d r o l o g y  and d i s t r i b u t i o n  c o e f f i c i e n t s * ,  t h e  t i m e  be tween  

a  b r e a c h  e v e n t  and t h e  a r r i v a l  t i m e  o f  Pu-239 a t  t h e  Pecos 
8  R i v e r  w o u l d  b e  a b o u t  1 . 4  x 1 0  y e a r s . * *  

The Pu-239 i n  t h e  r e p o s i t o r y  i n v e n t o r y  w o u l d  decay  i n  t h i s  
4 t i m e ,  s i n c e  Pu-239 has  a  h a l f - l i f e  o f  2 . 4  x 1 0  y e a r s .  

However ,  t h i s  a n a l y s i s  c o n s i d e r s  w h e t h e r  p l a u s i b l e  changes 

i n  p a r a m e t e r s  r a n  l e a d  t o  s i g n i f i c a n t l y  s h o r t e r  t r a v e l  t i m e s  

and s i g n i f i c a n t l y  h i g h e r  r a d i a t i o n  d o s e s  t h a n  t h o s e  d e r i v e d  

f r o m  t h e  p a r a m e t e r s  u s e d  i n  t h e  S A R  a n a l y s i s .  F o r  t h e  moment, 

e q u a t i o n  ( 8 )  w i l l  b e  u s e d  t o  s t u d y  t h e  dependence  o f  t h e  peak 

Pu-239 c o n c e n t r a t i o n  C on t h e  a r r i v a l  t i m e  TA ,  w i t h o u t  r e g a r d  

t o  t h e  p l a u s i b i l i t y  o f  d i f f e r e n t  TA va!ues. The p l a u s i b i l i t y  

o f  d i f f e r e n t  a r r i v a l  t i m e  v a l u e s  w i l l  b e  d i s c u s s e d  i n  S e c t i o n  

v .  

F i g u r e  3  i l l u s t r a t e s  t h e  r e l a t i o n  b e t w e e n  t h e  peak Pu-239 

c o n c e n t r a t i o n  C i n  Pecos R i v e r  w a t e r  and  t h e  Pu-239 a r r i v a l  

t i m e  TA. l l s i n g  e q u a t i o n  ( 8 ) ,  C i s  p l o t t e d  a g a i n s t  t h e  l o g a r i t h m  

o f  TA. T h i s  s e m i - l o g  p l o t  makes i t  e a s y  t o  s e e  how o r d e r - o f -  

m a g n i t u d e  changes  i n  TA a f f e c t  C .  T a b l e  1  summar i zed  k e y  v a l u e s  

o f  C. .- 

* T a b l e  2 .5-12,  T a b l e  8 .3-1 ,  F i g u r e  8A-2  and  F i g u r e  8A-4, ( R e f .  1 ) .  

** The sum o f  t h e  t r a v e l  t i m e s  f o r  t h e  f i r s t  5 m i l e s ,  where  
K = l  f t l d a y  a n d  t h e  l a s t  10 m i l e s ,  w h e r e  K=4 f t l d a y  ( R e f .  1,  
F i g u r e  8A-4) .  The o t h e r  p a r a m e t e r s  a r e  as  g i v e n  i n  S e c t i o n  
111. 



I t  can be s e e n  from F i g u r e  3  and Tab le  1 ,  t h a t  a r r i v a l  t i m e s  

between 0  and 10 ,000  y e a r s  a l l  r e s u l t  i n  rough ly  the  same 

peak Pu-239 c o n c e n t r a t i o n s  i n  t h e  Pecos R ive r .  I f  t h e  Pu-239 

s t a r t s  t o  e n t e r  t h e  Pecos River 100,000 y e a r s  a f t e r  w a s t e  

emplacement ,  t hen  t h e  peak c o n c e n t r a t i o n  i s  l e s s  t h a n  a  t e n t h  

of  what i t  would be i f  t h e  a r r i v a l  t ime were 10,OOQ y e a r s .  

An a r r i v a l  t i m e  o f  500,000 y e a r s  r e s u l t s  i n  a  f u r t h e r  r e d u c -  

t i o n  of t h e  peak Pu-239 c o n c e n t r a t i o n  by a  f a c t o r  o f  l o ?  

T h i s  s u g g e s t s  a  way o f  making t h e  b a s i c  q u e s t i o n  more p r e c i s e :  

1 .  Can p l a u s i b l e  changes  i n  t h e  model ing a s sumpt ions  o r  

h y d r o l o g i c  p a r a m e t e r s  used  i n  the WIPP SAR a n a l y s i s  

r e s u l t  i n  a  Pu-239 Pecos R i v e r  a r r i v a l  t ime  o f  l e s s  

t h a n  100 ,000  y e a r s ?  

2 .  Can t h e  Pu-239 a r r i v a l  time be l e s s  t h a n  10 ,000  y e a r s ?  -~ 



As d i s c u s s e d  i n  S e c t i o n  111 ,  an o r d e r  o f  m a g n i t u d e  d e c r e a s e  

i n  d i s t r i b u t i o n  c o e f f i c i e n t  ( K d )  o r  i n c r e a s e  i n  h y d r a u l i c  

c o n d u c t i v i t y  (K) o r  h y d r a u l i c  g r a d i e n t  (A~/AP.) w o u l d  r e s u l t  i n  

an o r d e r  o f  m a g n i t u d e  d e c r e a s e  i n  t h e  t r a v e l  t i m e  ( T ) .  Pa ra -  

m e t e r  changes a m o u n t i n g  t o  more t h a n  t h r e e  o r  f o u r  o r d e r s  o f  

m a g n i t u d e  w o u l d  be  n e c e s s a r y  t o  r e d u c e  t h e  t r a v e l  t i m e  f r o m  

14,000,000 y e a r s  t o  100,000 o r  10,000 y e a r s .  The n e x t  s t e p ,  

t h e n ,  i n  t h i s  a n a l y s i s ,  i s  t o  e v a l u a t e  t h e  p o t e n t i a l  f o r  l a r g e  

changes i n  t h e  t h r e e  k e y  p a r a m e t e r s .  

The h y d r a u l i c  g r a d i e n t  Ah/AE a p p e a r s  t o  be  t h e  l e a s t  v a r i a b l e  

of  t h e s e  p a r a m e t e r s .  I n  o r d e r  f o r  t h e  a v e r a g e  h y d r a u l i c  

g r a d i e n t  t o  i n c r e a s e  b y  a  f a c t o r  o f  10 ,  t h e  d i f f e r e n c e  between 

p o t e n t i o m e t r i c  l e v e l s  o f  t h e  R u s t l e r  a t  t h e  WIPP s i t e  and a t  

t h e  Pecos R i v e r  w o u l d  h a v e  t o  go  f r o m  300 t o  3000 f e e t .  Such 

a  change does n o t  a p p e a r  c r e d i b l e .  

The h y d r a u l i c  c o n d u c t i v i t i e s  K  f o r  d i f f e r e n t  p o r t i o n s  o f  

t h e  f l o w  p a t h  a r e  more  l i k e l y  t o  d e v i a t e  f r o m  t h e  assumed 

v a l u e s ,  e i t h e r  b e c a u s e  o f  d i f f i c u l t i e s  i n  measuremen t ,  non-  

u n i f o r m i t y  o f  t h e  a q u i f e r  o r  f u t u r e  changes  (e .g .  f r a c t u r i n g  

o f  t h e  a q u i f e r  r o c k  o r  d i s s o l u t i o n  o f  s a l t  i n  t h e  R u s t l e r  a t  

t h e  WIPP s j t e ) .  The SAR c a l c u l a t i o n s  o f  h y d r a u l i c  conduc -  

t i v i t i e s  i n  t h e  R u s t l e r  show an i n c r e a s e  f r o m  1  f t l d a y  n e a r  

t h e  WIPP s i t e  t o  6 4  f t l d a y  a t  t h e  Pecos R i v e r .  I t  does n o t  - 
a p p e a r  l i k e l y  t h a t  h y d r o l o g i c  c o n d i t i o n s  i n  t h e  v i c i n i t y  o f  

t h e  s i t e  w o u r d  change  s o  d r a s t i c a l l y  i n  10,000 o r  e v e n  100,000 

y e a r s  t h a t  t h e y  w o u l d  m a t c h  p r e s e n t  c o n d i t i o n s  i n  t h e  R u s t l e r  

n e a r  t h e  Pecos R i v e r .  P e r h a p s  an i n c r e a s e  b y  one  o r d e r  o f  

m a g n i t u d e  i n  h y d r a u l i c  c o n d u c t i v i t y  v a l u e s  c a n  be  t a k e n  as a  

w o r s t  p l a u s i b l e  c a s e .  



-_ 
The m o s t  q d r e d i c t a b l e  o f  t h e  p a r a m e t e r s  i s  t h e  d i s t r i b u t i o n  

c o e f f i c i e n t  ( K d ) .  L a b o r a t o r y  Kd measurements  u s i n g  a p p a r e n t l y  

i d e n t i c a l  r o c k s ,  s o l u t i o n s  a n d  p r e c e d u r e s  c a n  d i f f e r  b y  an 

o r d e r  o f  m a g n i t u d e .  C h a n g i n g  t h e  r o c k  o r  s o l u t i o n  s l i g h t l y  

can r e s u l t  i n  g r e a t e r  d i s c r e p a n c i e s .  D i f f e r e n t  l a b o r a t o r i e s  

r e p o r t  w i d e l y  d i f f e r e n t  r e s u l t s  ( e . g .  p l u t o n i u m  K d  v a l u e s  

b e t w e e n  1 6  and  20 me/g  f o r  C u l e b r a  d o l o m i t e  and " p r e p a r e d  

w a t e r "  i n  R e f .  6  and  v a l u e s  o f  2,100 m t / g  f o r  C u l e b r a  d o l o m i t e  

and - r i n e  a n d  7,300 ma/g f o r  C u l e b r a  d o l o m i t e  and g r o u n d w a t e r  

i n  R e f .  7 ) .  I n  a d d i t i o n  t o  t h e  p r o b l e m s  j u s t  d i s c u s s e d  i n v o l v i n g  

r e p r o d u c i b i l i t y  o f  l a b o r a t o r y  measuremen ts ,  t h e r e  a r e  p r o b l e m s  

i n v o l v e d  w i t h  p r e d i c t i n g  and s t u d y i n g  i n - s i t u  c o n d i t i o n s .  

Many f a c t o r s  i n f l u e n c e  t h e  r e l a t i v e  amounts o f  a n u c l i d e  i n  

t h e  s o l i d  and  l i q u i d  phases  o f  an a q u i f e r .  F o r  e x a m p l e ,  t h e  

c o n c e n t r a t i o n  o f  t h e  n u c l i d e  i n  q u e s t i o n  o r  o f  o t h e r  e l e m e n t s ,  

can a f f e c t  t h e  c a p a c i t y  o f  t h e  r o c k  t o  a b s o r b  more o f  t h e  

r a d i o n u c l i d e ;  t h u s  a  " l o a d i n g  e f f e c t "  can r e d u c e  K v a l u e s .  

C h e l a t i n g  a g e n t s  l i k e  EDTA c a n  a l s o  r e d u c e  Kd v a l u e s ,  as c a n  - 
t e m p e r a t u r e ,  pH and  o t h e r  p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  o f  

t h e  r o c k ,  t h e  w a t e r  and  t h e  n u c l i d e .  T a b l e  21 i n  R e f .  7 shows 

a  r e d u c t i o n  o f  one  t o  t w o  o r d e r s  o f  m a g n i t u d e  i n  Kd ( f o r  

Gd-153, Eu -152  and  Ce-144) when a  p l y w o o d  e x t r a c t  i s  added 

t o  t h e  s o l u t i o n .  

T h e r e f o r e ,  $ t  i s  c o n c e i v a b l e  t h a t  a v e r a g e  Kd v a l u e s  f o r  

n u c l i d e s  i n  a  w a s t e  and  b r i n e  m i x t u r e ,  m o v i n g  t h r o u g h  f i f t e e n  

m i l e s  o f  t h e  R u s t l e r  a q u i f e r ,  w o u l d  t u r n  o u t  t o  be  t w o  o r  e v e n  - 
t h r e e  o r d e r s  o f  m a g n i t u d e  s m a l l e r  ( o r  l a r g e r )  t h a n  t h e  v a l  

u s e d  i n  t h e  WFQP S A R  n u c l i d e  t r a n s p o r t  m o d e l i n g .  However ,  

s t a t e m e n t s  i n  t h e  SAR i n d i c a t e  t h a t  t h e  Kd v a l u e s  c h o s e n  a  

r e f l e c t  a  w o r s t  c a s e  ( i . e .  l o w e s t  p l a u s i b l e  a v e r a g e  v a l u e s  

1 r e a d y  

1. 



The p l u t o n i u m  K d  v a l u e  u s e d  i n  t h e  S A R  m o d e l i n q  i s  t h e  l o w e r  

o f  t w o  K d  v a l u e s  r e p o r t e d  i n  WIPP s i  t e - s p e c i f i c  t e s t s  u s i n g  

s i m u l a t e d  g r o u n d w a t e r  and  R u s t l e r  f o r m a t i o n  r o c k  f r o m  j u s t  

o u t s i d e  t h e  W I P P  b o u n d a r y  ( R e f .  1 ,  T a b l e  2 .5 -12 ) .  F u r t h e r ,  

t h e  measurements  a r e  made u s i n g  a  h i g h l y  o x i d i z e d  s p e c i e s  o f  

p l u t o n i u m ,  w h i c h  i s  t h o u g h t  t o  be  more m o b i l e  t h a n  s p e c i e s  

w i t h  l o w e r  o x i d a t i o n  s t a t e s  b u t  l e s s  l i k e l y  t o  be  p r e s e n t  

f o l l o w i n g  a r e p o s i t o r y  b r e a c h  ( R e f .  1,  p .2 .5 -43 ) .  



V I .  H e t e r o g e n e i t y  o f  A q u i f e r  and N u c l i d e  P r o p e r t i e s  
', 

The p r e c e d i n g  s e c t i o n  c o n s i d e r e d  t h e  e x t e n t  t o  w h i c h  t h e  a v e r a g e  

v a l u e s  o f  key  p a r a m e t e r s  c o u l d  d i f f e r ,  now o r  i n  t h e  f u t u r e ,  

f r o m  t h o s e  u s e d  i n  t h e  WIPP s a f e t y  a s s e s s m e n t .  T h i s  s e c t i o n  

w i l l  d i s c u s s  t h e  e x t e n t  t o  w h i c h  i t  i s  a p p r o p r i a t e  t o  l o o k  a t  

a v e r a g e  b e h a v i o r .  The answer  p r o p o s e d  i s  i n  two p a r t s .  

1. I n  t h i s  a p p l i c a t i o n ,  i t  i s  a p p r o p r i a t e  t o  u s e  a v e r a g e  

h y d r o l o g i c  p a r a m e t e r s  t o  d e s c r i b e  w a t e r  movement i n  t h e  

a q u i f e r .  

2.  The use o f  a  s i n g l e  a v e r a g e  d i s t r i b u t i o n  c o e f f i c i e n t  f o r  

e a c h  n u c l i d e  may mask s i g n i f i c a n t  e f f e c t s  r e s u l t i n g  f r o m  

t h e  m i g r a t i o n  o f  a  s u b p o p u l a t i o n  o f  t h e  n u c l i d e  p a r t i c l e s .  

P o i n t  1 ,  r e g a r d i n g  w a t e r  movement  i n  t h e  a q u i f e r ,  r e q u i r e s  

some q u a l i f i c a t i o n .  The c l a i m  i s  t h a t  i t  i s  a p p r o p r i a t e  t o  u s e  

a v e r a g e  p a r a m e t e r  v a l u e s  o v e r  i n t e r v a l s  w h e r e  t h e r e  a r e  n o  - 
l a r g e  s c a l e  changes i n  h y d r o l o g i c  c o n d i t i o n s .  F o r  e x a m p l e ,  

o n e  s h o u l d  n o t  lump m i l e - l o n g  s t r e t c h e s  w h e r e  t h e  h y d r a u l i c  

c o n d u c t i v i t y  i s  m e a s u r e d  as 1  f t l y r  w i t h  m i l e - l o n g  s t r e t c h e s  

w h e r e  t h e  h y d r a u l i c  c o n d u c t i v i t y  i s  m e a s u r e d  as 50 f t / y r .  

However ,  s m a l l  s c a l e  v a r i a t i o n s  s h o u l d  n o t  add  up t o  g r o s s  

e f f e c t s  on  w a t e r  movement o v e r  a  15 m i l e  f l o w  p a t h .  I n  i t s  

t r a v e l  f r o m  t h e  WIPP s i t e  t o  t h e  Pecos R i v e r ,  e a c h  w a t e r  d r o p  

w i l l  p a s s  t h r o u g h  1  i n c h  o r  1 0  f o o t  f r a c t u r e s  w h e r e  i t  moves 

r e l a t i v e l y  q u i c k l y  and  t h r o u g h  s m a l l  p o r t i o n s  o f  t h e  a q u i f e r  

w h i c h  a r e  l e ~ s  p e r m e a b l e  t h a n  t h e  a v e r a g e .  The h y d r a u l i c  

g r a d i e n t  may be s t e e p  o v e r  a  s m a l l  i n t e r v a l ,  b u t  w i l l  b e  l e s s  

s t e e p  t h a n  t h c  a v e r a g e  somewhere e l s e .  T h i s  t y p e  o f  v a r i a t i o n  

o v e r  s h o r t  i n t e r v a l s  w o u l d  n o t  r e s u l t  i n  s i g n i f i c a n t  c h a n g e s  

i n  t h e  n u c l i d e  c o n c e n t r a t i o n s  and  d o s e s  c a l c u l a t e d  on t h e  b a s i s  

o f  a v e r a g e  v a l u e s  o f  h y d r o l o g i c  p a r a m e t e r s  o v e r  s e v e r a l  m i l e  

i n t e r v a l s .  
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, , , i ~ h a t  i s  t te d i f f e r e n c e ,  t h e n ,  between t h e  use of a v e r a g e  
; f .  4 ' 

, .,, " ' a q u i f e r  parameters  and t h e  use o f  a v e r a g e  d i s t r i b u t i o n  co-  
..,, ,. 2 e f f i c i e n t s ?  The d i f f e r e n c e ,  a s  s u g g e s t e d  i n  p o i n t  2 ,  i s  t h a t  

t h e r e  may be s u b p o p u l a t i o n s  of  n u c l i d e  p a r t i c l e s  which m i g r a t e  
through t h e  whole 15 m i l e  f low pa th  i n  a  way t h a t  d i f f e r s  

s i g n i f i c a n t l y  from t h e  p r e d i c t e d  norm. 

Cons ider  t h e  ca se  o f  p lu ton ium.  Under t h e  e q u i l i b r i u m  

a d s o r p t i o n  assumption s t a t e d  i n  S e c t i o n  11, u s i n g  a  K d  v a l u e  

of  2400 me/g, each p lu ton ium p a r t i c l e  spends  a l a r g e  amount of  

t ime  a s s o c i a t e d  w i t h  t h e  a q u i f e r  rock and n o t  moving wi th  t h e  

w a t e r .  T h i s  i s  what s lows  t h e  p lu tonium down i n  i t s  m i g r a t i o n  

th rough t h e  a q u i f e r .  S i n c e  t h e r e  i s  a  s i n g l e  K d  v a l u e  govern ing  
t h e  b e h a v i o r  of  a l l  of t h e  p a r t i c l e s ,  a l l  a r e  slowed down 

equa l  l y .  

I t  i s  more l i k e l y ,  e s p e c i a l l y  g iven  the- h e t e r o g e n e i t y  o f  

t h e  c o n t a c t  hand led  t r a n s u r a n i c  was t e  t o  be s t o r e d  i n  t h e  

WIPP r e p o s i t o r y ,  t h a t  p lu ton ium and o t h e r  r a d i o n u c l i d e s  

w i l l  be i n  v a r i o u s  p h y s i c a l  and chemical  s t a t e s  and com- 

p l e x e s  and w i l l  be h e t e r o g e n e o u s  i n  t h e i r  a f f i n i t y  f o r  

a a u i f e r  rock and t he i r  s o l u b i , l i t y  i n  w a t e r .  

Two l i n e s  o f  e x p e r i m e n t a l  e v i d e n c e  s u g g e s t  t h a t  i f  a  

r e p o s i t o r y  breach  o c c u r r e d ,  a  f r a c t i o n  o f  t h e  p lu ton ium . 
p a r t i c l e s  e n t e r i n g  t h e  R u s t l e r  would move w i t h  an e f f e c t i v e  

d i s t r i b u t i o n  c o e f f i c i e n t  o f  z e r o .  In t h e  plywood e x t r a c t  - 
expe r imen t  d i s c u s s e d  i n  S e c t i o n  V ,  t h e r e  i s  an a p p a r e n t l y  

l ower ing  of  Ed when t h e  o r g a n i c  m a t e r i a l  i s  added t o  t h e  

b r i n e - r o c k - n u c l i d e  m i x t u r e  used t o  measure  K d .  One i n t e r p r e -  

t a t i o n  s u g g e s t e d  i n  Ref. 7 i s  t h a t  some o f  t h e  n u c l i d e  p a r t i -  

c l e s  a r e  i n  o r g a n i c  complexes .  The r e a s o n  t h i s  would lower  

t h e  a p p a r e n t  K d  i s  t h a t  t h e  p a r t i c l e s  i n  o r g a n i c  complexes 

would remain i n  s o l u t i o n  ( i . e .  behave a s  i f  t h e i r  K d  were  

z e r o )  w h i l e  t h e  o t h e r  p a r t i c l e s  would n o t  change t h e i r  b e h a v i o r .  
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I n  t h e s e  b a t c h  e x p e r i m e n t s ,  movement  i s  n o t  o b s e r v e d  and t h e  

c h e m i c a l  f o r m s  o f  n u c l i d e s  and n u c l i d e  comp lexes  a r e  n o t  d e t e r -  

m i n e d ,  s o  any h e t e r o g e n e i t y  i n  f o r m  o r  b e h a v i o r  o f  t h e  n u c l i d e  

i n  q u e s t i o n  w o u l d  n o t  be  o b s e r v e d  d i r e c t l y .  

Column i n f i l t r a t i o n  e x p e r i m e n t s  r e p o r t e d  i n  R e f .  6 p r o v i d e  

d i r e c t  e v i d e n c e  o f  t r a n s u r a n i c  n u c l i d e  f r a c t i o n s  w h i c h  move 

i n  w a t e r  t h r o u g h  p o r o u s  r o c k  c o l u m n s  a t  t h e  speed  o f  w a t e r  

( i . e .  w i t h  K d  = O.).* A d d i t i o n a l  amounts  o f  t h e  n u c l i d e  a r e  

o b s e r v e d  t o  t r a v e l  more s l o w l y  t h a n  w a t e r  i n  t h e  co lumns b u t  

much more  r a p i d l y  t h a n  w o u l d  be  p r e d i c t e d  on  t h e  b a s i s  o f  

a v e r a g e  Kd v a l u e s  m e a s u r e d  i n  e i t h e r  b a t c h  o r  co lumn e x p e r i m e n t s t *  

I t  i s  n o t  c l e a r . h o w  t o  a p p l y  t h e  r e s u l t s  o f  t h e s e  co lumn 

i n f i  1  t r a t i o n  e x p e r i m e n t s  t o  n u c l i d e  m i g r a t i o n  m o d e l i n g  i n  t h e  

c a s e  o f  a  r e p o s i t o r y  b r e a c h  e v e n t .  The e x p e r i m e n t s  d i s c u s s e d  

i n  R e f .  6 w e r e  n o t  done  w i t h  R u s t l e r  f o r m a t i o n  r o c k s .  I n  .- 

a d d i t i o n ,  t h e  n u c l i d e s  w e r e  n o t  i n  s o l u t i o n  w i t h  o r g a n i c  m a t e r i a l  

o r  m i n e r a l s  w h i c h  w o u l d  be  p r e s e n t  i n  t h e  e v e n t  o f  a  WIPP r e p o s i -  

t o r y  b r e a c h .  F i n a l l y ,  n u c l i d e  m i g r a t i o n  b e h a v i o r  o v e r  a  d i s t a n c e  

o f  s e v e r a l  c e n t i m e t e r s  i n  a  c o l u m n  may n o t  m i m i c  n u c l i d e  b e h a v i o r  

o v e r  a  f i f t e e n  m i l e  p a t h .  However ,  u n t i  1  W I P P - s p e c i f i c  e x p e r i  - 
R e n t s  o r  t h e o r e t i c a l  a n a l y s e s  a r e  p e r f o r m e d .  w h i c h  r u l e  o u t  t h e  

p r e s e n c e  o f  a  m o b i l e  p l u t o n i u m  ( o r  t r a n s u r a n i c )  f r a c t i o n  u n d e r  

WIPP c o n d i t i o n s ,  t h i s  p o s s i b i l i t y  s h o u l d  b e  i n c l u d e d  i n  t h e  

* The f r ~ ~ t i o n s - - l i s t e d  a r e  7 x  f o r  Pu 4+ i l i m e s t o n e ;  3 x  2+ . f o r  Np i n  l i m e s t o n e ;  a n d  1.3 x 1 0 - 2  f o r  Np i n  s a n d s t o n e  
( R e f .  6 ,  p. 1 5 ) .  

** F o r  e x a m p l e ,  i n  one  e x p e r i m e n t ,  1 / 1 0 0 0 t h  o f  t h e  p l u t o n i u m  u s e d  
was o b s e r v e d  t o  p a s s  t h r o u g h  l i m e s t o n e  a t  a  v e l o c i t y  a t  l e a s t  
e q u a l  t o  4 t h e  w a t e r  v e l o c i t y .  A n e p t u n i u m  f r a c t i o n  o f  0 .12  was 
o b s e r v e d  t o  move t h r o u g h  s a n d s t o n e  a t  a  v e l o c i t y  a t  l e a s t  e q u a l  
t o  0 . 1  t i m e s  t h e  w a t e r  v e l o c i t y  ( R e f .  6, p .  1 5 ) .  - 
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a v a i l a b l e  s o  f a r ,  i t  i s  p o s s i b l e  t h a t  a  p o r t i o n  o f  t h e  t r a n s -  

u r a n i c  i n v e n t o r y  i n j e c t e d  i n t o  t h e  R u s t l e r  a q u i f e r  i n  t h e  e v e n t  

of  a  W I P P  r e p o s i t o r y  b r e a c h  w o u l d  be  i n  a  c h e m i c a l  f o r m  w h i c h  

w o u l d  a l l o w  i t  t o  move t h r o u g h  t h e  a q u i f e r  u n r e t a r d e d .  

The f r a c t i o n  chosen  t o  r e p r e s e n t  a  p l a u s i b l e  w o r s t  case  f o r  t h e  

r e m a i n d e r  o f  t h i s  a n a l y s i s  i s  0 .01 .  T h a t  i s ,  t h i s  a n a l y s i s  w i l l  

i n v e s t i g a t e  t h e  c o n s e q u e n c e s  o f  assuming  t h a t  one p e r c e n t  o f  

t h e  Pu-239 e n t e r i n g  t h e  R u s t l e r  a q u i f e r  i n  t h e  c a s e  o f  a  r e p o s i -  

t o r y  b r e a c h  moves t h r o u g h o u t  t h e  f i f t e e n  m i l e  f l o w  p a t h  a t  t h e  

v e l o c i t y  o f  t h e  a q u i f e r  w a t e r .  The one p e r c e n t  v a l u e  i s  much 

h i g h e r  t h a n  t h a t  o b s e r v e d  i n  t h e  R e f .  6 p l u t o n i u m / l i m e s t o n e  

e x p e r i m e n t  and'  s l i g h t l y  l o w e r  t h a n  t h a t  o b s e r v e d  i n  t h e  

n e p t u n i u m / s a n d s t o n e  e x p e r i m e n t .  I t  i s  c o n s i d e r e d -  t o  be  a  

p l a u s i b l e  w o r s t  c a s e  v a l u e  b e c a u s e  o f  t h e  c o n f l i c t i n g  i n f l u e n c e s  

o f  t h e  p r e s e n c e  o f  o r g a n i c  m a t e r i a l  ( w h i c h  m i g h t  c r e a t e  a  

m o b i l e  s u b p o p u l a t i o n )  a n d  t h e  l e n g t h  o f  t h e  f l o w  p a t h  ( w h i c h  

a l l o w s  t i m e  f o r  t h e  a l t e r a t i o n  o f  c h e m i c a l  f o r m ,  b r e a k i n ;  down 

s u b p o p u l a t i o n s ) .  
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V I I .  P o t e n t i a l  Doses f r o m  D r i n k i n g  Pecos R i v e r  W a t e r  

The WIPP S A R  i n c l u d e s  c a l c u l a t i o n s  o f  r a d i a t i o n  doses w h i c h  

p e o p l e  c o u l d  r e c e i v e  i f  Pecos R i v e r  w a t e r  w e r e  t o  be c o n t a m i n -  

a t e d  f o l l o w i n g  a  r e p o s i t o r y  b r e a c h  e v e n t .  The doses  c a l c u l a t e d  

a r e  f r o m  t h e  i n g e s t i o n  o f  f i s h  and  w a t e r  and  f r o m  e x t e r n a l  e x -  

p o s u r e  d u r i n g  swimming,  b o a t i n g  and  o t h e r  a c t i v i t i e s  ( R e f .  1 ,  

p. 8 . 2 - 9 ) .  The l a r g e s t  doses  a r e  f r o m  t h e  i n g e s t i o n  o f  w a t e r ,  

e x c e p t  i n  t h e  c a s e  o f  Radium-226 w h e r e  t h e  i n g e s t i o n  o f  f i s h  

l e a d s  t o  s l i g h t l y  g r e a t e r  d o s e s  t h a n  t h e  i n g e s t i o n  o f  w a t e r .  

Thus d o s e  p r o j e c t i o n s  b a s e d  o n  d r i n k i n g  Pecos R i v e r  w a t e r  c a n  

g i v e  a  good  i d e a  o f  t h e  o v e r a l l  r a d i a t i o n  d o s e  w h i c h  m i g h t  

b e  r e c e i v e d  f r o m  t h e  v a r i o u s  w a t e r  u s e s .  

The d o s e s  c a l c u l a t e d  i n  t h i s  s e c t i o n  w i l l  b e  w h o l e  b o d y  f i f t y  

y e a r  d o s e  commi tments  r e c e i v e d  b y  m a x i m a l l y  e x p o s e d  a d u l t s  

f r o m  one y e a r ' s  i n g e s t i o n  o f  Pu-239 i n  Pecos R i v e r  w a t e r .  

These  a r e  t h e  doses  m o s t  e a s i l y  compared  w i t h  d o s e s  l i s t e d  i n  

t h e  SAR. The dose  commi tmen t  0 (mrem) r e s u l t i n g  f r o m  one  

y e a r ' s  i n g e s t i o n  o f  w a t e r  w i t h  a  Pu-239 c o n c e n t r a t i o n  o f  C 

( p C i / C )  i s  g i v e n  b y :  

w h e r e  7 3 0  l i t e r s  i s  t h e  v a l u e  recommended i n  NUREG 1 .109  

( R e f .  8, T a b l e  E - 5 )  as t h e  a n n u a l  w a t e r  u p t a k e  v a l u e  t o  assume 

f o r  m a x i m a l l y  e x p o s e d  a d u l t s  a n d  1 .9  x  l o - '  mrem i s  g i v e n  

i n  ?IUREG 0 1 7 F ( R e f .  9, T a b l e  4 )  as t h e  f i f t y  y e a r  t o t a l  b o d y  

d o s e  c o m m i t m e n t  an a d u l t  r e c e i v e s  f r o m  i n g e s t i n g  1  p C i  o f  Pu-239 -- 
i n  t h e  f i r s t  y e a r .  



Table 2 lists peak Pu-239 concentrations C in Pecos River 

water and corresponding fifty y e a r  total body dose commit- 

ments D received by adults drinking 730 liters o f  t h e  w a t e r  
in a year, for a variety o f  modifications o f  t h e  S A R  

hydrologic modeling assumptions. Figure 4 shows how t h e  

dose commitment depends on t h e  average Kd value used, if 

other parameters and assumptions are as in t h e  SAR. T h e  

breach event is assumed to o c c u r  1000 y e a r s  a f t e r  waste 

emol acement. 



Based on t h e  d i s c u s s i o n  o f  a v e r a g e  p a r a m e t e r  v a l u e s  i n  S e c t i o n  
V ,  i t  i s  p o s s i b l e  b u t  u n l i k e l y  t h a t  i n  t h e  e v e n t  of a  hydro-  
l o g i c  b r e a c h  o f  t h e  WIPP r e p o s i t o r y ,  t h e  I e r a g e  v a l u e s  of 

t h e  key h y d r o l o g i c  t r a n s p o r t  p a r a m e t e r s  would d i f f e r  by more 
t han  t h r e e  o r d e r s  o f  magni tude  from t h o s e  used i n  t h e  SAR 

model ing ,  a l l  i n  a  d i r e c t i o n  which would r e d u c e  t h e  Pu-239 
t r a v e l  t i m e  t o  100,000 y e a r s  and r a i s e  t h e  peak Pu-239 con- 
c e n t r a t i o n  i n  Pecos R i v e r  w a t e r  :a 2 . 3  pCi/9.. I t  i s  very  
u n l i k e l y  t h a t  t h e  a v e r a g e  Pu-239 t r a v e l  t i m e  would a c t u a l l y  
be a s  low a s  10 ,000  y e a r s ,  r a i s i n g  t h e  peak Pecos R ive r  
c o n c e n t r a t i o n  t o  31 pCi/L.  

I t  i s  p o s s i b l e ,  a s  d i s c u s s e d  i n  S e c t i o n  VI,  t h a t  a  p o r t i o n  o f  
t h e  t r a n s u r a n i c  n u c l i d e  i n v e n t o r y ,  i n c l u d i n g  Pu-239, w i l l  be 

i n  a  chemica l  form which a l l o w s  i t  t o  s t a y  i n  s o l u t i o n  and 
-. 

move a t  t h e  v e l o c i t y  o f  t h e  a q u i f e r  w a t e r .  I f  one p e r c e n t  o f  

t h e  Pu-239 e n t e r i n g  t h e  R u s t l e r  a q u i f e r  u n d e r  t h e  c o n d i t i o n s  
d i s c u s s e d  i n  t h i s  a n a l y s i s  were  t o  move t h r o u g h o u t  t h e  f i f t e e n  
m i l e  f l o w  p a t h  u n r e t a r d e d ,  t h i s  would r e s u l t  i n  a  peak Pu-239 

c o n c e n t r a t i o n  i n  Pecos R i v e r  w a t e r  o f  0 .37  pCi/.t .  

The f i f t y  y e a r  t o t a l  body d o s e  commitments which a d u l t s  d r i n k i n g  

730 l i t e r s  .of Pecos  R i v e r  w a t e r  i n  a  y e a r  would r e c e i v e  from 
t h e  Pu-239 i n  t h e  w a t e r  a r e :  

1 .  3 .2  x lo'_* mrem, i f  t h e  Pu-239 t r a v e l  t ime  i n  t h e  R u s t l e r  

a q u i f e r  i s  100 ,000  y e a r s ;  - 
2.  5.1 x 10-3  mrem, i f  1 %  o f  t h e  Pu-239 i n  t h e  a q u i f e r  has  a  

d i s t r i b u t i o n  c o e f f i c i e n t  (Kd) o f  z e r o .  

These  d o s e s  a r e  comparab l e  t o  t h e  Radium-226 d r i n k i n g  w a t g r  

dose  o f  3 . 8  x mrem from one  y e a r ' s  i n t a k e ,  r e p o r t e d  i n  



SAR Tab le  8 .3 -2 .  Thus,  s i b l e  v a r i a  t i o n s  t h e  SAR 
as sumpt ions  gove rn ing  n u c l i d e  t r a n s p o r t  i n  t h e  R u s t l e r  
a q u i f e r  do n o t  r e s u l t  i n  Pu-239 doses  which a r e  s i g n i f i c a n t l y  

g r e a t e r  t han  t h e  Ra-226 doses  a l r e a d y  p r o j e c t e d  on t h e  b a s i s  
o f  t h e  SAR a s s u m p t i o n s .  I t  can a l s o  be shown, u s ing  t h e  
methods of G r e e n f i e l d  i n  Appendix V I  of Ref. 5 t h a t  t h e  peak 
Ra-226 c o n c e n t r a t i o n s  and doses  do n o t  change s i g n i f i c a n t l y *  
under  p l a u s i b l e  v a r i a t i o n s  i n  t h e  SAR assumpt ions .  

Th i s  a n a l y s i s  a d d r e s s e d  a  l i m i t e d  q u e s t i o n ,  and t h e  c o n c l u s i o n s  
a r e  l i m i t e d  a c c o r d i n g l y .  Only p a r t  o f  t h e  breach  consequence 
a n a l y s i s - w a s  c o n s i d e r e d :  t h e  model ing of n u c l i d e  t r a n s p o r t  
i n  t h e  R u s t l e r  a q u i f e r .  The q u e s t i o n  asked was e s s e n t i a l l y :  

i f  r a d i o n u c l i d e s  were  t o  e n t e r  t h e  R u s t l e r  a q u i f e r  as  d e s c r i b e d  
i n  t h e  SAR b reach  e v e n t  mode l ing ,  c o u l d  p l a u s i b l e  changes i n  

t h e  SAR n u c l i d e  t r a n s p o r t  model ing  l e a d  t o  p r e d i c t i o n s  of 
s h o r t e r  n u c l i d e  t r a v e l  t i m e s  and g r e a t e r  c o n c e n t r a t i o n s  of  

r a d i o n u c l i d e s  i n  Pecos R ive r  w a t e r  t han  would be c a l c u l a t e d  
on t h e  b a s i s  o f  t h e  SAR a s s u m p t i o n s ?  The answer i s  t h a t  
w h i l e  p l a u s i b l e  changes  i n  hydro1 o g i c  c o n d i t i o n s  and was t e -  
rock  i n t e r a c t i o n s  might  r e s u l t  i n  s i g n i f i c a n t 1 . y  s h o r t e n e d  

n u c l i d e  t r a v e l  time i n  the R u s t l e r  a q u i f e r ,  t h e  s h o r t e r  t imes  
do n o t  r e s u l t  i n  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  e s t i m a t e d  con- 
c e n t r a t i o n s  o f  r a d i o n u c l i d e s  i n  t h e  Pecos River  o r  i n  t h e  
r a d i a t i o n  do-ses r e c e i v e d  by peop le  d r i n k i n g  t h e  w a t e r .  

-- 

* Doses based  on f a s t e r  w a t e r  f l o w  i n  t h e  a q u ' i f e r ,  lower  K ' s  o r  
a  p o r t i o n  of  t h e  Ra-226 and i t s  p a r e n t  n u c l i d e s  t r a v e l i n g  w i t h  
a  K d  = 0 ,  w i t h i n  l i m i t s  judged  i n  t h i s  pape r  a s  p l a u s i b l e ,  a r e  
a t  most 20 p e r c e n t  h i g h e r  t h a n  t h o s e  doses  c a l c u l a t e d  based 
on SAR a s s u m p t i o n s .  I f  a l l  o f  t h e  Ra-226 and i t s  p a r e n t  n u c l i d e s  
move w i t h  a  K = 0 ,  a  s i t u a t i o n  c o n s i d e r e d  u n l i k e l y ,  t h e n  t h e  
peak Ra-226 g o n c e n t r a t i o n  i n  Pecos R ive r  w a t e r  would be about  
7 x  10-4 pCi/g, and t h e  r e s u l t i n g  d r i n k i n g  w a t e r  dose would be 
0 .1  mrem ( 5 0  y e a r  whole body commitment t o  a  maximally exposed 
a d u l t )  . 



However ,  a q u i f e r  p a r a m e t e r s  a l s o  a f f e c t  t h e  i n i t i a l  s t a a e  o f  - 
b r e a c h  c o n $ k q u e n c e  a n a l y s i s ,  w h i c h  was n o t  a  p a r t  o f  t h i s  

e v a l u a t i o n .  F o r  t h e  b r e a c h  e v e n t  c o n s i d e r e d ,  i n  w h i c h  w a t e r  

f l o w s  f r o m  t h e  B e l l  Canyon a q u i f e r  b e l o w  t h e  r e p o s i t o r y ,  t h r o u g h  

t h e  r e p o s i t o r y  and  i n t o  t h e  R u s t l e r  a q u i f e r  above  t h e  r e p o s i t o r y  

t h e  a q u i f e r  p a r a m e t e r s  d e t e r m i n e  t h e  amount  o f  d a t e r  f l o w i n g  

t h r o u g h  t h e  r e p o s i t o r y  and  h e n c e  d e t e r m i n e  t h e  amount  o f  w a s t e  

d i s s o l v e d .  I f  t h e  R u s t l e r  f l o w  i n c r e a s e s ,  s o  w i l l  t h e  amount  

o f  w a s t e  e n t e r i n g  t h e  R u s t l e r .  The r e l a t i o n  b e t w e e n  t h e  

h y d r o l o g i c  p a r a m e t e r s  and  t h e  w a s t e  d i s s o l u t i o n  r a t e  i s  a  

s u b j e c t  f o r  f u r t h e r  s t u d y .  

The r a d i a t i o n  d o s e s  c a l c u l a t e d  i n  t h i s  s t u d y  a r e  a  f u n c t i o n ,  o f  

course,  o f  t h e  r e p o s i t o r y  i n v e n t o r y .  They a r e  l o w  i n  p a r t  

b e c a u s e  t h e  w a s t e  p r o p o s e d  f o r  p e r m a n e n t  d i s p o s a l  a t  W I P P  i s  

p r i m a r i l y  c o n t a c t  h a n d l e d  t r a n s u r a n i c  w a s t e .  I f  t h e  r e p o s i -  

t o r y  i n v e n t o r y  i s  changed  t o  i n c l u d e  h i g h - l e v e l  w a s t e ,  new 

dose  c a l c u l a t i o n s  w i l l  o b v i o u s l y  have  t o  b e  p e r f o r m e d .  The 

m e t h o d s  i n  t h i s  p a p e r  c a n  be  u s e d  t o  e s t i m a t e  d o s e s  f r o m  any - 
1  ong-1  i v e d  r a d i o n u c l  i d e  b u t  b e c a u s e  o f  t h e  z e r o  d i s p e r s i  v i  t y  

a s s u m p t i o n ,  t h e s e  me thods  m i g h t  b e  i n a p p r o p r i a t e  f o r  e s t i m a t -  

i n g  d o s e s  f r o m  s h o r t - l i v e d  n u c l i d e s .  

F o r  s h o r t - 1  i v e d  r a d i o n u c l  i d e s ,  doses  w o u l d  b e  r e c e i v e d  p r i m a r i l y  

f r o m  t h e  p o r t i o n  o f  t h e  i n v e n t o r y  m o v i n g  f a s t e r  t h a n  t h e  

a v e r a g e  i n  g r o u n d w a t e r .  
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in Salad0 and Castlle 

Communication Event 1 
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Flow i - - 

Conductivity = SO fuday 

- 31W ft - - 
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Figum 1. Schematic Diagram of Two Breach Events, 
Modlfied From WlPP DElS Figures 9-10 
and 91 1 (Ref. 2). 



NOTES: 
1 .  DATUM IS MEAN SEA LEVEL: VALUES GIVEN IN FEET - FRESH WATER (EQUIVALENT). 
2. "RUSTLER AOUIFER" REFERS TO COMBINED CULEBRA AND MAGENTA AQUIFERS 

-- 

Figun 2 Reproduced from Figure 8A-2, SAR: 
Calculated Hydrologic Potentials in the 
Rustler Aquifer (Ref. 1). 



Figurn 3. Peak Concentration of Pu-239 in the 
Pecos River as a Function of Arrival Time TA. 
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Figure 4. Fifty Year Total Body Dose Commitment D 
from Drinking 730 Liters of Pecos River Water in 
First Year, as a Function of Distribution Coefficient - 
Ka. 
(Breach time = 1000 yr.). 
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- . '  , ,5 . Table 1 .  Peak Pu-239 Concentration 

As a Function o f  A r r i v a l  Time 

2 - ' 1  +2 means 10 . 
2 p ~ - 2 3 9  h a l f - 1  i f e .  

-- 
3 ~ u - 2 3 9  mean I ife. 



Table 2. Peak Pu-239 Concentrat ions . and Dose Comnitments 

M o d i f i c a t i o n  o f  Z A R  
Assumptions 

None 

Poros i t y  0= 0.01 

Hydrau l ic  c o n d u c t i v i t y  
K = 10 f t l d a y  throughout 

f l ow  p a t h  

K = 50 f t l d a y  throughout 
f low pa th  (*) 

D i s t r i b u t i o n  c o e f f i c i e n t  
Kd= 100 me/g throughout 

f low pa th  

K = 10 f t l d a y  and Kd =- 100 
mi/p throuohout  f low path  

Kd = 10 m%/g throughout 
f low pa th  

K = 10 f t / d a y  and Kd = 10 
me/g throughout  f low path  

Kd = 1  mt/g throughout 
f l o w  p a t h  (*)  

Kd = O mi /g throughout  
f low p a t h  ( * )  

1'; o f  the  Pu-239 moves 
a t  t h e  v e l o c i t y  of water  

10% of the  Pu-239 moves a t  
0.1 t imes t h e  v e l  o_ci t y  o f  
water  

10% o f  the  Pu-239 moves a t  
t h e  v e l o c i t y  o f  water  (*) 

Peak Pu-239 Concentra- 
t i o n  i p  Pecos R ive r  
Water - CpCi/ 1) 

( 1  A l l  m o d i f i c a t i o n s  l e a d  t o  f a s t e r  n u c l i d e  movement. 

( 2 )  Based on equat ions ( 6 )  and ( 8 ) .  

( 3 )  Based on equat ion  (9).  

( 4 )  0  means < 

(*)  S t a r r e d  m o d i f i c a t i o n s  are  n o t  considered p laus ib le .  

A d u l t  To ta l  Body 50-Year 
Dose Commitment from 
Dr ink ing  Water (rnrem) 

0 

0 
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FOREWORD --- 

The p u r p o s e  o f  t h e  E n v i r o n m e n t a l  E v a l u a t i o n  Group (EEG) i s  t o  

c o n d u c t  an i n d e p e n d e n t  t e c h n i c a l  e v a l u a t i o n  o f  t h e  p o t e n t i a l  

r a d i a t i o n  e x p o s u r e  t o  p e o p l e  f r o m  t h e  Waste I s o l a t i o n  P i l o t  

P l a n t  (WIPP)  , a  F e d e r a l  r a d i o a c t i v e  w a s t e  r e p o s i  t c r y  p r o p o s e d  

f o r  c o n s t r u c t i o n  u n d e r g r o u n d  i n  an a r e a  n e a r  C a r l s b a d ,  New 

M e x i c o .  The o b j e c t i v e  o f  t h e  EEG e v a l u a t i o n  i s  t o  p r o t e c t  t h e  

p u b l i c  h e a l t h  a n d  s a f e t y  and e n s u r e  t h a t  t h e r e  i s  n o  e n v i r o n -  

m e n t a l  d e g r a d a t i o n .  The EEG i s  p a r t  o f  t h e  E n v i r o n m e n t a l  

I m p r o v e m e n t  D i v i s i o n ,  a  component  o f  t h e  New t l e x i c o  H e a l t h  a n d  

E n v i r o n m e n t  D e p a r t m e n t  - -  t h e  agency  c h a r g e d  w i t h  t h e  p r i m a r y  

r e s p o n s i b i l i t y  f o r  p r o t e c t i n g  t h e  h e a l t h  o f  t h e  c i t i z e n s  o f  

New M e x i c o .  

The Group  i s  n e i t h e r  a  p r o p o n e n t  n o r  an o p p o n e n t  o f  WIPP. 

A n a l y s e s  a r e  c o n d u c t e d  b y  EEG as  w e 1 l . a ~  r e v i e w s  o f  r e p o r t s  i s s u e d  

- b y  t h e  U .  S .  D e p a r t m e n t  o f  E n e r g y  (DOE) a n d  i t s  c o n t r a c t o r s ,  o t h e r  
F e d e r a l  a g e n c i e s  a n d  o t h e r  o r g a n i z a t i o n s  as t h e y  r e l a t e  t o  t h e  

p o t e n t i a l  h e a l t h ,  s a f e t y  and  e n v i r o n m e n t a l  i m p a c t s  o f  WIPP. 

The p r o j e c t  i s  f u n d e d  e n t i r e l y  b y  t h e  U. S .  D e p a r t m e n t  o f  E n e r g y  

t h r o u g h  C o n t r a c t  #DE-AC-04-79AL10752 w i t h  t h e  New Me+ico H e a l t h  

a n d  E n v i  r o n m e n t  D e p a r t m e n t .  

. 

R o b e r t  H. N e i l l  

D i r e c t o r  
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The a u t h o r  w i s h e s  t o  e x p r e s s  a p p r e c i a t i o n  t o  D r .  C a r l a  W o f s y ,  

p r e s e n t l y  A s s o c i a t e  P r o f e s s o r  i n  P a t h e m a t i c s  l l n i ~ e r s i t y  o f  Yew 

M e x i c o ,  A l b u q u e r q u e ,  who w r o t e  t h e  f i r s t  d r a f t  o f  t h i s  d o c u m e n t .  



As p a r t  o f  t h e  a s s e s s m e n t  o f  t h e  p o t e n t i a l  r a d i o l o g i c a l  consequences  

o f  t h e  p r o p o s e d  Waste I s o l a t i o n  P i l o t  P l a n t  ( W I P P ) ,  t h i s  r e p o r t  

e v a l u a t e s  t h e  p o s t - c l o s u r e  r a d i a t i o n  dose c o m m i t m e n t s  a s s o c i a t e d  

w i t h  a  p o s s i b l e  b r e a c h  e v e n t  w h i c h  i n v o l v e s  d i s s o l u t i o n  o f  t h e  

r e p o s i t o r y  b y  g r o u n d w a t e r s  and  s u b s e o u e n t  t r a n s p o r t  o f  t h e  n u c l e a r  

w a s t e  t h r o u q h  an a q u i f e r  t o  a  w e l l  assumed t o  e x i s t  a t  a o o i n t  3 

m i  l e s  d o w n s t r e a m  f r o m  t h e  r e p o s i t o r y .  

The c o n c e n t r a t i o n s  o f  u r a n i u m  and p l u t o n i u m  i s o t o p e s  a t  t h e  w e l l  

a r e  b a s e d  on t h e  n u c l e a r  w a s t e  i n v e n t o r y  p r e s e n t l y  p r o p o s e d  f o r  

W I P P  and  b a s i c  a s s u m p t i o n s  c o n c e r n i n q  t h e  t r a n s p o r t  o f  w a s t e  as 

w e l l  as t r e a t m e n t  t o  r e d u c e  t h e  s a l i n i t y  o f  t h e  w a t e r .  The c o n -  

c e n t r a t i o n s  o f  U-233,  Pu-239,  and  Pu-240,  a l l  r a d i o n u c l i d e s  

o r i g i n a l l y  e m p l a c e d  as  w a s t e  i n  t h e  r e p o s i t o r y ,  w o u l d  e x c e e d  c u r r e n t  

€PA d r i n k i n g  w a t e r  l i m i t s .  The c o n c e n t r a t i o n s  o f  U-234,  U-235,  

a n d  U-236,  a l l  d e c a y  p r o d u c t s  o f  p l u t o n i u m  i s o t o p e s  o r i g i n a l l y  

e m p l a c e d  as w a s t e ,  w o u l d  b e  w e l l  b e l o w  c u r r e n t  €PA d r i n k i n q  w a t e r  

l i m i t s .  The 5 0 - y e a r  dose  commi t m e n t s  f r o m  one  v e a r  o f  d r i n k i n q  

t r e e t e d  w a t e r  c o n t a m i n a t e d  w i t h  U-233 o r  Pu-239 and  Pu-240 w e r e  f o u n d  
t o  be c o m n a r a b l e  t o  a  one  v e a r  dose f r o m  n a t u r a l  b a c k a r o u n d .  The 

5 0 - y e a r  dose c o m m i t m e n t s  f r o m  one y e a r  o f  d r i n k i n 1 1  m i l k  w o u l d  be  n o  

more t h a n  a b o u t  115  t h e  dose o b t a i n e d  f r o m  i n q e s t i o n  o f  t r e a t e d  

w a t e r .  . 
These  doses  a r e c o n s i d e r e d  u p p e r  b o u n d s  b e c a u s e  o f  s e v e r a l  v e r y  con -  

s e r v a t i v e  a s s u m p t i o n s  w h i c h  a r e  d i s c u s s e d  i n  t h e  r e p o r t .  -- 



I. I n t r o d u c t i o n  . 
A s  p a r t  o f  t h e  a s s e s s m e n t  o f  r a d i a t i o n  r i s k  a s s o c i a t e d  w i t h  t ,hc  

p r o p o s e d  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) ,  t h e  D e p a r t m e n t  o f  

E n e r g y  (DOE) has  c o n s i d e r e d  ways i n  w h i c h  t h e  r e p o s i t o r y  m i g h t  

be b r e a c h e d  l o n q  a f t e r  i t  i s  s e a l e d .  F o u r  r e p r e s e n t a t i v e  

< c e n a r i o s  c h o s e n  f o r  a n a l v s i s  ( R e f s .  1. 2 )  have  t h e  f n l l n w i n r r  

a s s u m o t i o n s :  

1 )  A h v d r o l o o i c  b r e a c h  e v e n t  o c c u r s .  

2 )  R a d i o a c t i v i t y  i s  l e a c h e d  f r o m  t h e  w a s t e  a t  t h e  same r a t e  as 

s a l t  i s  d i s s o l v e d  i n t o  w a t e r .  The c o n t a m i n a t e d  w a t e r  i s  t r a n s -  

p o r t e d  t o  t h e  R u s t l e r  a q u i f e r  f o r m a t i o n  t h r o u g h  a  c o n n e c t i o n .  

3 )  The c o n t a m i n a t e d  w a t e r  e n t e r s  t h e  R u s t l e r  a q u i f e r  and moves 

w i t h  t h e  a q u i f e r  w a t e r  t o w a r d  Ma laga  Bend, where  i t  e n t e r s  

t h e  Pecos  R i v e r .  

The t r a n s p o r t  o f  r a d i o a c t i v e  w a s t e  i n  t h e  R u s t l e r  a q u i f e r  i s  

c o n s i d e r e d  by  D O E  t o  be  t h e  p r i n c i p a l  p a t h w a y  w h i c h  w o u l d  r e s u l t  

i n  r a d i o a c t i v i t y  e n t e r i n g  u s a b l e  w a t e r  i n  t h e  s h o r t e s t  t i m e  a n d  

i n  t h e  h i g h e s t  c o n c e n t r a t i o n .  

11. S t a t e m e n t  o f  P r o b l e m  

T h i s  r e p o r t  c o n s i d e r s  t h e  f o l l o w i n g  s c e n a r  

1  ) S a t u r a t e d  b r i n e  c o n t a i n i n g  1  eached r a d  

i o :  

i o a c t i v i t y  f r o m  t h e  

r e p o s i t o r y  e n t e r s  t h e  R u s t l e r  a q u i f e r  f o r m a t i o n .  
> 

2 )  R a d i o a c t i v e  b r i n e  i s  t r a n s p o r t e d  t o  a  w e l l  assumed t o  e x i s t  

a t  a  p o i n t  3 m i l e s  d o w n s t r e a m  f r o m  t h e  r e p o s i t o r y .  

3 )  As t h e  b r i n e  p l u m e  moves t o w a r d  t h e  w e l l ,  i t  i s  d i l u t e d  

s u c h  t h a t  when t h e  w a t e r  r n a c h e s  t b ~  l.~~ll i t  i s  ?ssu--.' :$ 

b e  u s a b l e  f o r  a n r i c u l t c ~ r . ? ,  + ? + o u t  t r e a t ~ e n t ,  a n d  f o r  

d r i n k i n q ,  a f t e r  t r e a t m e n t  t o  remove m o s t  o f  t h e  s a l t s .  



The dose commi tmen t  t o  a v e r a g e  members o f  t h e  p u b l i c  a r e  b a s e d  

on t h e  consumpB ion  o f  t r e a t e d  w e l l  w a t e r  and  o f  m i l k  f r om cows 

d r i n k i n q  u n t r e a t e d  w e l l  w a t e r .  The q u a n t i t y  o f  w e l l  w a t e r  was 

c o n s i d e r e d  i n s u f f i c i e n t  f o r  u s e  o n  c r o p s ,  o r  f o r  o t h e r  a g r i c u l t u r e ;  

t h e r e f o r e ,  mea t  and  v e g e t a b l e  o a t h w a y s  w e r e  n o t  c o n s i d e r e d .  The 

v e g e t a b l e  and  mea t  p a t h w a y s  w o u l d  p r o b a b l y  r e s u l t  i n  o n l y  a  s m a l l  

f r a c t i o n  o f  t h e  w a t e r  and  m i l k  p a t h w a y .  

111 .  Me thod  o f  C a l c u l a t i o n  

The  c a l c u l a t i o n s  a r e  based  o n  t h e  mode l  i l l u s t r a t e d  i n  F i g u r e  

1 .  The r e p o s i t o r y  i s  s e p a r a t e d  f r o m  t h e  b i o s p h e r e  b y  a  number 

o f  b a r r i e r s  w h i c h  m u s t  be b r e a c h e d  s e q u e n t i a l l y  i f  r a d i o a c t i v i t y  

i s  t o  r e a c h  t h e  b i o s p h e r e .  The p e n e t r a t i o n  o f  a  b a r r i e r  c a n  b e  

a c h i e v e d  o n l y  a t  a  c o s t  t h a t  i s  e x p r e s s e d  q u a n t i t a t i v e l y  i n  t e r m s  

o f  a  d i l u t i o n  f a c t o r ,  i . e . ,  r a d i o a c t i v e  w a t e r  c a n  o n l y  be  c a r r i e d  

a c r o s s  a  b a r r i e r  b y  mechan isms  w h i c h  b r i n g  a b o u t  a  d i l u t i o n  o f  

t h e  r a d i o a c t i v e  c o n c e n t r a t i o n .  U n d e r  t h e  a s s u m p t i o n  t h a t  a l l  

b a r r i e r s  a r e  b r e a c h e d ,  t n e  c o n c e n t r a t i o n  o f  r a d i o a c t i v i t y  o f  

w a t e r  r e a c h i n g  t h e  b i o s p h e r e  i s  g i v e n  b y  

w h e r e  : 

'b, i  = C o n c e n t r a t i o n  o f  r a d i o n u c l i d e  i i n  w a t e r  t h a t  

Y e a c h e s  t h e  b i o s p h e r e ,  ~ C i l l l  

'r, i = C o n c e n t r a t i o n  o f  r a d i o n u c l i d e  i i n  t h e  r e p o s i t o r y  C i / L  

@j 
= D i l u t i o n  f a c t o r  a s s o c i a t e d  w i t h  t h e  b r e a c h i n q  o f  

b a c r i e r  j 

1  .OE+12* = C o n v e r s i o n  f a c t o r ,  C i  t o  p C i  

The  d o s e  c o m m i t m e n t  i s  t h e n  c a l c u l a t e d  b y  
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' = 50 y e a r  d o s e  c o m m i t m e n t  f o r  a  o n e  y c a r  i n t a k e  50-4- 
o f  i s o t o p e  i , mrem 

U = t h e  u s a g e ;  t h e  u s a q e  r a t e  o r  c o n s u m p t i o n  r a t e  o f  

c o n t a m i n a t e d  w a t e r  o r  m i l k ,  P / y r  

DCFi = t h e  5 0  y e a r  d o s e  c o m m i t m e n t  f a c t c ~ r  ( R e f .  3 1 ,  

m r e m / p C i  
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a  r e p o s i t o r y  b r e a c h .  
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D i l u t i o n .  F a c t o r s  -. 
L e a c h i n g  o f  r a d i o a c t i v i t y  f r o m  t h e  r e p o s i t o r y  b y  b r i n e ,  D, 

T h e  h y d r o l o g i c  b r e a c h  e v e n t  c o n s i d e r e d  i s  d e s c r i b e d  a s  com- 

m u n i c a t i o n  e v e n t  2 b y  DOE [ R e f .  1 ,  2 ) .  Two w e l l b o r e  c o n n e c -  

t i o n s  a r e  made  b e t w e e n  t h e  R u s t l e r  f o r m a t i o n  a n d  t h e  r e p o s i t o r y  

a s  i l l u s t r a t e d  i n  F i g u r e  2 .  T h e  b r e a c h  o c c u r s  1 , 0 0 0  y e a r s  

a f t e r  w a s t e  e m p l a c e m e n t  a n d  d e c o m m i s s i o n i n g .  W a t e r  f r o m  t h e  

R u s t l e r  a q u i f e r  f l o w s  down t h e  u p s t r e a m  w e l l b o r e ,  t h r o u g h  

t h e  r e p o s i t o r y ,  a n d  t h e n  b a c k  t o  t h e  R u s t l e r  v i a  t h e  d o w n -  

s t r e a m  w e l l b o r e .  S a l t  i s  c o n t i n u o u s l y  d i s s o l v e d  a l o n g  t h e  

p a t h  o f  f l o w  u n t i l  t h e  w a t e r  b e c o m e s  s a t u r a t e d  b r i n e .  I t  

i s  a s s u m e d  t h a t  w a t e r  l e a v e s  t h e  R u s t l e r  w i t h  a  t o t a l -  

d i s s o l w e d - s o l i d s  ( T D S J  c o n c e n t r a t i o n  o f  3 0 0 0  m i l l i g r a m s  p e r  

l i t e r  a n d  r e e n t e r s  a s  s a t u r a t e d  b r i n e  c o n t a i n i n g  4 1 0 , 0 0 0  

m i l l i g r a m s  p e r  l i t e r  o f  TDS.*  S i n c e  t h e  d e n s i t y  o f  s a l t  i s  
a b o u t  2 ,  o n e  l i t e r  o f  w a t e r  w i l l  d i s s o l v e  a b o u t  0 . 2  l i t e r  o f  

s a l t  when b e c o m i n g  s a t u r a t e d  b r i n e .  I t  i s  f u r t h e r  a s s u m e d  

t h a t  s a l t  d i s s o l u t i o n  o c c u r s  u n i f o r m l y  a l o n g  t h e  5 5 0 0  f o o t  

f l o w  p a t h  t h r o u g h  t h e  s a l t  b e d  ( s e e  F i g u r e  2 )  a n d  t h a t  t h e  

l e a c h  r a t e  o f  w a s t e  i s  e q u a l  t o  t h e  l e a c h  r a t e  o f  s a l t .  T h e  

d i l u t i o n  f a c t o r  t o  l e a c h  t h e  s a l t / w a s t e  i s  t h e n  g i v e n  b y  

w h e r e :  

fl = V o l u m e  o f  S a l a d o  f o r m a t i o n  d i s s o l v e d  p e r  u n i t  

- v o l u m e  o f  R u s t l e r  w a t e r  = 0 . 2 0  

f 2  = f r a c t i o n  o f  b r e a c h  p a t h  t h r o u g h  r e p o s i t o r y  = 

31 0 0 / 5 5 0 0  

f 3  = f r a c t i o n  o f  r e p o s i t o r y  v o l u m e  w h i c h  i s  CH-TRU 

w a s t e  = 0 . 1 1 5  

*The  TDS c o n c e n t r a t i o n  o f  3 0 0 0  i s  b a s e d  u p o n  a  s i m i l a r  v a l u e  i n  a  

w e l l  f o u n d  a t  t h e  James  R a n c h ,  a b o u t  3  m i l e s  f r o m  t h e  c e n t e r  o f  

t h e  W I P P  s i t e  ( R e f e r e n c e  1,  T a b l e  7 - 1 9 ) .  



4 0  f t .  

R u s t l e r  F o r m a t i o n  

1 2 0 0  f t .  

- r 2  f t .  1 

F i g u r e  2 .  S c h e m a t i c  D i a g r a m  o f  C o m m u n i c a t i o n  E v e n t  2  
P o d i f i e d  From W I P P  F E I S  F i g u r e  9 - 1 1  ( R e f .  2 )  



- 2 )  D i l u t i o n  f a c t o r  due  t o  movement b e t w e e n  r e p o s i t o r y  and 

we1 I ,  DZ! 

Because  o f  t h e  a d s o r p t i o n  a n d  d e s o r p t i o n  o f  n u c l i d e s  a s  

t h e y  p a s s  t h r o u g h  t h e  r o c k ,  t h e  movement o f  n u c l i d e s  i n  t h e  

a q u i f e r  i s  s l o w e r  t h a n  t h e  v e l o c i t y  o f  w a t e r .  

T h e  n u c l i d e  v e l o c i t y  i s  g i v e n  b y  t h e  w a t e r  v e l o c i t y  d i v i d e d  

b y  t h e  r e t a r d a t i o n  f a c t o r  B 

v n  = VW/B 

w h e r e :  

Vn = n u c l i d e  v e l o c i t y  

w = w a t e r  v e l o c i t y ,  1 5  f t / y r .  

€I = f o r m a t i o n  p o r o s i t y  = 0 . 1  

p = f o r m a t i o n  d e n s i t y  = 2 gmlcc 

K d  = d i s t r i b u t i o n  c o e f f i c i e n t  = 1  mk/gm f o r  a l l  

u r a n i u m  i s o t o p e s  and  2 .4E+03  r n l l g m  f o r  a l l  

p l u t o n i u m  i s o t o p e s  ( R e f e r e n c e  2 ,  T a b l e  2 .5 -12 )  

The v a l u e s  o f  t h e  a b o v e  p a r a m e t e r s  a r e  f r o m  r e f e r e n c e s  1  and  2. 

The t i m e  o f  t r a v e l  b e t w e e n  t h e  r e p o s i t o r y  b r e a c h  and  t h e  w e l l  

i s  t h e n  c a l c u l a t e d  f r o m  

- 
w h e r e  

d  = d i s t a n c e  b e t w e e n  r e p 0  

m i l e s  o r  1 5 8 4 0  f t .  

s i  t o r y  b r e a  c h  a n d  w e l l  = 3 

I f  a  r e p o s i t o r y  b r e a c h  o c c u r s  o n e  t h o u s a n d  y e a r s  a f t e r  w a s t e  

emp lacemen t ,  a l l  u r a n i u m  i s o t o p e s  a n d  a l l  p l u t o n i u m  i s o t o p e s  

w i l l  r e a c h  t h e  w e l l  i n  a b o u t  t w e n t y  t h o u s a n d  a n d  f i f t y  m i l l i o n  

y e a r s  r e s p e c t i v e l y  ( T h e r e  a r e  o t h e r  r a d i o n u c l i d e s  i n  t h e  w a s t e  

b u t  t h e i r  r a d i o l o q i c a l  i m p a c t  i s  n o t  s i g n i f i c a n t  compared t o  

t h e  p l u t o n i u m  and  u r a n i u m  i s o t o p e s ) .  

- 7 -  



Because  o f  r a d i o a c t i v e  d e c a y ,  t h e  a c t i v i t y  d e c r e a s e s  a s  

t h e  n u c l  i d % <  t r a v e l  i n  t h e  d i r e c t i o n  o f  t h e  w e l l .  The 

d e c r e a s e  i n  a c t i v i t y  i s  g i v e n  by  t h e  f o l l o w i n g  . d i l u t i o n  

f a c t o r  

where  
- I  X = d e c a y  c o n s t a n t  o f  i s o t o p e ,  y r s .  

T  = t i m e  o f  t r a v e l  b e t w e e n  b r e a c h  and  w e l l ,  y r s  

F o r  Pu, t h e  r e t a r d a t i o n  f a c t o r  i s  so l a r g e  t h a t  a l l  t h e  

i s o t o p e s  d e c a y  b e f o r e  r e a c h i n g  t h e  w e l l .  The d i l u t i o n  

f a c t o r  D 2  i s  z e r o .  However ,  t h e r e  i s  e v i d e n c e  t h a t  t h e  

t r a n s p o r t  mode l  and  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  do n o t  

a c c o u n t  f u l l y  f o r  c e r t a i n  o b s e r v e d  phenomena. Thus,  S e i t z  

e t  a1 ( R e f e r e n c e  4 )  o b s e r v e d  i n  t h e i r  s t u d i e s  o f  r a d i o n u c l i d e  

m i g r a t i o n  i n  g e o l o g i c  m e d i a  t h a t  2.6% o f  t h e  p l u t o n i u m  t r a v e l e d  

a t  a  r e l a t i v e  m i g r a t i o n  r a t e  (Vn/Vw)  g r e a t e r  t h a n  0 . 0 0 1 .  Dosch - 
and L y n c h  ( R e f e r e n c e  5 )  a l s o  o b s e r v e d  t h a t  t h e  Kd v a l u e s  f o r  

r a r e  e a r t h  r a d i o n u c l i d e s  d e c r e a s e d  when p l y w o o d  e x t r a c t  was 

added  t o  t h e  b r i n e .  T h i s  was a t t r i b u t e d  t o  t h e  f o r m a t i o n  o f  

more  s o l u b l e  c o m o l e x e s  b e t w e e n  r a d i o n u c l i d e s  a n d  o r g a n i c  

m o l e c u l e s .  

I n  t h i s  r e p o r t ,  i t  w i l l  b e  assumed t h a t  1% o f  t h e  Pu-239 and  

Pu-240  i n  LH-TRU w a s t e  i s  i n  a  c h e m i c a l  f o r m  w h i c h  a l l o w s  i t  

t o  move w i t h  a  R u s t l e r  w a t e r  v e l o c i t y  o f  15 f t / y r  ( K d  = 0 ) .  

On t h e  b a s e s - o f  t h e  S e i t z  s t u d i e s ,  t h i s  i s  h i q h l  y  c o n s e r v a t i v e .  

S i n c e  t h e  d i s t a n c e  b e t w e e n  t h e  b r e a c h  a n d  t h e  w e l l  i s  3  m i l e s ,  

t h e  t r a v e l  t i 6 e  i s  t h u s  1,000 y e a r s .  The d i l u t i o n  f a c t o r s  D2 

( i n c l u d i n g  t h e  a s s u m p t i o n  t h a t  1 %  o f  Pu moves w i t h  w a t e r  

v e l o c i t y  o f  15  f t l y r )  f o r  Pu -239  and  Pu-240 arc! t h e r e f o r e  

9 . 7 E - 0 3  a n d  8 . 9 E - 0 3  r e s p e c t i v e l y .  

The d o m i n a n t  u r a n i u m  i s o t o p e s  i n  CH-TRU w a s t e  a f t e r  21,000 - 
y e a r s  t i m e  o f  b r e a c h  p l u s  t i m e  o f  t r a v e l  t o  t h e  w e l l  f o r  



u r a n i u m  n u c l i d e s  a r e  U-233 ( f r o m  t h e  i n i t i a l  i n v e n t o r y )  

U-234 Cd,drived m a i n l y  f r o m  P u - 7 3 8 )  and (1-235 ( d e r i v e d  f rom 

p u - 2 3 9 ) ,  and U-236 ( d e r i v e d  f rom P u - 2 4 0 ) .  

\ 
i Because o f  t h e  l o n g  h a l f - l i v e s  o f  11-233, (1-234, U-235,  and 

J U-236, t h e  d i l u t i o n  f a c t o r s  D 2  a r e  0 . 9 1 ,  0 . 9 4 ,  1 . 0  and  1 . 0  

r e s p e c t i v e l y .  

3 )  D i l u t i o n  f a c t o r  t o  make b r i n e  p o t a b l e ,  D 3  

The b r i n e  c o m i n g  o u t  o f  t h e  r e p o s i t o r y  a n d  e n t e r i n g  t h e  R u s t l e r  

a q u i f e r  i s  s o  s a l i n e  t h a t  i t  c a n n o t  be  u s e d  f o r  i r r i g a t i o n  o r  

f o r  d r i n k i n g .  I t  i s  assumed t h a t  t h e  b r i n e  w i l l  b e  d i l u t e d  

i n  t h e  a q u i f e r  as  i t  t r a v e l s  t o w a r d  t h e  w e l l .  S e v e r a l  d i l u t i o n  

mechan isms c a n  be p o s t u l a t e d  b u t  t h e y  w i l l  n o t  be  d i s c u s s e d  

i n  d e t a i l  i n  t h i s  r e D o r t .  

R e g i o n a l  d a t a  o n  t h e  q u a l i t y  o f  R u s t l e r  w e l l  w a t e r  a r e  s p a r s e .  

However ,  a  R u s t l e r  w e l l  a t  James Ranch, a b o u t  t h r e e  m i l e s  s o u t h -  

w e s t  o f  t h e  c e n t e r  o f  t h e  W I P P  s i t e  i s  r e p o r t e d  t o  h a v e  a  TDS 

c o n t e n t  o f  3240 n ~ g / l l  ( R e f .  1 ) .  I n  t h i s  r e p o r t  i t  w i l l  be  

assumed t h a t  s a t u r a t e d  b r i n e  i s  d i l u t e d  w i t h  w a t e r  h a v i n g  a  

TDS c o n t e n t  o f  3000 mg/L  t o  f o r m  w a t e r  w i t h  a  TDS o f  5000 

mg/E a t  t h e  w e l l .  

L e t  w d e 6 o t e  t h e  number  o f  u n i t s  o f  w a t e r  w i t h  a  TDS c o n t e n t  o f  

3000 m g / l  w h i c h  m u s t  be  a d d e d  t o  one  u n i t  o f  s a t u r a t e d  b r i n e  

( a t  410,OOU m g / t )  t o  y i e l d  w a t e r  w i t h  a TDS c o n t e n t  o f  5000 

mg/E. w i s - t h e n  f o u n d  b y  s o l v i n g  t h e  e q u a t i o n  

Rounded t o  t w o  s i s n i f i c a n t  f i q u r e s .  w = 200  u n i t s .  The 

d i l u t i o n  f a c t o r  t o  make b r i n e  p o t a b l e .  D 3 ,  i s  t h e n  5E-03.  



4 )  T r e a t e d  w a t e r  u s e d  f o r  d r i n k i n g ,  D 4 .  
1 

Because  o f  t h e  r e l a t i v e l y  h i a h  s a l t  c o n t e n t ,  i t  i s  assumed 

t h a t  w a t e r  i s  t r e a t e d  b e f o r e  b e i n g  u s e d  as d r i n k i n g  w a t e r  f o r  

p e o p l e .  Such a  t r e a t m e n t  s y s t e m  c o u l d  be  r e v e r s e  o s m o s i s .  

I n  a d d i t i o n  t o  t h e . h a l i t e ,  t r e a t m e n t  i s  assumed t o  remove 

90% o f  any  r a d i u m ,  t h o r i u m ,  u r a n i u m  and p l u t o n i u m  i n  t h e  

w a t e r .  The d i l u t i o n  f a c t o r  f o r  t r e a t m e n t  o f  w a t e r ,  D4,  i s  

t h u s  1  .OE-01. The s l u d g e  r e s u l t i n g  f r o m  r e v e r s e  o s m o s i s  

t r e a t m e n t  w i l l  h a v e  a  h i g h e r  r a d i o a c t i v e  c o n c e n t r a t i o n  t h a n  

t h e  a q u i f e r  w a t e r .  The p a t h  o f  t h e  s l u d a e  i n  t h e  b i o s p h e r e  

w i l l  n o t  be  s t u d i e d  i n  t h i s  r e p o r t .  

5 )  D i l u t i o n  f a c t o r  f o r  w a t e r - c o w - m i l k  p a t h w a y ,  D5. 

I n  t h i s  c a s e .  i t  i s  assumed t h a t  t h e  u n t r e a t e d  w e l l  w a t e r  i s  

u s e d  as d r i n k i n g  w a t e r  f o r  a  cow. The members o f  t h e  f a r m  

f a m i l y  who own t h e  cow d r i n k  t h e  c o w ' s  m i l k .  

I t  i s  assumed t h a t  t h e  cow d r i n k s  6 0  l i t e r s  o f  w a t e r  p e r  day  

( R e f .  6, T a b l e  E - 3 )  a n d  t h e  t r a n s f e r  c o e f f i c i e n t  u s e d  i s  

5E-04  a n d  1 .5E-06  C i / E  m i l k  p e r  C i / d a y  i n g e s t e d  f o r  U a n d  Pu 

r e s p e c t i v e l y  ( R e f .  7 ,  T a b l e  3 ) .  The d i l u t i o n  f a c t o r s  f o r  t h e  

w a t e r - c o w - m i l k  p a t h w a y ,  D5, a r e  t h u s  3.OE-02 a n d  9.OE-05 f o r  

u r a n i  um and  p l  u t o n i  urn r e s p e c t i v e l y .  

V .  I s o t o p e  I n v e n t o r y  

T>e v a l u e s  f o r  thze a c t i v i t y  c o n c e n t r a t i o n s  i n  t h e  r e p o s i t o r y  a t  t h e  

t i m e  o f  t h e  b r e a c h  a n d  t h e  h a l f - l i f e  o f  t h e  n u c l i d e s  a r e  p r e s e ~ l t e d  

i n  T a b l e  I. 



-. T a b l e  I 

R a d i o n u c l i d e  C o n c e n t r a t i o n s  a t  T ime  o f  B r e a c h  

R a d i o n u c l  i d e  H a l f - l i f e  A c t i v i t y  i n  Waste 

The U-233 a c t i v i t y  i s  b a s e d  on 1500  C i  t h a t  o r i g i n a t e d  f r o m  t h e  

l i g h t  w a t e r  b r e e d e r  r e a c t o r  c o r e  p r o g r a m .  I t  i s  assumed t h a t  

t h i s  a c t i v i t y  i s  u n i f o r m l y  d i s t r i b u t e d  i n  t h e  r e p o s i t o r y .  The 

U-234 a c t i v i t y  i s  o b t a i n e d  b y  c o m p l e t e  c o n v e r s i o n  o f  a l l  t h e  

o r i q i n a l l y  e m p l a c e d  P u - 2 3 8  ( c o n c e n t r a t i o n  i s  2 . C E - 0 4  C i / L  a t  t i m e  

o f  e m o l a c e m e n t l .  The 11-235 a c t i v i t v  i s  b a s e d  on t h e  a s s u m o t i o n  t h a t  

4 5  p e r  c e n t  o f  t h e  i n i t i a l l y  e m n l a c e d  Pu-239 h a s  been  c o n v ~ r t ~ d  t n  

U-235 ( a m o u n t  o f  Pu -239  c o n v e r t e d  i n  21,000 y e a r s )  a n d  t h a t  t h i s  

a c t i v i  t v  i s  a v a i l a b l e  f o r  t r a v e l  t o  t h e  w e l l  f o l l o w i n g  t h e  b r e a c h .  

T h i s  s i m p l i f i e d  s o u r c e  t e r m  i s  c o n s e r v a t i v e  and y i e l d s  h i g h e r  con -  

c e n t r a t i o n  a't t h e  w e l l  t h a n  t h e  more  r i g o r o u s  s o u r c e  t e r m  r e s u l t i n g  

f r o m  t h e  t r a n s p o r t  m o d e l  o f  L e s t e r  e t  a1  ( R e f e r e n c e  8 ) .  S i m i l a r l y ,  

t h e  U-236 a c t r v i t y  i s  b a s e d  on t h e  a s s u m p t i o n  t h a t  89 p e r  c e n t  o f  

t h e  i n i t i a l l y  g p l a c e d  Pu-240 h a s  been  c o n v e r t e d  t o  U-236.  The 

Pu-239 a n d  Pu-240 a c t i v i t i e s  a r e  t h e  c o n c e n t r a t i o n s  i n  t h e  r e p o s i -  

t o r y  1,000 y e a r s  a f t e r  c l o s u r e  o f  t h e  r e p o s i t o r y .  As d i s c u s s e d  on 

Page 8, i t  i s  assumed t h a t  1% o f  t h i s  c o n c e n t r a t i o n  moves w i t h  t h e  

s p e e d  o f  t h e  R u s t l e r .  



V I .  Summary o f  D i l u t i o n  Mechan isms f o r  D i f f e r e n t  P a t h w a y s  - - 
The d i l u t i o n  f a c t o r s  f o r  t h e  p a t h w a y  o f  i n t e r e s t  dnd  t h e  a c t i v i t y  

c o n c e n t r a t i o n s  o f  w a t e r  and m i l k  p r i o r  t o  c o n s u m p t i o n  a r e  p r e -  

s e n t e d  i n  T a b l e  11.  

T a b l e  I 1  

Summary o f  D i l u t i o n  F a c t o r  C a l c u l a t i o n s  

A c t i v i t y  Con- 
D i l u t i o n  c e n t r a t i o n  i n  
Factor water o r  M i l k  NRC 1  i m i  t s  

Path Formula Di l u t i o n  Factor  - ~ C i l l l  p C i / _ L  

Treated water 
used f o r  d r i n k i n g  

D2 @3 D4 

U-233 - 5. YE-06 5.OE+01 3E+U4 

U-234 6.1E-06 4.4E-01 3E+04 

U-235 6.5E-06 2.5E-01 3E+04 

U-236 6.5E-06 9.8E-01 3E+04 
I 

Pu-239 6.3E-08 1.4€+02 5E+03 

Pu-240 5.8E-08 3.1Et01 5E+03 

s e e  
a b o v e  

I n  s t u d y i n g  ~ a b i e  11, i t  s h o u l d  b e  remembered  t h a t  t h e  c o n c e n -  

t r a t i o n s  f o r  t h e  P u - n u c l i d e s  a p p e a r  1 ,000  y e a r  a f t e r  t h e  b r e a c h  

w h i l e  t h e '  c o n c e n t r a t i o n s  f o r  t h e  U - n u c l i d e s  a p p e a r  2 0 , 0 0 0  y e a r s  

a f t e r  t h e  b r e a c h .  



The E P A  n a t i o n a l  i n t e r i m  p r i m a r y  d r i n k i n g  w a t e r  I - e g u l   tio on: 1 i m i  t 

t h e  q r o s s  a l , iha p a r t i c l e  a c t i v i t y  ( i n c l u d i n q  r a d . u m - 2 2 6  b u t  c x -  

c l u d i n q  r a d o n  and u r a n i u m )  t o  15 p C i / Q  ( R e f .  1 0 ) .  The E P A  

e n v i  r o n m e n t a l  p r o t e c t i o n  s t a n d a r d s  f o r  d i s p o s a l  o f  r e s i d u a l  r a d i o -  

a c t i v e  m a t e r i a l  f r o m  i n a c t i v e  u r a n i u m  p r o c e s s i n g  s i t e  l i m i t  t h e  

c o n c e n t r a t i o n  i n  w a t e r  o f  a l l  u r a n i u m  r a d i o n u c l i d e s  t o  10 p C i / e .  

The w a t e r  c o n c e n t r a t i o n s  o f  U-233 e x c e e d  t h e  l i m i t s  o f  R e f .  11  

: w h i l e  t h e  w a t e r  c o n c e n t r a t i o n  o f  Pu-239 and  Pu-240 e x c e e d  t h e  

l i m i t s  o f  R e f .  10 .  

V I I .  5 0 - y e a r  Dose Commi tments  

The w a t e r  and  m i l k  c o n s u m p t i o n  v a l u e s ,  a n d  t h e  d o s e  c o m m i t m e n t  

f a c t o r s  u s e d  i n  t h e  c a l c u l a t i o n s  a r e  p r e s e n t e d  i n  T a b l e s  1 1 1 ,  Ill  

a n d  V .  

T a b l e  1 1 1  

Wate r  and  M i l k  C o n s u m p t i o n s  V a l u e s  (6) 

Exposed  A n n u a l  W a t e r  A n n u a l  M i l k  
I n d i v i d u a l  C o n s u m p t i o n  C o n s u m p t i o n  

t l y r  L i y r  - 
! n f a n t  3 3 0  3 3  0  

C h i l d  51 0  

T e e n a g e r  51 0 

A d u l t  7 3 0  31  0 

- T a b l e  I V  

5 0 - Y e a r  I n g e s t i o n  n o s e  Commi tment  F a c t o r s  
f o r  Bone frm a  one yea r  i n t a k e  ( 3 ) ,  rnrem/pCi 

Exposed  U-233 U-235 P u - 2 3 9  
I n d i v i d u a l  a n d  11-234 a n d  U - 2 3 6  a n d  Pu-240 

I n f a n t  5 .1E-03 4.7E-03 1  . j E - 0 3  

C h i l d  3 .7E-03 3 .4E-03 1 . 4 E - 0 3  

T e e n a g e r  1 . 2 E - 0 3  1  . l  E-03  8 .3E-04  

A d u l  t 8 . 7 E - 0 4  8.OE-04 7 . 9 E - 0 4  



T a b l e  V 

5 0 - - ~ e $ r  I n g e s t i o n  D o s e  C o m m i t m e n t  F a c t o r s  

f o r  T o t a l  Yody f rom a  one y e a r  i n t a k e  (Re f .  3 ) ,  mren/pCi 

E x p o s e d  U - 2 3 3  U - 2 3 5  P u - 2 3 9  
I n d i v i d u a l  a n d  U - 2 3 4  a n d  I J -236  - a n d  P u - V O  - 
I n f a n t  3 . 9 E - 0 4  3 . 6 E - 0 4  3 . 5 E - 0 5  

C h i l d  2 . 3 E - 0 4  2 . 1 E - 0 4  3 . 3 E - 0 5  

T e e n a g e r  7 . 5 E - 0 5  7 . 1 E - 0 5  2 .OE-05  

A d u l t  5 . 3 E - 0 5  5 . O E - 0 5  1 . 9 E - 0 5  

T h e  5 0 - y e a r  d o s e  c o m m i t m e n t s  w e r e  c a l c u l a t e d  u s i n g  e q u a t i o n  ( 2 )  

a n d  a r e  p r e s e n t e d  i n  T a b l e s  V I ,  V I I ,  a n d  V I I I .  

T a b l e  V I  

5 0 - Y e a r  D o s e  C o m m i t m e n t s  Due  t o  IJ-233 

f r o m  D r i n k i n g  T r e a t e d  W a - t e r  o r  M i l k  f o r  o n e  y e a r  ( m r e m )  

D r i n k i n g  o f  T r e a t e d  W a t e r  D r i n k i n g  o f  M i l k  
C x p o s e l  

I n d i v i d u a l  B o n e  T o t a l  B o d y  B o n e  T o t a l  B o d y  

I n f a n t  8 . 4 E t 0 1  6 . 4  ? .5E+U1 1 . 9  

C h i l d  9 . 4 E t 0 1  5 . 9  1  .8E+01  1 . 1  

T e e n a g e r  3 . 1  E+01 1 . 9  7 . 2  4 . 5 E - 0 1  

A d u l t  3 . 2 E t 0 1  1 . 9  4 . 0  2 . 5 E - 0 1  . 
T a b l e  V I I  

5;?4,, ., . , - 
)"p :..' '. " ... 

6 :. t?, ' .:. , . . ,,, 2 
5 0 - Y e a r  D o s e  C o m m i t m e n t s  D u e  t o  U - 2 3 4 ,  U - 2 3 5 ,  a n d  2 - 2 3 6  

, g , , .  4 / f r o m  D r i n k i n g  T r e a t e d  u a t e r  o n  M i l k  f o r  o n e  " e a r  ( m r e n )  q; "?., s . ; , /  

k-.-~,' 

D r i n k i n g  o f  T r e a t e d  W a t e r  D r i n k i n g  o f  M i l k  
E x p o s e d  

I n d i v i d u a l  - B o n e  T o t a l  B o d y  B o n e  T o t a l  B o d y  

I n f a n t  2 . 5  2.OE-01 8 .OE-01  6 . 1 E - 0 2  

C h i l d  3 . 0  1  . 8 E - 0 1  5 . 8 E - 0 1  3 . 6 E - 0 2  - 
T e e n a g e r  9 . 6 E - 0 1  6 . 1 E - 0 2  2 . 3 E - 0 1  1 . 5 E - 0 2  

A d u l t  1 . 0  6 . 2 E - 0 2  1 . 3 E - 0 1  8 . O E - 0 3  



,4----Zg .* 

- l a b l e  V I I I  -. 
5 0 - Y e a r  n o s e  Commi tments  Due  t o  P u - 2 3 9  a n d  P u - 2 4 0  

f r o m  D r i n k i n g  T r e a t e d  W a t e r  o r  F l i l k  f o r  one v ? a r  (mrem) 

D r i n k i n g  o f  T r e a t e d  Water  D r i n k i n g  o f  M i l k  
Exposed 

I n d i v i d u a l  Bone T o t a l  Body Bone T o t a l  Body 

I n f a n t  8 .5E+01  2 . 0  7 .8E-02 1  .8E-03 

C h i l d  1 .2E+02  2 .9  7 .3E-02 1  .7E-03 

T e e n a g e r  7 .ZEtO1 1 . 7  5 .2E-02  1  .3E-03  

A d u l t  9.9E+O I 2 . 4  3 .9E-02 9 . 3 E - 0 4  

V I I I .  D i s c u s s i o n  

A s i m p l e  m o d e l  ' i s  -used  t o  c a l c u l a t e  t h e  dose commi tments  t o  i n d i -  

v i d u a l s  r e s u l t i n g  f r o m  t h e  u s e  o f  w e l l  w a t e r  c o n t a m i n a t e d  b y  a  

b r e a c h  o f  t h e  W I P P  r e p o s i t o r y .  The s a f e t y  f a c t o r s  o f  t h e  b a r r  

a r e  q u a n t i f i e d  i n  t e r m s  o f  d i l u t i o n  f a c t o r s .  The c a l c u l a t i o n s  

k e p t  s i m p l e  b u t  c o n s e r v a t i v e .  F o r  e x a m p l e ,  i t  i s  assumed t h a t  

U -shaped  c o n n e c t i o n  c a n  o c c u r  b e t w e e n  t h e  R u s t l e r  a q u i f e r  and  

i e r s  

a  r e  

a  

t h e  

r e p o s i t o r y  e v e n  t h o u g h  a  r e c e n t  h y d r o l o g i c a l  s t u d y  f o u n d  t h i s  c o n -  

n e c t i o n  as u n r e a l i s t i c  when t h e  d e n s i t y  o f  t h e  b r i n e  i s  t a k e n  i n t o  

a c c o u n t  ( R e f .  1 2 ) .  A l s o ,  i t  i s  assumed t h a t  t h e  l e a c h  r a t e  o f  w a s t e  

i s  e q u a l  t o  t h e  l e a c h  r a t e  o f  s a l t ,  a n d  t h a t  1% o f  t h e  P l u t o n i u m  moves 

w i t h  t h e  s p e e d  o f  t h e  w a t e r .  F o r  p l u t o n i u m  t h e s e  u l t r a - c o n s e r v a t i v e  

a s s u m p t i o n s  ma: b e  p a r t i a l y  o f f s e t  b y  t h e  use o f  t h e  EPA dose c o n -  

v e r s i o n  f a c t o r s  f o r  t r a n s u r a n i c  e l e m e n t s  ( T a b l e  A 3 - 5 ,  R e f e r e n c e  1 3 ) .  

These  € P A  f a c t o r 3  f o r  t h e  m o b i l e  f r a c t i o n  o f  p l u t o n i u m  w o u l d  r e s u l t  

i n  doses  3 3  t o  16-5 t i m e s  h i g h e r  t h a n  t h o s e  b a s e d  on NUREG-0172. 

The c o n c e n t r a t i o n s  o f  a l l  r a d i o n u c l i d e s  a t  t h e  w e l l  a r e  l e s s  t h a n  

t h e  N R C  r e l e a s e  l i m i t s  t o  t h e  u n c o n t r o l l e d  e n v i r o n m e m t  ( 9 ) .  The 

c o n c e n t r a t i o n s  i n  t h e  t r e a t e d  w e l l  w a t e r  o f  U-233, Pu-239,  a n d  Pu-240 ,  



.I I 1  r a d i o n u c l  i d ~ s  o r i q i n ~  I 1  y ernpldcr!d w i t h  t h e  w a - t c , . .  v ~ r . c r . l  t h e  - 
E P A  d r i n k i n g  wat 'er  l i m i t s .  The c o n c e n t r a t i o n  o f  U - 2 3 3  i n  t r e j t e r !  

1 

w a t e r  e x c e e d s  t h e  E P A  l i m i t s  by  a  f a c t o r  o f  3  w h i l e  t h e  c o m b i n e d  

c o n c e n t r a t i o n  o f  Pu -239  and Pu-240  i n  t r e a t e d  w e l l  'wa te r  e x c e e d s  t h e  

€ P A  l i m i t  b y  a  f a c t o r  o f  1 1 .  The Pu c o n c e n t r a t i o n  exceeds  t h e  EPA 

l i m i t  b e c a u s e  i t  has been assumed t h a t  1 p e r c e n t  o f  t h e  p l u t o n i u m  

i n v e n t o r y  moves w i t h  t h e  speed o f  g r o u n d w a t e r .  The c o m b i n e d  

c o n c e n t r a  

a1  1  d e c a y  

t h e  EPA 1 

t i o n  o f  U -234 ,  U-235,  and  U-236 i n  t r e a t e d  w e l l  w a t e r ,  

p r o d u c t s  o f  Pu i s o t o p e s ,  i s  a f a c t o r  o f  n i n e  l e s s  t h a n  

i m i  t .  

O t h e r  b a r r i e r s ,  t h a t  c o u l d  l o w e r  t h e  r e l e a s e  o f  r a d i o n u c l i d e s ,  

c a n  be  i m a q i n e d  i n  a d d i t i o n  t o  t h e  ones d i s c u s s e d .  F o r  e x a m p l e ,  

t h e  s a l t  s u r r o u n d i n g  t h e  WIPP r e p o s i t o r y  c o n t a i n s  s  i q n i f i c a n t  

amoun ts  o f  c l a y  w h i c h  i s  known t o  s e l e c t i v e l y  . b i n d  u r a n i u m  a n d  

p l u t o n i u m  ( R e f .  1 4 ) .  Two c l a y  seams a r e  r e p o r t e d  a t  a  d e p t h  o f  

2 1 2 4  t o  2 1 3 4  f e e t  w h i c h  i s  20 t o  30 f e e t  a b o v e  t h e  f l o o r  o f  t h e  

r e p o s i t o r y .  The c l a y  c o u l d  t h u s  a c t  as  a  b a r r i e r  w i t h  a  s i g n i -  

f i c a n t  d i l u t i o n  f a c t o r .  D a t a  f r o m  t h e  p l a n n e d  WIPP e x p e r i m e n t  may 

h e l p  q u a n t i f y  t h i s  d i l u t i o n  f a c t o r .  

B a s e d  on t h e  c o n s e r v a t i v e  a s s u m p t i o n s  u s e d ,  t h e  p l a n n e d  i n v e n t o r y  o f  

r a d i o n u c l i d e s  i n  t h e  w a s t e  w o u l d  n o t  p r e s e n t  a  s i g n i f i c a n t  r i s k  t o  

h e a l t h  f r o m  a  w e l l  t h r e e  m i l e s  f r o m  t h e  s i t e ,  e v e n  i f  a  b r e a c h  a n d  

t r a n s p o r t  o f  t h e  w a s t e  t o  t h e  w e l l  i s  assumed.  F o r  t h i s  t o  b e  t r u e ,  

h o w e v e r ,  i t  i s  p a r t i c u l a r y  i m p o r t a n t  t h a t  t h e  m a j o r  f r a c t i o n  o f  t h e  

p l u t o n i u m  b e  r e t a r d e d  b y  a d s o r p t i o n  on  t h e  r o c k  d u r i n g  i t s  p a s s a g e  

f r o m  t h e  r e p o s i t o r y  t o  t h e  w e l l .  - 
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FOREWORD -- 

The purpose of the Environmental Evaluation Group (EEG) is to conduct an 

independent technical evaluation of the potential radiation exposure to 

people from the proposed Federal radioactive Waste Isolation Pilot Plant 

(WIPP) near Carlsbad, in order to protect the public health and safety 

and ensure that there is minimal environmental degradation. The EEG is 

part of the Environmental Improvement Division, a component 2f the New 

Mexico Health and Environment Department - the agency charged with the 
primary responsibility for protecting the health of the citizens of New 

Mexico. 

The Group is neither a proponent nor an opponent of WIPP. 

Analyses are conducted of reports issued by the U. S. Department of Energy 

(DOE) and its contractors. other Federal agencies and other organizations. 

as they relate to the potential health. safety and environmental impacts 

from WIPP. 

The project is funded entirely by the U. S. Department of Energy through 

Contract DE-AC04-70AL10752 with the New Mexico Health and Environment 

Department. 

Robert H. Neil1 
Director 



STAFF AND CONSULTANTS 

Ann Bancroft. M.A.L., Librarian 

Stephen T. ~ard"). Ph.D.. Environmental Modeler 

James K. Channell, Ph.D., P.E., Environmental Engineer 

Lokesh Chaturvedi, Ph.D., NMSU, Geological Consultant 

Luz Elena Garcia, B.B.E., Administrative Secretary 

Ashok Kalra, Ph.3.., Geophysicist Consultant 

Marshall S. ~ittle(l), M.S.. Health Physicist 

Jack M. Mobley, B.A., Scientific Liaison Officer 

Robert H. Neill. M.S.. Director 

Lucy G. Rubio, Secretary I11 

Peter Spiegler (2) ,  Ph.D., Radiological Analyst 

Peggy Tyler, Administrator 

S. Marc Zand, Ph.D.,Hydrologist 

(1) Certified, American Board of Health Physics 

(2) Certified, American College of Radiology 



. . 
The Environmental Evaluation Group has reviewed the Final Environmental Impact 

Statement on WIPP (DOEIEIS 0026) and has submitted written comments to the U.S. 

Department of Energy. Due to the length and complexity of the documents, the 

EEG was not able to complete, to its satisfaction, a comprehensive review in 

sufficient time to meet the deadline of December 8, 1980. Thus. preliminary 

comments were transmitted on December 8th and supported Governor King's 

November 4, 1980 request for a 45 day extension. 

On January 15. 1981 the final and more detailed supplemental comments were 

submitted. Both of these transmittalsareincorporated in this report. 

iii 



RADIOLO'IEAL HEALTH REVIEW OF FINAL ENVIRONMENTAL IMPACT 

STATEMEm ON WASTE ISOLATION PILOT PLANT, DOEIEIS-002h, 

VOL. I AND 11, OCTOBER, 1980. 

SUMMARY 

Pursuant to the requirements of the National Environmental Policy Act of 

1969. the Department of Energy has provided in the Final Environmental 

Impact State (FEIS) a comprehensive review of the potential radiological 

impact of the proposed Waste Isolation Pilot Plant, referred to in the 

FEIS as. "the authorized alternative." The EEG has reviewed this docu- 

ment to determine (a) the changes made in comparison with the Draft En- 

vironmental Impact Statement (DEIS); (b) the adequacy of the WE's eval- 

uation of the potential-radiological impact: (c) the thoroughness of the 

DOE'S response to the comments of the EEG on the D E E ;  and (d) other 

issues whirh should be addressed by W E  more fully prior to beginning - construction of the WTPP. 

Based on . - r  review of the FEIS, the Department of Energy has incorporated 

and addressed the majority of the concerns, questions and recommendations that 

the EEG provided to them in our August 1979 review (Reference 2)  of the Draft 

Environmental Impact Statement on WIPP and the FEIS provides a generally satis- 

factory evaluation of the potential radiological impact. There are, however, 

a number of areas that have yet to be adequately treated by W E  and should be 

acted upon and resolved prior to beginning construction of the WIPP. The 

more important issues are listed below, and are discussed in more detail in 

our December 8, 1980and January 15, 1981 comments on the FEIS. 

-- 
1) EEG has referred to various statements and data in the FEIS, Geologi- 

cal Characterization Report on WIPP (Reference 121, and the Safety 

Analysis Report (Reference 8) which indicate possible instability in the 

area just north (1.2 to 3 miles) and southwest (less than 1 mile) of 

ERDA-9, and at depths near the repository horizon. EEG continues to have 

concern as to how this zone of anomalous seismic reflection data will 
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RADIOLOGICAL HULTH REVIEW OF FINAL ENVIRONMENTAL IMPACT STATEMENT ON -, 
WASTE ISOLATION PILOT PLANT DOEIEIS-0026, Vol. I and 11, Cctober ,  1980 

INTRODUCTION 

The Department of  Energy appears  t o  have incorpora ted  and addressed  t h e  

m a j o r i t y  of  t h e  concerns ,  q u e s t i o n s  and recommendations t h a t  t h e  EEG Fr.7- 

v ided t o  them i n  o u r  August 1979 review (Reference 2 )  of  t h e  D r a f t  

Environmental Impact S ta tement  on WIPP. 

There a r e ,  however, a number of  a r e a s  t h a t  do no t  appear  t.o have been ade- 

q u a t e l y  addressed .  These and o t h e r  a r e a s  a r e  d i scussed  i n  t h e  f c ? l o w i n ~  

s e c t i o n s .  The l i m i t e d  t i m e  a v a i l a b l e  f o r  t h i s  review does not  permit  .:s 

t o  de te rmine  w i t h  c e r t a i n t y  t h e  adequacy of e i t h e r  t h e  FEIS o r  t h e s e  pre- 

l i m i n a r y  coiunents: 



INVENTORY OF, RADIOACTIVE MATERIAL 

EEG recommended in September 1979 that the Final EIS contain estimates o f  

the radioactivity to be present in the repository and the uncertainty 

associated with the estimates. That was not done, although page 9-127 of 

the FEIS does show 539,000 curies of transuranic activity at 1000 

years. 

While the following table presents our estimates of the radioactivity, the 

information did not permit estimates.of the uncertainties. 

Radioactive Inventory of WIPP at the Time of Closure 

Radioactivity Volty 
(Curies) Emplacement (ft 

CHTRU 2,800,000 Permanent 6,200,000 

RH-TRU 5,100,000 Permanent 250,000 

BLW 17,000,000 Temporary 150 



RESOURCE EXTRACTION 

There has been a s l i g h t  s h i f t  i n  language i n  the F ina l  EIS on the degree of  

mineral ex t r ac t ion  t h a t  may be permitted i n  the var ious  zones. Exact com- 

parisons a r e  not poss ib le  because various sec t ions  i n  both Draft  and Final  

give d i f f e r e n t  impressions of  what may be permitted. The wording i n  the 

Final  EIS appears t o  be p red ic t ing  a g rea t e r  degree of ex t r ac t ion ,  

e spec ia l ly  i n  the inne r  zones. These s tatements  a r e  paraphrased below. 

Draft EIS - On page 3-6 i t  is s t a t e d  t h a t  Zone I V  w i l l  eventua l ly  be released 

f o r  resource exp lo i t a t ion  ( no mention of o t h e r  zones). On page 8-1 i t  is 
s a i d  t h a t  only DOE d r i l l i n g  would be permit ted i n  Zones I & 11; poss ib le  resource 

ex t r ac t ion  would be allowed i n  Zone 111 pending outcome of s t u d i e s ;  potash 

mining (no so lu t ion  mining) and hydrocarbon e x t r a c t i o n  (no secondary recovery) 

may be permitted by DOE. On page 9-21 i t  is s t a t e d  t h a t  mining and d r i l l i n g  

may be permit ted ' in  Zone I V  but  hydrocarbons could be ex t r ac t ed  from under 

Zone I V  by deviated d r i l l i n g  from ou t s ide  Zone IV.  There is no mention of possible  

recovery from under Zones I, 11, o r  111. On page 11-1 the s tatement  is made tha t  

i t  may eventua l ly  be poss ib l e  t o  recover hydrocarbons from beneath a l l  zones .-, 

by deviated d r i l l i n g  from ou t s ide  Zone T I T .  

-. : ~ z a l  EIS - The Executive Summary (page 6-llr) says t h a t  hydrocarbo~l r+sourc-.s 

can be exploi ted by deviated d r i l l i n g  from o u t s i d e  zone I V  o r  by v e r t i c a l  and 

deviated d r i l l i n g  v i t h i n  Zone IV.  Potash reserves  i n  Zone I V  may be mined; 

t h e  consequences of  mining i n  Zones I. 11, I11 a r e  c u r r e n t l y  being evaluated. 

Page 4-5 says  that mining f o r  hydrocarbons and potash i n  Zone I V  is expected and 

t h a t  a l l  t h e  n a t u r a l  gas could be recovered by devia ted  d r i l l i n g  from Zone I V .  

On page 9-27 the  wordst'may"and "would" a r e  both used i n  re ference  t o  potash and 

hydrocarbon ex t r ac t ion  i n  Zone I V .  Statements on page 11-1 say t h a t  potash 

and hydrocarbon e x t r a c t i o n  from Zone LV w i l l  not a f f e c t  s i t e  i n t e g r i t y  but i t  

is not c l e a r  w h a t  t h e  consequences would be of mining l angbe in i t e  from the  

inner  con t ro l  zones. 

Our concerns with t h e  i s sues  a re :  

1.. I t  is uncertain j u s t  what r e s t r i c t i o n s  DOE present ly  plans to  put on ex t r ac t ion  

from Zone IV and f o r  deviated d r i l l i n g  beneath t h e  inner zones. - 



, 2. The possibility of potash extraction in the inner zones 3E the site directly 
. ,. . 
P i  above or near the storage rooms is of particular interest. Mining activitv, , 
, . 
' , with possible blasting, 400 feet above the waste horizon could significantly 

. . .  1 
1: . ,,., k:! / 
, . .  . . .. , 9'' reduce the safety factors that would be expected from storage at a depth 
k.. ''.---/ of 2150 feet below the surface in a formation that is 2,000 feet thick. 

3 .  We have not seen the evaluations that led to the language in the Draft nor 

the subsequent evaluations that apparently give DOE a greater confidence 

in the ability to extract minerals without threatening site integrity. 

It will be necessary to review these reports in order to be assured that 

DOE'S conclusions are valid. 

4. The time table for making these decisions and the procedure for doing 

so needs to be known so that EEG can have input into this process. 



-, 
DENIAL OF MINERAL RESOURCES 

Section 9.2.3.1 and related sections of the FEIS clearly describe the mineral 

and hydrocarbon reserves at the site, their relative economic imoortnnce, 

and attractiveness for potential extraction in the future. EEG still has 

concerns about this possible future attractiveness and the methodologies 

for mineral and hydrocarbon extraction currently proposed by DOE. These con- 

cerns are clearly stated in this FEIS review under sections entitled "Decom- 

missioning" and "Resource Extraction." 

EEG's comilation of references on "People-Made Penetrations" and "Conflict 

vith Natural Resources" contained in EEG-1 (Reference 11 10) inventoried in 

detail recornendations regarding repository sites vith mineral and hydro- 

carbon resources.- Thisand subsequent vork in this major issue area has led 

EEG to emphasize the necessity to quantitate potential radiation risks 

associated with resource extraction at the site as currently proposed by DOE 

and the long-term risks vith future extraction after site decommissioning. -1 



Except for one change (the criterion for restricting toxic materials). 

Chapter 5 on Waste Acceptance Criteria is unresponsive to the comments of EEG. 

(See Reference 4 and pp. 4, and 2 0 - 2 4 ,  Reference 2 . )  Because the SAR (Refer- 

ence 8) makes it clear that the contents of the waste shipments will not be 

analyzed at WIPP to determine compliance with the criteria limiting toxic and 

corrosive material, sludges, pyrophorics, powders, and fissile material, the 

FEIS should have indicated how compliance will be assured, or evaluated the 

environmental impact assuming no compliance. 

Page 15-36 of the FEIS states that the quality assurance system to insure com- 

pliance by the shippers with the WAC will be developed before the start of the 

WIPP operations. However, these procedures are germane to the hazard evalua- 

tion and enGironmenta1 impact of the WIPP operations and therefore should 

have been included in the FEIS. 

The FEIS discusses the possibility of processing the waste before shipment, and 

there is a strong implication.that the waste will be processed by slag pyrolysis. 

If so, the WAC would be met. If the waste is not processed how will compliance 

be assured? What methods and what audit procedures will be used? 

On page 9-176 of the FEIS, it is recognized that overpacking of the waste 

containers at INEL would not provide compliance with Waste Acceptance Criteria. 

Yet the overpacking procedures described in Section 9.8 indicate transfer of 

the packages to the rail car and then to the WIPP with no plans indicated for 

evaluation of the waste to assure compliance with WAC. There are also no 

plans to evaluaG the waste at WIPP. 

.- 

On page 8-26 of the FEIS, we note, also, that waste packages which would not 

meet the WAC may be shipped from WIPP to other sites for processing. Criteria 

are needed for such shipments, and DOE should evaluate the possible hazards 

associated with such shipments. 

It was noted that the wording of the criteria in Chapter 5 remains ambiguous 



or misleading. There is clear implication that WIPP will analyze the vastr to - ,  

determine if it will be accepted, and have it returned if it is unacceptable. 

EEG objects to such wording, and urges that it be revised to clearly indicate 

that the shipper--not WIPP--is responsible if the criteria are not met. 

Furthermore ambiguities resulting from the phrase "will be accepted" or "will 

not be accepted" should not be used. The DOE legal staff shou:ld also review 

the criterla to be certain chat the wording is construed as legally mandatory 

on the part of the shipper, and that vague statements will be revised as pre- 

viously reconmended by EEG (References 2 and 6 ) .  

We also note small inconsistancies between the FEIS Waste Acceptance Criteria 

and the criteria published in WIPP-DOE-069, Reference 5 .  For example, the 

criterion in the FEIS limiting gas generation states the total gas produced 

from contact-handled waste by all mechanism may not exceed 10 moles per cubic 

meter of disposal-room in the WIPP. The WIPP-DOE-069 limits the gas co 10 

moles per cubic meter of disposal room per year in the WIPP. 1s this an 

inadvertent deviation or has the criterion been changed? Also the FEIS cri- 

terion for "immobilization" indicates that no dry powders "will be accepted," - 
whereas WIPP-DOE-069 limits the dry powders to 1% of the waste matrix weight. 

Neither the FEIS nor any other DOE report has provided criteria for the high 

level waste. These criteria also are needed for the evaluation of the environ- 

mental impact of WIPP. 

Another concern which has not been addressed in the FEIS is how the WIPP faci- 

lity will assure that the drums do not contain explosive gas mixtures at the 

time of retrieval, should retrieval prove necessary. (See p. 3-15, ~eference 3 . )  



TRANSPORTATION 
( 

We recommend2d that a number of dosage estimates be performed including acts 

or  s;jbotngt., doses to cmergrncy workt.rs, exposures t g ,  p c ~ o ~ ~ l ~ ~  in C . : I ~ S  5~~,;,!,~,~i 

ncxt to ;I truck with radionv tivc W:ISLI*. 'flicse cstin~:~lcs ; i r L .  in< ludr.,l i l l  ;ill, 

FEIS. 

DOE did not include our recornendation to estimate doses from the ingestion 

of contaminated food following a transportation accident with a release of 

radioactive material based on their belief that corrective action measures 

including the condemnation of food and decontamination of farmland would 

be promptly taken. EEG believes that an assessment of possible radiation 

doses by these pathways is important for two reasons: 

1) to indicate if radiation doses could be high eno~gh to 

require short-term protective measures or long-term land 

use controls; 

2) to estimate the amount of low-level, long-term dose that may be 

unavoidable if such a release occurs. 

We have published such an analysis entitled Calculated Radiation Doses From 

Deposition of Material Released in Hypothetical Transportation Accide- 

Involving WIPP-Related Radioactive Wastes, by Dr. James K.. Channell, EEG-5 

(Reference 6). 

Mere detailed cornvents conrerning information contnirwd i n  Chnpt..r h ,*! ine 

FEI: are providei bel<v: 

6-4* The Regulatory responsibilities of the New Mexico State Government and 

the Federal Government affecting the transportation of radioactive wasre 

to WIPP need to be clarified. EEG will bring this matter up to the 

appropriate agencies. -- 

6-12 According to the FEIS, CH-TRU waste shipped from Hanford, LASL and 

SRL will not be directly considered in the impact analysis. The 

following analysis indicates that 1/3 of the CH-TRU waste to be shipped 

by volume is not being considered in the impact statement for dosage 

estimates in transportation. 

, * 
These numbers refer to the chapter and page number of the FEIS. 



, CH TRU TO BE SHIPPED TO WLPP --. (1011186) 

Considered i n  9 ~ i ~ e  r . 2 ~ ~ d L d i  L C . : ! ; '  

Source PEIS lo3  cu -- in FEIS - - . . - . - 
INEL yes 2376" yes  

Rocky F l a t s  P l an t  yes  loob yes  

Hanford no 855a no 

W L  no 249" no 

SRL no loga no 

a  
page 2-17 

bpage 6-17 

6-13 The t ruck  r o u t i n g  concept used by DOE f o r  t r a n s u r a n i c  and h igh  

l e v e l  waste appears  d i f f e r e n t  from NRC guides  r e l a t i n g  t o  t he  . 
shipment of spen t  f u e l .  Both u se  i n t e r s t a t e  highways bu t  NRC 

bypasses l a r g e  ci t ies such as Albuquerque whereas Figure  6-3 

on page 6-15 appears  t o  have t h e  t r ucks  pass  through t h e  ci t ies 

6-15 According t o  t h e  FEIS t h e  t r a n s p o r t a t i o n  a n a l v s i s  w i l l  not inc lude  

RH-TRU from OWL. LASL and Hanford. From t h e  Following a n a l y s i s .  

78% (69/89) o f  t h e  RH-TRU was te  bv volume t o  be shipped t o  

WZPP is no t  being considered i n  t h e  FEIS. 

Considered i n  
3  

Dosage Ca l cu l a t i on  
~ource  -- FEIS 10 cu f t a  i n  FEIS 

INEL yes 20 y e s  

Hanford no 8 no 

LASL no 9  - 
T o t a l  89 

a  pnyc 2-17 



6-17 The FEIS calculations of the radiological impacts o f  waste t r a n - p , , r r  
3 under normal condition assume that 370,000 ft of CH waste and ;,2W 

3- ' ft or RH waste will be transported annually from INEL and RFP co WIPP 

(page 6-17). The breakdown of the data is given in tables 6 - 2 ,  6 - 6 ,  

6-7, and 6-8 of the FEIS. 

The calculations may not be conservative for the following reasons: 

The WIPP design criteria report,WIPP DOE 7.L states that for a three- 

shift-per-day operation, the annual design capacity will be 1,200,000f t' of CH- 
3 waste and 10.000 ft of RH-waste; for a one-shift-per-day, the annual 

design capacity will be 500,000 ft3 of CH waste and 4,000 ft3 of RH-waste 

(the last number is estimated by EEG; it is not mentioned in the design 

criteria). The design criteria also state that the estimated rate of 

shipment for CH-waste for 9 years (year 4 to year 13) will be 500,000 
3 ft /y. Further, most of the RH-waste is stored at ORNL which is 

considerably further away from WIPP than INEL and RFP (Table 2-3, 

page 2-17). 

ii is possible that waste will be shipped to WIPP at rates greater than 
3 

370.000 fr /y because of the large backlog. 

5 .  t i t  Le of Table 6-2 "Volume o f  Waste Shipped per i'. .,:-" ' +  .- 
leading since it identifies only 2 of the 8 sites shipping waste to 

WIPP. 

6-18 According to the FEIS, very small quantities of HLW will be shipped 

to WIPP for experiments." This is not so. Our calculations show 

this tobe 17 million curies which is more than twice as large as 

the combined CH and RH TRU waste to be permanently emplaced. - 

6-19 The waste volume being shipped From INEL by truck in Table 6-lr 
3 sho.,ld he 1,100 ft3 RH-TRU. not 110,000 ft . 



6-19;l Clarification is needed to evaluate the impact of high-level waste - 
for experiment. Section 6.5.3 of the FEIS estimates the equivalent 

o l  60 canisters or liixh-level waste. Tlic SAR ~ n r n t i o n s  60 c;\nistcrs. 

Section 8.9.5 (p.8-48) of the FEIS mentions 20 canisters per waste 

form. Clarification is needed between the FEIS and :Fir !%?. 

--LL ', 
. . -  . . --  - . - .  .:.= -:;llective doses for INEL and RFP in tables 6-6, h - 7 ,  an: 5 - t  ' 

are the same as those shown in table 6-9 and 6-10 of the DEIS. The 

collective doses for shipments from Hanford, LASL, and SRP have 

been omitted even though in the DEIS they amount to about 50% of 

the total collective dose. One might conclude that che radiological 

7mpacr has been underestimated in the FEIS. This a h n ~ * l d  he . : a r i  F ; d ,  

6-?h  ..A& a~aiunci.; --I...; ihr .aost-exposed person reieivra .. 4....--- 
dose of 0.15 mrem from the normal transport of radioactive waste 

-rquirrs clsriEication. In fact, in the same paragrxph a dose 

.; i . -  nr+m ;: quoted For a person waiting 2 hours b r t , , ~ . ~  8 

. ! G f r . EEG has obtained doses greater than C 

mrem for the following four plausible scenarios: 

mrcm/yr Assumptions 

Individual is exposed to 20% of all trucks 

stopped for 1 minute at a distance of 25' 

1.2 Individual is exposed to all trucks stopped 

- for 1 hour at a distance of 100' 

.- 
Individual is exposed to 25% of all trucks 

stopped for 1 hour at e distance of 50' 

Service station attendant gassinsup 25% 

oi all trucks at a distance of 5 feet f a r  

. I  time interv:il of .! .ninitrlr< . 



I t  appears tha t  t h e  radiological  impact fo r  high leve l  waste i s  

based on a one-way scenario oE 40 can i s t e r s  d i s t r ibu ted  i n  6 

sli ipmq; t s  twrr T h r  1 i f r t  imr c,r t l ~ r  rrpos i torv. 1 t . ; l t ~ ~ t , l  ,I i n , .  I t t J <  

an equal number of shipments i r : ;~viny the repositk,ry JI t r r  

the experimental phase is over. Furthermore, the descr ip t ion  

of the high l e v e l  waste experiment ( in  Chapter 8 ,  pages 8-48,49) 

suggest t h a t  more than 40 c a n i s t e r s  might be necessary. 

6-31 In  the acc idents  analyzed i n  the FEIS, i t  is  assumed t h a t  inha la t ion  

& 6-34 of radionucl ides is t h e  primary pathway to  people. It is  assumed 

t h a t  admin i s t r a t ive  procedures used i n  the clean up procedure 

w i l l  prevent  rad ionucl ides  from reaching the  food chain. EEG 

disagrees with t h i s  assumption and has pointed out  i n  the repor t  

EEGS--Calculated Radiation Doses From Deposition of Material 

Released i n  Hypothet ical  Transportation Accidents Involving WIPP- 

Related Radioactive Wastes, by J. K. Channel1 --that doses 

through food pathways a r e  g rea t e r  than zero even a f t e r  pro tec t ive  

measures .Ire taken. 

.- 
6-4 1 The emergency procedure sec t ion  does not address i t s e l f  t o  the 

following quest ions:  I f  an accident  occurs and the  shipment i s  

damaged, w i l l  t h e  damaged shipment be forwarded t o  WIPP o r  w i l l  

i t  be returned t o  shipper? I f  forwarded t o  WIPP, is the  design 

of the  waste handling bui lding adequate t o  handle l a rge  

damaged shipments? 

A number of a d d i t i o n a l  dosage ca l cu la t ions  had been i d e n t i f i e d  by EEG i n  repor t  

EEG3. The s t a t u s  of these  c a l c u l a t i o n s  is a s  follows: 

I. Sabotage -- 
2.  Emergency Workers 

3. Stopped Automobile 

4. Retrieved wastes 

5. Contamination of Food 

Supply 

6. D 6 D of Hanford 

7. Individual  doses a s  well  

a s  population 

8. Dif iuse sources 

Included i n  FEIS 

Included 

Included 

Not Included 

Not Included 

Not Included 

Included 

Not Included i n  FEIS (We agree) 

-13- 



GEOLOGY, HYDROLOGY AND SITE CHARACTERIZATION 

, 
Our preliminary review of the geology, hydrology and s i r e  charac ter iznc ion  

information as  contained i n  the FEIS ind ica t e s  t h a t  s eve ra l  s ec t ions  have 

been expanded and b e t t e r  explained than t h a t  presented i n  the DEIS. However, 

t he re  is  s t i l l  i n s u f f i c i e n t  treatment of p o t e n t i a l  problem a reas  a s  discussed 

i n  more d e t a i l  below: 

1 )  Disturbed Zone o r  Zone of  Anomalous Seismic Reflect ion 

This top ic  is b r i e f l y  mentioned i n  t h e  Geology Suamary 

on pages 7-16 t o  7-19 as "an ant ic l ine . . .on  the  upper C a s t i l e  is loca ted  a t  

the  northern edge vf Control Zone 11." Although more d e t a i l s  concerning this. 

zone is provided on page 7-42, the  FEIS should have more c l e a r l y  r e f l ec t ed  

the  uncer ta in ty ,  controversy and concern regarding t h e  po ten t l a1  impl ica t ions  

of t h i s  zone t o  the fu tu re  i n t e g r i t y  of the  repos i tory .  The EEG has provided 

d iscuss ion  of t h i s  i s sue  i n  c m e n t i n g  on t h e  DEIS (See EEG2 published 

a s  Appendix 111. EEG-3. Reference 2) .  The FEIS has not  adequately addressed 

these  comments. For example, on page 7-29, t h e  FEIS d iscusses  var ious  sus- - petted d i s so lu t ion  f ea tu res  present  i n  s e c t i o n s  9  and 17 of T?2S, R31E. but 

f a i l s  t o  point  out t h a t  these  f ea tu res  co inc ide  with the  zone of anomolous 

r e f l e c t i o n .  the depression i n  MB 124, and is c l o s e  t o  the  apparent  a n t i c l i n e  

i n  the  Cas t i l e .  Also, on page 7-42, the FEIS expla ins  the anomolous seismic 

r e f l e c t i o n s  a s  " r e l a t i v e l y  t i g h t  folding o r  a  d i scon t inu i ty  i n  the  upper 

Cas t i l e . "  This does not adequately expla in  the  phenomena and EEG bel ieves  t h a t  

a  more d e f i n i t i v e  explanat ion based on a d d i t i o n a l  da t a  is necessary b r f g r e  

the  s i t e  is judged acceptable  f o r  t h e  r epos i to ry .  

2) Brine Reservoirs - 
rh i s  subjec t  is discussed i n  the FELS on pages 7-33 t o  i - & - .  

p a r t i c u l a r l y  section--7.3.5. Although t h i s  t o p i c  has been t r e a t e d  more ex tena i . . : . :~  

in  the FEIS, i t  should have contained more da ta  on the  loca t ion  of known 

a r t e s i a n  b r ine  flows, and the d i f f e r i n g  views a s  to  t h e i r  o r i z i n  and s i ~ n i f i c a n c e  

t o  the adequacy of the WIPP s i t e .  (Further  d iscuss ion  uf t h i s  i s sue  is contained 

i n  EEG Reports. References 7  and 3 ) .  

3) Dissolut ion Processes ---. 

The FEIS provided a c l e a r e r  d iscuss ion  of t h i s  i ssue  than d id  

t h e  DEIS, but  d id  not  provide new data,  nor were the  various c o n t r a s t i n g  views 



adequately presented. For example, the discussion on page 7-29 f a i l e d  t o  mention 

the Bell  Lake Sink and S l i ck  Sink, and the views of Anders,~n as  to  t h e i r  

possible  deip\seated o r ig in .  Also on page 7-100, the l a s t  paragraph i s  

misleading with respect  to  the Anderson c i t a t i o n .  H i s  1978 paper indicated 

tha t  the ac t ive  d isso lu t ion  f ron t  in  the Salado could reach the WIPP s i t e  i n  

50,000 years ,  but he be l ieves  the  advance e f f e c t s  of deep d isso lu t ion  may 

already have a f f ec t ed  the  repos i tory  area and v i c i n i t y .  Page 7-27, paragraph 4 

r e fe r s  t o  the lamprophyre dike which is shown i n  Figure 7-13. I s  i t  not  

possible  t h a t  offshoots  of the  dike and perhaps s i l l s  may e x i s t  i n  the 

Salado near the s i t e ?  Would t h i s  provide a  p r e f e r e n t i a l  path f o r  f l u i d s  i n  

the event of a  breach? The zone of anomolous seismic r e f l e c t i o n  may be 

evidence of deep d isso lu t ion .  (For fu r the r  discussion by EEG of t h i s  i s sue  

see References 7 and 9) .  

4 )  Effect  of Impuri t ies  i n  S a l t  

Page. 7-35, paragraph 5, i nd ica t e s  t h a t  the h a l i t e  beds a t  the 

repos i tory  horizon a re  97'1 h a l i t e ,  however the re  a r e  a l s o  pzesent many c lay  

seams. What is the f r a c t i o n  of h a l i t e  i n  t h e  repos i tory  mass? The e f f e c t  

of these clay minerals on t h e  repos i tory  should be based on i n  s i t u  s t u d i e s  and 

should be known before a  f i n a l  dec is ion  is made on the  adequacy of  the  s i t e .  

5)  S i t e  and Preliminary Design Validation Program (SPDV) 

Under sec t ion  8.9, the  FEIS provides very usefu l  information on , 

the research and development program f o r  the  proposed repos i tory ,  including 

the i n  s i t u  va l ida t ion  program. We recognize the need f o r  the SPDV program, 

and note t h a t  it w i l l  ob ta in  va luable  data  f o r  s i t e  v a l i d a t i o n  which cannot 

be obtained by o the r  means. We hope t h a t  more d e t a i l s  w i l l  be made ava i l ab le  

on the experiments in  order  t h a t  o t h e r  groups might provide comments on these  

an t i c ipa ted  expgriments. We no te  t h a t  one of the  o b j e c t i v e s  w i l l  be t o  

explore the undeveloped por t ion  of t h e  planned repos i tory  by ho r i zon ta l  core 

holes.  Our preli-kinary eva lua t ion  of these plans i n d i c a t e  t h a t  t h e  hor izonta l  

core w i l l  not extend i n t o  the  zone of anomolous r e f l e c t i o n  discussed i n  sec t ion  1 

above, and therefore  d e f i n i t i v e  da ta  concerning the  s ign i f i cance  of t h i s  zone 

t o  the  repos i tory  i n t e g r i t y  w i l l  s t i l l  be needed. How w i l l  t h i s  i s sue  be 

resolved? We note  t h a t  

be located within about 

point and on what bases 

complete reposi tory? 

t h e  underground area  covered by t h e  SPDV program w i l l  

14 a c r e s  o r  about 10% of the  t o t a l  repos i tory .  A t  what 

w i l l  a  f i n a l  dec is ion  be made on cons t ruc t ion  of the 



THE WIPP AND ITS OPERATInN 

The following comments address the more important operational uncertainties 

that have been noted in our review of the information in Chapter 8. 

Shaft - 
* 

8-11 The 12' shalt will be bored to adepthof 2300 feet. This is incon- 

sistent with 8-14 paragraph 2 which makes the following statement: 

"Starting at the bottom of the 12-foot-diameter shaft, horizontal 

excavation in the Salado salt will produce a network of underground 

cavities." The repository is at a depth of 2150 feet. Also, the 

hoist drop accident assumes that there is only 60' becween the repa- 

sitory level and the bottom of the shaft. 

Since the repository will be located at 2150 feet, why drill the 

SPDV shaft to 2300 feet? This additional depth mav decrease the fac- 

tor of safety of a vertical connection if a brine reservoir is located 

in the upper Castile similar to ERDA-6. 

Facility Laycut 

The FEIS indicates that the uuderground development of the repository 

will be due north from the shafts (page 8-17, Figure 3-?). In the 

DEIS the direction is due vest (page 8-16. Figure 8-11). Is there 

a final dec_ision on the orientation to the north? If so, whv? If no 

decision has been made, what criteria will be used to determine the 

direction ofzdevelopment? 

Figure 8-10 of FEIS shows a significantly different layout in the 

eastern area of the waste-handling building different from the drawings 

of Section WBE-41 of the Title I study. Which is more up to date? 

* 
These numbers refer to the page numbers of Chapter 8 of the FEIS. 
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8-21 The paraqraph states the following: "To confine radioactive material, 

the-alr-cleaning system will pass the air through banks of high- 

efficiency particulate air (HEPA) filters." This statement is too 

general since the disposal exhaust filtration building is a sur- 

face facility in which the air will pass through HEFA filtration only 

if radioactivity is detected by monitors. More information is needed 

on the delay time for conversion from an unfiltered system to a Filtered 

system. How much unfiltered air would be released during this transi-- 

tion? 

8-32 "The first stage of the filtration system in the waste-handling building 

will consist of 200 HEPA filters in ~arallel." The Title I study re- 

veals that the filtration system of the waste-handling building con- 

sists of 17 customized two staee HEPA filters. Each unit will also 

have-a prefilter. the units will be customized and their drawings do 

not exist at this time. The conclusion that 200 HEPA filters are 

required appears incorrect. 

Rad-Waste and Gaseous Releases 

8-25 The paragraph at the top of the page states the following: "These 

systems have sufficient surge capacity to handle waste produced during 

postulated accidents..." This is contradicted by the paragraph at the 

bottom of the page which states the following: "In the unlikely event 

of a fire ...., contaminated water will be processed by a portable 
liquid-radwaste-processing system brought onto the site after the 

fire." The portable system is not mentioned again. Its availability 

and possible location of use should be clarified. - 

8-28 The FEIS-discusses possible pathways for the release of CH and RH TRL' 

waste but does not address HLW. ("Surface contamination of HLW canis- 

ters are available for release," page 8-31). Tnfomari2n is n??"? -- 
the possible pathways for HLW. 

8-30 Table 8-5 estimates that the curies of radon gas released fron -he rr- 

pository will be much greater than that due to man-made radiation. 



EEC point-+'out in commenting on the DETS that thew cntimates wcre 

not obtained From site-specific datd and reconrmendcd t h ; l t  radon 

measurements be taken at the site before and after construction to 

evaluate the amount of radon present. DOE did not respond to this 

comment. We still believe that radon should be measured to see i 

levels might be high enough to be a problem for underground workers 

and to estimate radiation doses to the public. 

8-36 While the FEIS estimates the amount of gas produced from the under- 
3 ground waste experiments of 150 ft / y ,  it does not present the estimate 

3 
of 6,000,000 ft / y  from decomposition of the CH and RH TRU waste. 

Waste Experiments 

8-50 The paragraph suggests that the retrieval process will be a difficult 

task since the "volume of contaminated salt is expected to equal the 

volume of waste removed." Large volumes of salt might be involved. - 
If necessary to retrieve wastes, where will they be sent? Will DOE 

establish criteria for retrieval of CH and RH, and when will these be 

available? This information is necessary to evaluate the radiologi- 

cal impact of the retrieval process. 

8-51 We are pleased to see the expanded section of 8.10.3 on the retrieval 

of HLW. The section does not state the destination of the waste. 

We believe that this should be included in the experimental plan. 



HIGH LEVEL WASTES 

We were pleased to note that the information on the Defense High Level 

Waste (HLW) experiments has been expanded in Chapter 8. The purpose and 

justification of these experiments is well stated in sections 8.9.3 and 

8.9.4. However,themethods described in section 8.9.5, do not allow a clear 

evaluation of the radiological impact. Two classes of experiments are des- 

cribed but it is not clear if there will be more thanone waste form per 

class. Therefore, it is difficut to estimate the total amount of radio- 

activity involved. It is emphasized that the HLW will be retrieved after 

the conclusion of the experiments, but since the waste handling building 

has only overpacking capability, it is difficult to envision how the HLV 

will be repackaged so that it can leave the plant in compliance with trans- 

portation regulations and DOE criteria. 

The radiological impact of shipping these wastes from the repository at the 

end of the experiments has not been evaluated and it should be. Also, there 

is a need for shipping criteria for the HLW, both to the site and after re- 

trieval. 

More information is needed on the fate of the HLW at the end of the experiments. 

The impression given in the FEIS (page 15-45) that DOE has no idea where the 

waste will go is troubling. What laboratories night receive these wastes 

shipments for analysis? Where would any full-sized canisters that 

did not need laboratory evaluation be sent? Might some of these canis- .- 
ters remain at the WIPP site if a radiological evaluation at the end of the 

experiment indicated this would result in the lowest radiation doses to 

workers and the public? 

EEG believes the HLW experiments have more potential for significant occupa- 

tional doses and site contamination than the other operations and we plan to 

thoroughly review the detailed plans for individual experiments as they be- 

come available. 
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EFFECTS OF PLANT OPERATION, ACCIDENTS, AND LONG TERM EXPOSURE 
-, 

We a re  pleased t h a t  the FEIS has addressed a number of  o u r  suggestions f o r  

,:znandin:: the potent in l  sc:cn:lrios necc-ssary to bc.Ltcr w s r s s  rllr. p<?r,.nti:tl 

r a d i o l o ~ i c d  r i sks  both during t h e  opcrat ionnl  phase and over tho Long-term. 

One of  our  primary concerns c e n t e r s  around the  po ten t i a l  Eor eventual  human 

in t rus ion .  We be l i eve  t h i s  is a c r e d i b l e  scenario p a r t i c u l a r l y  because of 

the  mineral  and hydrocarbon resources i n  the  region. 

I n  add i t ion  t o  t h e  i n t r u s i o n  scena r ios  addressed i n  the FEIS we repea t  our 

recommendations made i n  t h e  DEIS review f o r  the  following scenarios:  

A connection is made between the reposi tory,  a high pressure b r ine  

r e se rvu i r  and the  sur face .  

E f fec t s  of high pressure  gas formation, generated by organic decomposi- 

t i on  of t h e  waste,  a c t s  a s  a d r iv ing  mechanism i n  bringing waste to  - 
the sur face .  (General Population) 

Generate dosage e s t ima tes  us ing  the  DOE generic Waste I so la t ion  Safety 

Assessment Program (WISAP) model cur rent ly  under development by the 

B a t t e l l e  Northwest Laboratories .  (General Population) 

Solut ion mining f o r  s y l v i t e  o r  langbein i te  takes place leading  t o  

breach of  t h e  decowiss ioned  reposi tory and r e l ease  of radionucl ides.  

These comments and e t h e r s  r e l a t i n g  t o  the information contained i n  Chapter 9 of 

the FEIS a r e  discussed below: .- 
I. Operat ional  Exposures 

9-40 . Routine occupat ional  r a d i a t i o n  exposures (man-red expected du r ins  

normal ope ra t ions  a r e  given i n  Table 9-26. In  order  t o  eva lua te  

these e s t ima tes  we w i l l  need the  nssumt ions  uooo ~7hich these  were 

based. 



9-107 Doses and dose c o m i t m e n t s  from a c c i d e n t  s c e n a r i o s  were c a l c u l a t e d  , 
t o  An i n d i v i d u a l  l i v i n g  a t  James Ranch (Table  9-52). The EEG 

rccomniendation i n  t h e  DEiS review t h a t  doses  he computed a t  the  

N W  s i t r -  I,oundary ;and Tcrr transients in % m v s  I I ,  I I I, a 1 1 t 1  I V  

was ignored .  W e  s t i l l  b e l i e v e  t h e s e  should  be made. 

9-117 The Chapter 9 assumption t h a t  exhaus t  a i r  from underground waste 

hand l ing  and s t o r a g e  a r e a s  p a s s e s  thrcugh HEPA f i l t e r s  is i n c o n s i s -  

t e n t  w i t h  s t a t e m e n t s  i n  Chapter 8. Since  t h e  absence of f i l t e r s  

can  r e s u l t  i n  a s u b s t a n t i a l  i n c r e a s e  i n  doses  from p a r t i c u l a t e s ,  i t  

is important  t o  c l a r i f y  t h i s  p o i n t .  In a d d i t i o n ,  more d e t a i l e d  

in fo rmat ion  i s  needed on t h e  response  s e n s i t i v i t y  l e v e l s  which 

a c t i v a t e s  t h e  s w i t c h i n g  of t h e  v e n t i l a t i o n  a i r  s t r e a m  through 

t h e  HEPA f i l t e r s .  i n c l u d i n g  response  times, f o r  both  f i r e s  and 

i n c r e a s e d  r a d i o a c t i v e  p a r t i c u l a t e s  i n  t h e  mine atmosphere.  

The fo l lowing  areas of  concern  were r a i s e d  on t h e  DEIS (EEG-3) b u t  were no t  

addressed  i n  t h e  FEIS r e p o r t h y  DOE and w e  r e q u e s t  t h a t  they  be addressed :  

1) Is t h e r e  a p o s s i b l i t y  t h a t  Radon-222 and daugh te r s  cou ld  pose an 

o c c u p a t i o n a l  problem? 

2 )  Is t h e r e  any p o s s i b i l i t y  of e n c o u n t e r i n g  a methane gas pocket  i n  

bedded s a l t  which cou ld  cause  an exp los ion?  

1:. Long-Term Exposures 

In  e v a l u a t i n g  t h e  long-term r a d i o l o g i c a l  consequences of  t h e  WIPP re- 

p o s i t o r y ,  t h e  FEIS h a s  c o n s i d e r e d  t h e  same 5 s c e n a r i o s  f o r  r e l e a s e  of  

r a d i o n u c l i d e s  as c o n s i d e r e d  i n  t h e  DEIS. I n  commenting on t h e  DEIS, 

EEG had recommended t h e  f o l l o v i n g  a d d i t i o n a l  s c e n a r i o s  be  cons ide red  
.- 

(Reference 2 ,  pages 81,901: 

Build-up i n  t h e  environment from r a d i o n u c l i d e s  i n  w a t e r  removed from 

t h e  Pecos River  f o r  i r r i g a t i o n ,  i n c o r p o r a t e d  i n t o  s o i l  and p l a n t s ,  and 

cyc led  i n  food and man o v e r  l o n g  p e r i o d s  of time. 

(General  P o p u l a t i o n )  



2 )  Generate dosage es t imates  using the DOE generic  Waste I s o ~ a t i o n  Sa fe ty  - 
Assessment Progrhm (WISAP) model cu r ren t ly  under development by the  Ba-:elle 

Northwest Laboratories .  

(General Population) 

3) A connection i s  made between the  Delaware Mountain Group aqu i fe r ,  the  

repos i tory  and t h e  sur face .  

(General Population) 

4 )  A connection is made between t h e  r epos i to ry ,  a high pressure b r ine  re- 

s e r v o i r  and t h e  sur face .  

5 )  Effec t s  of high pressure  gas formation, generated by organic decomposi- 

t i o n  of t h e  waste,  a c t s  a s  a d r iv ing  mechanism i n  bringing waste t o  t h e  

sur face .  

(General Population) 

6) Well water becomes contaminated and is used f o r  i r r i g a t i o n  o r  s tock  

watering. 

7 )  Solut ion mining f o r  s a l t  t akes  place.  

C x n a r i o  Recommendation 1 

The FEIS i n d i c a t e s  on page 15-30 t h a t  t h e  consequences of using contaminatsd 

,.iater belaw Malaga Band fo r  i r r i g a t i o n  purposes a s  reconamended is being 

.cudiea. and :he r e s u l t s  w i l l  be included in the  WIPP Safety 'ir!sLysis 

Report S M .  The WE should provide an e s t ima te  a s  t o  when the  r e s u l t s  wi ; :  

-- 
Scenario Recommendation 3 

Our reconnnendation 1) 3 is discussed on p. 15-29. DOE concludes t h a t  a 

connection between the  delaware b u n t a i n  Group aqu i fe r ,  the repos i tory  and the 

su r face  is not  r e a l i s t i c .  because t h e  hydraul ic  head of the aqu i fe r  is too small 

to  al low d i r e c t  r e l eases  of b r i n e  t o  the  su r face .  We w i l l  review t h i s  conclusion. 



Scenar io  Recommendation 4 

-, 
I 15-29 ; ~ l s c >  rc . i t , t . ts  tllc hrinl.-p<,c.kvL t i  i n  r c . , : m m ( . n < l . ~ r  i ( , < ,  : 1 , .  

b r i n g  h igh ly  u r ~ l i k r l y .  We d i s a g r e e  w i t h  c h i s  t o m  luhi,rri i v r  c w t .  r c . l - . m o . . :  

(1)  t h e  w e l l  a t  ERDA-6 invo lved  t h e  "acc iden ta l "  c o n t a c t  w i t h  a  p r e s s u r i z e d  

b r i n e  pocket  t h a t  d i d  f low t o  t h e  s u r f a c e ;  and ( 2 )  t h e r e  have been s e v e r a l  

o t h e r  encoun te r s  w i t h  b r i n e  r e s e r v o i r s  i n  t h e  C a s t i l e  i n  t h e  Delaware Basin, 

which have involved s u r f a c e  f low, and a t  l e a s t  one of t h e s e  encounters  

( t h e  Hudson-Belco) was n o t  a s s o c i a t e d  wi th  t h e  "deformation zone." (See 

a d d i t i o n a l  d i s c u s s i o n  under "Geology and S i t e  C h a r a c t e r i z a t i o n . " )  There- 

f o r e ,  w e  remain convinced t h a t  t h e r e  is i n s u f f i c i e n t  in fo rmat ion  on t h e  

o r i g i n  and l o c a t i o n  of  b r i n e  r e s e r v o i r s  t o  conclude t h a t  a connect ion a t  some 

Future  d a t e  between a  br ine-pocket ,  t h e  decommissioned r e p o s i t o r y ,  and t h e  

s u r f a c e  ( th rough  a  w e l l )  is not a p l a u s i b l e  means f o r  radionucLide release. 

Zccnar io  Rccommcndation 6 

We were p l e a s e d t o  n o t e  on page 15-30 of t h e  FEIS t h a t  our  recommendation 

Q6 concerning t h e  r a d i a t i o n  dose  i n c u r r e d  by t h e  u s e  of w e l l  wa te r  t aken  

downstream from a  breached r e p o s i t o r y  is t o  be analyzed by DOE. The EEG is 

a l s o  e v a l u a t i n g  t h i s  s c e n a r i o .  Targe t  d a t e s  f o r  completion of  s t u d i e s  i n  p r o g r e s  

o r  t o  be i n i t i a t e d  by DOE should  be provided.  

S c e n a r i o  Recornendat ion 7  

Page 9-145 ( S e c t i o n  9.7.1.6) of t h e  FEIS provided a  h e l p f u l  d i s c u s s i a n  of 

t h e  p o t e n t i a l  f o r  s o l u t i o n  mining i n  t h e  v i c i n i t y  of  t h e  decommissioned 

r e p o s i t o r y .  We a g r e e  t h a t  such a  s c e n a r i o  i n  o u r  recommendation 1) 7 f o r  

h a l i t e  h a s  a v e r y  low p r o b a b i l i t y .  Nonetheless ,  t h e  d i f f i c u l t y  of  p r e d i c t i n g  

t h e  c o n d i t i o n s  f a r  i n t o  t h e  f u t u r e ,  and t h e  a v a i l a b i l i t y  of m i n e r a l s  s y l v i t e  

and l a n g b e i n i t e  w a r r a n t  e v a l u a t i o n  o f  t h i s  s c e n a r i o  f o r  t h e s e  m i n e r a l s .  

No r e a s o n s  were  g iven  i n  t h e  FEIS f o r  r e j e c t i n g  s c e n a r i o s  2 and 5. We c o n t i n u e  

t o  b e l i e v e  t h a t  t h e s e  s c e n a r i o s  should  be considered.  .- 

111. A d d i t i o n a l  Comments 

9-127 We a r e  p l e a s e d  t h a t  DOE h a s  followed our  s u g g e s t i o n  t o  show t h e  i n v e n t o r y  

of r a d i o a c t i v e  waste .  A t  1000 y e a r s  i t  is 539.000 c u r i e s .  DOE shou ld  

a l s o  have i n d i c a t e d  t h e  a c t i v i t y  a t  t h e  time of  c l o s u r e  which we e s t i m a t e  

t o  be  7,800,000 c u r i e s .  Also h e l p f u l  would be  an  e s t i m a t e  of t h e  e r r o r  

bounds a s s o c i a t e d  w i t h  t h e  inven to ry .  



9-i07 The source terms i n  Table 9-50 and 9-51 o f  FEIS :~rt: considcrahlv 

Table higher chon those i n  Table 9-23 and 9-24 O F  thc I)KIS. 'rhc dose 

9-52 couanit&nks i n  Table 9-52 of FEIS a r e  a l s o  substant iaZly higher 

than those i n  Table 9-25 of DEIS. However, f o r  the CH-area 

acc idents ,  the  r a t i o s  of the source terms (FEIS/DEIS) do not 

equal  t h e  r a t i o s  of the  dose commitments (FEISIDEIS). This  is 

quest ionable s ince  the quant i ty  of a c t i v i t y  has changed, not 

the  isotope spec t ra .  



RADIOACTIVE WASTE VOLUMES 

-, 
The FEIS states the repository would receive over a 25-year period 

6.2 million cubic feet of CH-TRU wastes. This would include all wastes 

presently stored at INEL, two-thirds oE all waste generated at DOE 

facilities from the present until 1990, and all DOE wastes generated from 

1990 to 2003. Similar (though not exact) statements are made on pages 

2-17,18. The transportation analyses assume wastes will come only from 

INEL and RFP and would be shipped at a rate of 370,000 (Table 6-2, page 6-17) 

or 390,000 (Table 6-4, page 6-19) cubic feet per year. The amounts of new 

waste produced per year and the length of time it takes to fill the repository 

do not agree completely between these references but the differences are 

probably not important. 

These statements lead to the following specific questions: 

1 )  Why design a waste handling capacity of 500,000 cubic feet per year for a 

one-shift operation and 1,200,000 for a 3 shift operation (SAR Table 3.1-5) 

when plans are to ship less than 400,000 cubic feet per year? 

2) Why is an operating life of 25 years assumed, when the 6.2 million cubic 

foot capacity would be filled in 16 or 17 years at the planned shipping rate? 

3) Why are only 213 of the retrievable wastes generated at DOE facilities 

between the present and 1990 assumed to be shipped to WIPP? What plans are 

there to dispose of the other 113 of the waste? 

4) Why are the presently stored retrievable wastes at DOE facilities other - 
than INEL not going to be shipped to WIPP? Where will these wastes be 

disposed? -- 

5) Why does the transportation analysis assume that wastes will come only 

from INEL and RFP? 

As presently defined the WIPP project would be unable to dispose of TRU 

wastes that are presently stored at DOE facilities other than INEL, stored 

after the year 2003, buried, and generated by decontamination and decommissioning 

activities. 

-25- 



Since the above f a c t s  suggest t h a t  a  l a r g e r  repos i tory  is possible ,  the  

following ques t ions  should be answered: 

1 )  What is t h e  p robab i l i t y  that t h i s  volume w i l l  be increased s u b s t a n t i a l l y ?  

What might t h e  maximum volrnne be? 

2)  What e f f e c t  would an increased waste s to rage  volume have on the environ- 

mental and r ad io log ica l  h e a l t h  a spec t s  of waste t ranspor ta t ion ,  f a c i l i t y  

operat ion,  and a  r epos i to ry  breach? 

3)  What procedural  requirements under the  NEPA process would be necessary 

r e  the  r ad ioac t ive  waste s to rage  capaci ty  could be subs t an t i a l ly  increased? 



, 
The F i n a l  E I S  expanded t h e  d i s c u s s i o n  of  c o n t r o l s  a f t e r  d e c o m i s s i o n i n c  and t h i s  

cons ide rab ly  s t r e n g t h e n e d  t h e  s e c t i o n  and s a t i s f a c t o r i l y  addressed some of our  

concerns .  Our r e q u e s t s  f o r  more in fo rmat ion  on long-term c o n t r o l s  over  shal low 

w e l l  d r i l l i n g  and r e s o u r c e  e x t r a c t i o n  were no t  answered. Ne i the r  was a com- 

mitment made t o  o u r  recommendation f o r  long term moni tor ing.  

We b e l i e v e  t h a t  d r i l l i n g  i n t o  t h e  r e p o s i t o r y  could occur from a  v a r i e t y  of 

a c t i v i t i e s  (e.g.  f o r  hydrocarbon recovery  a t  g r e - t e r  depths ,  from e x p l o r a t i o n  

of  t h e  r e p o s i t o r y  f o r  p o s s i b l e  r ecovery  of  gas  o r  o t h e r  m i n e r a l s ,  and from 

potash e x t r a c t i o n )  and t h i s  may b e  t h e  most l i k e l y  way t h a t  a  r e p o s i t o r y  breach 

would occur .  Fur thermore ,  w e l l  d r i l l i n g  i n t o  t h e  Rus t l e r  aquiEer  could a l s o  

be a  problem i f  b reach ing  has p r e v i o u s l y  occurred.  The p l a n s  f o r  

w r i t t e n  r e c o r d s ,  markers ,  and monuments a r e  an important  a s p e c t  o f  c o n t r o l  

s i n c e  they -minimize t h e  l i k e l i h o o d  t h a t  d r i l l e r s  would have no know1 edpe o f  

t h e  r e p o s i t o r y .  However, w e  a r e  n o t  f u l l y  convinced (page 15-46) t h a t  know- 

l edge  of  a  r e p o s i t o r y  would be a n  adequa te  d e t e r r e n t  t o  man-made i n t r u s i o n .  

Consequently,  we b e l i e v e  t h e r e  s h o u l d  be  f u r t h e r  e v a l u a t i o n  o f  t h e  need f o r  

p o s i t i v e  c o n t r o l  o f  d r i l l i n g  a t  t h e  s i t e .  

An e f f e c t i v e  c o n t r o l  p e r i o d  of up t o  400 y e a r s  ( a s  suggested on page 15-46) 

might be  optimum. The i n i t i a l  h a z a r d  from t h e  es t ima ted  r e p o s i t o r y  inven to ry  

is dominated by Strontium-90 u n t i l  abou t  300 y e a r s  and t h e r e a f t e r  d e c r e a s e s  

s lowly  because  Plutonium-239 is dominant.  

HEALTH EFFECTS 

The i s s u e s  i n v o l v i n g  h e a l t h  e f f e c t s  appear  t o  have been a d e q u a t e l y  addressed 

i n  t h e  FEIS. -- 
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FEIS EXECUTIVE STIMMARY 

'TI,? Exc,cutive Summary o f  the FEIS was chccked for c<,nsistenry with Volumcs 

I and 11 and for any misleading statements. The followinp j.rems were 

noted. 

3-3* - 

The security and sabotage statement about experimental HLW fails to mention 

there will also be a similar number of shipments leaving the site at the 

end of the experiments. 

The one chance in 40,000 per year probability used here and in Chapter 6 

gives a misleading impression of the expected rarity of a severe accident 

The probability of chis severe an accident occurring is actually about 1 

in 140 per year. The 1 'in 40.000 number comes from multiplying the 1 in 

140 probability by probability factors for occurrence in: (1) an urban 

area (0.3); (2) with restrictive meterology (0.2): and ( 3 )  with proper 

wind direction (0.06) to obtain maximum population doses. The accidents 

occurring with probabilities between 1 and 140 and 1 in 40.000 per year 

would be expected to result in the release of radioactive material and 

some radiation dose to people. 

4-5 to 4-8 

The section on geology is brief, and does not include any reference to 

brine reservoirs or to the zone of anomalous reflection (men- 

tioned on p. 7-29, Volume I). .- 

4-8 - 
We do not believe the statement on this page "It is believed that deep dis- 

solution will not affect the site for the next million years (Anderson, 1978)" 

accurately portrays Dr. ~nderson's concerns about deep dissolution at the 

WIPP site. A more thorough review of his 1978 paper (Reference 13). as well 

* This -:-mcrfcni designation refers to the page number in the FEIS. 



-, 
2s llis more recent pul~lications. indic:~cc his v i c w  t h a ~  Ll ~ r .  sicc may I,<: 

br?x!ied .~t t h e  repository horizon before the overlying salt 's removed by 

surface water and groundwater flow. Hence, estimates of site stability based 

upon the rate of movement of a surface dissolution front may not be pertinent. 

While the sanitary vaste discharge is estimated as 25,000 gallons per day, 

the same volume used in the DEIS, page 8-33 of the FEIS uses 45,000 gallons 

per day. 



-. 
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CHAPTER 1 

I-h; 6 .  Hvdrolony - 

The conc lus ion  t h a t  t h e r e  is no deep d i s s o l u t i o n  a c t i v e  w i t h i n  10 miles  

of t h e  s i t e  should  not  be made u n t i l  t h e  zone of anomalous r e f l e c t i o n ,  

near  t h e  edge of  Zone 11. h a s  been adequa te ly  exp la ined .  

1-5: 4 .  A l t e r n a t i v e  2 .  The a u t h o r i z e d  WIPP f a c i l i t y .  - 

The s t a tement  is made t h a t  " the  SPDV program has  been planned t o  confirm 

rhe  geo log ic  adequacy of t h e  s i t e  and t o  v e r i f y  t h e  eng ineer ing  proper-  

t i e s  of  t h e  s a l t  a t  t h e  depth  of t h e  WTPP r e p o s i t o r y . "  We sgree  t h a t  t h e  

SPDV program w i l l  p rovide  v a l u a b l e  i n f o r m a t i o n  a s  t o  t h e  eng ineer ing  pro- 

p e r t i e s  of th-e s a l t a t  t h e  r e p o s i t o r y  h o r i z o n .  Hovever. our  review of rhe 

a v a i l a b l e  in fo rmat ion  on t h e  SPDV d o e s  not i n d i c a t e  how t h e  program w i l l  

r e s o l v e  a l l  of  t h e  q u e s t i o n s  r e l a t i v e  t o  t h e  g e o l o g i c  adequacy. For ex- 

ample. t h e  zones of  anomalous r e f l e c t i o n  needs  f u r t h e r  i n v e s t i g a t i o n  t o  

c l a r i f y  t h i s  phenomenon. These q u e s t i o n s  should  be reso lved .  s i n c e  t h e s e  

zones could be i n t e r p r e t e d  a s  p o t e n t i a l  a r t e s i a n  b r i n e  porkers  o r  advanced 

s t a g e s  of deep d i s s o l u t i o n  i n  proximity  t o  t h e  r e p o s i t o r y  hor izon.  

1 - 7  2 A 

This  paragraph f a i l s  t o  p o i n t  o u t  t h a t  t h e  maximum occupa t iona l  50 year  

dose  commitment c a l c u l a t e d  (p.  9-108) was 130 rem t o  t h e  bone. Th i s  is 

about  20 t imes  t h e  50 yea r  background dose .  

1-8; 5 - 

The s t a t e m e n t  is made t h a t  t h e  c h a r a c t e r i s t i c s  of t h e  Los Medanos s i t e  do 

no t  appear  t o  c o n f l i c t  w i t h  t h e  d r a f t  c r i t e r i a  of  t h e  Nat ional  Waste 

Terminal  S t o r a g e  (NUTS) program f o r  q u a l i f y i n g  s i t e s  f o r  t h e  d i s p o s a l  of 

commercial ly g e n e r a t e d  h igh- leve l  w a s t e  (Refe rence  14) .  As i n d i c a t e d  i n  

our  c o m e n t s  on Appendix D. t h e r e  are s e v e r a l  q u e s t i o n s  r a i s e d  concerning 

whether t h e  s i te  meets c e r t a i n  of t h e  c r i t e r i a .  



CHAPTER 2 

R e f e r e n c e s  f o r  Chapter>.  

S e v e r a l  r e f e r e n c e  c i t a t i o n s  i n  t h e  t e x t  a r e  no t  l i s t e d  i n  t h e  r e f e r e n c e  

l is t  f o r  C h a p t e r  2 .  Fo r  example .  C r i swo ld  1977: Snow and Chang 1975;  

J o n e s .  1974a:  J o n e s ,  1974h. J o n e s  e t  a l .  1973;  ORNL,  1972: and o t h e r s .  

I t  a p p e a r s  t h a t  a l l  r e f e r e n c e s  w i t h  a  f i r s t  l e t t e r  beyond "D" i n  t h e  

a l p h a b e t  were  o m i t t e d .  T h i s  makes  i t  d i f f i c u l t  t n  e v a l u a t e  t h e  i n f o m a -  

t i o n  a n d  d a t a  c i t e d  i n  t h e  C h a p t e r .  

CHAPTER 4 

4-12.2 A 

T h i s  p a r a g r a p h  states t h a t  a s o l u t i o n  m i n i n g  r e l e a s e  s c e n a r i o  was n o t  con- 

s i d e r e d  c o n c e i v a b l e  i n  t h e  bedded  s a l t  a t  WIPP, "because  of t h e  r e l a t i o n -  

s h i p  o f  t h e  r e p o s i t o r y  t o  g e o l o g i c  f e a t u r e s  ( i . r  . t h e  p r e s e n c e  o f  numerous 

t h i n  l a y e r s  o f  r e l a t i v e l y  impe rmeab l e  a n h y d r i t e  and p o l y h a l i t e  i n  t h e  

S a l a d o )  l a c k  o f  economic i n c e n t i v e  a s  compared t o  o t h e r  s a l t  d e p o s i t s ,  and 

l a c k  o f  l a r g e  q u a n t i t i e s  o f  water." The FEIS c o n t a i n s  no d a t a  t o  s u p p o r t  

t h e  c o n t e n t i o n  t h a t  t h e  t h i n  l a y e r s  o f  a n h y d r i t c  would be r o t a l l y  imper -  

meable  d u r i n g  s o l u t i o n  min ing .  T h e r e  a r e  p r e s e n t l y  economic i n c e n t i v e s  t o  

mine p o t a s h  i n  t h e  a r e a .  a n d  i f  a t  some f u t u r e  d a t e .  a  s o u r c e  of  w a t e r  

becomes a v a i l a b l e .  s o l u t i o n  m i n i n g  would become more l i k e l y .  



CHAPTER 7 

The FEIS contains additional information on site surface water and gro~rn,l- 

water hydrology. This information included responses to specific comments bv 

EEG (Reference 2) on surface water use and on site storm water runoff. The 

additions are very helpful. Also, the planned hydrologic studies (p. 7-96) 

will address two items mentioned in a later report of EEG (Reference 7) as 

needing additional information (recharge areas and hydrologic systems and 

transit times.) 

We have two additional concerns that may not be addressed by ctirrentlv 

planned studies and evaluations. One is the need to quantify as much as 

possible the uncertainties that exist in such key parameters as K 
d ' 

hydraulic conductivity, and porosity. There may be enough data presenclv 

available to do this in approximate form. The uncertainty analysis would 

give a range of possihle values that would be much more meaningful than 

the single numbers used in various scenarios involving radionuclide trans- 

port. The second concern is whether the effects of future climatic changes 

on the current hydrologic regimen may be significant. One aspect of 

climate change could be a change in hydraulic head relationships in the 

various aquifers. Planned future studies may provide an answer for this 

part of the problem. The second aspect is the possible increase in frac- 

ture permeability that might occur from further dissolution within the 

Rustler aquifers. The statement was made at EEG's January 1980 Geotechnical 

Meeting that it may be possihle to estimate the rates that permeability 

will increase (Referenre 7. page 9 ) .  

The following specific questions and comments are offered: 
- 

7-82. - 
The description of Pecos River water use below Carlsbad and below Red Bluff 

reservoirs is helpful. However the use of water in Pecos County, Texas and 

downstream lacks detail. Also, it is stated that the water, with a dis- 

charge-weighted TDS exceeding 15,000 mg/t is used for irrigation and stock 

watering. Is this high TDS water used only after blending with better 

quality water? 



7 - 8  1.  . . .  - .  
I i  s t o m a t r r  runoff  d r a i n s  i n t o  N i l s l i  Draw. might i t  a l s o  h e  a s o u r r r  o f  

recharge t o  t h e  Pecos  River  a s  t h e  po tash- re f ine ry  e f f l u e n t s  a r e  s a i d  t o  

be (page 7-93)? Cons idera t ion  should h e  given t o  e s t i m a r i n p  t h e  q u a n t i t i e r ;  

of r a d i o n u c l i d e s  t h a t  might he c a r r i e d  o f f s i t e  hy s t o m w a t e r  runof f .  Also 

t h e  p o s s i b i l i t y  t h a t  t h e  n u c l i d e s  might he concen t ra ted  i n  sediment a t  some 

po in t  o f f s i r e  shou ld  be i n v e s t i g a t e d .  

7-89. -- 

This  s t a rement  ( l i n e s  5 and 6 )  "Groundwater movement i n  t h e  R u s t l e r  near  

t h e  s i t e  is westward tovard Nash Draw and then southward tovard  t h e  Pecos 

River." is i n c o n s i s t e n t  v i t h  t h e  s e n t e n c e  on pages 7-87, 88 " . . . t h e  average 

groundwater g r a d i e n t  of t h e  Magenta Dolomite and t h e  Rust ler-Salado con- 

t a c t  is t o  t h e  sou thwes t  and t h a t  of t h e  Culebra Dolomite is t o  t h e  south- 

e a s t  and then t o  t h e  sou thues t . "  

7-89. -- 
S e v e r a l  q u e s t i o n s  a r i s e  from t h e  d e s c r i p t i o n  of t h e  S a n t a  Rosa Sandstone 

a q u i f e r :  

(1) Is groundwater f low t o  t h e  south  ( f i r s t  paragraph and conc lus ion  8 

on page 7-96) o r  " i n t o  t h e  Pecos River  r a t h e r  than t o  t h e  s o u t h  i n t o  

Texas" (second paragraph)?  

( 2 )  Where is t h e  r e c h a r g e  a r e a  Ear t h e  p o r t i o n  of t h e  S a n t a  Rosa a q u i f e r  

o v e r l y i n g  t h e  WIPP s i t e ?  What is t h e  p o s s i b i l i t y  t h a t  a  w e t  h y d r o l o g i c  

c y c l e  would i n c r e a s e  t h e  s a t u r a t e d  t h i c k n e s s  of t h i s  fo rmat ion?  If t h i s  

occur red  i t  could  p l a c e  an a q u i f e r  wi th  good q u a l i t y  v a r e r  immediately 

over  h o r i z o n s  con ta in i r tg  wastes. 

7-96. - 
When mighc i n f o r m a t i o n  concerning hydro log ic  s t u d i e s  1 and 2 be a v a i l a b l e ?  



.- 

\ CHAPTER 8 

3 - 6 :  Section 8.1.2 

From Figures 9-1, and 9-2. one can calculate that a shift in the sit? of 

0.5 miles to the southwest would still meet the one mile borehole criterion 

and would reduce the area of langbeinite mineralization inside of Zone IV 

by more than one square mile while increasing the amount of Lease grade 

sylvite inside of Zone IV by less than one quarter square miles. Also 

this would he moving away from the zone of anomalous reflection. What con- 

siderations are being given to shifting the location or underground orienta- 

tion of the repository as more data become available? 



CHAPTER 9  

General  Comments 

I f  t h e  dose  r a t e s  and dose  commitment d e t a i l e d  i n  t h e  FEIS a r e  r easonab le  

e s t i m a t e s  f o r  t h e  s c e n a r i o s  cons ide red  i t  a p p e a r s  t h a t  t h e r e  a r e  few radio-  

l o g i c a l  problems of  concern .  In  a  number of  i n s t a n c e s ,  however, we need 

more d e f i n i t i v e  in fo rmat ion  concerning t h e  f a c t  t h a t  t h e  k i n e t i c s  and para- 

meters used i n  a r r i v i n g  a t  t h e s e  dose  e s t i m a t e s  indeed r e f l e c t  a c t u a l  

?nvironmental  c o n d i t i o n s  a t  t h e  s i t e .  

The fo l lowing  examples i l l u s t r a t e  t h e  lack o f  s u p p o r t i v e  da ra  needed t o  

perform independent a n a l y s e s  t o  cnnf i rm dose  c a l c u l a t i o n s .  

9-105 

Following t h e  n a r r a t i v e  of a c c i d e n t  R15, one o h t a i n s  a  r e l e a s e  of 2 x 10 - 3 

c u r i e .  Is t h e r e  an assumption o m i t t e d  t h a t  1% of  t h e  waste  r e l e a s e d  i s  
-2 . suspended i n  t h e  a i r ?  A f a c t o r  of  10 is  no t  e x p l a i n e d .  

9-10: - Tahle 9-52 

The source  t e r n  i n  Table  9-50 and 9-51 of FEIS a r e  considerably h i g h e r  than 

those  i n  Tahle 9-23 and 9-24 of t h e  DEIS. The dose  commitments i n  Table 

9-52 of FEIS a r e  a l s o  s u b s t a n t i a l l y  h i g h e r  than  t h o s e  i n  t a b l e  9-25 of  DEIS. 

However. f o r  t h e  CH-area a c c i d e n t s .  t h e  r a t i o s  of t h e  source  terms 

(FEISIDEIS). T h i s  is q u e s t i o n a b l e  s i n c e  t h e  q u a n t i t y  of  a c t i v i t y  h a s  

changed, not  t h e  i s o t o p e  s p e c t r a .  Also,  t h e  n a t u r a l  background dose i n  

Tahle 9-52 is a  5 U v e a r  dose .  

The l a s t  l i n e  of t h e  paragraph s t a t e s  t h a t  a l l  t h e  r a d i o a c t i v i t y  is r e l e a s e d  

i n s t a n t a n e o u s l y .  Table 9-55 l i s t s  a  r e l e a s e  r a t e  i n  p c i l s e c .  We have no t  

been a b l e  t o  a r r i v e  a t  t h e  numerical  v a l u e s  i n  Tab le  9-55 from t h e  informa- 

t i o n  provided.  



9-130 ( f l o w  r a t e s  through we l lbore )  

1 p : r s  I t  thv  ~ I ; I L ; I  i n  F igure  K - 1 1  a p p l i e s  t o  w c n : ~ r i r w  I .  2 .  ?nd ' 3 .  

P r r s u w h l y ,  t h e  d a t a  wns o b t a i n e d  with t h e  W I I T  code ~ l t l ~ o ~ ~ y l i  i t  a p p e a r s  

t o  be a combination o f  Darcy 's  law and P o i s e u i l l e ' s  formula.  The flow 

numbers i n  t h e  t h r e e  s c e n a r i o s  i n  s e c t i o n  9 .7 .1 .3  cannot be o b t a i n e d  from 

Figure  K-11. Some f u r t h e r  e x p l a n a t i o n  might he h e l p f u l .  

S p e c i f i c  Comments 

In d e s i g n i n g  t h e  s i z e  of t h e  d iked  a r e a  t o  c o n t a i n  f l u i d  runof f  was t h e  

i n t e r c e p t i o n  o f  a g e o p r e s s u r i z e d  b r i n e  r e s e r v o i r  cons ide red?  What i s  t h e  

t o t a l  conta inment  volume? 

9-100: L 

-8 
The last l i n e  mentions a t o t a l  r e l e a s e  of 6 .9  x 10 c u r i e  f o r  a c c i d e n t  - 
C 10. The c o r r e c t  number should  be 2.2 x a s  g iven i n  Table  9-50. 

9-101: 2 

The paragraph ment ions  a t o t a l  activity of 376 c u r i e s .  C a l c u l a t i o n s  

sugges t  t h a t  t h e  c o r r e c t  v a l u e  s h o u l d  he 326. 

9-106: Tab le  9-51 

What is t h e  numerical  v a l u e  o f  t h e  a i r  volume of t h e  cask.  t r a n s p o r t e r .  

and waste  cage t h a t  is d i s p l a c e d  from t h e  p i t ?  Th i s  v a l u e  is needed i n  

v e r i f i c a t i o n  of  t h e .  C-13 consequences .  

-- 
9-127 

The c u r i e s  o f  U-235 i n  Table  9-59 shou ld  be 0.36 r a t h e r  than 36. 



The FEIS s t a t e s .  "The h i g h l y  s o r h e d  p lu ton ium n u c l i d e s  do no t  contribute 

t o  t h e  d i s c h a r g e  even  a t  3 m i l l i o n  y e a r s :  t h e s e  s p e c i e s  a r e  r e t a i n e d  i n  

t h e  a q u i f e r  n e a r  t h e  r e p o s i t o r y ,  w h i l e  t h e i r  much l e s s  s o r b e d  uranium 

d a u g h t e r s  a r e  t r a n s p o r t e d  a t  abou t  one - t en th  t h e  a q u i f e r  f low speed . "  

This s t a t e m e n t  d o e s  n o t  r e f l e c t  t h e  u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h e  d i s -  

t r i b u t i o n  c o e f f i c i e n t s  f o r  many o f  t h e  r a d i o n u c l i d e s .  A member o f  t h e  

EEG h a s  r e c e n t l y  e v a l u a t e d  t h e  s i g n i f i c a n c e  o f  r e r t a i n  R u s t l e r  a q u i f e r  

p a r a m e t e r s  f o r  p r e d i c t i n g  long-term r a d i a t i o n  d o s e s  from WIPP ( R e f e r e n c e  

1 5 ) .  T h i s  r e p o r t  h a s  c o n s i d e r e d  t h e  u n c e r t a i n t y  a s s o c i a t e d  w i t h  p l u t o n i u m  

d i s t r i b u t i o n  c o e f f i c i e n t s  (Kd). I f  a  p o r r i o n  o f  t h e  p lu ton ium moves w i t h  

a  l ower  K t h e  r a d i o l o g i c a l  consequences  i n  a l l  o f  t h e  l i q x i d  b r e a c h  
d  ' 

s c e n a r i o s  may be  s i g n i f i c a n t .  
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SELECTION CRITERLA FOR THE WIPI '  SITE 

D-2; 4.5  L a t e r a l  e x t e n t  

The d i s c u s s i o n  i n  t h e  FEIS of  t h i s  c r i t e r i o n  i m p l i e s  t h a t  t h e r e  a r e  no ques- 

t i o n a b l e  s t r u c t u r e s  o r  d i s s o l u t i o n  f e a t u r e s  n e a r  t h e  r e p o s i t o r y  hor izon.  

A s  i n d i c a t e d  i n  p rev ious  c o m e n t s .  t h e  a r e a s  abou t  1 t o  3 mi les  nor th  and 

1 mi le  southwest  of  ERDA-9 a t  t h e  l e v e l  of t h e  C a s t i l e .  and below, has  

y ie lded  anomalous s e i s m i c  r e f l e c t i o n  d a t a .  and p o s s i b l e  s t r u c t u r a l  f a u l t s  

i n  t h e  C a s t i l e .  T h i s  d a t a  r a i s e  q u e s t i o n s  abou t  t h e  i n t e g r i t y  of  t h e  

s t r u c t u r e  i n  t h e s e  a r e a s .  The r e p o s i t o r y  w i l l  ex tend a lmost  t o  t h e  nor th-  

e r n  boundary of  Zone I1 which would be w i t h i n  4 mile o f  t h e  n o r t h e r n  zone 

nf a n m a l o u s  r e f l e c t i o n .  There fo re  t h e r e  i s  i n s u f f i c i e n t  d a t a  a t  t h i s  

time t o  be c e r t a i n  t h a t  t h i s  c r i t e r i o n  is met 

D - 2 ;  . 10 S t r u c t u r e .  - 
WIPP-12 i s  a t  t h e  edge o f  a p o s s i b l e  a n t i c l i n a l  s t r u c t u r e  i n  t h e  C a s t i l e ,  

and the  ho le  is a l s o  loca ted  a t  t h e  sou the rn  edge of one of t h e  zones of 

anomalous r e f l e c t i o n  d i s c u s s e d  above. Seismic  r e f l e c t i o n  d a t a  a l s o  suggest  

f a u l t s  i n  t h e  a r e a  nor th  of  Zone I1 and southwest  and s o u t h  of  ERDA-9. 

The se i smic  d a t a  has  i n s u f f i c i e n t  r e s o l u t i o n  t o  knnw i f  geo log ic  f a u l t s  

extend i n t o  t h e  Saladn.  U n t i l  more in fo rmat ion  is available. one cannot 

conclude t h a t  t h e  WIPP s i t e  meets t h e  s t r u c t u r e  c r i t e r i o n .  

D-3: 5 D i s s o l u t i o n .  

We a g r e e  t h a t  t h e  edge o f  r e g i o n a l  d i s s o l u t i o n  i n  t h e  b a s i n  is i n  t h e  v i c i n -  - 
i t y  of Nash Draw, and t h e r e f o r e  would no t  pose  a  problem f o r  t h e  proposed 

r e p o s i t o r y .  HoweGer t h e  seismic r e f l e c t i o n  d a t a ,  a s  d i s c u s s e d  i n  t h e  pre- 

c e d i n r  p a r a ~ r a p h s  may be i n d i c a t i v e  of d i s s o l u t i o n  F e a t u r e s  i n  proximitv 

co t h e  r e p o s i t o r y  hor izons .  



D-5; 9 Fau l t inp  &d Fracturing.  

This paragraph s t a t e s  t h a t  t he re  a r e  no known f a u l t s  in  post Permian rocks 

ac the s i t e  a rea .  As discussed above, the seismic r e f l ec t ion  da ta  do 

indica te  the p o s s i h i l i t  o f  f a u l t s  i n  the CnstiLe. Therefore. i t  i s  not 

yet poss ib le  t o  know whether t h i s  c r i t e r i o n  is met. 

P 6 ;  Salt-Flow Ant ic l ine .  

As discussed i n  the preceding paragraphs. t he re  cou.ld be a  major a n t i c l i n e  

i n  the  Cas r i l e  beginning a t  t h e  northern edge of Zone I1 and extending 

north. There is a  d e f i n i t e  s teepening and che seismic data do not permit 

an adequate r e so lu t ion  of the  ex tent  of  t h i s  steepening toward the  north.  

Such s t r u c t u r e  is i n d i c a t i v e  of possible  e f f e c t  on long-term s a f e t y  of the 

repos i tory .  

0-8: 7 Natural Resources. 

The statement i s  made tha t  "very l i t t l e  potash e x i s t s  above the reposi tory - 
(Zone IT) i t s e l f . "  This s tatement  c o n f l i c t s  w i t h  t h e  information i n  Fig- 

ure 2 . 7 - 6  of the SAR (Reference 13) which s t a t e s  tha t  the McNuct member ac 

ERDA-9. "contains p o t ~ s s i c  rock r i ch  in s y l v i t e ,  langbeini te  and o the r  

hydrous minerals." Also Figure 9-1 would suggest t ha t  a t  leas-  113 of 

Zone I1 conta ins  l ease  grade s y l v i t e .  

0-9; 2 Man-made Penet ra t ions .  

As indica ted  i n  o t h e r  EEG comments on the FEIS, the p o s s i b i l i t y  of human 

in t rus ion  is  of  considerable concern, and therefore  addi t ional  information 

is needed a s  t o  har -sont ro l  w i l l  be maintained. 
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, APPENDIX E 

DESCRIPTIONS 1F WASTE TYPES 

The a c c i v i r y  c u r v r  f o r  U-234 and Ra-226 i n  F i c u r c  T - !  can  n n l y  ht .  < . u p l ; ~  i ~ ? < ~ d  

i f  t h e r e  is a  s u b s t a n t i a l  amount o f  U-238 i n  t h e  w a s t e :  t h i s  i s  n o t  a p p a r r n t  
5 

i n  t a b l e  E-3. The t o t a l  a c t i v i t y  c u r v e  i n  t h e  t ime  i n t e r v a l  hetween 1 0  a n d  
6 

10  y e a r s  seems t o  i n c l u d e  Th-230 and a l l  t h e  r a d i o a c t i v e  d a u g h t e r s  o f  Ra-226 

t h a t  a r e  i n  s e c u l a r  e q u i l i b r i u m .  Some c l a r i f i c a t i o n  might  h e l p .  



. 
APPENDIX .I 

EFFLUENT AND IWVTRONMENTAL MF.ASURFXENTS l'R0C:RAbIS 

The FEIS d i d  n o t  acknowledge o r  respond t o  EEG's c o m e n t s  conce rn ing  r a d i a -  

t i o n  m o n i t o r i n g  programs.  Me b e l i e v e  t h e s e  comments a r e  s t i l l  a p p l i c a b l e  

and need r o  he a d d r e s s e d .  The more impor t an t  ones  a r e :  

Presen c Program 

"Radon e m i s s i o n s  from n a t u r a l  r a d i o a c t i v i t y  i n  t h e  r e p o s i t o r y  have 

n o t  been measured i n  s o i l .  mined r o c k ,  and t h e  proposed was te  h o r i z o n  

Radon s h o u l d  he measured t o  s e r  i f  l e v e l s  might he h igh  enough t o  he 

a problem f o r  underground workers  and a  s o u r c e  of  r a d i a t i o n  exposu re  

t o  t h e  p u h l i c  ...." (page  53. Refe rence  2 ) .  - 
" I t  w i l l  b e  n e c e s s a r y  t o  o b t a i n  s u f f i c i e n t  samples  and a n a l y s e s  

b e f o r e  o p e r a t i o n  t o  e n s u r e  t h a t  t h e  v a r i a t i o n s  i n  t h e  background 

( n a t u r a l l y  o c c u r r i n g  and from weapons t e s t i n g  f a l l o u t )  l e v e l s  o f  

a c t i n i d e s ,  .... and f i s s i o n  p r o d u c t s  a r e  a d e q u a t e l y  known. These 

v a l u e s  a r e  needed i n  o r d e r  t o  be a h l e  t o  d e t e c t  con ramina t ion  from 

s i t e  o p e r a t i o n s . "  (page  60. Refe rence  2 )  

P r e - O o r r a t i o n a l  and O p e r a t i o n a l  P r n p m s  

" I t  i s  n o t e d  t h a t  no a i r  p a r t i c u l a t e  s t a t i o n  is planned f o r  Hobhs. 

S i n c e  i c  is a m a j o r  p o p u l a t i o n  c e n t e r .  w i t h  a  c a l c u l a t e d  long-term 

WQ o n l y  10% lower t h a n  a t  Eunice,  t h i s  omiss ion  s h o u l d  be r e c o n s i d -  

e r e d .  A l so ,  t h e  t h r e e  d a y s  p e r  week of  sampl ing  shou ld  be randomized 

i n  o r d e r  t a m e a s u r e  l e v e l s  on work days .  and nonwork days." (page  ha.  

Refe rence  2 ) .  

" ~ o n s i d e r a t i b n  s h o u l d  a l s o  be g i v e n  t o  m o n i t o r i n g  r a d i o a c t i v i t y  i n  

r a i n f a l l  and  r u n o f f  (when i t  o c c u r s )  a t  t h e  s i t e  as w e l l  as s u r f a c e  

water and b i o t a  i n  Nash Draw." (page  57,  Re fe rence  2 )  
8 ,  I n  s e v e r a l  c a s e s  ... t h e  t y p e s  of a n a l y s e s  a r e  no t  s p e c i f i c  enough.  

Gross  a n a l y s i s  is u s e f u l  a s  a  s c r e e n i n g  mechanism f o r  d e t e c t i n g  s i g n i -  

f i c a n t  c o n t a m i n a t i o n .  However, i t  u s u a l l y  w i l l  no t  d e t e c t  c r a c e  migra-  

t i o n  o f  r a d i o n u c l i d e s .  A l l  media b e i n g  sampled shou ld  have p e r i o d i c  



a n a l y s e s  of t h e  a c t i n i d e s . . . a n d  long- l ived  f i s s i o n  p roducrs . "  (paae  

58. Reference 2 )  

Pos t -opera t iona l  Program 

( 6 )  "The o u t l i n e  of  a  pos t -opera t iona l  program. . . a p p e a r s  r e a s o n a b l e .  

However, t h e  borehole  r a d i o n u c l i d e  a n a l y s e s  shou ld  be f o r  s p e c i f i c  

r a d i o n u c l i d e s  r a t h e r  than g r o s s  a l p h a  and be ta  a n a l y s e s  f o r  t h e  reasons  

d i s c u s s e d  above." (pane 61. Reference  2) 

Severa l  changes have been made i n  Appendix .l hatween t h e  D r a f t  and FEIS. 

One o f  t h e s e  is s u b s r a n t i v e .  To t h e  DEIS (pane .I-30 and Tab les  3-5, J-6) 

i t  is s t a t e d  t h a t  "In g e n e r a l ,  s t a t e -o f - the -a r t  t e c h n i q u e s  and i n s t r u m e n t s  

r i i  11 he used." 1" t h e  FEIS (pagr  5-32) i t  is s t a t e d  "The equipment used  f o r  

neasurement d u r i n g  o p e r a r i o n  w i l l  meet o r  exceed t h e  s e n s i t i v i t i e s  r e q u i r e d  

t o  d e t e c t  r a d i a t i o n  l e v e l s  below t h e  l i m i t s  d e s c r i b e d  i n  lOCFR 20. Appendix 

B." The l0CFR 20 c r i t e r i a  would permit  minimum d e t e c t i o n  l e v e l s  t h a t  a r e  

one t o  t h r e e  o r d e r s  o f  magnitude less s e n s i t i v e  than would occur  from 

s t a t e - o f - t h e - a r t  t echn iques .  We b e l i e v e  t h a t  use  of  t h e  LOCFR 20 c r i t e r i a  

is unaccep tab le  f o r  environmental  samples  s i n c e  i t  could r e s u l t  i n  some 

t r a c e  r a d i o n u c l i d e  r e l e a s e s  not being d e t e c t e d .  Th i s  p o s i t i o n  is c o n s i s -  

t e n t  wi th  t h e  Nuclear Regula tory  Commission Regula tory  Guide 4-1 which 

s t a t e s  " the  d e t e c t i o n  s e n s i t i v i t y  o f  env i ronmenta l  measurements should  be 

che most s e n s i t i v e  t h a t  is p r a c t i c a l l y  a c h i r v a h l e  f o r  measur ing p l a n t  

c o n t r i h u t r d  r a d i o n u c l i d e s  i n  t h e  environment ." 

1 t h e  TLDs s t a t i o n s _ a r e  a l o n g  a l i n e  go ing  N-E from t h e  c e n t e r  o f  t h e  

I;IPP f a c i l i c y .  Some d a t a  p o i n t s  n e a r  t h e  James Ranch might '  be  d e s i r a b l e  

s i n c e  it is t h e  r e f e r e & e  l o c a t i o n  f o r  a c c i d e n t  a n a l y s i s .  



Water O u a l i t v  

p .  8-33 

The e s t i m a t e d  r a t e  of sewage d i scharge  is 45,000 g a l l o n s  per day. This 

d i s a g r e e s  wi th  t h e  DEIS and t h e  Executive Summary. both  of which use 

25.000 gpd. Which is c o r r e c t ?  Also, t h e  s t a t ement  i n  t h e  DEIS tha t  e ! l  

t r e a t e d  was te  water  would be used f m  landscape i r r i g a t i o n  o r  e v a p o r a t ~ d  

h a s  been d e l e t e d .  H a s  t h e r e  been a  change i n  t h e  e a r l i e r  p l a n  t o  evapora te  

a l l  e x c r - s  water? 

p.  1 1 - 7  -- 

The term Water O u a l i t y  Divis ion used twice  i n  s e c t i o n  14.2 . '~  should  he 

Water P o l l u t i o n  Control  Bureau. Thr Water P o l l u t i o n  Control  Bureau n o t i -  

f i e d  DOE on October 7.  1980 t h a t  a  ground water  d i s c h a r g e  plan was not  

needed f o r  t h e  SPDV program. 

Pic.:! 
The a p p r o p r i a t e  New Mexico Ai r  Q u a l i t y  Regula t ion f o r  new snurces  is 702. 

not 100. A permit  was g ran ted  hy t h e  New Mexico Air Q u a l i t v  Bureau of  

June 6 .  1980 f o r  t h e  SPDV phase of t h e  WIPP p r o j e c t .  

Noise -- 

The F E E  was l a r g e i y  unresponsive  t o  EEG comments on n o i s e  d s p e c t s  i n  t h e  

DEIS. O f  t h e  5 i t ems  we po in ted  out a s  needing c l a r i f i c a t i o n  on ly  one was .- 
p a r t i a l l y  responded t o .  None were acknowledged. The 4 p o s s i h l e  m i  t i g a c i o n  

measures sugges ted  were ignored.  We s t i l l  b e l i e v e  t h e s e  m i r i g a t i o n  measures 

have t h e  p o t e n t i a l  f o r  reducing n o i s e  exposure  of workers and t h o s e  l i v i n e  

a l o n g  right-of-way and should  be cons ide red .  



2 )  muf f l ing  of c o n s t r u c t i o n  equipment and use  of low n o i s e  p r ~ d l r t s  

where a v a i l a h l e ;  

3 )  a  requirement tha t  a11 tr11cks meet t h e  Fvderal n o i s e  r e g u l a r i o n s  

required f o r  i n t e r - s t a t e  comwrce ;  and 

4 )  housing o f  var ious  f i x e d  n o i s y  equipment and o p e r a t i o n s .  
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FOREWORD , 

The purpose o f  the Environmental Evaluat ion Group (EEG) i s  t o  conduct an 

independent techn ica l  eva lua t ion  o f  the  p o t e n t i a l  r a d i a t i o n  exposure t o  people 

from the proposed Federal r a d i o a c t i v e  Waste I s o l a t i o n  P i l o t  P lant  (WIPP) near 

Carlsbad, i n  order  t o  p r o t e c t  the pub l i c  hea l th  and sa fe ty  and ensure t h a t  

there  i s  minimal environmental degradation. The EEG i s  p a r t  o f  the  

Environmental Improvement D iv i s ion ,  a component of the  New Mexico Health and 

Environment Department -- the  agency charged w i t h  the  pr imary responsi b i  1 i t y  

f o r  p r o t e c t i n g  the hea l th  o f  the c i t i z e n s  o f  New Mexico. 

The Group i s  n e i t h e r  a proponent nor an opponent o f  WIPP. 

Analyses are conducted o f  a v a i l a b l e  data concerning the  proposed s i t e ,  t h e  

design o f  the  repos i to ry ,  i t s  planned operat ion,  and i t s  l o n g - t e n  s t a b i l i t y .  

These analyses i nc lude  assessments o f  repo r t s  issued by the  U.S. Department o f  

Energy (DOE) and i t s  cont rac tors ,  o ther  Federal agencies and organizat ions,  as 
-. 

they r e l a t e  t o  the  p o t e n t i a l  heal th,  sa fe ty  and environmental impacts from 

WIPP. 

The p r o j e c t  i s  funded e n t i r e l y  by the  U.S. Department o f  Energy through 

Contract DE-AC04-79ALl0752 w i t h  the  New Mexico Heal th and Environment 

Department. 

Robert H. kill 
Di  r e c t o r  



INTRODUCTION 

I f  b r i n e  f i l l e d  the void space i n  the waste storage areas o f  the proposed WIPP 

repos i to ry  sometime a f t e r  c los ing ,  it could i n i t i a t e  leaching and exchange ac- 

t i o n s  between the br ine ,  the waste, and the  s a l t  used f o r  b a c k f i l l i n g .  This 

ac t i on  would r e s u l t  i n  a rad ionuc l ide  contaminated br ine.  A subsequent pene- 

t r a t i o n  o f  the repos i to ry ,  could b r i n g  contaminzted b r i n e  t o  the  sur face i f  

there  was adequate pressure. 

Several pressur ized b r i n e  reservo i rs  have been encountered by d r i l l i n g  i n  t h e  

v i c i n i t y  o f  the  WIPP s i t e  and s i g n i f i c a n t  discharges have occurred a t  the  sur -  

face. A t  the t ime t h i s  repo r t  was w r i t t e n  i n  d r a f t  form a l l  except one o f  the  

known b r i n e  rese rvo i r s  were associated w i t h  the Capitan Reef and i t s  d e f o n a -  

t i o n  f r o n t ,  ra ther  than the  Delaware Basin (where the  proposed WIPP repos i to ry  

i s  located) .  However, t h i s  repo r t  was w r i t t e n  because o f  the  b e l i e f  t h a t  the  

l o c a t i o n  and occurrence o f  these rese rvo i r s  i s  not  wel l  enough understood t o  

completely r u l e  out t h e i r  ex is tence under t h e  s i t e .  

- On November 22, 1981 a pressur ized b r i n e  r e s e r v o i r  was encountered a t  the  

WIPP-12 borehole. The p o i n t  where t h i s  b r i n e  r e s e r v o i r  was i n te rcep ted  was 

on l y  558 f e e t  h o r i z o n t a l l y  and 786 feet v e r t i c a l l y  from t h e  proposed l o c a t i o n  

o f  the northernmost waste storage room. Since more d e f i n i t i v e  i n fo rma t ion  on 

t h i s  b r i n e  rese rvo i r  w i l l  not  be a v a i l a b l e  f o r  several weeks or  months, i t was 

decided t o  proceed w i t h  t h i s  repo r t  us ing the  o r i g i n a l  assumptions and t o  

prepare a new repo r t  i n  the  f u t u r e  i f  the  data from WIPP-12 suggest t h a t  

s i g n i f i c a n t  changes i n  the assumptions are appropriate.* 

- 

*Pre l im inary  informat-ion i n d i c a t e s  t h a t  the  WIPP-12 b r i n e  r e s e r v o i r  w i l l  a f f e c t  

a t  l e a s t  the  f o l l o w i n g  two assumptions: 

(1 )  The p r o b a b i l i t y  per borehole o f  h i t t i n g  a b r i n e  resevo i r  beneath t h e  

s i t e  w i l l  be greater  than the  value o f  0.04 used i n  t h i s  analys is .  

( 2 )  Greater than 75,000 cubic f e e t  o f  b r i n e  may be brought t o  t h e  surface 

dur ing  normal d r i  11 i n g  operat ions. 



This repo r t  descr ibes a  scenario i n  which an exp lo ra to ry  borehole connects an -. under ly ing  b r i n e  r e s e r v o i r  w i t h  the r e p o s i t o r y  and r e s u l t s  i n  sa tu ra t i on  o f  t h e  , 
waste storage area. A subsequent borehole b r i n g s  po r t i ons  o f  t h i s  rad ionuc l ide  

contaminated b r i n e  t o  the  surface. Rad ia t ion  doses are ca lcu la ted  fo r  t ime 

per iods  o f  125, 400, and 1,000 years a f t e r  r e p o s i t o r y  c l o s i n g  f o r  the 

fo l l ow ing :  

(1) e x t e r n a l  r a d i a t i o n  doses f o r  workers a t  the  borehole l o c a t i o n  

( 2 )  i n h a l a t i o n  doses f o r  workers a t  t h e  borehole l o c a t i o n ,  

( 3 )  e x t e r n a l  and i n h a l a t i o n  doses fo r  a  res iden t  located 360 meters down- 

wind, 

( 4 )  i n g e s t i o n  doses f o r  the downwind res iden t  from l o c a l l y  grown produce, 

m i l k ,  and meat, and 

(5 )  Popu la t ion  doses from i n h a l a t i o n  w i t h i n  a  50-mile radius. 

The p r o b a b i l i t y  o f  t h e  var ious  c a l c u l a t e d  doses occu r r i ng  was estimated. 

P r o b a b i l i t y  was inc luded i n  the  r e p o r t  because o f  a  b e l i e f  t h a t  p r o b a b i l i t y  

cons ide ra t i ons  are use fu l  i n  eva lua t i ng  the  a c c e p t a b i l i t y  o f  u n l i k e l y  events 

and t o  encourage o thers  t o  p rov ide  a  more d e t a i l e d  eva lua t ion  us ing more - 
s o p h i s t i c a t e d  methodology. Since the  p r o b a b i l i t i e s  presented i n  t h i s  repor t  

were c a l c u l a t e d  us ing  a  simple methodology, w i t h  some parameter values chosen 

a r b i t r a r i l y ,  they should be considered as approximate examples, not accurate 

numbers. 

The reasonableness o f  t h e  scenar io and t h e  s i g n i f i c a n c e  o f  the  r e s u l t s  are a l s o  

discussed. 



SUMMARY AND CONCLUSlONS 

1 

1. Calculated r a d i a t i o n  doses from radionucl ides brought t o  the surface 

f r a n  a  pos tu la ted  i n t e r a c t i o n  between a  pressur ized b r i ne  rese rvo i r ,  

the  repos i to ry ,  and an exp lo ra to ry  borehole are s u m a r i  zed 3elow. 

Rad ia t ion  Doses From Br ine  Reservoir  Scenario 

(50-year Dose Comnitment from One Year's In take)  

tc+125y* t c t 4  I w.b** I Bone I w.b. 

D r i l l i n g  crew 

i n h a l a t i o n  

ex te rna l  

Downwind Resident 

i n h a l a t i o n  

e x t e r n a l  

produce 

m i l k  

meat 

0.049 

0.045 

0.049 

<.001 

0.47 

0.032 

0.009 

IY 
Bone 

Area popu la t i on  

tc+1000y **' 
w.b. Bone 

Rem 

* t c t I 2 5 y  = I 2 5  years a f t e r  c losu re  of the  repos i to ry  

*w.b. = whole body 

***The tc+1000y doses _are not  considered p l a u s i b l e  

- 
1.3 
- 

1.3 
- 
1.9 

0.13 

0.035 

1.0 

0.30 

0.084 

0.30 

<.001 

0.001 
- 
- 

Person - ren 

24. I 5.9 



2. I n h a l a t i o n  and external  r a d i a t i o n  doses increase w i t h  t ime a f t e r  the 

r e p o s i t o r j  i s  f looded due t o  the cont inued leaching o f  l ong - l i ved  a c t i -  

nides. l n g e s t i a n  doses are dominated by the  29-year h a l f - l i f e  o f  9 0 ~ r  

and become n e g l i g i b l e  i n  less  than 300 years a f t e r  c losure  o f  the re -  

pos i  t o r y  (tc+300y). 

3. P re l im ina ry  est imates were made of the cumulat ive p r o b a b i l i t i e s  o f  

doses equal t o  o r  g rea ter  than the tc+125y doses occur r ing  du r ing  the  

1 i f e t i m e  of the repos i to ry .  The e s t i ~ a t e d  p r o b a b i l i t i e s  were 5 x lo- '  
f o r  the  i n h a l a t i o n  pathway and 5 x lo-' f o r  the i nges t i on  pathway. The 
est imated p r o b a b i l i t y  of some rad ionuc l ides  being brought t o  t h e  

surface and r e s u l t i n g  i n  doses between zero and those sumnarized above 

i s  much greater ,  about one p a r t  i n  4,000. 

4. A p r e l i m i n a r y  est imate i nd i ca ted  a p r o b a b i l i t y  o f  3 x lo- '  t h a t  175 C i  

o f  2 3 9 ~ u  ( o r  equ iva len t )  would be brought t o  the sur face by t h i s  

scenario. Since the d r a f t  EPA HLW standards would be v i o l a t e d  on ly  i f  

the  p r o b a b i l  i t y -  o f  b r i n g i n g  t h i s  q u a n t i t y  o f  rad ionuc l ides  t o  t h e  

sur face i n  10,000 years i s  > 10"--the est imate i n d i c a t e s  the  standard 

would be met. However, s ince the  values are only  a f a c t o r  o f  3 apar t  a 

more r e f i n e d  ana lys i s  vrould be worthwhi le.  - 
5. The i n g e s t i o n  dose est imates are not great enough t o  be o f  p a r t i c u l a r  

concern a f t e r  tc+125y because they: (a )  have a low p r o b a b i l i t y  o f  oc- 

currence; (b)  are below recommended gu ide l i nes  f o r  acc identa l  releases; 

and ( c )  decrease r a p i d l y  (2.4XIy) w i t h  time. 

6. Ca lcu la ted  i n h a l a t i o n  doses t o  workers about the s i t e  and t o  r e s i d e n t s  

360111 downwind are undesi rably  h igh a t  tc+400y. The bone dose exceeds 

t h a t  p e r m i t t e d  f o r  the  general popu la t ion  e i t h e r  f o r  r o u t i n e  exposure 

o r  acc iden ta l  condi t ions.  However, t h e  dose from one yea r ' s  i n h a l a t i o n  

i s  we l l  below t h a t  which would r e s u l t  i n  no t i ceab le  h e a l t h  e f f e c t s  t o  

an i n d i v i d u a l  . - 

7. I n h a l a t i o n  doses ca l cu la ted  f o r  tc+1000y years are even h igher  than 

those a t  tc+400y. However, because o f  p r e s s u r i z a t i o n  and s o l u b i l i t y  

l i m i t a t i o n s  these doses would not be expected t o  occur. Consequently, 

t h e  tc+400y ca l cu la ted  doses are considered t o  be the  h ighes t  t h a t  

would occur.  

8. Radia t ion  doses t o  the  popu la t ion  r e s i d i n g  w i t h i n  50 m i les  o f  t h e  WIPP 

s i t e  due t o  i n h a l a t i o n  are law on an annual bas is  but, i n  the  absence - 



o f  remedial measures, would be expected t o  cont inue f o r  hundreds o f  

years as resuspension continues. The t o t a l  cumulat ive dose over 1500 

years  might r e s u l t  i n  1 or  2 cancer f a t a l i t i e s  (compared t o  an 

est imated 500,000 cancer f a t a l i t i e s  from a l l  o ther  causes). 

9. The ca lcu la ted  amounts o f  surface contaminat ion and resuspended rad io -  

nuc l i de  concentrat ions are great enough t o  warrant a more d e t a i l e d  

eva lua t i on  o f  the probabi 1 i t y  o f  t h i s  scenario occurr ing. 

10. The main ta in ing  o f  s u f f i c i e n t  a c t i v e  i n s t i t u t i o n a l  c o n t r o l s  over the  

s i t e  t o  be able t o  detect  surface contaminat ion f o r  up t o  about 600 

years a f t e r  c losure  should be considered unless the p r o b a b i l i t y  of 

occurrence can be shown t o  be less  than est imated here. 



PROCEDURE 

Scenario Desc r ip t i on  

An exp lo ra to ry  borehole i s  d r i l l e d  through the repos i to ry  a t  a fu tu re  t ime 

when i n s t i t u t i o n a l  con t ro l  has been l o s t .  This borehole s t r i k e s  a pres- 

sur ized b r i n e  r e s e r v o i r  i n  the  C a s t i l e  format ion and por t ions  o f  t h i s  b r i n e  

reach the surface. The wel l  i s  capped t o  stop the b r i ne  f low, subsequently 

plugged, and then abandoned. Geopressurized b r i n e  i n f i l t r a t e s  i n t o  the void 

space i n  the  repos i to ry  before the  r e s e r v o i r  i s  plugged because the 

b a c k f i l l e d  ma te r ia l  i s  much more permeable than surrounding formations. The 

b r i n e  remains i n  contact  w i t h  the s a l t  and the waste f o r  an extended per iod  

o f  t ime (25  years or  more). During t h i s  t ime exchange occurs between br ine .  

s a l t  and waste. 

A second exp lo ra to ry  bore ho le  a t  l e a s t  25 years l a t e r ,  penetrates back- 

f i l l e d  po r t i ons  o f  the  repos i to ry .  Some o f  t h i s  br ine, which i s  s t i l l  pres- - sur i zed  from t h e  b r i n e  rese rvo i r ,  from gases ~ n e r a t e d  i n  the repos i to ry ,  or 

from s a l t  creep i s  c a r r i e d  t o  the  sur face before the borehole can be 

capped. Th is  b r i n e  i s  unrecognized o r  ignored as a poss ib le  r a d i o l o g i c a l  

problem and i s  ponded w i t h  subsequent evaporat ion o f  the l i q u i d .  

The res idue o f  t h i s  b r ine ,  which conta ins  rad ionuc l ides  from the repos i to ry .  

remains i n  t h e  pond a f t e r  evaporat ion and i s  ava i l ab le  f o r  resuspension. A 

l a r g e l y  s e l f - s u f f i c i e n t  farm f a m i l y  res ides downwind and p rodu  ?s most o f  

i t s  produce, mi lk ,  and meat from the  surrounding land. Annual r a d i a t i o n  

doses received by an a d u l t  from inha la t i on ,  i nges t i on  and external  r a d i a t i o n  - 
are  ca lcu la ted .  Rad ia t ion  doses rece ived by d r i l l i n g  crew workers i n  the  

b r i n e  pond area from i n h a l a t i o n  and ex te rna l  r a d i a t i o n  are a lso  ca lcu la ted .  

Doses received by the  popu la t i on  w i t h i n  a 50-mile radius from i n h a l a t i o n  of 

resuspended rad ionuc l  i des  w e e  estimated. 



Assumptions 

, 
General 

Several i n s t i t u t i o n a l  assumptions must be made i n  order f o r  the ca l cu la ted  

doses t o  occur:  

There must be a l oss  of i n s t i t u t i o n a l  c o n t r o l  so t h a t  d r i l l i n g  can occur 

w i thou t  any requirements for determining t h e  ex is tence o f  a r a d i o l o g i c a l  

hazard. 

D r i l l i n g  must occur and the d r i l l e r s ,  e i t h e r  through ignorance o f  the 

r e p o s i t o r y  o r  complacency about r a d i a t i o n  dangers, do not  determine i f  a 

r a d i o l o g i c a l  problem e x i s t s  o r  take any p r o t e c t i v e  measures. 

Residence must be occur r ing  on the land. The residence must be i n  t h e  

maximum downwind d i r e c t i o n  f o r  the ca l cu la ted  doses t o  occur. Condi- 

t i o n s  ( e s p e c i a l l y  the  a v a i l a b i l i t y  of adequate water) must e x i s t  where 

subsis tence farming . is poss ib le  i n  order for  ca l cu la ted  i nges t i on  doses 

t o  occur. 

S p e c i f i c  

The key phys i ca l  and techn ica l  assumptions t h a t  must occur are: 

A geopressurized b r i n e  rese rvo i r  must e x i s t  below the  repos i to ry ,  be i n -  

t e rcep ted  by a borehole and enter  the repos i to ry .  Th i s  event occurs 100 

years o r  more a f t e r  repos i to ry  c losure.  

The exchange t h a t  occurs between waste and b r i n e  i n  a 25 year pe r iod  r e -  

s u l t s  i n  a l l  o f  the  gost- going i n t o  so lu t ion .  The f r a c t i o n  going i n t o  

s o l u t i o n  i s  O.Ol%/y f o r  the ac t i n ides  and O.lTX/y f o r  cesium. These 

l each ing  values come f ra data repor ted i n  Reference 2. 

A second boreho le  i n t e r s e c t s  the r e p o s i t o r y  a t  l e a s t  25 years a f t e r  the  

f i r s t  boreho le  b r i n g s  b r i n e  i n t o  the  repos i to ry .  For the  maximum 90~r  

dose t h i s  event is-assumed t o  occur 25 years a f t e r  t h e  f i r s t  event 

(tc+125y). 

Seventy - f i ve  thousand cubic f e e t  o f  b r i n e  escapes t o  t h e  sur face before 

the  we l l  i s  sealed, the  b r i n e  i s  d i v e r t e d  t o  a 20,000 m2 pond and eva- 

porated, l e a v i n g  a res idue o f  s o l i d s  t h a t  i s  =3 cm t h i c k .  This volume 

o f  b r i n e  represents  0 . 9 3  o f  t ha t  i n  the repos i to ry  and c a r r i e s  w i t h  i t 

0.93% o f  t h e  9%. The f r a c t i o n  o f  the a c t i n i d e  i nven to ry  i n  t h e  - 
b r i n e  brought  t o  the  sur face i s  .0023% a f t e r  25 years o f  l each ing  

0.02N a f t e r  300 years. 

7 



5 )  The amount of t h i s  residue t h a t  i s  resuspended and c a r r i e d  downwind t o  

the  residence i s  assumed t o  be O . Z  per year of the t o t a l  residue. Ra- 

d ionuc l ides  are evenly mixed i n  the res idue and are resuspended a t  the 

same rate. This value i s  more conservat ive than the value o f  0.07% 

found a t  Rocky F l a t s  (Ref. 3) but  i s  l ess  than the  0.7% expected t o  be 

l o s t  from the top 3 cm o f  the WIPP s a l t  p i l e  (Ref. 7). 

6 )  The downwind residence and farm i s  located 360m from the  center  

o f  the 2 hectare evaporat ion pond. Since the source term i s  modeled as 

a v i r t u a l  po in t  source it i s  appropr iate t o  use an annual h a l u e  
0 . 

f o r  804m. The value used (from the F ina l  EIS) i s  (5.0 x lo- ' )  S 2 ... 

7 )  Radionucl ide t r a n s i t ,  adu l t  intake, and dose conversion fac to rs  

are taken from Regulatory Guide 1-1 09 and NUREG-0172 (References 4 and 5) .  



FINDINGS 

Source Term. The t o t a l  cu r i es  of each s i g n i f i c a n t  rad ionuc l i de  reaching the  

surface 125, 400 and 1000 years a f t e r  c losure  are shown i n  Table I. 

Table I 

Q u a n t i t y  o f  Radionucl ides Brought t o  Sur face 

(Cur ies)  

- - - - - - - 

Radi onucl i d e  Q u a n t i t i e s  - C i  

Reposi tory 

Radionucl i des  Tota l ,  tc 

1 3 7 ~ s  1.3 + 4 

==pu 3.5 + 4 

2 3 9 ~ ~  3.9 + 5 

2 4 0 ~ ~  9.3 + 4 
241h**  4.5 + 3 

*2.5 + 6 = 2.5 x 106 

**241h ingrows from decay o f  24lpu, i nven to ry  a t  tc+125y = 7.5 + 4 

Concentrat ion i n  A i r .  The assumption i s  made t h a t  0.22 o f  the rad ionuc l ides  

brought t o  the  su r face  a r e  resuspended and c a r r i e d  downwind per year. The 

amount o f  atmospheric d i l u t i o n  occu r r i ng  a t  3 6 h  i n  the maximun downwind 

d i r e c t i o n  i s  assumed t o  have an annual average o f  (5.0 x lo-') 7 
Resu l t i ng  concent ra t ions  ~- are  shown i n  Table 11. 



Table 11 - Atmospheric Concentrations o f  Radionucl ides 

a t  Downwind Residence 

Radionucl i d e  Ci/y I resuspended 
:i /y 
'esuspended 

1 

PG m C ~ / Y  resuspended 

* p ~ i / m 3  = 1.6 (C i /y  resuspended) 

I n h a l a t i o n  Dose. The i n h a l a t i o n  dose tha t  the  maximum i n d i v i d u a l  would receive 
.- f o r  100% occupancy a t  the  nearest residence i s  s h o w  i n  Table 111. An annual 

i n t a k e  o f  8000 m3 o f  a i r  i s  assumed. The c a l c u l a t e d  whole body and bone doses use 

dose conversion f a c t o r s  from Reference 5 and are expressed as the 50 year dose 

commitment i n  rems r e s u l t i n g  from one yea r ' s  i nha la t i on .  Since the  residence t ime 

f o r  a c t i n i d e s  i n  the body i s  very long the  dose a c t u a l l y  de l i ve red  i n  the maximum 

year  from a one-year i n t a k e  i s  on l y  about 2.2% o f  the  dose commitment. 

The i n h a l a t i o n  dose t h a t  would be received by d r i l l  crew operators working i n  t h e  

b r i n e  pond area i s  show i n  Table IV .  This c a l c u l a t i o n  assumes 200 hours per year  

o f  presence on s i t e ,  a b rea th ing  r a t e  o f  1.25 m3/hr, and a resuspension fac to r  of 

6 x l 0 - ~ / m  of the  r a d i i n u c l i d e s  i n  the  t o p  cent imeter  o f  the  b r i n e  pond. 
- 



Radionucl i d e  

Table 111 

50-Year Dose Commitment F r m  One Year's Inha la t ion 

Dose Conversion F. 
mrem/pCi* 

Bone 

a t  Downwind Residence 

Do 
Intake 
- 

pCi/y w.b. 

e - Dose 
In take 

Bone pCi/y w.b. Bone ' 

0.36 4.1+1 - - 
- - - - 

.002 1.3+1 0.001 0.03! 

D.74 2.8+3 0.22 9.0 

0.18 6.9+2 .053 2.2 

0.043 3.6+2 .024 .36 

1.3 0.30 12. 

e - 
Bone 

Intake 

*From Reference 5.  able 8. 



Table IV 

50-Year Dose Commitment From One Year's I n h a l a t i o n  

f o r  Workers a t  the Br ine Pond 

Radionucl ide 

Intake 

~ C i l y  

I_ngestion. Inges t i on  doses are  c a l c u l a t e d  assuming the downwind res ident  

ob ta ins  76% o f  h i s  f r u i t s ,  vegetables, and g ra in ;  lOC% o f  h i s  mi lk ;  and l O O X  o f  h i s  

meat from the  surrounding land which i s  contaminated by depos i t ion  o f  the 

resuspended rad ionuc l  ides. A depos i t i on  r a t e  o f  ( 8 . 0 ~ 1 0 ' ~ )  per meter of plume 

l e n g t h  i s  assumed (Ref. 6). S tab le  element t r a n s f e r  data, annual consumption rates,  

maximun i n d i v i d u a l  i n t a k e  rates,  and o the r  parameters are  taken fran Tables E-1. 

E-3, E-9, and E-15 o f  Reference 4. 

Dose 

I w.b. Bone 

4.3 + 1 1  .0029 

TOTALS 

In take  

pCi fy  

.043(3.5+2 1.023 1 -35 

.049 

3.5+2 1.023 

.78 

Dose 

w.b. Bone 

-35 

32. 12. 1.3 .30 

In take 

pCi fy  

Dose 

w.b. I Bone 



- 

Radi onucl ides 

Table V 

, Radionuclide Intake From One Year's Ingestion 

of Fruits, Vegetables, and Grain 

(Picocuries) 

s pCi Ccrops = .0077- Q - 
kQ s r 

tc+125 years 

Intake (pCi)  

2.5 + 5 
4.3 + 1 
6.6 + 1 

1.8 + 3 

4.4 + 2 

3.4 + 2 

tc+400y 

Q(PL') 
s 

1.1 + 2 
- 
3.2 t 1 

6.8 + 3 

1.8 + 3 

9.0 t 2 

c ( W  
kg 

8.4 - 1 
- 
2.5 - 1 
5.2 + 1 

1.4 + 1 

6.9 t 0 

Intake (pCi) 

3.3 + 2 
- 
1.0 + 2 

2.1 + 4 

5.6 + 3 
2.8 + 3 



Table V I  

50-Year Dose Commitment From One Year's 

I n g e s t i o n  o f  F r u i t s ,  Vegetables, & Grain 

Radi onuc l  i d e  

' O S ~  

137 
cs 

2 3 8 ~ u  

2 3 9 ~ u  

2 4 0 ~ ~  

241h 

T o t a l s ,  mrem 

Rem 

Dose Conversion* 

Fac to rs  (rnrem/pCi ) 

Dose i n  m i l  l i r e rn  

I 

w.b. 

1.9 - 3 

7.1 - 5 

1.7 - 5 

1.9 - 5 

- 1.9 - 5 

5.4 - 5 

'From Reference 5, Table 4. 

Bone 

7.6-3 

8.0-5 

6.8-4 

7.9-4 

7.9-4 

8.2-4 

t,+l25y 

4.7 + 2 

0.47 

w.b. 

4.7 + 2 

3.0 - 3 

1.1 - 3 

3.4 - 2 

8.4 - 3 

1.8 - 2 

1.9+3 

1.9 

t,+400y 

1.3 + 0 

0.001 

Bone 

1.9+3 

3.4-3 

4.5-2 

1.4+0 

3.5-1 

2.8-1 

w.b. 

6.3 - 1 
- 

1.7 - 3 

4.0 - 1 

1.1 - 1 

1.5 - 1 

2.6+1 

0.026 

Bone 

2.5+0 
- 

6.8-2 

1.7+1 

4.4+0 

2.3+0 



Table V I I  

Radionucl ide In take  Fran One Year's 

Inges t ion  o f  M i l k  

(P icocur ies)  

Fm = pCi/a i n  m i l k  per pCi/day ingested by the animal 

Radionucl i d e  

~r 
1 3 7 ~ s  

2 3 e ~ u  

2 3 9 ~ u  - 
~n 2 4 0 ~ u  

24 1 

s P C ~ )  Cpasture = .018 - (Q - 
k 9 s 

Cmi 1 k = 50 Cp Fm 

In take  = 310 a/y 

I 

Fm ( b / e )  

8.0 - 4 

1.2 - 2 

1.5 - 6 

1.5 - 6 

1.5 - 6 

5.0 - 6 

Cpast (E) 
Kg 

1.4 t 3 

2.3 - 1 

3.7 - 1 

1.0 t 1 

2.6 t 0 

2.0 t 0 

 past (e) 
kg 

1.9 t 0 
- 

5.8 - 1 

1.2 t 2 

3.3 t 1 

1 . 6 t 1 ' 4 . 0 - 3  

CmiIk (E) 
a 

5.5 t 1 

1.3 - 1 

2.8 - 5 

7.5 - 4 

1.9 - 4 

5.0 - 4 

Annual 
I n take  (pCi,) 

1.7 t 4 

4.1 t 1 

8.7 .- 3 

2.3 - 1 

5.9 - 2 

1.6 - 1 

p i c m ( L )  a 

7.3 - 2 
- 

4.3 - 5 

9.0 - 3 

2.5 - 3 

2 

Annual 
In take(pCi)  

2.3 t 1 
- 

1.3 - 2 

2.8 t 0 

7.8 - 1 

1 . 2 t O  



Table V I I I  

50-Year Dose Commitment From One Year's 

Radionucl i d e  

To ta l  Doses 

(mrem) 

Inges t ion  o f  Mi lk  

(mi 11 i rem) 

w.b. Bone w.b. 

3.2 + 1 1.3 + 2 4.4 - 2 
3.0 - 3 3.4 - 3 - 
1.5 - 7 5.9 - 6 2.2 - 7 
4.4 - 6 1.8 - 4 5.3 - 5 
1.1 - 6 4.7 - 5 1.5 - 5 
8.6 - 6 1.3 - 4 6.5 - 5 

130. 0.044 

Bone 



Radionucl tde 

Table I X  

Radionucl ide Intake From One Year's 

Ingestion of  Meat 

(Picocurles) 

F f  = pCi/kg i n  meat per pCi/d ingested by the animal 

Cmeat = 50 (Cpast) F f  

lntake = 110 kgly 

l 

Ff ( W g )  
Cmeat (!!!!.) Annual 

kg Intake (pCi/y) 
h a t  (E) 

Kg 
Annual 
Intake (pCi ly )  



Table X 

50-Year Dose Comitment From One Year 's  

Ingest ion o f  Meat 

(mi 11 i rem) 

Radionucl i d e  

~r 8.7 + 0 

13'cs 3.4 - 4 

2 3 8  Pu 1.1 - 7 

2 3 9 ~ u  3.3 - 6 

240 Pu 8.3 - 7 
2 4 1 h  1.8 - 6 

T o t a l s  8.7 

Bone w.b. Bone 



External Rad ia t ion  

External  r a d i a t i o n  can occur a t  two l o c a t i o n s :  ( 1 )  the  b r i n e  pond area 

where the rad ionuc l i de  w i l l  be deposited once the b r i n e  has evaporated; and 

(2) the  residence loca ted 360m downwind. The maximum dose a t  the pond would 

occur du r ing  the  f i r s t  yea r  f o l l o w i n g  t h e  release. The yea r  when the  

maximum concent ra t ion  would appear i n  the  b r i n e  i s  a func t i on  o f  leaching 

r a t e  and ha l f -1  i f e  and w i l l  vary f o r  each nuc l ide .  The maximum s o i l  

concentrat ions a t  the  downwind residence would occur many years l a t e r  s ince 

resuspension from the pond and depos i t ion  downwind i s  an on-going process. 

I n  t h i s  case the  h a l f - l i f e  o f  the n u c l i d e  i s  a fac to r ,  w i t n  t:he maximum 

concentrat ion occu r r i ng  when the decay of t h e  deposited rad ionuc l ides  equals 

t h e  r a t e  o f  deposi t ion.  Key assumptions are: (1) t h e  O.a/y resuspension 

and t ranspor t  r a t e  w i l l  cont inue i n d e f i n i t l y ;  (2) 209: o f  t h e  amount 

deposi ted each year w i l l  a t t ach  t o  f o l i a g e  and be removed from the  s i t e ;  (3) 

the remaining rad ionuc l ides  a t  the  residence w i l l  be evenly mixed i n  the  top  

15 cm o f  soi 1 and app rop r ia te  s o i l  a t t e n u a t i o n  fac to rs  w i l l  he used f o r  the 

var ious e n e r w  gamna r a d i a t i o n s ;  and (4) occupancy f a c t o r s  a re  .023 for  t h e  . 
-, 

pond area (based or 200 hours per  year  f o r  an occupat ional  worker) and 0.7 

f o r  the residence area. 

Table X I  

Maximum External  Rad ia t i on  Doses 

1 B r i n e  Pond Area I Downwind Residence 

Nucl i d e  

~ r / "  Y 

13'cs 

lS4Eu 
241h 

19 

t 
Max dose 
mrem/y 

0.014 

0.005 
- 

0.70 

Max dose 
-- mrem/y 

26. 

6.6 

.056 

97. 

Time o f  
Occurrence 

tc+165y 

tc+180y 
- 

tc+llOOY 

Time of 
ocurrence 

tc+125y 

tc+140y 

tc+125y 

tc+700y 



Populat ion Dose 

- The populat ion about the WIPP s i t e  would receive s o m  rad ia t i on  dose i f  the 
scenario described i n  t h i s  repo r t  were t o  occur. The i nha la t i on  dose i s  ex- 

pected t o  be much greater  than the other  pathways because: 

(1)  It i s  the dominant pathway near the s i t e  where the inges t ion  and 

ex terna l  pathways are assumed t o  be p l a u s i b l e ;  

( 2 )  The mechanism ( i  .e. winds and atmospheric d i s p e r s ~ o n )  e x i s t s  f o r  

the i n h a l a t i o n  pathway whereas an i nges t i on  pathway i s  not expect- 

ed t o  impact the  popu la t ion  as a  whole s ince food crops are not 

ex tens i ve l y  grown i n  the  area. Also a  l o g i c a l  water supply 

pathway does not e x i s t  for  the populat ion.  

Table X I 1  shows an est imated popu la t ion  dose (50-year dose commitment from 

one yea r ' s  i n h a l a t i o n )  w i t h i n  a  50-mile radius o f  the  s i t e  fo r  the tc+400y 

release. Annual x / Q  values are taken from Table H-49 o f  Reference 7. Plume 

dep le t i on  was taken from F igure  3 i n  Reference 6. The pro jec ted  2010 popula- 

t i o n  values from Table M-6 i n  Reference 7 are assumed t o  be app l icab le  a t  

tcc400y. Populat ion doses f o r  tc+ lZ5y  and tc+1000y can be obtained by r a t i o  

- o f  a c t i n i d e  a c t i v i t i e s  brought t o  t h e  sur face (Table 1). 

Although Table X I 1  shows the  dose comnitment f o r  on ly  one year  and uses the 

q u a n t i t i e s  ca l cu la ted  f o r  a  tc+400y breach it should be recognized tha t  the  

re lease could occur anytime a f t e r  about tc+125y. This  p ro jec ted  tc+400y 

dose i s  expected t o  be the maximun t h a t  cou ld  occur (because o f  repos i to ry  

p r e s s u r i z a t i o n  and rad ionuc l i de  s o l u b i l i t y  cons idera t ions)  al though the 

assumption used i n  the c a l c u l a t i o n  suggest g rea ter  doses f o r  several thou- 

sand years. Resuspension and t r a n s p o r t  o f  the contaminated ma te r ia l  would 

cont inue f o r  many years. If the  dep le t i on  r a t e  o f  0.002 per year continued 

i n d e f i n i t e l y  t h i s  m o l d  even tua l l y  lead t o  an i n t e g r a t e d  dose commitment t o  

a  s tab le  popu la t i on  .at about 500 t imes the  annual ca l cu la ted  dose. About 

95% o f  t h i s  dose would be d e l i v e r e d  i n  the  f i r s t  1500 years. However. i t  i s  

more l i k e l y  t h a t  the  dep le t i on  r a t e  would decrease w i t h  t ime and tha t  s i g n i -  

f i c a n t  amounts o f  the  rad ionuc l i des  would never be resuspended because of 

f i x a t i o n  or  m ig ra t i on  i n t o  the  s o i l .  



Locat ion* 

C a r l  shad 

Loving 

Artesia 

Hobbs 

N Lovi ngton '- 
Other Locations 

* includes pop 
more than on 

  able XI1 

Population Doses wi th in  a 50-mile Radius o f  the WIPP Si te  

from Inhalat ion o f  Resuspended Contaminat ion 

(50-year Dose  omm mi tment Frm One Year's Inhalat ion) 

! section. 

x / Q  s/m3 
I , 

(1 -7-8) 

(3.5-8) 

(3.2-8) 

(8.6-10) 

(2.0-8) 

** projected 2010 population from Appendix M of Reference 7. 

*** population dose assumed t o  be 0.95 (adul t  dose) (population) from Reference 4 population mix and 
inhalat ion ra te  assumptions. 

l la t ions i n  the v i c i n i t y .  I n  some cases x / Q  values are averages of 

Fraction 
Remaining 
i n  Plume 

.57 

.66 

.48 

.48 

.48 

.53 

Max Adult 
whole body 
dose (mrem) 

0.056 

0.14 

0.088 

0.0024 

0.055 
- 

Totals 

Projected** 
2010 
Population 

49,465 

2.645 

15,770 

52,850 

21,800 

11,825 

154.355 

Population Dose(person-rem)*** 

w.b. 

2.7 

.35 

1.4 

.I2 

1.2 

.16 

5.9 

, 

Bone 

100. 

13. 

53. 

4.8 

46. 

6.4 

220. 



There are a  chain of events tha t  must occur before the doses ca lcu la ted  above 

would be incur red .  Each of these events has a  p r o b a b i l i t y  o f  occur r ing  t h a t  

may be near zero or  approach one. The p r o b a b i l i t y  of a1 1 the  necessary events 

occu r r i ng  i s :  

P  t o t a l  = (PI (P2 (P3 (Pn-1) Pn 
The f o l l o w i n g  events are the  key m e s  tha t  must a l l  occur f o r  the  doses t o  

m a t e r i a l i z e :  

(1) I n s t i t u t i o n a l  con t ro l  o f  the repos i to ry  i s  l o s t  100 years a f t e r  

closure. 

( 2 )  A geopressurized b r i n e  r e s e r v o i r  of s u f f i c i e n t  s i ze  m s t  e x i s t  under 

the S i te .  

( 3 )  The b r i n e  r e s e r v o i r  and the repos i to ry  must both be i n te rsec ted  by an 

exp lo ra to ry  borehole which i s  capped s h o r t l y  a f t e r  discovery. 

(4 )  This b r i n e  r e s e r v o i r  must sa tura te  the  pore space i n  the  ropos i t3 ry  

where it i s  i n  i n t ima te  contact  w i t h  s a l t  and waste. 

(5 )  The assumed amount o f  leaching and exchange between the  waste and s a l t  

occurs. 

(6 )  A second borehole must i n t e r c e p t  the reposi tory.  

( 7 )  There must be s u f f i c i e n t  pressure i n  the r e s e r v o i r  t o  d r i v e  75,000 

cub ic  f e e t  o f  b r i n e  t o  the surface. 

(8) The d r i l l i n g  crew must requ i re  approximately 16 hours before capping 

t h e  we l l  i n  order  f o r  75,000 cubic fee t  t o  f l o w  t o  the  surface 

(assuming a  f l ow  r a t e  o f  20,000 b a r r e l  s/d). 

(9)  The p o s s i b i l i t y  o f  a  r a d i o l o g i c a l  hazard i s  not  recognized by the  

d r i l l e r s  and no r a d i o l o g i c a l  analyses are made o f  the  brine. (Th i s  

requ i res  eiJher l oss  o f  knowledge o f  the repos i to ry  o r  a  complacency 

about p o t e n t i a l  hazards). 

(10)There i s  a  h&e l oca ted  3 6 b  i n  t h e  maximum downwind d i r e c t i o n  from 

the center  o f  the evaporat ion pond. 

(11)This home i s  i nhab i ted  by a  l a r g e l y  s e l f - s u f f i c i e n t  f a n  fami ly .  

The absence o f  some o f  these assumptions (e.g. 1, 2, 3, 4, 6. and 7) would 

prevent any r a d i a t i o n  dose from occurr ing.  The other  cond i t i ons  could be l e s s  - 
c r i t i c a l  than est imated here and s t i l l  lead t o  some r a d i a t i o n  exposure ( less  

than ca l cu la ted  above). 

22 



The values assigned to  each event are given below with an explanation of why 

they were chosen. , 

1.0 DOE assumes th i s  may occur i n  t h e i r  evaluations. Also, EPA's - 
draf t  HLW standard would require that  c red i t  cannot be taken for 

longer periods o f  control.  

0.04 per d r i l l  hole. This value was chosen from the map on page 146 - 
of Reference 8 which shows that  1 out o f  27 holes d r i l l e d  i n t o  the 

Cast i le  formation i n  the Delaware Basin (not including those on the 

reef or deformation b e l t )  struck a br ine reservoir .  

0.049 bore holes penetrate the back f i l l ed  area of the reposi tory i n  - 
each century. This estimate i s  taken from an EPA suggested value o f  

2.0 boreholes per century for an 8 km2 area (Ref. 9). The e f f ec t i ve  

cross-sectional area of the reposi tory i s  the sum of the back f i l l ed  

rooms, -subentries, and main entry areas i n  the waste storage por t ion 

of the reposi tory and i s  about 0.19 km2. Because of pressur izat ion 

and closure phenomena i n  the reposi tory the time period when t h i s  

borehole would be e f f ec t i ve  i s  I00 t o  500 years a f t e r  closure (see -. 
Appendix A). 

0.5 There i s  a p o s s i b i l i t y  the br ine would go i n t o  other permeable - 
zones. 

0.5 The 25 year period may be too-short a time f o r  a l l  o f  the 9 0 ~ r  - 
t o  go i n t o  the b r ine  solut ion. Longer time periods would reduce the 

p robab i l i t y  and dose but not el iminate the pathway. Also, the assum- 

ed degree o f  equ i l i b ra t i on  may be less. The value o f  t h i s  event i s  

taken as 1.0 f o r  the transuranic elements since an annual leach ra te  - 
i s  used i n  that  calculat ion.  

Same assumptions as i n  (3) except tha t  the e f f e c t i v e  per iod i s  
125-600 years a f t e r  closure of the repository. 

0.5 There i s  a p o s s i b i l i t y  t ha t  much o f  the pressure would be l o s t  - 
during the f i r s t  borehole penetration and movement o f  b r ine  t o  the 

repository. However, t h i s  could be o f f se t  by pressure from gases 

generated w i th in  the reposi tory from organic decomposition or by the 

pressure generated from sa l t  creep (see Appendix A). 

0.4 It should be possible t o  cap the borehole i n  a per iod shorter - - 
than 16 hours. A shorter capping time would reduce the consequences, 

but not e l iminate the scenario. 
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(9) 0.5 E i t h e r  lack  of knowledge o f  the repos i to ry  o r  a lack  of appreci-  - a t i o n  f o r  poss ib le  r a d i o l o g i c a l  problems could cause the contamina- 
t i o n  t o  go unrecognized. However, i t  i s  poss ib le  tha t  the unusual 

occurrence w i l l  r e s u l t  i n  recogn i t i on  of the problem. Recognit ion o f  

the  problem would d r a s t i c a l l y  reduce, but not e l i m i n a t e  rad ia t i on  

doses. 

(10) 0.01 There i s  only a 6% p r o b a b i l i t y  t h a t  a nearby house would be - 
located i n  the maximun downwind d i r e c t i o n .  The p r o b a b i l i t y  tha t  any 

housing w i l l  occur w i t h i n  one-half m i l e  o f  the repos i to ry  i s  

c e r t a i n l y  l ess  than one. Lesser doses would occur t o  res idents  

loca ted i n  any d i r e c t i o n  and greater  distances away. Also, 

a g r i c u l t u r a l  use o f  the land, wi thout  residency, would lead t o  lesser  

doses. 

(11) 0.2 The area i s  more conducive t o  ranching and not  s e l f - s u f f i c i e n t  - 
farming. This  f a c t o r  would e f f e c t  the i nges t i on  aose only. 

P r o b a b i l i t y  Ca lcu la t i on  Examples 

The o v e r a l l  p r o b a b i l i t y  can be determined by combining t h e  ahove 

- p r o b a b i l i t i e s .  The c a l c u l a t i o n  o f  events (2),  ( 3 ) ,  and (6) (which gives the 
p r o b a b i l i t y  t h a t  a borehole w i l l  h i t  a  b r i n e  r e s e r v o i r  and the repos i to ry  

fol lowed by a second borehoie h i t t i n g  t h e  r e p o s i t o r y  l a t e r )  var ies  depending on 

the t ime frame chosen f o r  the f i r s t  h i t  and t h a t  chosen f o r  the second h i t .  

For example, t o  c a l c u l a t e  the  cumulat ive p r o b a b i l i t y  t h a t  a dose equal t o  o r  

g rea ter  than the tc+ l25y  i n h a l a t i o n  dose would occur d u r i n g  the l i f e t i m e  o f  t h e  

repos i to ry ,  i t i s  necessary t o  determine t h e  sumnation o f :  

-04  ( P j / ~ ) t i  P2/y [600-( t i+25) ]  
f o r  each year i between tc+100y and tc+500y. This cumulat ive p r o b a b i l i t y  i s  ahout 

0.001. 
- 

The o v e r a l l  p r o b a b i l - i t y  of t h i s  minimun tc+125y i n h a l a t i o n  dose occur r ing  

a f t e r  c losure  i s  then: 

P(tc+12sy dose) = (1.0) [0.001I (0.5) (1.0) (0.5) (0.4) (0.5) (0.01) 
= 5x10-' f o r  i n h a l a t i o n  

The p r o b a b i l i t y  t h a t  bo th  the  i n h a l a t i o n  and i nges t i on  dose would occur i n  

5 x 1 0 - ~  . The probabi 1 i ty t h a t  t he re  w i  11 be some dose del  i vered i s  somewhat 



greater  than t h i s  because several of the events [ (S), (8), (9). (10). and (ll)] - 
are ones tha t  are n o n - c r i t i c a l ,  i.e. they a f f e c t  the magnitude o f  the doses 

assumed, not the  ex is tence o f  any dose. The p o s s i b i l i t y  there  w i l l  be some 

dose t o  e i t h e r  d r i l l e r s ,  clean-up personnel, or t o  nearby res idents  o r  

a g r i c u l t u r a l  users can be est imated by s e t t i n g  the n o n - c r i t i c a l  event 

p r o b a b i l i t i e s  t o  1.0. 

P some dose = (1.0) [0.001] (0.5) (0.5) = 0.00025 

An example o f  a dose t h a t  may be p l a u s i b l e  i s  f o r  an i n d i v i d u a l  t o  res ide  1 /2  

t im a t  a d is tance o f  800n i n  any d i r e c t i o n  from the b r i n e  pond. This would 

r a i s e  assumption (10) by a fac tor  of 16 bu t  the  value would s t i l l  be only  0.16 

ra the r  than 1.0. This would g i ve  a p r o b a b i l i t y  o f  8x10-~ t h a t  an i n h a l a t i o n  

dose - > 0.07 o r  t h e  maximum dose would occur. 

D r a f t  High Level -Waste Standard 

Another use o f  the  p r o b a b i l i s t i c  approach i s  t o  determine whether t h e  re lease 

would m e t  t h e  D r a f t  EPA High Level Waste Standard f o r  q u a n t i t i e s  o f  rad io -  

nuc l i des  re leased t o  t h e  environment i n  a 10,000 year period. The d r a f t  - 
standards would pe rm i t  100 C i  o f  2 3 9 ~ ~ .  10 C i  o f  241Am, and 80 C i  o f  ' O S ~  t o  be 

released per 3 m i l l i o n  c u r i e s  o f  alpha e m i t t i n g  TRU wastes i n i t i a l l y  i n  t h e  

r e p o s i t o r y  f o r  a "reasonably foreseeable re lease* (p - > .O1 dur ing  10,000 year 

pe r iod )  and 10 t imes these amounts f o r  a "very u n l i k e l y  releasen (.01 > p > 
.0001). 

Since t h e  WIPP r e p o s i t o r y  i s  p r o j e c t e d  t o  have an i n i t i a l  i nven to ry  o f  0.52 

m i l l i o n  c u r i e s  o f  a lpha e m i t t i n g  TRU waste, a t o t a l  o f  175 Ci o f  2 3 9 t 2 4 0 ~ ~ ,  

17.5 C i  o f  24'&n, o r  140 C i  o f  ' O S ~  would be permi t ted  f o r  a 'very u n l i k e l y  

release". Combinations o f  these nuc l i des  must meet the f o l l o w i n g  r e l a t i o n s h i p :  



When the assumed leach ing  r a t e  o f  10-'ly fo r  the ac t i n ides  i s  fac tored i n t o  t h i s  

expression i t  is,found t h a t  the minimum leaching time necessary t o  exceed the 

standard i s  about 225 years. The p r o b a b i l i t y  tha t  a  second borehole would h i t  

the repos i to ry  225 or  more years a f t e r  the f i r s t  h i t  i s  about .0003. When t h i s  

p r o b a b i l i t y  i s  combined w i t h  those parameters necessary t o  b r i n g  waste t o  the 

surface one gets. 

This ca l cu la ted  p r o b a b i l i t y  i s  one- th i rd  o f  t h a t  al lowed i n  the  d r a f t  standards 

and (cons ider ing  the crudeness o f  the approximation) suggests tha t  a  more 

r e f i n e d  ana lys is .  would be worthwhi le.  

Discussion 

This p r o b a b i l i s t i c  approach i s  a  s i m p l i f i e d  one and the  values chosen f o r  some 

of the  parametsrs a re -  a r b i t r a r y  (a1 though they are considered p laus ib le ) .  

Consequently, undue value should not be placed on the  p r o b a b i l i t i e s  ca l cu la ted  

i n  the  above examples. 

This  approach i s  presented here f o r  several reasons: 

( 1 )  A p r o b a b i l i s t i c  approach i s  considered p re fe rab le  t o  a  consequence 

ana lys i s  because it gives some basis  f o r  es t imat ing  whether a  

scenario i s  reasonable or  i nc red ib le .  

(2 )  It i s  t ime t o  begin apply ing t h i s  approach t o  analyses o f  long-term 

releases f rwn  repos i to r i es .  Hopeful ly,  reac t i on  t o  t h i s  approach w i l l  

l ead  t o  a  more soph is t i ca ted  methodology and a  sounder basis  fo r  

values chosen. 

(3 )  The approach can be usefu l  i n  p o i n t i n g  out  key parameters t h a t  

need t o  be b e t t e r  q u a n t i f i e d  i n  order  t o  assess the  p r o b a b i l i t y .  For  

example, i n  t h i s  case a  greater  understanding o f  b r i n e  r e s e r v o i r  

occurrence - might  change the value chosen f o r  t h i s  p r o b a b i l i t y  by an 

o rde r -o fmagn i tude  o r  more. Or ,  the implementation o f  a  p o s i t i v e  

i n s t i t u t i o n a l  c o n t r o l  program could reduce t h a t  p r o b a b i l i t y  by 1 t o  2 

orders-of-magnitude. 



DISCUSSION 

Reasonableness of Assumptions 

The ex is tence o f  a b r i n e  r e s e r v o i r  beneath the s i t e  i s  considered u n l i k e l y  

bu t  possib le.  Fur ther  i n v e s t i g a t i o n s  o f  the b r i n e  rese rvo i r  phenomena and 

the s t r u c t u r e  beneath the  s i t e  may s i g n i f i c a n t l y  change the est imated 

p r o b a b i l i t y  of 4% per borehole used i n  t h i s  repor t .  

I n  t h e  ahsence of i n s t i t u t i o n a l  con t ro l  over d r i l l i n g  a f t e r  t ime o f  c l o s i n g  

p lus  100 years, i t must be assumed some exp lora tory  d r i l l i n g  w i l l  occur. 

The values chosen f o r  the frequency o f  d r i l l i n g  were taken from Reference 

9. 

The p r o b a b i l i t y  t h a t  a plugged borehole connect ing repos i to ry  and b r i n e  

r e s e r v o i r  would r e s u l t  i n  f l o o d i n g  of the more permeable void space i n  waste 

 tora age rooms throughout t h e  r e p o s i t o r y  was assumed t o  be 0.5. This  - phenomena i s  reasonable, unless the repos i to ry  i s  b a c k f i l l e d  so t h a t  the  

waste storage rooms are h y d r a u l i c a l l y  i s o l a t e d  from each other. Also, o the r  

h i g h l y  permeable zones along t h e  borehole could receive the  b r i n e  before it 

entered the  repos i to ry .  

The presence o f  s u f f i c i e n t  pressure t o  b r i n g  repos i to ry  b r i n e  t o  the sur face 

i s  another u n c e r t a i n t y  because much pressure may be l o s t  due t o  the vent ing  

o f  the  f i r s t  borehole. However, another poss ib le  source o f  pressure i s  t h e  

generat ion o f  gases i n  t h e  r e p o s i t o r y  frocn decomposition o f  the organic 

wastes. The poss i  b j  1  i t y  o f  near 1 i t h o s t a t i c  gas pressures developing w i t h i n  

a few hundred years has been est imated (Ref. 10). Also, s a l t  creep o f  the  

b a c k f i l l e d  area over'a p e r i o d  o f  perhaps 200 years w i l l  cause p r e s s u r i z a t i o n  

o f  any b r i n e  present. Th is  p r o b a b i l i t y  was taken as 0.5. 

It should be noted tha t ,  i f  r e p o s i t o r y  generated gas pressures develop, - t h i s  

scenar io  c o u l d  occur  w i t h o u t  t h e  presence o f  a pressur ized b r i n e  rese rvo i r .  

A l l  t h a t  would be needed would be f o r  water t o  enter  the  repos i to ry  ( from - 
whatever sources) t o  be f o l l owed  s o m  y e a n  l a t e r  by a s i n g l e  borehole i n t o  



t h e  repos i to ry .  The p r o b a b i l i t y  of a scenar io developing i n  t h i s  manner was 
h 

not  estimated. ,: 

Leaching rates of the ac t i n ides  and cesium were taken from experimental work 

c a r r i e d  out  on fue l  fragments and b o r o s i l i c a t e  glass i n  var ious waters, i n -  

c l u d i n g  WIPP "B" b r i n e  (Ref. 2 and 11). It was assumed t h a t  CH-TRU wastes 

would leach a t  the same r a t e  as these mater ia ls ,  which may or  may not be 

conservat ive.  S o l u b i l i t y  cons idera t ions  would probably l i m i t  t h e  

ccncent ra t ions  o f  ac t i n ides  i n  b r i n e  t o  less  than the  tc+400y values. 

(Experimental so lu t i ons  were t y p i c a l l y  <0.02 mg/e which would have been 

reached i n  less  than ten years a t  the  assumed leach ing  s i t e .  However, these 

experiments were not c a r r i e d  t o  sa tu ra t i on ) .  

The assumption tha t  a l l  s t r o n t i u n  would go i n t o  s o l u t i o n  was taken from 

Reference 12. The choice of a 25-year pe r iod  f o r  the  reac t i on  t o  occur was 

a r b i t r a r y .  

There i s  a p o s s i b i l i t y  t h a t  some of the leached rad ionuc l i des  would become - 
sorbed onto the  1-21: o f  c l a y  present i n  t h e  s a l t  b a c k f i l l ,  s e t t l e  out o f  

s o l u t i o n ,  and not  be brought t o  t h e  sur face along w i t h  the  br ine.  The 

percentage o f  rad ionuc l ides  t h a t  might be removed from s o l u t i o n  by t h i s  

mechanism was not  estimated. 

The presence o f  a d m i n i s t r a t i v e  c o n t r o l  over the  s i t e  longer  than 100 years 

a f t e r  c l o s i n g  has no t  been assumed by DOE f o r  the  WIPP s i t e .  Also, bo th  the 

NRC and t h e  EPA p o l i c i e s  are c u r r e n t l y  us ing  t h e  phi losophy t h a t  c o n t r o l s  

a f t e r  100 years should not  be r e l i e d  upon. 
- 

It seems probable t h a t  knowledge o f  the  r e p o s i t o r y  would no t  be l o s t .  Plans - 
t o  have an ex tens ive  marker system and maintenance o f  records should g i ve  a 
h i g h  p r o b a b i l i t y  t h a t  d r i l l e r s  would know t h e r e  i s  a r e p o s i t o r y  i n  t h e  

v i c i n i t y .  However, knowledge o f  the  r e p o s i t o r y  does not  assure t h a t  

d r i l l e r s  w i l l  forego the  d r i l l i n g  o r  take  t h e  necessary precaut ions  t o  m in i -  

mize r a d i a t i o n  exposure. Recent h i s t o r y  shows numerous cases where persons 

who should have had knowledge o f  the  presence and dangers o f  r a d i a t i o n  acted - 
f o o l i s h l y .  For example: (1) use o f  uranium m i l l  t a i l i n g s  f o r  household 



cons t ruc t i on  purposes ; (2) d ivers ion  of rad ioac t i ve  mater ia l  from a - 
low-level  waste disposal s i t e ;  and ( 3 )  careless use of i n d u s t r i a l  , 
radiography sources. 

The q u a n t i t y  o f  b r i n e  (and rad ionuc l ides)  reaching t h e  sur face i s  dependent 

on how long it takes t o  con t ro l  the b r i n e  flow. A t  a f low r a t e  o f  20,000 

b a r r e l s  per  day (which has been observed i n  nearby b r i n e  r e s e r v o i r s )  the  

assumed volume o f  b r i n e  would be released i n  16 hours. The p r o b a b i l i t y  t h a t  

i t  would take  longer than 16 hours t o  stop the f low was taken as 0.4. This 

i s  probably conservat ive but i s  c e r t a i n l y  not an upper l i m i t .  

No separate p r o b a b i l i t y  was ca lcu la ted  fo r  the presence o f  occupat ional  

workers about the b r i n e  pond. However, i f  a wel l  i s  developed, there w i l l  

be some occupancy a t  the s i t e ,  perhaps f o r  several years. Also reuse o f  t h e  

s i t e  many y e a r s  l a t e r - c o u l d  s t i l l  r e s u l t  i n  a s i g n i f i c a n t  dose due t o  the  

presence o f  long-1 i ved radionucl ides and r e l a t i v e l y  slow removal by wind 

erosion. 

- 
The presence o f  a residence 3 7 h  away i n  the  maximum downwind sector  i s  o f  

low p r o b a b i l i t y .  The low p r o b a b i l i t y  i s  p a r t i a l l y  because the re  i s  only  a 1 

i n  16 p r o b a b i l i t y  t h a t  the  residence would be loca ted i n  the maximum 

downwind sector .  However, the presence o f  a residence i n  some d i r e c t i o n  

w i t h i n  about 1 m i l e  o f  the b r i n e  pond i s  not considered u n l i k e l y .  

I n h a l a t i o n  doses a t  1 m i l e  would vary from 0.02 - 0.19 times those 

c a l c u l a t e d  here. 

The ex is tence o f  a fu l l -p ledged fam i l y  farm a t  thPs l o c a t i o n  i s  considered 

u n l i k e l y  because o f - the  absence o f  economical ly recoverable water o f  good 

q u a l i t y .  However, the  meat pathway e x i s t s  a t  the  s i t e  now and cou ld  be - 
expected t o  cont inue. 



Sign i f i cance  of Ca lcu la ted  Rad ia t ion  Doses - 
General Backgroung' 

A t  present the consensus i n  the hea l th  physics p ro fess ion  i s  t h a t  any 

r a d i a t i o n  dose received probably has the p o t e n t i a l  t o  h a m  an i n d i v i d u a l .  The 

p o s s i b i l i t y  of harm, however, becomes very small as the  annual dose received 

becomes less  than the dose t h a t  man has always received from na tu ra l  

background rad ia t i on .  

The r e l a t i o n  between h e a l t h  e f f e c t s  (H.E.) and dose received (D) can be 

expressed by: 

H.E. = CDn 

where C i s  a constant. I f  the value o f  n = l ,  the  r e l a t i o n s h i p  i s  l i n e a r ;  if 

n < l  the  r e s u l t i n g  hea l th  e f f e c t s  are greater  than f o r  the  l i n e a r  c o n d i t i o n  

(super l i n e a r ) ;  i f  n > l  t h e  h e a l t h  e f f e c t s  a re  sub- l inear .  Most mandatory or  

advisory standards assume the  r e l a t i o n  i s  l i n e a r  a l though many pro fess iona ls  

be1 i e v e  t h e  r e l a t i o n s h i p  i s  a c t u a l l y  sub-1 i n e a r  and t h a t  the  l i n e a r  assumption 

i s  conservat ive.  

Regardless o f  the ac tua l  shape of the  response curves a t  low r a d i a t i o n  doses, 

t h e  f o l l o w i n g  ph i losoph ies  are  p e r t i n e n t :  

(1) Rad ia t ion  doses should be mainta ined as low as reasonably achievable 

because the p o s s i b i l i t y  o f  damage even a t  very low l e v e l s  cannot be 

r u l e d  out. 

( 2 )  Annual doses rece ived by non- rad ia t ion  workers from r o u t i n e  (or 

expected) re leases should be a f r a c t i o n  o f  t h a t  rece ived from 

n a t u r a l  background r a d i a t i o n .  Thus EPA1s Uranium Fuel Cycle (40 

CFR 190) and D r i n k i n g  Water (40 CFR 141) Standards a l l o w  maximums 

o f  25 a n d 4  mremly ( t o  t h e  h o l e  body o r  any organ except the  

t h y r o i d )  t o  - t h e  popu la t i on  (compared t o  a n a t u r a l  background 

average o f  about 100 mrem/y. 



Allowable doses t o  nonradiat ion workers from accidents can be set much 

h igher  than t h i s  because an i n d i v i d u a l  i s  not expected t o  receive such a 

dose more than once i n  a l i f e t i m e .  Typ i ca l l y ,  guidance l i m i t s  the dose t o  

l ess  than the l i f e t i m e  dose a person would receive from natura l  background 

(e.g. 1 t o  5 rem might be permit ted, compared t o  l i f e t i m e  na tu ra l  back- 

ground doses o f  5-10 rein). 

Contamination o f  the accessib le environment w j t h  long- l i ved  rad ionuc l ides  

i s  i n  i t s e l f  undesirable because there  are many ways these nuc l ides  can 

e v e n t u a l l y  get back t o  man. Also, contaminat ion from m u l t i p l e  sources 

;auld r e s u l t  i n  a rad ionuc l ide  bui ldup i n  the environment. This i s  the  

reason t h a t  l i m i t s  are set on.the q u a n t i t i e s  o f  l ong - l i ved  rad ionuc l ides  

re leased i n  both EPA's Uranium Fuel Cycle Standard and i n  t h e i r  d r a f t  H igh  

Level Waste Disposal Standard (40 CFR 191). 

The r a d i a t i o n  doses ca l cu la ted  i n  t h i s  repor t  are more app rop r ia te l y  considered t o  

be acc identa l  doses because the events are not expected t o  happen. However, i f  t h e  

event were t o  occur and these l ong - l i ved  rad ionuc l ides  were brought t o  the surface, 

they cou ld  be a p o t e n t i a l  source o f  r a d i a t i o n  exposure f o r  decades or  centur ies.  
,- 

Consequently, t h e  p o t e n t i a l  e x i s t s  f o r  a few i n d i v i d u a l s  o r  a l a r g e r  popu la t ion  t o  

rece ive  r a d i a t i o n  doses over a number o f  years. For t h i s  reason, i t  should be 

recognized t h a t  these doses may not r e a l l y  be a one-shot event and t o  t r e a t  thern as 

such i s  non-conservative. 



Inges t ion  Doses -* 

The 50-year dose commitments from one y e a r ' s  i n take  t o t a l  on ly  0.51 rem t o  the whole 

body and 2.0 rem t o  the bone at 125 years a f t e r  c losure.  While the whole body doses 

r e  h igh  compared t o  those permi t ted  from cont inuous exposure t o  r o u t i n e  planned 

eleases (25 mrem/y) they are  an order-of-magni tude below the  suggested g u i d e l i n e s  

f o r  a once- in -a- l i fe t ime accident.  Furthermore, s ince t h e  c a l c u l a t e d  doses uould 

decrease w i t h  the  29-year h a l f - l i f e  of ' O S ~  a whole body dose greater  than 25 mrem/y 

would not occur a f t e r  tc+250y. The ca l cu la ted  p r o b a b i l i t y  o f  t h i s  event occu r r i ng  

before tc+250y would be about ( 4 x 1 0 - ~ ) .  Note t h a t  w i t h  sho r te r  t ime before  breach 

t h e  cou ld  become more o f  a problem, e.9. a t  tc+75y t h e  h o l e  body 50-year dose 

commitment would be 1.7 rem, and f o r  tc+50y i t  would be 3.1 rem. 

The ca l cu la ted  bone dose i s  about 4 t imes t h e  whole body dose and would not  f a l l  

below the  25 mremjy l i m i t  u n t i l  about tc+310y. Also, t h e  dose a t  tc+125y i s  w i t h i n  

the  1-5 rm range suggested by €PA as a p r o t e c t i v e  a c t i o n  guide f o r  a c c i d e n t i a l  

releases. However, i t i s  not  reasonable t o  equate bone dose t o  whole body doses 

s ince  the r e l a t i v e  h e a l t h  e f f e c t  r a t i o  (H.E. whole body/H.E. bone) has been - 
est imated t o  be as h igh as 20 (Ref. 13). 

Because o f  t h e  above cons idera t ions  o f  a r e l a t i v e l y  low dose commitment and u n l i k e l y  

occurrence i t  i s  concluded t h a t  a f t e r  tc+100y p l a u s i b l e  doses v i a  t h e  i n g e s t i o n  

pathway are not  s i g n i f i c a n t  enough t o  r e q u i r e  p r o t e c t i v e  measures. 



I nha la t i on  Doses 
.-. 

I n h a l a t i o n  dosed are somewhat greater  than i nges t i on  doses and have a higher 

p r o b a b i l i t y  o f  occurrence. Consequently, they are o f  g rea ter  concern than i nges t i on  

doses. 

The dose t o  occupat ional workers about the  b r i n e  pond a t  tct4OOy i s  s i g n i f i c a n t  (a 

50-year dose commitment o f  0.30 rem t o  the  whole body and 12 ran  t o  the bone from 

one year 's  exposure). Since approximately 2.2% of the 50-year dose commitment from 

these rad ionuc l ides  would be de l i ve red  i n  the maximum year, the  naximum annual dose 

r e s u l t i n g  from a tc+400y breach would be .0066 rem t o  the whole body and 0.26 rem t o  

the bone. The bone dose i s  below permiss ib le  standards f o r  r a d i a t i o n  workers ( 5  

rem/y) but  i s  above the  lower dose l i m i t s  a p p l i c a b l e  t o  the  general populat ion and 

t o  non- rad ia t ion  workers (which the  d r i l l e r s  would be). Even though these 

c a l c u l a t e d  doses are undesi rably  high they should not be considered as hazardous, 

s ince  they represent only an est imated one i n  6.000 p r o b a b i l i t y  o f  inducing a f a t a l  

cancer (compared t o  a na tu ra l  inc idence o f  about one i n  6 from a l l  causes). Also, 

i t i s  u n l i k e l y  t h a t  one i n d i v i d u a l  would spend more than 200 hours about the s i t e .  

The downwind 50-year dose commitment f r a n  one years i n h a l a t i o n  a t  tc+400y i s  0.3 rem 

whole body and 12 rem t o  t h e  bone. I f  the  res iden t  was exposed f o r  only one year  

the  maximum annual dose de l i ve red  would be 7 mrem t o  the  whole body and 260 mren t o  

t h e  bone. The annual bone dose would remain we l l  above any permiss ib le  standard o r  

g u i d e l i n e  f o r  non- rad ia t ion  workers as long as the  r e c i p i e n t  l i ves .  C lea r l y  t h i s  i s  

an undesi rable s i t u a t i o n .  However, the  probabi 1 i t y  t h a t  t h e  dose comni tment from 

one yea r ' s  i n h a l a t i o n  would r e s u l t  i n  a f a t a l  cancer t o  an j n d i v i d u a l  i s  s l i g h t ,  

o n l y  about one i n  6,000. 

- 
Popu la t ion  dose est imates f o r  t h e  popu la t ion  w i t h i n  a 50-mile radius t o t a l  5.9 and 

220 person-ran t o  t h e  whole body and the bone a t  tc+400y. These doses represent a 

n e g l i g i b l e  hazard t o  any o f  the 154.000 i n d i v i d u a l s  (p ro jec ted  2010 populat ion)  i n  

the  a f f e c t e d  populat ion.  However, i f  t h i s  resuspension r a t e  cont inued f o r  a p e r i o d  

o f  1500 years it would d e l i v e r  a cumulat ive dose t o  a s t a b l e  popu la t ion  about 480 

t imes the f i r s t  year  dose. This would r e s u l t  i n  cumulat ive doses o f  about 110.000 

person-rem t o  t h e  bone and 2,800 t o  t h e  whole body and might  r e s u l t  i n  1 or 2 f a t a l  
-. 



cancers. However, i t  i s  u n l i k e l y  t h a t  a l l  o f  the ma te r ia l  would be resuspended; 

most s tud ies  show t h a t  s i g n i f i c a n t  amounts of mater ia l  become f i x e d  or migra te  in?-' , 
t h e  soi  1 . 
These consequences are small when one considers the l a r g e  number o f  persons invo lved 

and the number o f  generat ions over which any hea l th  e f f e c t  would occur. For 

example, a s tab le  popu la t i on  o f  154,000 persons would be expected t o  i n c u r  over 

500,000 cancer deaths i n  1500 years i f  present cancer m o r t a l i t y  ra tes  cont inue. 

Obviously,  any h e a l t h  e f f e c t  t h a t  a c t u a l l y  d i d  occur would not be v i s i b l e  among the  

much more preve lan t  e f f e c t s  from o ther  causes. 

Nonetheless, the  presence o f  s i g n i f i c a n t  undetected contaminat ion remaining on t h e  

sur face f o r  long per iods  o f  t ime must be considered as undesi rable and precaut ions 

should be taken t o  min imize i t s  occurrence. This concern comes from the r e a l i z a t i o n  

t h a t  over a pe r iod  o f  several hundred years l a r g e  numbers o f  persons cou ld  come and 

go about t h e  sit; and w i t h i n  the  50-mile radius. P r e d i c t i o n  o f  a l l  the human 

a c t i v i t y  t h a t  might be impacted by t h e  contaminat ion would be very speculat ive.  For 

these reasons steps should be taken t o  avoid s i t u a t i o n s  where s i g n i f i c a n t  sur face 

contaminat ion  cou ld  e x i s t  f o r  decades w i thout  de tec t i on  and remedial act ion.  



FIG,  1, SMEKATIC OF SCENARIO 
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APPENDIX A 

, ' REPOSITORY PRESSURIZATION CONSIDERATIONS 

Key assumptions i n  t h i s  scenar io are tha t  b r i ne  would be able t o  f low i n t o  the  

repos i to ry  and would be under s u f f i c i e n t  pressure t o  enable it t o  f l ow  t o  the 

sur face i n  t h e  event a borehole penetrated the b a c k f i l l e d  area. This appendix 

examines several mechanisms t h a t  a f fec t  t h i s  assumption. 

I n i t i a l  B r i ne  Reservoi r  Pressure 

I f  the i n i t i a l  borehole through the repos i to ry  s t ruck a br ine  rese rvo i r  t h a t  

was under n e a r - l i t h o s t a t i c  pressure (which have been observed i n  nearby b r i n e  

r e s e r v o i r s )  t he re  would be s u f f i c i e n t  pressure t o  i n f i  1 t r a t e  the  repos i to ry  

( a f t e r  the  we l l  was capped) i f  t h e  pore space were not under greater  pressure 

a t  the  time. Since it i s  presumed the borehole w i l l  be sealed dow t o  the  . 
b r i n e  r e s e r v o i r - l e v e l  .w i th in  a few weeks, any i n f i l t r a t i o n  would have t o  occur-. 

du r ing  t h i s  i n t e r v a l .  

-- The b r i n e  would not  occupy a l l  pore space even i f  the i n f l o w  from the b r i n e  

r e s e r v o i r  were completed before sea l i ng  t h e  wel l .  This i s  t r u e  f o r  sever31 

reasons: 

(1) The i n i t i a l  gas i n  t h e  repos i to ry ,  even i f  a t  atmospheric pressure, 

would become pressur ized as i t  was being reduced i n  volume and would 

e v e n t u a l l y  equal the  pressure o f  the i n f l o w i n g  br ine. 

(2 )  A p o r t i o n  o f  the  i n f l o w  would be dissolved gases ra the r  than b r i ne .  

( 3 )  The pressure i n  t h e  b r i n e  r e s e r v o i r  would drop s i g n i f i c a n t l y  as the  

r e s e r v o i r  expands i n t o  the repos i to ry .  Also, the s i z e  of the  b r i n e  

r e s e r v o i r  my be l i m i t i n g .  

( 4 )  P r i o r  p r e s s u r i z a t i o n  may e x i s t  i n  po r t i ons  o f  the repos i to ry  e i t h e r  

frm s a l t  creep o r  from organic decomposition o f  the wastes (see 

d iscuss ion  below). 

From t h e  above cons idera t ions  i t i s  concluded t h a t  wh i le  s a  b r i n e  i n f l w  t o  

t h e  r e p o s i t o r y  i s  reasonable, it w i l l  not  be s u f f i c i e n t  t o  f i l l  the  e n t i r e  

pore space o f  the  repos i to ry .  However, i t i s  d i f f i c u l t  t o  r e l a t e  t h i s  

- conc lus ion  t o  the degree o f  conservat ism i n  the scenario since none o f  the 

dose assumptions d i r e c t l y  address the e f f e c t  o f  br ine-to-waste r a t i o s ,  
f r a c t i o n  of r e p o s i t o r y  saturated,  etc. 
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Pressu r i za t i on  by Sa l t  Creep 

Ar thur  D. L i t t l e ,  Inc. estimated tha t  i n  a s i t e  w i t h  favorable s a l t  creep -, 

c h a r a c t e r i s t i c s  tGe pore space of b a c k f i l l e d  ma te r ia l  would decrease l i n e a r l y  

w i t h  t ime t o  approximately zero i n  about 200 years. A s i t e  w i t h  un favorab le  

s a l t  creep c h a r a c t e r i s t i c s  might requ i re  1000 years t o  decrease t o  zero (Ref. 

9). 

Assume t h a t :  (1) s a l t  creep i s  the only p ressu r i za t i on  mechanism; (2) t h e  

t ime f o r  c losu re  i s  200 years and the r a t e  i s  l i n e a r ;  (3 )  i n i t i a l  gas pressure 

i n  the  pore space i s  1.0 atmospheres; (4) p ressu r i za t i on  o f  the gas i s  

i n v e r s e l y  p ropo r t i ona l  t o  o r i g i n a l  volume; and (5 )  the b r i n e  r e s e r v o i r  i n f l o w  

pressure i s  80% o f  l i t h o s t a t i c  (.8 x 140 = 112 atmospheres). B r i ne  i n f l o w  t o  

t h e  r e p o s i t o r y  would cont inue u n t i l  the f i n a l  pore volume was 1/112 (0.0089) 

of the  o r i g i n a l .  This i n f l o w  would have t o  occur before about tc+l90y i n  

o rder  f o r  a s i g n i f i c a n t  p o r t i o n  o f  the voids t o  be f i l l e d  w i t h  br ine.  

Therefore i f  s a l t  creep i s  the dominant p r e s s u r i z a t i o n  mechanism, the  f i r s t  

borehole must s t r i k e  the  b r i n e  r e s e r v o i r  and b r i n g  b r i n e  i n t o  the r e p o s i t o r y  

d u r i n g  t h e  pe r iod  100-190 years a f t e r  r e p o s i t o r y  closure. P r e s s u r i z a t i o n  

above t h e  0.5 ( l i t h o s t a t i c  pressure) l e v e l  (which i s  requ i red  t o  b r i n g  - 
satura ted  b r i n e  t o  the  surface) might p e r s i s t  f o r  100-200 years, depending on- 

t h e  gas pe rmeab i l i t y  o f  the  surrounding s a l t .  

P r e s s u r i z a t i o n  From Organic Decomposition 

The p o s s i b i l i t y  o f  s i g n i f i c a n t  gas bu i ldup i n  t h e  WIPP r e p o s i t o r y  due t o  

decomposit ion o f  organic ma te r i a l s  i n  the  waste has been p red i c ted  (Ref. 10). 

Assumptions were made t h a t  gas generat ion would occur f o r  400 years, then 

cease ab rup t l y .  The generat ion of gas w i l l  slow down o r  stop t h e  c losu re  of 

t h e  r e p o s i t o r y  due t o  - s a l t  creep du r ing  the  t ime o f  operat ion.  The pressure 

i n  t h e  r e p o s i t o r y  a t  e q u i l i b r i u m  depends on t h e  pe rmeab i l i t y  o f  t h e  s a l t  

formations. I n  the m h  f e a s i b l e  ranges o f  0.5 - 5.0 udarcy ( t h e  on l y  2 

measured values being 11 and 21 ~ d a r c y )  t h e  pressure du r ing  t h e  p e r i o d  from 

about 100 t o  400 years va r ied  fran about 213 t o  114 l i t h o s t a t i c  pressure. 

A f t e r  400 years the pressure drops o f f  exponen t ia l l y  w i t h  a h a l f - l i f e  of about 

100 years (see Figure A-1). 

4 

If gas genera t ion  i s  the  dominant mechanism, it appears t h a t  t h e  pressure i n  

t h e  r e p o s i t o r y  dur ing  t h e  pe r iod  frm 100 t o  about 500 years cou ld  be both  low 



enough t o  permit b r i ne  t o  f low i n t o  the repos i to ry  and high enough t o  b r i n g  
-. 

b r i n e  t o  the su rpce .  Sa l t  creep between tc+500 years and tc+600 years would 

probably mainta in s u f f i c i e n t  pressure t o  b r i n g  b r i n e  t o  the  surface. 

Conclusions About Reposi tory Pressures 

1. It i s  reasonable t o  assume tha t  void space i n  ?he repos i to ry  could be 

present dur ing  the  per iod  o f  100 t o  500 years d t h  low enough gas pressure 

t o  permit  a t  l e a s t  p a r t i a l  f l ood ing  by a b r i n e  reservo i r .  

2. It i s  reasonable t o  assume t h a t  s u f f i c i e n t  gas pressure may e x i s t  i n  the 

repos i to ry  from the per iod  100 t o  600 years t o  b r i n g  some b r i n e  t o  the 

sur face i n  the  event the f looded repos i to ry  i s  s t ruck  by a second 

borehole. 

3. The p r o b a b i l i t y  t ha t  b r i n e  under s u f f i c i e n t  pressure t o  reach the sur face 

w i l l  e x i s t  i n  the repos i to ry  becomes less  l i k e l y  as post-c losure t imes 

increase past 600 .years. . , 
4. The l i m i t e d  " t ime window" i n  which t h e  necessary pressures might e x i s t ,  

decreases the p r o b a b i l i t y  o f  such an event occu r r i ng  a t  a l l  and makes the 

occurrence o f  t h i s  scenario a t  1000 years a f t e r  c losu re  h i g h l y  improbable. 
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FOREWORD - 
The purpose of the  Environmental  E v a l u a t i o n  Group (EEG) i s  t o  conduct  an 

independent  t e c h n i c a l  e v a l u a t i o n  o f  t h e  p o t e n t i a l  r a d i a t i o n  exposure t o  peop le  

f rom t h e  proposed Federal  r a d i o a c t i v e  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) near  

C a r l  sbad, i n  o rde r  t n  p r o t e c t  the  pub1 i c  h e a l t h  and s a f e t y  and ensure t h a t  

t h e r e  i s  min imal  environmental  degradat ion.  The EEG i s  p a r t  o f  t he  

Env i ronmenta l  Improvement D i v i s i o n ,  a component of t h e  New Mexico H e a l t h  and 

Env i ronment  Department -- t h e  agency charged w i t h  t h e  p r imary  respons i  b i  1 i t y  

f o r  p r o t e c t i n g  t h e  h e a l t h  o f  the  c i t i z e n s  o f  New Mexico. 

The Group i s  n e i t h e r  a proponent no r  an opponent o f  WIPP. 

Ana lyses a r e  conducted of a v a i l a b l e  d a t a  c o n c e r n i n g  t h e  proposed s i t e ,  t h e  

d e s i g n  o f  t h e  r e p o s i t o r y ,  i t s  p lanned o p e r a t i o n ,  and i t s  l ong - te rm s t a b i  1 i t y .  

These ana lyses  i n c l u d e  assessments o f  r e p o r t s  i ssued  by t h e  U.S. Department o f  

Energy (DOE) and i t s  c o n t r a c t o r s ,  o t h e r  Federa l  agenc ies  and o r g a n i z a t i o n s ,  as 

t h e y  r e l a t e  t o  t h e  p o t e n t i a l  hea l th , .  s a f e t y  and env i ronmenta l  impacts '  f r o m  - WIPP. 

The p r o j e c t  i s  funded e n t i r e l y  by t h e  U.S. Department o f  Energy th rough  

C o n t r a c t  DE-AC04-79AL10752 w i t h  t h e  New Mexico H e a l t h  and Environment 
\ 

Rober t  H. N e i l 1  

D i r e c t o r  
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INTRODUCTION - 
I n  prov id ing  a techn ica l  eva lua t ion  o f  the p o t e n t i a l  r a d i a t i o n  doses and 

heal th e f fec ts  r e s u l t i n g  from the nuclear waste repos i to ry  (Waste I s o l a t i o n  

P i l o t  P lan t )  being considered for southeastern New Mexico, the Environmental 

Evaluat ion Group attempts t o  consider a l l  c r e d i b l e  pathways o f  exposure o f  the  

popu la t ion  t o  the waste, i n c l u d i n g  those events which might occur long a f t e r  

the repos i to ry  i s  sealed, con t ro l s  over the  s i t e  a re  abandoned and records a r e  

l o s t .  Some of these p o t e n t i a l  long-term breach events were considered by the 

U.S. Department o f  Energy i n  i t s  F ina l  Environmental Impact Statement and i n  

o the r  repo r t s  (Refs. 1. 2, and 3 ) ,  and i t  was po in ted  ou t  t ha t  these events 

might be associated w i t h  exp lo ra t i on  o r  mining o f  the  important  resources 

l oca ted  a t  the s i t e .  EEG evaluates the r a d i o l o g i c a l  hea l th  consequences o f  

these and o ther  scenarios which may reasonably be expected t o  lead t o  re lease 

o f  the waste t o  the biosphere. The DOE has considered the  f o l l o w i n g  long-term 

breach scenarios; a l l  o f  which might a r i s e  as a r e s u l t  o f  exp lo ra t i on  or  

min ing o f  the resources a t  t h e  s i t e ,  o r  from c e r t a i n  na tu ra l  geologic events: 

Scenario 1: A hyd rau l i c  comnunication connects the  Rus t l e r  aqu i fe rs  

above the  repos i to ry ,  the  B e l l  Canyon a q u i f e r  o f  the Delaware Mountain 

Group below t h e  repos i to ry ,  and the  repos i to ry .  

Scenario 2: A hyd rau l i c  comnunication a l lows water t o  f low from the 

Rust ler ,  through the  repos i to ry ,  and back t o t h e  Rust le r .  

Scenario 3: A stagnant pool connects t h e  Rus t l e r  aqu i fe rs  w i th  t h e  

repos i to ry .  I n  con t ras t  t o  scenarios 2 and 3, which i nvo l ve  f l ow ing  

water, t h i s  comnunication permi ts  rad ionuc l i de  m ig ra t i on  t o  the Rus t l e r  

on l y  by molecular  d i f f u s i o n .  

Scenario 4: A h y d r a u l i c  comnunication connects t h e  Rus t l e r  aqu i fe rs  w i th  

the repository.;  a l l  the  Rus t l e r  water normal ly  moving above the reposi -  

t o r y  f lows through the repos i to ry  and back t o  the  Rust ler .  . I n  contrast ,  

scenarios 1 and 2 e s t a b l i s h  on ly  a l i m i t e d  h y d r a u l i c  connection. 



Scenario 5: A d r i l l  s h a f t  penetrates the repos i to ry  and i n t e r c e p t s  a 

r a d i o a c t i v e  waste conta iner ;  the rad ioac t i ve  mater ia l  i s  brought d i r e c t l y  - 
t o  the  sur face.  

This repo r t  discusses the  i m p l i c a t i o n s  of the above scenarios which might 

a r i s e  as a r e s u l t  o f  e x p l o r a t i o n  o r  min ing of resources. The f i r s t  four  o f  

the  foregoing scenarios i n v o l v e  a l i q u i d  breach o f  the repos i to ry  and t rans-  

po r t  o f  the d isso lved waste through the  Rust le r  aqui fer ,  above the repos i to ry ,  

t o  the  Pecos R ive r  a t  Malaga Bend. Only Scenario 5 b r ings  a f r a c t i o n  o f  the 

waste t o  the  sur face a t  t h e  WIPP s i t e .  The DOE has concluded tha t  scenario 5 

prov ides a worst-case cons idera t ion  of t ranspor t  o f  t h e  waste t o  the surface, 

and does not  consider  a breach o f  the repos i to ry  from the mining o f  h a l i t e  as 

c red ib le .  

EEG agrees t h a t  (1) the  shortage o f  water and processing f a c i l i t i e s  f o r  s a l t  

i n  the area, (2) i m p u r i t i e s  present i n  the  Sa l t  o f  the Salado, and ( 3 )  vas t  

amounts o f  s a l t  a v a i l a b l e  i n  o the r  areas of the U. S. lead one t o  conclude 

t h a t  t h e  s a l t  a t  the  WIPP s i t e  could not be economical ly ex t rac ted  i n  t h e  

foreseeable fu tu re .  However, EEG be1 i eves  tha t  s i g n i f i c a n t  c l i m a t i c  and 
---. 

soc ia l  changes cou ld  make such min ing more p laus ib le .  Therefore t h i s  r e p o r t  

analyzes the  p o t e n t i a l  r a d i o l o g i c a l  consequences o f  s o l u t i o n  mining of ha1 i t e  

250 years a f t e r  d e c o n i s s i o n i n g .  The repo r t  a lso  discusses the reasons why 

s o l u t i o n  min ing  o f  potash or  d r i l l i n g  f o r  na tura l  gas are be l ieved t o  be 

bounded by o the r  scenar ios considered by DOE i n  the F ina l  Environmental Impact 

Statement (Ref. 2). 



SUMMARY 

Tnis repo r t  has reviewed c e r t a i n  of the na tura l  resources which may be found 

a t  the s i t e  of the nuclear  waste repos i to ry  being considered f o r  southeastern 

New Mexico, and discussed the scenarios which have been used t o  est imate the 

rad io log i ca l  consequences from the mining o f  these resources several hundred 

years a f t e r  the  r a d i o a c t i v e  waste has been emplaced. 

It has been concluded t h a t  the r a d i o l o g i c a l  consequences o f  the mining o f  

potash or  hydrocarbons (mostly na tura l  gas) are probably bounded by the conse- 

quences of hydro log ic  breach scenarios a l ready considered by the U. S. 

Department of Energy, (Ref. Z), and by repo r t s  o f  EEG (Refs. 4, 5). These 

s tud ies  conclude t h a t  the  resu l tan t  doses would not c o n s t i t u t e  a s i g n i f i c a n t  

t h rea t  t o  p u b l i c  hea l th .  

This repor t  also- evaluates the r a d i o l o g i c a l  consequences o f  s o l u t i o n  mining o f  

h a l i t e  a t  the  WIPP s i t e .  Although such min ing i n  the Delaware Basin and par- 

t i c u l a r l y  a t  the  WIPP s i t e ,  i s  not  l i k e l y  a t  the  present time, s i g n i f i c a n t  
-. economic, soc ia l  o r  c l i m a t i c  changes a few hundred years a f t e r  emplacement may 

make these resources more a t t r a c t i v e .  The DOE d i d  not  consider such mining a t  

t h e  s i t e  c r e d i b l e  (Ref. 2, p. 9 - 1 6 ) .  

The f i f t y - y e a r  i n d i v i d u a l  dose comnitment from the i nges t i on  o f  the average 

adu l t  consumption o f  s a l t  (contaminated w i t h  the rad ioac t i ve  waste from t h e  

r e p o s i t o r y )  was 72 m i l l i r e m s  fo r  one year. This might be compared t o  an 

average 1 i f e t i m e  dose from na tu ra l  background r a d i a t i o n  o f  7500 m i l l i  rem. 

Assuming t h a t  0.2% o f  t h e  r a d i o a c t i v e  i nven to ry  was mined and contaminated the 

s a l t  du r i ng  t h e  s o l u t i o n  mining event, and t h a t  about 2.5% o f  the  t o t a l  s a l t  

was consumed i n  food products, the  t o t a l  whole body dose t o  a populat ion a t  

r i s k  o f  300 m i l l i o n  would be 0.9 m i l l i o n  person-rems. This represents about 

0.06% o f  the  50 year  dose comnitment from na tu ra l  background. Although t h i s  

popu la t ion  dose may no t  be considered i n s i g n i f i c a n t ,  the  small p r o b a b i l i t y  of 

such an event, and the  very conservat ive assumptions used would lead one t o  

conclude t h a t  the  r i s k  o f  such an event i s  small. 
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NATURE OF RESOURCES AT WIPP S I T E  

- 
Mineral resources a t  the s i t e  inc lude potash i n  the form o f  the potassium 

sa l t s ,  s y l v i t e  and l angbe in i t e ;  hydrocarbon resources, which, if present, may 

inc lude crude o i l ,  but  most ly na tura l  gas and d i s t i l l a t e  ( l i q u i d  associated 

w i th  na tura l  gas). The p o t a s s i m  s a l t s  are found i n  s t r a t a  400 t o  700 fee t  

above the  repos i to ry  which i s  1400 t o  1700 feet below the surface; the hydro- 

carbons most 1 i k e l y  would be found 8,000 t o  12,000 fee t  below the repos i to ry  

which i s  10,000 t o  15,000 f e e t  below the  surface. Although other minerals 

such as s a l t ,  ca l i che ,  and gypsum are a lso  i n  t h i s  area i n  quant i ty ,  there are  

enormous q u a n t i t i e s  i n  many other  areas. O f  these only h a l i t e  i s  i n  close 

enough p rox im i t y  t o  the repos i to ry  t o  warrant cons ider t ion  o f  a breach 

scenario. The s i z e  and economic value o f  potash, h a l i t e  and hydrocarbons 

which may e x i s t  a t  the WIPP s i t e  are summarized below: 

(a) Potash . 

Potash resources were est imated by the  U.S. Geological Survey (USGS), the 

U.S. Bureau o f  Mines (USBM), and A g r i c u l t u r a l  and I n d u s t r i a l  Minerals,  Inc .  

- (AIM) (Refs. 7, 8, and 9). I n  reference t o  potash, the t e n s  "resources," and 

" reserves"  as used here are de f ined as fo l l ows :  

Resources are considered minera ls  t h a t  a re  c u r r e n t l y  or p o t e n t i a l l y  o f  

economic value; t h i s  inc ludes seams t h a t  are t h i c k e r  than 4 feet and 

conta in  s y l v i t e  o r  l a n g b e i n i t e  w i t h  a potassium oxide r ichness greater  

than 8% or  4% respec t i ve l y .  

Reserves are the  p o r t i o n  o f  the  resources t h a t  are economically recover- 

ab le  a t  today 's  market p r i c e s  and removable w i t h  e x i s t i n g  t e c h n ~ l o g y ;  

t h i s  inc ludes seams t h a t  are t h i c k e r  than 4 fee t  and conta in s y l v i t e  o r  

l a n g b e i n i t e  w i t h  potassium ox ide  r ichness greater  than 13% o r  9% res- 

p e c t i v e l y .  The c u r r e n t  est imates o f  resources and reserves under the 

f o u r  zones o f  the  WIPP s i t e  are show i n  Table 1. 



Deposi t  Resources Reserves % of Resources X o f  Reserves 
( m i l l i o n  tons)  ( m i l l i o n  tons) recoverable recoverable i n  

i n  Zone I V  Zone I V  

Syl v i t e  133 

Langbeini  t e  351 

Since the sur face value o f  mined potash ore a t  the  present t ime i s  about 

$ l5 / ton ,  t h e  t o t a l  surface value o f  the reserves i s  about $1.14 b i l l i o n .  

The i n -p lace  value of the  ore i s  much less, but  more d i f f i c u l t  t o  est imate.  

The U.S. Department of Energy has estimated in -p lace value o f  the  potash ore  

as 14 cents per  ton  f o r  s y l v i t e  and 5 cents per ton  f o r  l a n g b e i n i t e  (Ref. 2, 

Table 9-16). The DOE has s ta ted  t h a t  mining i n  Zone I V  o f  the  WIPP s i t e  i s  

poss ib le  w i thou t  adverse impact on the proposed repos i to ry  (Ref. 2, p. 9-118), 

and such recovery may be al lowed before decomnissioning. I f  t h i s  i s  the  case, 

then 83% o f  t h e  potash reserves (100% o f  27.4 m i l  l i o n  tons o f  s y l v i t e  and 73% 

o f  48.5 m i  11 i o n  tons o f  l angbe in i t e )  would be author ized f o r  removal. 

The Department o f  Energy has considered the impact o f  several mechanisms o f  

l i q u i d  breach o f  the  r e p o s i t o r y  and t ranspor t  o f  the rad ionuc l ides  t o  the  

Pecos R ive r  a t  Malaga Bend (Refs. 1, 2, 3  and l o ) ,  o r  t o  a we1 1 i n  the  

Rus t l e r ,  l oca ted  about t h ree  m i les  downstream from the  r e p o s i t o r y  (Ref. 10). 

The EEG has independent ly  ca l cu la ted  doses r e s u l t i n g  from the  t ranspor t  of the  

rad ionuc l i des  t o  Malaga Bend o r  t o  a wel l  f o l l o w i n g  a l i q u i d  breach and agrees 

t h a t  t h e  doses would represent  only  a small f r a c t i o n  o f  the n a t u r a l  r a d i a t i o n  

background, even i f  very conservat ive (designed t o  increase s e v e r i t y )  hydro- 

l o g i c  parameters are assumed (Refs. 4, 5). Therefore, i f  the  min ing  of potash 

leads t o  a l i q u i d  breach w i t h  t ranspor t  o f  rad ionuc l ides  t o  t h e  Rus t l e r  a t  t h e  

WIPP s i t e ,  t h e  r e s u l t s  would be bounded by the  l o n g - t e n  scenar ios 

'This t a b l e  i s  adapted from Table 9-19 o f  the  FEIS (Ref. 2). 



already considered. Because the potash ore i s  located a t  l e a s t  400 f e e t  above 

the repos i to ry  horizon, i t  i s  l i k e l y  t ha t  the ore could be removed by conven- 

t i o n a l  techniques without d i s t u r b i n g  the  repos i to ry ;  however EEG has requested 

t h a t  DOE p rov ide  a  de ta i l ed  plan and consequence eva lua t ion  i f  the dec i s ion  i s  

made t o  a1 low such removal. 

So lu t i on  mining o f  the potash i s  not economical i n  the area because o f  the 

l i m i t a t i o n  of s u i t a b l e  water, absence of processing f a c i l i t i e s  and thinness o f  

t h e  ore beds. However, i f  water and f a c i l i t i e s  d i d  become ava i lab le ,  and so- 

l u t i o n  min ing were attempted, i t i s  l i k e l y  t h a t  the potash could be success- 

f u l l y  solut ion-mined without breach of the repos i to ry  dur'ng the operat ion. 

Nonetheless, such techniques near a  nuclear repos i to ry  might c o n s t i t u t e  a  r i s k  

because the  l i q u i d - f i l l e d  caverns may weaken the formations leading t o  breach 

a f t e r  thousands o f  years, poss ib ly  r e s u l t i n g  i n  t ranspor t  o f  the rad ionuc l ides  

t o  one o f  the underground aqu i fe rs  (Ref. 11). 

To remove t h e  potash ore by s o l u t i o n i n g  o r  b r i n i n g  techniques involves 

d r i l l i n g  two or more large diameter we l ls  t o  the ore zone, e s t a b l i s h i n g  a  c i r -  

c u l a t i o n  betreen the  wel ls through hyd ro f rac tu r i ng  or  hydrocarbon padding and 

recover ing  the d issolved br ine.  Because these ores are found i n  q u a n t i t y  

cons iderab ly  above the repos i to ry  horizon, i t  i s  not p l a u s i b l e  t o  be l i eve  t h a t  

the  h y d r o f r a c t u r i n g  and b r i n i n g  would acc iden t l y  extend 400 fee t  down i n t o  t h e  

r e p o s i t o r y  horizon, unless some pathway a1 ready ex is ted  . The presence of 

h o r i z o n t a l  c l ay  seams i n  the s a l t  would tend t o  move the  hydro f rac tures  up o r  

h o r i z o n t a l l y  along the c lay seams, and cu r ren t  techniques permi t  shaping o f  

the  cavern t o  f o l l o w  c lose l y  the  ore hor izon (Refs. 12, 13, 14, 15). If 

abandoned d r i l l  ho les were present i n  the area and extended down i n t o  the  

repos i to ry ,  the  e f f e c t  o f  such a  comnunication would be r e a d i l y  detected 

because o f  the re ta rd ing  e f f e c t  o f  such undesi rable h y d r a u l i c  comnunication on 

t h e  s o l u t i o n i n g  o f  the  potash ore. (The r e t u r n i n g  s o l u t i o n  genera l l y  i s  

moni tored f o r  potassium content.) For these reasons, a  breach associated w i t h  

potash min ing  r e s u l t i n g  i n  t ranspor t  o f  the rad ioac t i ve  ma te r ia l  t o  t h e  

sur face i s  not  considered c red ib le .  



( b )  Solut ion Mining o f  H a l i t e  and Consequence Analys is  

Dickinson est imates tha t  h a l i t e  i jsdidrn r h l o r i d e )  product ion i n  the U.S. f o r  a 

v a r i e t y  o f  app l i ca t i ons  i s  over 40 m i l l i o n  tons per year, valued a t  $300 

m i l l i o n .  Another 20% o r  more o f  s a l t  i s  being imported from Canada, Mexico, 

and t o  a lesser  extent ,  from other  coun t r i es  (Ref. 16). 

There are extensive deposi ts  o f  bedded h a l i t e  i n  many areas o f  the  Delaware 

Basin. The t h i c k e s t  and purest  s a l t  beds a t  t h e  s i t e  a re  found i n  the 

Cas t i l e ,  al though the Salado conta ins from 80 t o  90", h a l i t e .  The New Mexico 

Bureau of Mines and Mineral Resources has est imated t h a t  t h e r e  are 118 b i l l i o n  

tons o f  s a l t  i n  the  Salado w i t h i n  the  WIPP boundary (Ref. 17). The C a s t i l e  

format ion would add approximately 80 b i l l i o n  tons o f  a d d i t i o n a l  s a l t  

resource. Along w i t h  gypsum and cal iche,  t h e  h a l i t e  depos i t  was no t  

considered by the DOE t o  have any economic ' s ign i f i cance,  because o f  the 

prevalence of s a l t  depos i ts  throughout the  Permian Basin and o ther  areas 

w i t h i n  the Uni ted States (Ref. 18). Because o f  the p u r i t y ,  domed s a l t  usua l ly  

i s  p re fe r red  t o  bedded s a l t .  Approximately 56% o f  the h a l i t e  produced i n  t h e  

Uni ted States i s  der ived from the s a l t  domes o f  Louis iana and Texas (Ref. - 
14). Wi th in the Permian Basin, s a l t  i s  be ing  recovered by mechanical o r  

so lu t ion-min ing  techniques a t  l o c a t i o n s  i n  Kansas, Texas and southwestern 

Oklahoma. No min ing o f  h a l i t e  has occurred i n  the Delaware Basin, and 

commercial min ing i s  not  considered economical i n  the  NIPP area i n  the near 

fu tu re ,  because o f  the shortage o f  water, t h e  remote l o c a t i o n  o f  the  s i t e  f r o a  

processing f a c i  1  i t i e s  and the  presence o f  anhyd r i t e  and pol yha l  i t e  beds 

in te rming led  w i t h  the  bedded ha1 i t e  format ions.  It i s  conceivable, however, 

t h a t  i n  the  long-term, c l i m a t i c  and soc ia l  changes may render these deposits 

Inore a t t r a c t i v e .  For example, i n  the  Un i ted  States du r ing  t h e  Ple is tocene 

epoch, 1 t o  2 m i l l i o n  years ago, several lakes  were formed o r  expanded dur ing  

per iods o f  increased p r e c i p i t a t i o n ,  e s p e c i a l l y  i n  the  western Un i ted  States i n  

areas t h a t  are now deser ts  (Ref. 10, Sec. 2.3.4.1).The c l i m a t e  o f  New Mexico 

dur ing  such per iods  was charac ter ized by more p r e c i p i t a t i o n  (about 6a more 

than a t  p resent ) ,  l ess  evaporat ion (on l y  about 70% o f  p resen t )  and a mean June 

- September temperature about lB°F lower than a t  present. F looding was 

probably more f requent .  Given g rea te r  access t o  water, t h e r e  would be 

increased p r o b a b i l i t y  t h a t  i n d u s t r y  suppor t i ve  o f  s o l u t i o n i n g  techniques would - 



be ava i l ab le  t o  the area. Therefore, al though min ing o f  ha1 i t e  a t  the WIPP 

s i t e  i s  considered h i g h l y  u n l i k e l y ,  i t  i s  s u f f i c i e n t l y  p laus ib le  t o  warrant - 
evaluat ion  o f  the p o t e n t i a l  r a d i o l o g i c a l  consequences of a breach r e s u l t i n g  

from t h i s  a c t i v i t y .  

This i s  considered i n  the fo l low ing way. It i s  assumed tha t  a commercial 

h r i n i n g  operat ion i s  i n i t i a t e d  250 years a f t e r  decommissioning, d i r e c t l y  over 

the 100 acres which house the abandoned repos i to ry .  I n i t i a l  exp lora tory  and 

d r i l l i n g  operat ions f a i l  t o  detect  t h e  repos i to ry ,  and two or  more wel ls  are 

d r i l l e d  t o  produce hydrau l ic  f r a c t u r i n g  and t o  e s t a b l i s h  so lu t i on ing  o f  s a l t .  

A cavern i n  t h e  Salado i s  produced of approximately one m i l l  i on  cubic feet ,  

and the d issolved b r i n e  i s  routed t o  a nearby chemical processing p lan t  f o r  

removal o f  the s a l t  and recyc l i ng  o f  the  r e c o n s t i t u t e d  unsaturated water. It 

i s  assumed t h a t  the radionucl ides d i sso l ve  a t  the  same r a t e  as the s a l t ,  and 

t h a t  0.2% o f  the 100 acre column o f  the Salado s a l t  i s  removed by b r i n ing .  

Any more than t h i s  f r a c t i o n  might lead t o  some co l l apse  o f  the ove r l y i ng  f o r -  

mations. It a lso  would be reasonable t o  assume t h a t  de tec t ion  of rad ioac t i ve  

i m p u r i t i e s  occurred a f t e r  1 year. The scenario i s  i l l u s t r a t e d  by a t y p i c a l  

cavern as shown i n  F igure 1. The radionucl  i d e  inventory  a t  250 years a f t e r  - 
storage i s  shown i n  Table 3.+ Table 4 prov ides the  r e s u l t a n t  whole body dose 

from i n g e s t i o n  o f  the  contaminated s a l t  f o r  a pe r iod  o f  1 year (1800 gns). 

The 50-year i n d i v i d u a l  dose comnitment prov ided i n  Table 4 i s  considered con- 

s e r v a t i v e  f o r  a t  l e a s t  two reasons: ( 1 )  It assumes the i nges t i on  o f  1800 gms 

o f  the unre f ined s a l t  ex t rac ted  e n t i r e l y  from the s o l u t i o n  mining breach event 

described. I n  o ther  words, the  s a l t  i s  u n d i l u t e d  w i t h  other  s a l t  obtained 

from uncontaminated s i t es .  (2)  It neglects the  p o t e n t i a l  reduc t ion  of 

p lutonium contaminat ion which i s  l i k e l y  t o  occur as a r e s u l t  o f  adsorpt ion t o  

t h e  c lay  cons t i t uen ts  o f  the  Salado, as fo l lows:  

*This inventory  i s  ca l cu la ted  from the  i n i t i a l  i n v e n t o r i e s  o f  TRU waste 

prov ided i n  Tables 3.1-2, and 3.1-4 o f  the SAR (Ref. 10). 



To a rough approximation, the d i s t r i b u t i o n  of r a d i o a c t i v i t y  between b r i n e  and 

suspended s o l i d s  i s  given by 

Cs = Kd Ce (1 
C s  = co f icent ra t ion  per u n i t  mass o f  a given nuc l ide  sorbed on sol i d s ,  Cifgrn 

C, = concent ra t ion  per u n i t  volume i n  the l i q u i d  phase, Ci/me 

Kd = d i s t r i b u t i o n  c o e f f i c i e n t ,  m/gm 

As the  water d isso lves  the repos i to ry ,  conservat ion o f  a c t i v i t y  a l so  i s  

maintained. This i s  expressed by the fol  low ing equation 

m s C s + %  = A  ( 2 )  

rn, = mass o f  s o l i d  i n  volume o f  repos i to ry  suspended by a u n i t  volume o f  

HZ 0 (gmlml) 
A = a c t i v i t y  i n  volume o f  r e p o s i t o r y  d issolved or  suspended by a u n i t  volume 

o f  +0. Cs and CL are as prev ious ly  def ined. Combining equat ions 

( 1 )  and (2)  one obta ins  

Equation (3) can be i n t e r p r e t e d  as fo l lows:  

O f  the  a c t i v i t y ,  A, leached by a u n i t  volume o f  water (assuming the  sa tu ra ted  

b r i n e  conta ins  t o t a l  d isso lved sol i d s  o f  0.4 gm/ml), a f r a c t i o n  

1 
ms Kd + 

remains i n  the water and a f r a c t i o n  

i s  resorbed on t h e  suspended c lay  f reed by the  b r i n i n g  o f  the water. I f  5% of 

t h e  b l a d o  i s  ma te r i a l  o the r  than s a l t ,  and 1% o f  t h i s  m t e r i a l  i s  c l a y  f o r  

which Kd f o r  Plutonium can range from 40,000 t o  180,000 m/gm (Ref. 10, 

Table 2.5-12); then MS i s  2 x lo-' gm/me and between 90 t o  97 percent  of the  

Plutonium i s  resorbed on t h e  clay. The c l a y  i n  the Salado i s  thus an 

e f f e c t i v e  b a r r i e r  aga ins t  b r i n g i n g  p l u t o n i u n  t o  the biosphere. 



An important  quest ion tha t  must be resolved i s  what f r a c t i o n  of the i nso lub le  

- mater ia l  i s  brought t o  the surface as suspended p a r t i c u l a t e s  and what f r a c t i o n  

remains i n  the subsurface cav i ty .  

I n  summary, t he re fo re ,  the 72 m i l  1 i rem i n d i v i d u a l  f i f t y - y e a r  dose commitment 

might be compared w i t h  normal background r a d i a t i o n  o f  about 100 m i l l i r e m  each 

year ,  o r  a l i f e t i m e  dose o f  about 7,500 m i l l i r e m .  The t o t a l  popu la t ion  dose 

may be conserva t ive ly  estimated by assuming t h a t  each member o f  a popu la t ion  

o f  300 m i l l i o n  consumes 1800 gms of s a l t  per year. It a lso  i s  assumed t h a t  

1/24 o f  t h i s  s a l t  f o r  food i s  der ived from t h i s  s o l u t i o n  mining event. ( I f  

t h e  annual product ion i n  the na t ion  i s  48 m i l l i o n  tons, only about 1/50 o f  a 

y e a r ' s  product ion i s  consumed as food.) 

Based on one yea r ' s  product ion o f  the contaminated s a l t ,  the t o t a l  popu la t ion  

50-year dose commitment would be 0.9 m i l l i o n  person-rems. This n i g h t  be com- 

pared t o  a background -50-year dose commitment o f  about 1.5 b i l l i o n  

person-rems. Therefore, there would r e s u l t  from t h i s  breach event a 0.06% 

increase over background. 

- 
It might be o f  i n t e r e s t  t o  compare these r e s u l t s  t o  those obtained from a 

h a l i t e  s o l u t i o n  min ing  scenario i n v o l v i n g  a s a l t  dome (Ref. 19). That 

scenar io assumed a breach 1000 years a f t e r  emplacement and a t o t a l  o f  2.6 

m i l l i o n  tons mined from nine we l l s  over a per iod  o f  one year. I t was assumed 

t h a t  t h ree  percent o f  t h i s  s a l t  was consumed as food (1800 gms/ indiv idual ) .  

The r e s u l t i n g  70-year whole-body dose comnitment, f o r  spent f ue l  nuclear  

waste, was 390 m i l l i r e m s ,  and f o r  reprocessed h igh- leve l  waste the  dose was 

100 m i l l i r e m s .  Th is  was converted i n t o  a 70-year t o t a l  popu la t ion  dose c m -  

tnitment o f  16 m i l l i o n  person-rems from spent f ue l ,  o r  f o u r  m i l l i o n  person-rems 

from reprocessed waste. 

It i s  u n r e a l i s t i c  t o  assume a product ion r a t e  a t  the WIPP s i t e  i n  excess of 

one m i l l i o n  tons/year ,  because o f  the  water l i m i t a t i o n s  i n  the  area - even if 

much more favorab le  c l i m a t i c  cond i t ions  occurred. Assuming an average f low Of 

the Pecos o f  2000. l i te rs /second,  the f resh  water requ i red  f o r  mining o f  one 
m i l l i o n  tons/year  i s  about equal t o  four  percent o f  the  t o t a l  annual Pecos 

- flow. 



I f  so lu t i on  mining of h a l i t e  should occur i n  the W I P P  s i t e  area a t  some time 

a f t e r  te rminat ion  of con t ro l s ,  i t  i s  l i k e l y  t h a t  the  scenario considered i n  

t h i s  repor t  provides the upper l i m i t  o f  dose consequences from s o l u t i o n  n i n i n g  

a t  WIPP f o r  the f o l l o w i n g  reasons: 

1. Most o f  the t ransuran ic  nuc l ides  would probably be bound t o  the c lay  

i m p u r i t i e s  i n  the s a l t  .formation and would not  be contained i n  the 

processed and p u r i f i e d  s a l t .  

2. The 1 i m i t a t i o n  o f  f resh  water i n  the  area, even under cond i t i ons  o f  - favorab le  c l i m a t i c  change, i s  l i k e l y  t o  discourage s o l u t i o n  mining o f  

s a l t  because of the l a r g e  reserves i n  o ther  areas more access ib le  t o  

water. 

3. Because the s a l t  i s  loca ted  a t  considerable depth, s o l u t i o n  min ing 

would requ i re  high technology t o  achieve economic re tu rn ,  and such 

technology would be expected t o  i nc lude  t h e  a b i l i t y  t o  recognize and 

remove rad ioac t i ve  i m p u r i t i e s ,  i f  present. 

Hea l th  E f f e c t s  o f  Rad ia t ion  Consequences 

It i s  u n l i k e l y  t h a t  any adverse hea l th  e f f e c t s  would occur from small doses 

r e s u l t i n g  from the  present scenario. I f  the 900,000 person-rems are assumed - 
t o  be un i fo rm ly  spread over the popu la t ion  o f  300 m i l l i o n .  The average 50 

year  dose would be only  3 m i l l i r e m s .  Such doses are  f a r  too  low t o  produce 

detec tab le  e f f e c t s .  Using the data prov ided i n  the  most recent r e p o r t  o f  t h e  

Nat ional  Academy o f  Sciences BIER Comnittee (Ref. 6, Table V-3) and us ing a 

1 i nea r  e x t r a p o l a t i o n  from dose-ef fect  curves prov ided by h igh doses, t he re  

would be about 96 f a t a l  cancers r e s u l t i n g  from t h i s  popu la t ion  dose over the  

50 years, o r  0.32 per m i l l i o n  populat ion.  These values should be compared t o  

t h e  cu r ren t  cancer r i s k  o f  167,000 per m i l l i o n  popu la t i on  per year,  o r  8.35 

m i l l i o n  cancers over 50 years. 
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TABLE 2 

PARAMETERS FOR SOLUTION M I N I N G  (BRINING) 

OF HALITE SCENARIO 

Area o f  Xepository S i t e :  100 acres 

Thickness o f  Salado S a l t  a t  S i te :  2000 ft. (600 rn) 

Volume o f  S a l t  ore under 100 acres o f  the  Salado a t  s i t e :  8.7 x 10' 

f t3 (2 .5~10"  e )  

Volume o f  CH waste: 1.7 x l o8  l i t e r s  

Volume o f  RH waste: 7.1 x l o 6  l i t e r s  

Volume o f  r e p o s i t o r y :  5.2 x 10' ft3 (1.5 x lo9 e )  

F rac t i on  o f  s a l t  which i s  repos i to ry :  6  x 10 -3 

F rac t i on  o f  r e p o s i t o r y  which i s  CH waste: . I13 

F rac t i on  o f  r e p o s i t o r y  which i s  RH waste: .0047 

Product ion r a t e :  o r  1  x l o6  m e t r i c  tons o f  s o l i d  s a l t l y e a r  (1.6 x 10' f t 3 )  

F rac t i on  o f  t o t a l  Salado a t  WIPP s i t e  removed by b r i n i n g  i n  1 year: 

0.002 

Volume o f  s a l t  i n  t h e  Salado under e n t i r e  area o f  WIPP s i t e  (Zones 1, - 
2, 3, 4): 4.6 x 1o13e (1.6 x 1o12 f t 3 )  

Dens i ty  o f  recovered and d r i e d  s a l t :  2.2 grnfrnl 

Annual Adu l t  Consumption o f  s a l t :  1800 gms 

15. Tota l  popu la t i on  a t  r i s k :  300 m i l l i o n  



TABLE 3 

NUCLIDE INVENTORIES OF TRU WASTE AT 250 YEARS 

CH AH 
CH TRU RH TRU F i  na 1 
TRU T o t a l  TRU T o t a l  T o t a l  

N u c l i d e  (Gila) (Ci  c i  / e  (C i  ( C i  
A B* C* D* E* F* 

Pu-238 2.9 - 5"' 4.9 + 3 1 . 2  - 5 8.5 + 1 5.0 + 3 

Pu-239 2.2 - 3 3.7 + 5 1.1 - 3 7.8 + 3 3.8 + 5 

Pu-240 5.2 - 4 8.5 + 4 2.4 - 4 1.7  + 3 9.0 + 4 

Am-241 3.3 - 4 5.6 + 4 2.0 - 4 1 . 4 +  3 5.7 + 4 

srgO + d 1.4 - 3 1.0 + 4 1.0 + 4 

c,13' + d 1.1 - 5 80. SO. 

T o t a l  5.4 + 5 

* E x p l a n a t i o n  o f  columns: - 
B = Average. i n v e n t o r i  es  f rom SAR a t  250 years  

C = ( 0 )  (1.7 x 10' l i t e r s )  

D = Average i n v e n t o r i e s  f rom SAR a t  250 years  

E = ( D )  (7.1 x l o 6  l i t e r s )  

F = C + E  

**2.9 - 5 = 2.9 x lo-' 



TABLE 4 

FIFTY-YEAR DOSE COMMITMENT FROM ONE Y E A R ' S  INGESTION OF SALT 

Dose (50 y r . )  Whole Body 
Concentrat ion Commitment Dose/ 

Nuc l ide  PCi/gm o f  s a l t  (mrem per  Pc i )  (mrem) 
G H* I* J* 

Tota l  : 7 2 

*Explanat ion o f  columns-: 

H = (F) ( 1 d 2 ) p c i / c i  l i t e r  
2.5 x 1 0 "  l i t e r s  x 2200 g i  

I = NUREG 0172 dose conversion f a c t o r s  (Ref. 20) 

J = (H) (I) (1800) 

**7.0 + 2 = 7.0 x 102 

***d = i n c l u d i n g  daughters 



( c )  Hydrocarbons 

The New Mexico Bureau of Mines and M inera l  Resources (BMMR) e v a l u a t e d  t h e  

hydrocarbon resources  a t  t h e  e a r l i e r  WIPP s i t e ,  about f i v e  m i l e s  n o r t h e a s t  o f  

t h e  c u r r e n t  s i t e  (Ref. 17).  T h i s  e v a l u a t i o n  was based upon known rese rves  o f  

c rude o i l  and n a t u r a l  gas, and on t h e  p r o b a b i l i t y  o f  d i s c o v e r i n g  new 

r e s e r v o i r s .  The e s t i m a t e  of n a t u r a l  gas was 16.5 b i l l i o n  c l l b i c  f e e t  p e r  640 

acres,  which amounts t o  a  t o t a l  of 490 b i l l i o n  c u b i c  fee t  f o r  t h e  p r e s e n t  

s i t e .  S ince  t h e  hydrocarbon e s t i m a t e  r e l i e s  on s t a t i s t i c a l  p r o b a b i l i t i e s ,  

t h i s  v a l u e  would n o t  be as a c c u r a t e  as t h e  potash values.  Th is  volume a l s o  

assumes t h a t  t h e  q u a n t i t y  o f  hydrocarbon resources a t  t h e  c u r r e n t  WIPP s i t e  

a r e  about  t h e  same as a t  t h e  o l d  s i t e ,  f i v e  m i l e s  away. A ' l a t e r  e v a l u a t i o n  o f  

hydrocarbon resources  o f  t h e  p r e s e n t  s i t e  was m d e  by Sipes,  Wi l l i amson  and 

Aycock, Inc.  (Ref. 2 1 ) ,  i n  wh ich  they  r e l i e d  on i n f o r m a t i o n  ga ined f r o m  nearby 

e x p l o r a t i o n .  To p r o t e c t  t h e  s i t e  no hydrocarbon d r i l l i n g  hds occur red  i n  

Zones I, 11, and 111 of WIPP. The area e v a l u a t e d  was 400 square m i l e s  

c e n t e r e d  on t h e  p r e s e n t  s i t e .  They conc luded t h a t  a  s i n g l e  zone, between 

14,000 and 15,000 f e e t  be low t h e  s u r f a c e  i s  wor thy  o f  e x p l o r a t o r y  r i s k ,  based 

,- 
on c u r r e n t  economic c o n s i d e r a t i o n s .  Only n a t u r a l  gas i s  e s t i m a t e d  t o  be 

p r e s e n t  i n  q u a n t i t i e s  t h a t  a r e  economical .  The p o t e n t i a l  resources  and 

r e s e r v e s  o f  n a t u r a l  gas a r e  summarized i n  Tab le  5. 



TABLE 5 

POTENTIAL NATURAL GAS WITHIN WIPP S I T E  

Total  I n  Zones I, I 1  I 1 1  In  Zone I V  
BCF* BCF* BCF* 

Resources 490 (1 00%) 211 (43%) 279 (57%) 
100% 

Reserves 44.6 21 (47%) 23.6 (53%) 

*BCF = b i l l i o n  cubic feet  

A t  a value o f  $4.40/1000 cubic fee t ,  the  t o t a l  sur face value of the  n a t u r a l  

gas reserves i s  about $200 m i l l i o n .  

Sipes, Wil l iamson, and Aycock, Inc. have a lso  evaluated the e x t r a  cos t  o f  

e x t r a c t i n g  t h e  na tura l  gas through d i r e c t i o n a l  d r i l l  ing.  I f  d r i l l i n g  i s  

al lowed i n  Zone I V ,  23 d i r e c t i o n a l  boreholes from the boundary o f  Zone 111 

would be necessary- to e x t r a c t  the na tu ra l  gas from Zone I, 11, and 111 

(Ref. 22). 

The DOE has considered t h e  r a d i o l o g i c a l  consequences o f  d r i l l i n g  f o r  hydro- -, 

carbons and d r i l l i n g  d i r e c t l y  through a c a n i s t e r  con ta in ing  e i t h e r  con tac t -  

handled o r  remote-handled TRU waste (Ref. 2, p.9-143). Since t h e  hydrocarbons, 

i f  present ,  are loca ted 8,000 t o  12,000 f e e t  below the repos i to ry ,  a breach o f  

the  r e p o s i t o r y  as a r e s u l t  o f  e x t r a c t i o n  o f  these resources would be bounded by 

e i t h e r  t h e  l i q u i d  breach o r  d i r e c t  d r i l l i n g  scenar ios a l ready considered i n  the  

FEIS. 
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FOREWORD 

1 

The purpose o f  t h e  Environmental Eva lua t ion  Group (EEG) i s  t o  conduct an 

independent techn ica l  eva lua t ion  o f  t h e  p o t e n t i a l  r a d i a t i o n  exposure t o  people 

from t h e  proposed Federal r a d i o a c t i v e  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) near 

Carlsbad, i n  order  t o  p r o t e c t  t h e  p u b l i c  h e a l t h  and s a f e t y  and ensure t h a t  

t h e r e  i s  minimal environmental degradation. The EEG i s  p a r t  o f  t h e  

Environmental Improvement D i v i s i o n ,  a component of t h e  New Mexico Hea l th  and 

Environment Department -- t h e  agency charged w i t h  t h e  pr imary  r e s p o n s i b i l i t y  

f o r  p r o t e c t i n q  t h e  h e a l t h  o f  t h e  c i t i z e n s  o f  New Mexico. 

The Group i s  n e i t h e r  a proponent no r  an opponent o f  WIPP. 

Analyses are  conducted of a v a i l a b l e  data concerning t h e  proposed s i t e ,  t h e  

des ign  o f  t h e  repos i to ry ,  i t s  planned operat ion,  and i t s  long-term s t a b i l i t y .  

These analyses i n c l u d e  assessments o f  r e p o r t s  issued by t h e  U.S. Department o f  

Energy (DOE) and i t s  con t rac to rs ,  o t h e r  Federal  agencies and o rgan iza t ions ,  as 

they r e l a t e  t o  t h e  p o t e n t i a l  h e a l t h ,  s a f e t y  and environmental  impacts f rom 

WIPP. 

The p r o j e c t  i s  funded e n t i r e l y  by t h e  U.S. Department o f  Energy through 

Con t rac t  OE-AC04-79ALl0752 w i t h  t h e  New Mexico H e a l t h  and Environment 

Department. I 

Robert H. N e i l  1 

D i r e c t o r  
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INTRODUCTION 

As part of the Stipulated Agreement signed on July 1, 1981 between the 

Department of Energy (DOE) and the State of New Mexico, the DOE aqreed to 

provide the following reports to the State of New Mexico tc help in the 

State's evaluation of the suitability of the WIPP site. 

Deep Dissolution 
Disturbed Zone 

Breccia Pipes 

DMG Hydrology 

Regional Hydrology 
Natural Resources 

Results of SPDV Site Validation Experiments 
Plans for SPDV Design Validation 

Results of SPDV Design Validation Experiments 

Plans for Simulated Wastes Experiments 

Brine Reservoir Report 

Horizontal Exploration of the Disturbed Zone 

Fracture Flow in the Rustler Aquifers 

Study of Aquifer Characteristics 

The Environmental Evaluation Group had received the following reports in 

draft form by March 1, 1983: 

Deep Dissolution 
Breccia Pipes 

DMG Hydro1 ogy 
~itural Resources 

Plans for SPDV Design Validation 

Plan3 for Simulated Waste 

Brine Reservoir Report 

Disturbed Zone Exploration 

Fracture Flow in the Rustler Aquifers 

This publication is a compilation of the written comnents on each of these 

reports provided by EEG to DOE. Where DOE responded to EEG comnents in writing, 



they are inc luded here. On others, meetinqs were held between the appro- 

p r i a t e  EEG s t a f f  and the author(s)  o f  the  repo r t s  and the  authors agreed 

t o  make changes i n  the  f i n a l  vers ion of t h e  repor ts ,  based on EEG comnents. 

Only i n  t h e  case of Breccia Pipe r e p o r t  prepared by the  U.S. Geological 

Survey f o r  DOE, no changes were made i n  the  f i n a l  vers ion o f  the repor t .  

EEG's conclusions on each o f  these issues w i l l  be provided i n  a forthcoming 

EEG r e p o r t  t o  be publ ished i n  May, 1983. 
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RECEIVED 

- Dapartment of Energy 
A!buqu~que Opefations Office 
P.O. Box 5400 
Albuquerque. Rew Mexico 871 15 

D r .  George S. Goldstein 
Chairman 
Governor's Task Force on $JIPP 
P. 0. Box 968 
Santa Fe, NN 87503 

ENVIAONMENTAC 
EVALUATION GRO?Ip 

Dear D r .  Goldstein: 

Interim Policy Statemnt on Resource Recovery a t  the WITP Si te  

Enclosed f o r  your information is the Departmnt of Energy's Interim Policy 

Statement on Resource Recovery a t  the Waste Isolation P i lo t  Plant (WIPP) 

Site.  The interim policy w i l l  be used as  the basis fo r  the performance 

of doss consequence analyses related to  resource recovery a t  the  sl'te as  

required by Item 6 of Appendix "8" of the Stipulated A~reenent. This 

interim policy may be amended based upon the results of the analyses 

currently being perfomed and expected t o  be available i n  December, 1981. 

Should you have any qus t i ons ,  please contact us. 

-- 
WIPP: JXM 81-5046 

Sincerely . 

Project ~anage r  
W13P Project Office 

Enclosure 

cc v/enclosure: 
See Page 2 



INTERIM POLICY STATEMENT 

EY 
U. S. Department o f  Energy 

~ e s o ~ r t e  Recovery a t  the Waste I s o l a t i o n  P i l o t  Plant S i t e  

TJ-&primary -- -- concern __ .___ o f  the U.S. Department of Energy (DOE) i n  the development 
ofthe-_Waste ~ s o ~ ~ t . ~ . 0 ~ ~ 6 ~ ~  ~lZint.-(WlP~)-irrsoutheaftern ' New'MeiXco' *..--.-- i s  - both- 
u o r t  and m - t e ~ p r o t i i ~ i o n  of-pubTiF i ief l tk-.anUsafety. As a ma jo i  
element o f  t h i s  poncy, t h e O h a s a e l i n e a t & 3 ' . b S f e r  zones around the WIPP 
S i t e  i n  which resource recovery w i l l  be s t r i c t l y  con t ro l led  o r  prohibi ted 
(Figure 1). The incorporat ion o f  m u l t i p l e  b u f f e r  zones i n  the present 
design i s  a conservative approach t o  maintaining the i n t e g r i t y  o f  the s i t e  
and ensuring t h a t  emplaced wastes remain i so la ted  fran the  environment. The 
DOE recognizes, however. t h a t  the s ta te  o f  New Mexico r e l i e s  upon the 
roya l t i es  generated from resource recovery as a s i g n i f i c a n t  source o f  revenur 
and t h a t  other adverse econmic and soc la l  impact may r e s u l t  i f  access t o  the 
resources a t  the WIPP S i t e  i s  permanently denied. 

Accordingly, the DOE i s  i ssu ing  t h i s  I n t e r i m  Pol icy  statement on resource 
recovery a t  the  WIPP S i t e  t o  c l a r i f y  i t s  present pos i t i on  r e l a t i v e t o  those 
resource ex t rac t ion  a c t i v i t i e s  t h a t  t he  DOE bel ieves may eventual ly be 
al lowable w i t h i n  various por t ions o f  the  WIPP Site.  This i n te r im  pos i t ion  
i s  based on the  previously conducted long-term waste i s o l a t i o n  assessment 
t h a t  u t i l i z e d  a l l  ava i lab le  s i t e  geologic, hydrologic, and other per t inen t  
data. 

It i s  the  po l  i c y  o f  the DOE t o  maximize t h e  oppor tun i ty  f o r  resource recovery - 
a t  the WIPP Site,  consistent w i t h  the requirements t o  i s o l a t e  t he  emplaced 
rad ioac t i ve  wastes f r a n  the  b i  osphere. The i n t e r i m  ~ o l  i c v  i s  temporary-1 

-of a l l  resource ex t rac t ion  w i t h i n  the four  cont ro l  zones o f  the WIPP5ite 
u n t i  I -.t&.4eci s i on i s  m a @ - e r e ~ 4 ~ & ~ - ~ ~ 5 R e ~ @ p 7 ; i ~ w a s  t e  
wild-bbrptrieued. Within f i v e  years a f t e r  t he  f i r s t  emplacement o f  each type 
o f  waste (i.e., contact  and remotely handled), separate decisions w i l l  be 
made about t he  r e t r i e v a l  o f  each k ind  o f  waste. Should DOE decide t h a t  a11 
waste i s  t o  be retr ieved, t he  s i t e  w i l l  be ava i lab le  fo r  complete resource 
recovery. As an add i t iona l  p a r t  o f  t h e  i n t e r i m  policy, t h e  DOE i s  current ly  
undertaking analyses t o  i d e n t i f y  the  po ten t ia l  f o r  poss ib le  rad ia t ion  dose 
consequences o f  resource developnent w i t h i n  Control Zone I V  o f  the  WIPP 
Site.  The i n t e r i m  and f i n a l  Statements o f  Po l i cy  w i l l  be revised t o  include 
addi t ional  d e t a i l  i f  the r e s u l t s  of  these studies i nd i ca te  t h a t  the allowable 
ex t rac t ion  a c t i v i t i e s  could cause an unacceptable hazard t o  t he  publ ic heal th  
and safety. 

The c r i t e r f a  f o r  th; f i n a l  DOE p o l i c y  i s  t h a t  permanent denia l  o f  resources 
should be l i m i t e d  t o  those areas i n  which ex t rac t i on  a c t i v i t i e s  could 
p o t e n t i a l l y  lead t o  r a d i a t i o n  dose consequencss o r  which are necessary t o  
s a t i s f y  i n s t i t u t i o n a l  requirements; w i t h  the  exception o f  those areas requi red 
by i n s i t u t i o n a l  considerations, a l l  ex t rac t i on  a c t i v i  t t e s  t h a t  would n o t  
lead t o  unacceptable e f f ec t s  w i t h  the  waste permanently emplaced w i l l  be 
defined as "allowable" under the  ant ic ipated f i n a l  DOE ~ o l i c y .  F m  
rad ia t i on  dose 
-- _ -- a F i i E i e s  i s  - 



INTERIM POLICY STATEMENT -2- 

minor d i f fe ren tes  in  waste age do not a f f ec t  the potential ra 
consequences of exposure. @se 

Potash ( i  e .  sy lv i t e  and langbeinite) and hydrocarbons ( i  .e.. natural gas 
and d i s t i l l a t e )  comprise the  resources present a t  the WIPP S i t e  tha t  a r e  of 
i n t e r e s t ,  considering the technology and market conditions i n  the  foreseeable 
future. These resources and the methods available t o  recover them a re  
described i n  de t a i l  in  the  WIPP Final Environmental Impact Statement (Sections 
7.3.7, 9.2.3, and 9.6.5). 

The DOE ant ic ipates  t h a t  extraction of potash within Control Zone IV wi l l  
be "a1 1 owabl e" i f  t radi t ional  underground mining methods are  employed. 
Tradi tional methods include drill -and-blast, continuoiis mining, shortwall , 
and longwall tcchniques. I f  mining of potash is allowed, i t  i s  not 
reasonable t o  prohibit  those mining techniques tha t  make such an ac t iv i ty  
econcmically viable. To -_ limit - pot_ash I- ore extraction r a t i o s  t o  low values_ . 
js, i n  e f fec t .  t o  preclude suchhmiin.ing. Accordingly, i t  i s  anticipated 
t h a t  extraction r a t i o s  can be maximized in  any mines developed w i t h i n  
Control Zone IV of the  WIPP S i t e  consis tent  with mine safety  considerations 
and other s t a t e  and-federal  requirements. Solution mining i s  not now and 
wi l t  not be "allowable" within the l imi t s  of the  WIPP Site.  This r e s t r i c t i on  
does not a f f ec t  langbeinite recovery because langbeinite is l e s s  soluble 
than t h e  surrounding minerals ( i  .e., ha l i t e ,  sy lv i te )  so t ha t  solution 
minins f o r  t h i s  material would be ineffect ive.  The lack of ex is t ing  solution 
mining f o r  s y l v i t e  i n  t h e  Carlsbad potash d i s t r i c t  confirms t h a t  t h i s  r e s t r i c -  
t ion does not place a s ign i f i can t  economic hardship on the  producers o r  
s ign i f ican t ly  a f f e c t  s t a t e  revenues. 

T'k DOE an t ic ipa tes  t h a t  ;ecovery of hydrocarbon resources from Control 
Zone IV w i l l  be "allowablef' following a f i na l  decision on waste r e t r i v a l .  
This a c t i v i t y  includes d r i l l i n g ,  production stimulation, and, possihly, 
secondary recovery. Resources located beneath Zone IV may be accessed by 
ver t ica l  d r i l l i n g ;  resources located beneath the inner three control zones 
may be accessed by d r i l l i n g  ver t ica l ly  i n  Zone IV t o  a depth of 6,000 f e e t  
and then deviating.  from ver t ica l  a t  the  angle required t o  reach the t a r g e t  
resource zone. I t  i s  not r e a l i s t i c  t o  a l low'dr i l l ing f o r  hydrocarbon 
resources and,*if o i l  o r  gas is found, t o  prohibit  those techniques available 
t o  t h e  producer t h a t  maximize recovery. I t  is the  anticipated o f  
the DOE t h a t  analyses will confirm- acce~ tab f l_ i_~of  T enha j u o d u c t k n  
from d r i  11 ed welTs by hydraulically f ractur ing t h e e s e r v o ~ r - y p _ c k & c ! $ i ~  
the formation, o r  other app1 i c a b ~ e  techniques. These types of production 
st imulation a r e  us3d primarily t o  increase the permeability of the  rock tha t  
contains t he  hydrocarbons. Secondary recovery methods ( i -e . ,  techniques used 
t o  enhance o r  replace t h e  natural driving force t h a t  "pushes" the  o i l  t o  the 
production well)  may a l s o  be employed, b u t  because the resources present are  
primarily natural gas and not o i l ,  such techniques are  not expected t o  be 
useful. 

DO_E_ir:ends - ---.- t o  amend th_ems.enJ interim oolicy foll-@.ng completion-of-the, 
i - ~ ~ a T v s e s .  ~ f i  amendnen tm G x + u p i j n  the present policy by 
ident i fying t h e  extent t o  which resource recovery i s  anticipated t o  be "allorrabie" 



INTERIH POLICY STATMENT -3- - 
i f  radiqactive wqste i s  permanently emplaced. The amen-&me t twill not affect 
the --- interim .- policy ... ,.-- tha-t no-resource . . recovery ~ ~ . b e a l l w ~ d ~ , ~ t i ~ a ~  
retrievala'e~~sions ar_q.m&d%. 

The final DOE policy on resource recovery wil'lbe based upon the interim 
policy, i n s ~ r e q u i r m e n t s  in effect at  V i a m e ,  and data obtained 
during .. - development and operation of the facility. --- - - 
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USGS I5  MINUTE TOPOGRAPHIC 
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STATE OF N E W  MEXICO 
GOVERNORS CABINET 

SANTA FE 
87503 

BRUCE KIBG \ 

wwa*OI 

iiovember 17, 1981 

t?r. 0. T. Schueler 
Assistant Nanager f o r  Pro ject  

and Energy Programs 
U. S. Department o f  Energy-ALO 
P. 0. Box 5400 
A1 buquerque, NM 871 15 

Dear Mr. Schueler: 

This i s  i n  response t o  ftr. Joseph McGough's November 3, 1981 l e t t e r  conta in ing 
DOE'S In te r im  Pol icy  Statement on Resource Recovery a t  the UIPP S i t e  t o  be used 
as the basis o f  dose consequence analyses as required by i tm 6 o f  Appendix B of 
t he  St ipu la ted Agreement. 

-. 
The State i s  very in te res ted  i n  t h f s l n t e r i m  Pol icy  as wel l  as w i t h  l i t he r  land 
withdrawal and land use aspects a t  the WIPP si te.  Since we be l ieve  tha t  a 
rasource recovery p o l i c y  should only be adopted a f t e r  a thorough consequence 
analysis, wa w i l l  not  comment i n  de ta i l  on your I n t e r i m  Pol icy  u n t i l  we have had 
the  opportuni ty t o  review your analysis scheduled f o r  release i n  December, 
1981. IZe have the  fo l low ing  observations on the In te r im Policy: 

The po l i cy  statement impl ies t h a t  Zone I V  w i l l  be withdrzwn and under the  
cont ro l  o f  DOE. It i s  our understanding t h a t  a t  the  present t ime the 
Department o f  t he  I n t e r i o r  i s  not t r a n s f e r r i n g  Zone I V  t o  DOE but only Zones 
I - 111. The qugstion o f  who w i l l  have con t ro l  over a c t i v i t i e s  i n  Zone PI 
needs t o  be answered. 

The statement i s  s i l e n t  on what resource recovery may be permit ted i n  Zones 
I, 11, and 111 and impl ies t ha t  the current  analyses w i l l  no t  consider this. 
Fron a rad io log ica l  heal th  standpoint, resource recovery a c t i v i t y  i n  these 
zones i s  more inpor tan t  than i n  Zone I V  and should be evaluated i n  de ta i l .  
A t  scan? date i n  the future,  DOE w i l l  r e l i nqu i sh  admin is t ra t i ve  con t ro l  over 
Zones 1-111 and the consequences o f  rzsource recovery should be published. 

The po l i cy  s ta tes  t h a t  resource recovery w i l l  be con t ro l l ed  o r  p roh ib i ted  i n  
the bu f fe r  zones. How long a per iod i s  DOE using f o r  planning purposes? 

The stdement t h a t  secondary recovery o f  hydrocarbons may be permit ted i n  
Zone !Y i s  more permissive t h m  the statement on page 9-27 of the FEIS: 
"tlydrocarbon explorat ion i n  cont ro l  Zone I V  would be permit ted by DOE, but nr- 
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water flood recovery methods or extensive hydrofracture stimulation would be 
allowed." 

5. The terms "unacceptable hazard" and "unacceptable effects" need to be 
defined. Is  i t  based on exceeding a predetermined limit of exposure or on 
the presence of radiation, effects f n people? 

Thank you for sending the Interim Policy Statement. While we look forward to  the 
receipt of your analyses next month, we would appreciate your comnents at  th is  ..' blG!S. 

Sincerely, 

George S. Goldstein, Pb.D. 
Secretary 

-. cc: Joseph H. McGough, Project Manag~r on RIPP, DOE 
Larry kehoe, Secretary, Energy and Mn2rals Oepartmnt 
Joe Hewett, Secretary, Highway Department 
Jeff Bingaman , Attorney General 
L. Moodard, ELM, 001 
Chuck Li t t le ,  SEA, kstinghouse 
C/C File,  TSC 
Joe Canepa, Peputy P.ttorney General 



Department o f  ~ n & ~ ~  
Albuquerque Operations Off ice 
P.O. Box 5400 
Albuquerque, New Mexico 871 15 

DEC 2 9 

Dr. George 5. Goldstein 
Secretary 
Health and Environmental Department 
P.0, Box 968 
Santa Fe, NM 87503 

Dear Dr .  Goldstein: 

In te r im Pol icy  -Statement on Resource Recovery a t  the  WIPP S i t e  

This i s  i n  response to your November 17, 1981 l e t t e r  providing 
observations on and requesting c l a r i f i c a t i o n  o f  some o f  the  po in ts  made 
by the subject  document. 

We are i n  complete agreement t ha t  a resource recovery po l i cy  should be 
adopted on ly  a f t e r  a thorough consequence analysis has been performed. 
The In te r im  Pol icy was not, and i s  not  intended as, a DOE pos i t ion  on 
resource recovery t ha t  would al low resource extract ion canpanies t o  begin 
planning f o r  f u tu re  mineral recovery a t  the WIPP Site. Instead, the  
I n te r im  Po l i cy  provides a basis f r a n  which pert inent breach scenarios can 
be developed and analyzed; it w i l l  be modified before publ icat ion as a 
f i n a l  I n t e r i m  Policy. i f  necessary, t o  re f lec t  the resu l ts  o f  consequence 
studies present ly underway. 

Spec i f i c  issues ra ised i n  your recent l e t t e r  are addressed below: . 
1. A t  present, we have pending, an appl icat ion f o r  temporary withdrawal 
o f  lands i n  Zones I, I1 and 111. This appl icat ion was f i l e d  so t h a t  land 
could be withdrawn; thus, protected f o r  the duration o f  the S i t e  and 
Prel iminary Design Val idat ion (SPDV) Program. Zone I V  i s  not included i n  
t h i s  appl icat ion bu t  w i l l  be protected f r a n  some nonDDE a c t i v i t i e s  (e.g., 
deep d r i  1 l i n g )  by a Cooperative Agreement between WE and WI .  We have 
also f i l e d  a pennanent land withdrawal appl icat ion wi th the i n t e n t  of 
obtaining OOE administrat ive cont ro l  over the  lands w i th in  a l l  four zones 
o f  the  WIPP Site. 
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2. Allowing resource recovery f r an  Zones I. 11 and I11 i s  not current ly 
planned and consequently was not addressed i n  the In ter im Policy. The 
report, presently i n  preparation, discussing the e f fec ts  o f  resource 
extract ion a c t i v i t i e s  i n  Zone I V  w i l l  not provide analyses ~f short-term 
consequences o f  ext ract ion a c t i v i t i e s  i n  the other zones. The report 
w i l l ,  however, address i n d i r e c t l y  the potent ia l  l ong - ten  consequences o f  
resource extract ion at  any locat ion w i th in  the Zone I V  boundary. No 
discussion o f  po ten t ia l  short-term consequences o f  extract ion i n  Zones I, 
I1 and 111 was f e l t  necessary because it i s  un l i ke ly  t h a t  DOE w i l l  allow 
such a c t i v i t i e s  wh i le  i t re ta ins  administrat ive cont ro l  over the lands. 

I f  WE does desire, i n  the future, t o  al low some types o f  resource 
extract ion i n  Zones I, I1 and 111, the po ten t ia l  consequences w i l l  be 
evaluated p r i o r  t o  a f i n a l  decision on whether t o  al low or  disallow 
spec i f ic  a c t i v i t i e s  a t  the s i te .  I n  any case, denial o f  resource 
ext ract ion f r a n  Zones I, I1 and 111 would cause only a small percentage 
o f  the natural  resources a t  the  s i t e  t o  be lost .  As reported i n  the 
FEIS, more than h a l f  the hydrocarbon resources and more than two-thirds 
o f  potash remurces -are located i n  Zone I V .  Addi t ional ly,  it i s  believed 
tha t  deviated d r i l l i n g  from Zone I V  would allow ext ract ion o f  a l l  
hydrocarbon resources a t  the  WIPP Site. 

3. WE plans t o  maintain i t s  resource recovery po l i cy  a t  the WIPP S i te  
f o r  the durat ion o f  i t s  administrat ive cont ro l  over the  s i t e  lands. I n  
the FEIS, it was assumed to be reasonable tha t  administrat ive control 
would ex i s t  f o r  a minimum o f  100 years. 

4. A t  the time o f  publ icat ion o f  the FEIS, studies necessary t o  evaluate 
the ef fects o f  primary production st imulat ion and secondary recovery o f  
hydrocarbons had not  been conducted. Thus, t o  maintain the consistently 
conservative posture o f  the  WIPP Project, DOE elected t o  preclude these 
hydrocarbon recovery methods u n t i l  fu r ther  study could be undertaken. As 
noted i n  the second paragraph o f  t h i s  l e t t e r ,  the  In te r im Policy was 
intended t o  provide d i rec t i on  r e l a t i v e  t o  the types o f  breach scenarios 
that  should besonsidered and analyzed. I n  development o f  the statement, 
it was f e l t  unreasonable t o  al low an ext ract ion company t o  complete an 
exploration we l l  ( a t  great cost) and t o  then no t  allow the operator t o  
per f  o m  whatever -techniques he deemed useful t o  regain h i s  investment. 
Thus, f t  was f e l t  essent ia l  tha t  the po ten t ia l  consequences of a l l  types 
o f  production enhancement be evaluated before general d i s t r i bu t i on  of a 
pol f cy on resource ex t ract ion.  

5. Presently, the po ten t i a l  dose consequences o f  resource extract ion a t  
the WIPP Site are deemed unacceptable i f  the po ten t ia l  hazards to publ ic 
health and safety exceed those o f  the breach events considered i n  the 
FEIS and SAR. 
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We are cur ren t l y  on schedule i n  the preparation of the report on the 
po ten t ia l  consequences of resource recovery at  the WIPP Si te  and plan t o  
submit a d ra f t  t o  the State i n  December. I f  you have fur ther  questions 
o r  comnents on t h i s  matter, please ccntact me. 

Sincerely, 

'd1PP:Jm 81-5135/5190 

cc: 

J. M. HcGough 
I 

Project  Manager 
511PP Project Of f i ce  

D;-T. Schueler, AMPEP, ALO 
R. H. N e i l l ,  Director, EEG, Santa Fe, NM 
W. Weart, Org. 4510. SNLA 
J. F. McNett. OCC, ALO 
G. I.. Hohmann, TSC' 
C. C. L i t t l e ,  TSC 
CM: F i l e .  IEA, TSC 
L. H. Harmon, NE-30, USWE. HQ 
W. F. Jebb, WIPP, Carlsbad S i t e  Of f i ce  
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ENVIRONMENTAL EVALUATION GROUP 
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iJ d a 2 d m m ~ t  Sania Fe. NM B750cOgSB 
15051 827-5481 , 

I,!?. Joseph RcGough 
Project Ranager on VIP? 
K I ? ?  Project Office 
U. 5. Department of Energy 
Albuquerque Operations Office 
P. 0. Box 54.00 
A?:>uq~rrquc. Ntd 871 15 

Ddnr Mr. t4cGough:- 

Th? Envircnnontal Evaluation Group has review2d'D9Appolonia's Draft Rsport, 
''il=tural Zesources Study" which you transmitted t o  us on January 29, 1982. There 
is  attached a suntmary o f  our comments. 'Cle would appreciate your response t o  - t:?=se co~ments and,uill be ple~s2d t o  discuss then i f  you have any questionA, 

cc: George S. Goldstein, Ph.D., Secretary, Health & Environment Department 
Larry Kehoe, Secretary, Energy and Minerals Departrecnt 
Joe Hewett, Secmtary, Highway Departnent 
Thomas E. Baca, Director, Envi ronmsnta: Improvement Division 
Joe Canepa, Attorney a t  Law 
Vendell ka r t ,  Kanager, Sandia Laboratories 
Chuck L i t t l e ,  Hestinghouse Electric Corporation 
TSC. IEA 
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Draft  Report on Natural Resources Study. 

Waste I s o l a t i o n  P i l o t  P la t  (WPP) Project 

Southeastern Ncw Mexico 

Comments by 

Envi ronmental Eva1 ust  i on Group 

Environmental I n p r o v ~ z e n t  D iv is ion  

Heal th  and Envi ronsent Cepariment 

P. 0. box 968 

Santa Fe, Ner* h x i c o  

87503 

February 22. 1932 



1.  The report f a i ~ k  t o  comprehensively address the question of nev explora- 

t ion.  Heithw the D3E Interim Policy stateaent (Section 1.4) nor tine balance 

oi the report indicate that any restrictions will be imposed on new explora- 

t i cn  fo r  nziural resources, only extraction. Since certain exploratory 

txhn iques  may seriously affect  the integrity of the repository, the Interim 

Pslicy Statenent should impose restrictions similar to  those for  removal. 

2. I t  i s  recognized that .the construction of solution cavi t ies  fo r  storage of 

hydrocarbons does not constitute exploration or' mining for natural resources; 

h-. u.vevcr, . i t  is an extraction technology; i t  is very relevant t o  gas and oil 

r ~ s o u r c e s ;  it is becoaing an increasingly popular practice; and it has not 

p;zviously been exanined by DOE. Therefore, EEG recormends that  it be i n -  

- Cloded and the  impact analyzed in the Final Policy Statenent and Report on 

ta tura l  Resouces, 

3. I t  is noted that  tinis report addresses the extraction i n  Zone IV only, 

which is consistent with the  present Interia Policy. I t  should be noted that  

i f  a t  sme future date, DOE proposes t o  modify that  Policy t o  allow extrac- . 
t i ons  from Zones I1 or 111, it would be necessary t o  make a new analysis of 

t k s  impact of such change. 

1. Section 1.4, DOE Interin, Policy S t a t cen t  -- In a l e t t e r  dated Novmber 

- 17,  I ,  Dr. George Goldstein, Secretary for Health and Environment of Men 



Msxi::o, submit ted severa l  comments w i t h  respect  t o  the DOE In ter im Policy 

Statement .  Althoagh a le t ter  from J. M. l9cGough of t h e  DOE Albuquerque - 
Opera t ions  Off ice  r$ponded t o  Dr. Golds te in ' s  comments, t h e  In ter im Policy 

Sta tement  was not modified and t h e  r epor t  f a i l e d  t o  e i t h e r  c l a r i f y  o r  amend 

the m.Siguous passages of t h e  Pol icy  Statement. For example, t h e  phrases 

"unacceptable  e f f e c t s "  (p. 1-6) and "allowable e f f e c t s "  (p. 1-8) remain 

undefined.  EEG recommends t h a t  t h e  s tatement  be revised  t o  r e f l e c t  Dr. 

G o l d s t e i n ' s  previous c o m e n t s  and t h e  corrmonts conta ined  herein.  

2. Sect ion  2.1.1. Page 2-2, second paragraph -- The repor t  is i n c o n s i s t e n t  i n  

s t a t e m e n t s  about  t h z  depth  a t  which potash may be found. T h i s  s e c t i o n  s t a t e s  

t h a t  it i s  n o t  wi th in  400 feet of t h e  r epos i to ry  horizon. T a b l e  1 i n d i c a t e s  

l a n g b e i n i t e  a s  low a s  1800 feet (350 f e e t  above t h e  r e p o s i t o r y  horizon). 

However, Table  5 i n d i c a t e s  dep ths  as lw a s  2300 feet (150 feet belwd t h e  - 
hor izon) .  I t  would be  h e l p f u l  i f  t h e  r e p o r t  i nd ica ted  where the potash  mines 

l i s t e d  i n  Table  5 a r e  l o c a t e d ,  a n d  what a r e  t h e  ac tua l  dep ths  t o  potash  wi th in  

t h e  site. 

3. S c i t i o n  3.1.1.1, Page 3-1, l a s t  paragraph - It is emphasized t h a t  e n p i r i -  

c a l  d a t a  f o r  t h e  p r e s s u r e  a r c h  theory  is based on coal mining experience.  . 
The a p p r o p r i a t e n e s s  and a p p l i c a b i l i t y  for mines i n  salt needs t o  be 

addressed .  - 
-- 

4. S e c t i o n  3.1.1.2, Page 3-3, l a s t  paragraph -- The a u t h o r  should  z l s o  i n -  

c l u d e  d a t a  from s t u d i e s  parformed by Sandia using e l a b o r a t e  rock mechanics 

C O ~ ~ S ,  a s  conta ined  i n  t h e  f? l lowing reference:  



Morgan, H. S., Krieg, R. D., Iktalucci , R. V., "Conparative Analyses of 

Nine Structural Codes Used in the Second UIPP Benchmark Problem," 

Sand-81-1839. Sandia National Laboratories, Albuquerque, N.14. 

5. Section 3.1.1.2, Page 3-5, f i r s t  l in?  -- This sentence assumes that the 

stress-relaxation process which occurs prior t o  establishing steady-state con- 

di t ions,  cannot be studied. This assumption seems to be incorrect since the 

problem of transient creep i s  treated i n  great detail  i n  report ECM-89. (See 

reFerence provided in corimnt 4 above.) Ths report also. contains a program 

for the HP-41C pocket calculator. 

6. Section 3.1 -1 -2, Page 3-5 3rd paragraph -- This paregraph addresses the  

zone of influence of a potential potash mins w5en superimposed by t h e  

influence 07 the  UIP? repository and concludes that  a separation of 2,10(1 f ee t  

- 
assures that  interaction w i l l  not occur. T h i s  conclusion seems t o  be based on 

the  assumption that  tha existing rock between thz WIPP and the potential PO- 

tash mine is  reasonably stable. However, i n  Zone 111, north of the  reposi- 

tory, there is a zone of "anonalous seismic reflection" where the structure is 

presently unknvm.  Also the  pmsence of brine a t  WIPP-12 suggests that  frac- 

t u r i n g  within t h e  Casti le  may be extensive. Further infoination is needed on . 
t h i s  anoxalous zone bzfore it can be concluded that 2,100 feet  is sufficient.  

- 

7 .  Section 3.1 -1.2,'Page 3-5, 3rd paragraph -- The conclusion that  the 

effects  of mining tho WIPP repository will only extend t o  203 fee t  beyond t h e  

per5moter of t h e  repository, the effect  of a single panel, is not convincing. 

1. potash mining ac t iv i ty  approaching the WIP? repository from the nor th  faces 



a 2560' x 33' room running east-west and crossed by 18 rooms running 

north-south. It may be b e t t e r  t o  node1 the NIP? f a c i l i t y  by some e f f e c t i v e  .- 

cav f t y .  Also, since potash mining may extend t o  depths from the t-kNutt zone 

t o  2;W f e e t  (see conmont 2 above), i t may be preferable t o  approximate t he  

ex ten t  o f  WIPP inf luence on the  potash mine by the extent o f  possible subsi- 

dence area over the WIPP. 

8. Sect ion 4.1, page 4-2, 3rd paragraph -- The assumption that: p l u ton iua  

would d i sso l ve  a t  the sane r a t e  as tine Sa1a:o fwmation i s  undoubtedly conser- 

v a t i v e  i f  t h e  s a l t  i s  a c t u a l l y  a l l  dissolved ( t h i s  would g ive a concentrat ion 

o f  = 1.6 mg/t Pu i n  t he  br ine).  However, leaching of Pu from the  waste can 

occur i n  t he  absence of n ~ t  s a l t  d isso lu t ion.  Studies a t  PNL* have shown t h a t  

about pe r  year o f  p lu ton iun  oxide fue l  pe l l e t s  would leach i n t o  "HIPP-0" 

br ine.  At  t h i s  leach r a t e  it would take 500 yezrs t o  get a concentrat ion of  
h. 

1.6 mg/; and s o l u b i l i t y  l i m i t s  would probably prevent t h i s  high a concentra- 

t i o n  from ever occurring. It i s  recornended that  the  f i n a l  repor t  recognize 

t h a t  some waste leaching w i l l  occur i f  b r ine  i s  i n  contact w i t h  t h e  waste. 

Also, leach ing  by br ine  i s  more p laus ib le  than scenarios t h a t  requi re  l a rge  

volunes o f  t h e  Salado format ion t o  be dissolved. 

*Brzdley, D.J., Harvey, C.O., and Turcotte,  R.P. Leachicg o f  Act in ides and 

Technetium from Simulated High-Level Glass (?!k-3152), kUguSt 1979. 



1. Comment: 

YThe report fails to comprehensively address the question of new 
exploration. Neither the DOE Interim Policy Statement (Section 1.4) 
nor the balance of the report indicate that any restrictions will be 
imposed on new exploration for natural resources, only extraction. 
Since certain exploratory techniques may seriously affect the 
integrity of the repository, the Interim Policy Statement should 
impose restrictions similar to those for removal.' 

Response: 

The report indicates that exploration activities are an integral part 
of resource development for both potash and hydrocarbons. As 
exploration is an essential portion of resource development, it is 
implied that restrictions placed on extraction activities would also 
apply to new exploration. Additionally, it is highly unlikely that 
resource companies would spend money to explore areas that are closed 
to resource extraction; however, a phrase will be added to the 
introduction to address exploration activities. 

2. Comnent: 

'It is recognized that the construction of solution cavities for 
storage of hydrocarbons does not constitute exploration or mining for 
natural resources; however, it is an extraction technology; it is 
very relevant to gas and oil resources; it is becoming an 
increasingly popular practice; and it has not previously been 
examined by DOE. Therefore. EEG recommends that it be included and 
the inpact analyzed in the Final Policy Statement and Report on 
Natural Resources.' 

Response: 

A statement d l 1  be added to the report prohibiting any extraction 
activities at the WIPP site other than those discussed in the report. 
without prior approval of the DOE. It is unlikely, however, that DOE 
would allow construction of storage cavities at the site because 
there are many other suitable locations in the Delaware Basin for 
construction of a e s e  cavities. 

3. Coment: 

"It is noted that this report addresses the extraction in Zone IV 
only, which is consistent with the present Interim Policy. It should 
be noted that if at some future date, DOE proposes to modify the 
Policy to allow extractions from Zones I1 and 111, it would be 
necessary to make a new analysis of the impact of such change." 



Response: 

Substantial modif ication of port ions o f  the repor t  would l i k e l y  be 
necessary should DOE choose t o  examine the  impacts o f  resource 
recovery from Zone I1  or Zone 111. 

SPECIFIC COI4MENTS 

1. Comment: - 
"Section 1.4, DOE Interim, Po l i cy  Statement -- I n  a l e t t e r  dated 
November 17, 1981, Dr. George Goldstein, becretary f o r  Health and 
Environment o f  New Mexico, submitted several comaents w i th  respect t o  
the DOE In te r im Pol icy  Statement. Although a l e t t e r  from J. #. 
UcGough o f  the DOE Albuquerque Operations Of f ice responded t o  Dr .  
Goldstein's coments, the In te r im Po l i cy  Statement was not modif ied 
and the repor t  f a i l e d  t o  e i ther  c l a r i f y  o r  amend the ambiguous 
passages o f  the Po l i cy  Statement. For example, the  phrases 
nunacceptable ef fectsw (p. 7-61 and 'allowable e f fec tsY (p. 1-8) 
remain undefined. EEG recomaends t h a t  t h e  Statement be revised t o  
r e f l e c t  Dr.  Goldstein's previous comments and the coments contained 
herein." 

Response: 

The DOE In te r im Po l i cy  Statement was included i n  the repor t  for  
h i s t o r i c a l  perspective and t o  ind ica te  t h a t  cer ta in  ext ract ion 
a c t i v i t i e s  would not be allowed a t  the s i t e  and thus would not  be 
evaluated r e l a t i v e  t o  t h e i r  i act. The precise de f i n i t i ons  o f  
munacceptable effectsw and 'a1 7 owable ef fects '  are no t  germane t o  t he  
technical content o f  the  report, because no e f fec ts  are expected t o  
r e s u l t  from resource recovery i n  Zone IV .  

I t  should be rea l ized tha t  the  I n te r im  Po l i cy  Statement was developed 
not as a lega l  document but  t o  provide a basis w i t h  which the 
po ten t ia l  e f fec ts  o f  resource recovery could be studied. 

'Section 2.1.1 ?age 2-2, second paragraph -- The repo r t  i s  
inconsistent i n  statements about the  depth a t  which potash ow be 
found. This sect ion states t h a t  it i s  n o t  w i t h i n  400 f e e t  o f - t he  
repos i tory  horizofi. Table 1 ind icates langebini te as low as 1800 
fee t  (350 f e e t  above the repos i tory  horizon]. However, Table 5 
indicates depths aS low as 2300 f e e t  (150 f e e t  below the  horizon). 
I t  would be he lp fu l  i f  the repor t  indicated where the potash mines 
l i s t e d  i n  Table 5 are located, and what are the  actual depths t o  b " 

potash w i th in  the site.' i+ 1 

b it, 

Response: '---/.' 
The depth t o  the base o f  the  McNutt potash member o f  the Salado 
Fornation i s  about 1740 f e e t  a t  ERDA-9, o r  approximately 400 f e e t  
above the storage horizon. The depth a t  which potash i s  found i n  the  



- basin varies a$ the depth to the McNutt potash member varies, which 
is dependent an the occurrence of strata dip, structural features and 
changes in topography. The base of the McNutt is at a depth of 
aproximately 1600 feet in the northern part of Zone IV; at a depth of 
about 1500 feet in the western part of Zone IV; at a depth of about 
1550 feet in the southern part and at a depth of about 2000 feet in 
the eastern part. The depths to potash nineralization were included 
in the report primarily to indicate the depths at which potash mining 
experience exists. The location of the drillholes or nines from 
which depth measurements were obtained are available from the 
reference given in the tables or from naps prepared for UIPP or for 
other purposes and included in published project documents. 

"Section 3.1.1.1, Page 3-1, last paragraph -- It is emphasized that 
empirical data for the pressure arch theory is based on coal mining 
experience. The appropriateness and applicability for mines in salt 
needs to be addressed." 

Response: 

The pressure arch theory is a sound, proven concept and should be 
applicable to nearly any underground opening. As noted in the 
report, limited data exist for mines in salt compared to the 
extensive data base developed from coal mining experience. Further 
attempts, however, are underway to obtain more data on potash mining 
to strengthen the conclusions reached relative to mining effects. In 
any case, the report will be modified to demonstrate the 
approprfateness of the methodology used relative to the pressure arch 
theory. 

4. Comment: 

'Section 3.1.1.2, Page 3-3. last paragraph -- The author should also 
include data from studies performed by Sandia using elaborate rock 
mechanics codes, as contained in the following reference: . 
Morgan, H. S., Krieg, R. D., tlatalucci, R. V., .Comparative Analyses 
of Nine Structural Codes Used in the Second WIPP Benchmark Problem.' 
SAND-81-1839, Sadia National Laboratories, Albuquerque, N.M." 

Response: -- 
The Benchmark studies were directed at determining predicted 
stress-strain behavior of the WIPP underground workings in the near 
field. The effects that potash mining in Zone IV might produce on 
the UIPP facility are certainly not near-field. 'Thus, the 
applicability of the Benchmark analyses relative to this problem is 
not apparent. 



I n  any case, more sophist icated techniques, such as gconechanical 
nodeling using f i n i t e  element techniques are not necessary. This i s  
p r i m a r i l y  because the  resu l t s  of f i r s t  approximations as described i n  
the  report, using very conservative assumptions, demonstrate the 
i n t e g r i t y  o f  a s i gn i f i can t  bu f fe r  zone between potash mines developed 
i n  Zone I V  and the WIPP f a c i l i t y .  

5. i;rment: 

'Section 3.1.1.2, Page 3-5, f i r s t  l i n e  -- This sentence assumes tha t  
the  stress-relaxat ion orocess which occurs o r i o r  t o  establ ishina - - - - . . - - . - - . . - . . . . . 
steady-state conditions, cannot be s t ~ d i e d . ~   his assunption se;m t o  
be incorrect  since the  problem of t ransient creep i s  t reated i n  great 
d e t a i l  i n  repor t  ECN-89. (See reference provided i n  coment 4 
above.) The repor t  also contains a program for the HP-41C Docket . . 
calculator."  

Response: 

The sentence referenced in the  c o m n t  w i l l  be nodi f  ied  t o  ind icate 
t h a t  the model used t o  determine zane o f  inf luence around underground 
openings cannot be used t o  address t ransient creep phenomena. The 
determination o f t h e  t rans ien t  creep character ist ics are unimportant 
i n  t h i s  instance because the cumula t i ve  e f fec ts  o f  stress-relaxation 
on the surrounding strata,  produced by a potash mine o r  the  WIPP 
f a c i l i t y ,  are o f  primary concern. 

6. Conaaent: 

"Section 3.1.1.2, Page 3-5 3 rd  paragraph -- This paragraph addresses 
the  zone o f  in f luence o f  a ~ o t e n t i a l  Dotash mine when su~e r imosed  by 
the inf luence o f  the WIPP repos i tory  and concludes t h a t  a separation- 
o f  2,100 f e e t  assures t h a t  in te rac t ion  w i l l  not occur. This 
conclusion seem t o  be based on the assurption t ha t  the ex is t ing  rock 
between the WIPP and the  po ten t i a l  potash mine i s  reasonably stable. 
However, I n  Zone 111, nor th  o f  the  repository, there i s  a zone o f  
"anomalous seismic r e f l e c t i o n w  where the s t ructure i s  present ly 
unknown. Also t he  presence o f  b r ine  a t  UIPP-12 suggests t h a t  
f r ac tu r i ng  w i t h i n  the  Cas t i l e  nay be extensive. Further information 
i s  needed on t h i s  anomalous zone before i t  can be concluded t h a t  
2,100 f e e t  i s  sufficient.. 

Response: 

The 'zone o f  a~omalous seismic r e f l e c t i o n  dataw extends less than 
h a l f  a m i l e  i n t o  Zone I11 a t  t h e  Cowden Anhydrite horizon. No 
disturbance has been noted a t  UIPP storage horizon; i n  fact ,  there i s  
very l i t t l e  steepening o f  s t r a t a  a t  the storage horizon. A t  the 
HcNutt potash zone horizon, the  s t ra ta  i n  the northern p a r t  o f  Zone 
I V  are near ly  hor izonta l  and unaffected by the steepening o f  the 



Castile Formation. Additionally, core obtained from boreholes 
located in the' Salado Formation in the northern part of the Zones 111 
and IV  has ndt shown evidence of fracturing or deformation. Further, 
it is highly unlikely that any fracture created in the Salado 
Formation would remain open and permeable, due to the geomechnical 
properties of salt rock. It should be remembered that the fracture 
networks that are brine-containing in the Castile Formation are 
confined to thick anhydrite layers. Even in areas where fractures in 
Castile anhydrites are present, these fractures generally terminate 
at anhydrite-halite contacts. Thus, it is highly improbable that the 
'zone of anomalous seismic reflection datan represents any geologic 
condition that would impact the determination of the zones of 
influence of a potash nine or the WIPP underground workings. 

Coment: 

"Section 3.1.1.2, Page 3-5, 3rd paragraph -- The conclusion that the 
effects of mining the WIPP repository wiil only extend to 200 feet 
beyond the perimeter of the repository, the effect of a single panel, 
is not convincing. A potash mining activity approaching the WIPP 
repository from the north faces a 2560' x 33' room running east-west 
and crossed by 18 rooms running north-south. It may be better to 
model the WfPP facility by some effective cavity. Also, since potash 
mining may extend to depths from the McNutt zone to 2300 feet (see 
Comnent 2 above), it may be preferable to approximate the extent of 
WIPP influence on the potash mine by the extent of possible 
subsidence area over the WIPP.. 

Response: 

The statements that describe the independence of individual rooms 
within the WIPP underground facility will be better substantiated in 
the final report. It should be noted, however, that the length of 
the cavity is irrelevant as a cylinder of infinite length was assumed 
in the analysis. Relative to the expected depths of potash mining in 
Zone IV, see the Response to Conment 2 of the Specific Coments. 

Coment: . 
"Section 4.1, page 4-2, 3rd paragraph -- The assumption that 
~'lutonim would dissolve at the same rate as the Salado Formation is 
undoubtedly conservative if the salt is actually all dissolved (this 
would give a concentration of 1.6 ng/l Pu in the brine). However, 
leaching of Pu from the waste can occur in the absence f net salt 
dissolutfon. Studfes at PNL* h a w  shown that about lo'$ per year 
of plutonium oxide fuel pellets would leach into "WIPP-B. brine. At 
this leach rate it would take 500 years to get a concentration of 1.6 
ng/l and solubility limits would probably prevent this high a 
concentration from ever occurring. It is recomaended that the final 
report recognize that some waste leaching will occur if brine is in 

- *Bradley. D. J., Harvey, C. O., and Turcotte, R. P. Leaching of Actinides 
and Technetium from Simulated High-Level Glass (PNL-3152), August 1979. 
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contact wi th the waste. Also, leaching by br ine i s  more p laus ib le  
than scenari0.s that  require large volumes o f  the Salado formation t o  
be dissolved."' 

Response: 

The report  simply restates the assumptions tha t  were used i n  
development of the MIPP long-term waste i so la t i on  assessment. The 
assumption tha t  the waste i s  as soluble as the encapsulating s a l t  i s  
basic t o  the scenario analyses perforned f o r  t h i s  assessment. 
Although some leaching of plutonium oxide might occur under f lowing 
conditions, some dr iv ing  force must be present t o  cause b r ine  t o  
enter and leave the f a c i l i t y  and pathways f o r  br ine t o  enter and 
leave must be established. The analyses and discussion i n  the repor t  
ind icate t h a t  resource ext ract ion a c t i v i t i e s  i n  Zone IV would not 
s i gn i f i can t l y  contr ibute t o  tine creat ion o f  necessary pathways o r  
d r i v i ng  forces. 

9. Comment: 

'Section 4.2, page 4-2 -- As previously discussed, the zone o f  
inf luence i n  the  northern sector o f  Zone I11 as a r e s u l t  o f  potash 
mining cannot-be determined wi th  r e l i a b i l i t y  because the s t ructure 
over the disturbed zone i s  unknown. I t  may contain s i gn i f i can t  
f ractures and be i n  d i rec t  comunications w i th  Zone 11. See Comment 
17 f o r  recomncnded action: 

Response: 

See Response t o  Colrnent 6 o f  Speci f ic  Comnts .  

'Section 4.2, page 4.2 -- It would seem t h a t  f resh water would not  be 
reauired t o  move through a more permeable formation around the 
rel;ository. Brine w i t 6  some d r i v i ng  fo rce  should be able t o  f low 
through a permeable s a l t  fonnation." 

Response: . 
The permeabi l i ty  o f  undisturbed Salado s a l t  i s  qu i te  low and would 
al low very l i t t l e - f l u i d  f low through the  fonnation. The areal  extent  
o f  mining-caused elevated perneabi 1 i t y  i s  very 1 imited around both a 
hypothet ical  potash mine and the WIPP f a c i l i t y .  No overlap o f  the  
zones o f  increased permeabil i ty would be expected, thus, a 
p re fe ren t i a l  flowpath f o r  f l u i d  t r a v e l  would no t  be created. 

I f  br ine  were t o  saturate the  zone o f  increased permeability,. no 
addi t ional  d isso lu t ion could occur. Addi t ional ly,  the  f r ac tu re  
network representing the zone would not be expected t o  remain open 
f o r  any s ign i f i can t  time i n te rva l  based on the creep-closure 
propert ies o f  sa l t .  



'Section 4.2.1, page 4-3 -- The Interim Policy Statement does not 
appear to impose any restrictions on exploratory drilling in Zones 11 
or 111. If such restrictions were intended, it should be stated m r e  
clearly.' 

Response: 

See Response to Coment 1 of General Coments 

Comment : 

"Section 4.2.1.1, page 4-3, first paragraph -- See C o m n t  2 above 
concerning the separation between the potash ore and the repository 
horizon. Also see Comraent 11 above." 

Response: 

See Response to Coment 2 of Specific Coments and C o m n t  1 of 
General Comaents. 

Comment: 

'Section 4.2.1.1. -- Uhy is it necessary to dissolve the (entire) 
one-mi Ie-wide buffer strip to get to the repository? Could not fresh 
water follows fractures, idissolving salt dong the way) between 
potash mine and repository? The probability of dissolving in a 
straight line between the repository and mine nay be low but 
subsidence (page 3-81 and zone of influence (page 3-3) effects could 
provide a preferential pathway for part of the distance between Zone 
I1 and 111." 

Response: 

This section will be modified to clarify its intended meaning. It 
was not meant to imply that the entire one-mile-wide buffer nust be 
dissolved for fluids to reach the UIPP facility. It is understood 
that fluids would seek preferential pathways (if such pathways 
exist). The primary purpose of Chapter 3 is to describe the expected 
extent of any preferential pathways created by resource extraction 
activities or by WIPP facility construction. As shown in this 
chapter, the effects on surrounding strata created by mining for 
potash in Zone W a n d  by construction of the WIPP facility do not 
overlap. Given the expected extent of effects from construction of 
these underground openings, millions of years would be required for 
fluids to dissolve a sufficient amount of halite to create a pathway 
from a mine in Zone I V  to the WIPP storage facility. 



14. Conment: 

*Section 4.2.21, page 4-4 -- As previously indicated, mining of 
potash i n  the northern sector o f  Zone I V  indeed may establ ish 
communications wi th  Zone I 1  a t  the reposi tory horizon. The zone o f  
anomalous seismic ref lect ions encompasses v i r t u a l l y  a l l  o f  Zone I11 
and port ions of Zone 11; there i s  a large b r ine  reservo i r  a t  YIPP-12; 
thus there i s  considerable disturbance i n  Zone I11 which may extend 
t o  the reposi tory horizon. Additional in fornat ion i s  needed on t h i s  
disturbed area before i t can be known wi th  confidence t h a t  potash 
mining i n  Zone I V  can be allowed. See also Conment 13 above." 

Response: 

The analyses performed t o  avalute the e i f x t s  o f  potash mining 
ind ica te  t h a t  mining i n  Zone IY w i l l  no t  estab l ish conminications 
wi th  Zone 11. 

Also, see Response t o  Coment 6 and Coment 13 o f  Speci f ic  Colments. 

"Section 4.3.1 --   here i s  a question concerning deviated d r i l l i n g  
i n t o  the Ramsey sand. Since t h i s  formation i s  less than 6,000 f e e t  
deep zones I, 11, 111, it could not  be developed under the po l i cy  
s ta ted on page 1-9. The question i s  whether t h i s  formation would not  
be developed under the inner zones o r  whether a variance would be 
permitted." 

Response: 

Deviated d r i l l i n g  i n t o  the Ramsey sand under Zones I, I1 and I11 w i l l  
not  be allowed. Disallowing t h i s  act ion w i l l  maintain the  
conservative approach taken by DOE on MIPP development. 
Addi t ional ly,  denial o f  d r i l l i n g  i n t o  the  Ransey sand under the  inner 
three Control Zones should not cause a substant ia l  volume of 
hydrocarbons t o  remain untapped because the  Ramsey sand i s  not  an 
a t t r a c t i v e  explorat ion ta rge t  i n  the s i t e  area. 

uSectfon 4.3.2, P;ige 4-8, paragraph 2 -- What i s  the basis f o r  the 
statement (on page 4-81 tha t  the Capftan aqui fer  potentiometric 
aradient i s  high enough t o  reach the surface a t  the UIPP s i t e ?  Hiss' 
aata show the  potenti&netric surface t o  t he  north o f  t h e  s i t e  as 
2900-3200 f e e t  ( f resh water equivalent), compared t o  a surface 
e levat ion o f  3400 f e e t  a t  the site.' 

Response: 

The sentence should have stated tha t  the potent ionet r ic  gradient of 
the  Capitan and the ground surface i n  the  WIPP s i t e  area i s  
i n s u f f i c i e n t  t o  dr ive f resh water t o  the surface. 



Coment: . 
"Section 5.0, page 5.1, last paragraph -- It is the conclusion of EEG 
that the mlnina ot Dotash in Zone IV should not be allowed until 
after the conpietion of the analysis of the zone of anomalous seismic 
reflection in Zone I11 and of WIPP-12. Therefore, the decision on 
allowing extraction of natural resources within Zone IV should be 
delayed until after the State has commented on the DOE reports on 
Brine Reservoirs and the Disturbed Zone." 

Response: 

See Response to Coment 6 of Specific Comnents 

The report is in final editing and these as well as other editorial item 
will be corrected in the final report. 



"Equal O~partunity Ernplayer.. 

ENVIRONMENTAL EVALUATION GROUP 
EEMuROFI~EN? 320 P.O. M2-r~ 83' 2 3  Sc-er: 

d m - ,  Santa Fe. NC E7504-0968 

October 26, 1982 

Joseph V. Mctiough 
:!IPP P r o j e c t  ??andger 
rJ. S. Department o f  Energy 
A1 bilquerque Operat ions O f f  i c e  
P. 0. Box 5400 
A1 buquerque, NM 871 15 

Deai. Mr. kCougn: 

Pursuant t o  ou r  conversa t ions  over t h e  pas t  several weeks. I wanted t o  c o n f i r m '  
t h e  EEG's concern r e l a t i v e  t o  DOE'S issuance o f  a  "Po l i cy  on Resource P3coveryu 
w i t h o u t  g i v i n g  t h e  S t a t e  amp1 e  oppor tun i ty  f o r  review. Ce have a  n m b e r  o f  
ques t ions  about t h e  re l inquishment  o f  Zone i:' con t ro l ,  a  few o f  which a r e  
conta ined be la * .  I request  t h a t  you i nvo l vc  us a t  t h e  e a r l i e s t  p r a c t i c a l  stage 
i n  t h e  review process t o  assure t h a t  we can work together  c o n s t r u c t i v e l y  on t h e  
resource recovery issues. 

A few o f  our  ques t ions  about t h e  DOE p o l i q  fo l iow:  

W i l l  s o l u t i o n  m i n i n g  be  a l l w e d  i n  Zcna I,,;? 
I f  so, how w i l l  i t  be c o n t r o l l e d ?  
W i l l  s to rage c a v i t i e s  be  a l laved? 
W i l l  t h e r e  be any r e s t r i c t i o n s  on e x t r a c t i c n  o r  s tc rage c a v i t i e s  i n  any o f  
t h e  e v a p o r i t e  f o r n a t i o n s  i n  Zone I\'? 
M i l l  d i r e c t i o n a l  d r i l l i n g  be al lowed ir! Zone I I I ?  
M i l l  e x t r a c t i o n  o f  b r i n e  r e s e r v o i r s  i r :  t h e  C a s t i l e  f r o a  Zone I V  pern i  t 
dra inaqe o f  b r i n e  from underneatn t h e  i n n e r  zones? 
M a r  w i l l  t h e  b t e r i m  Po l i cy  Statenen? say regard ins  r e s t r i c t o n s  i n  zones? 
H i l l  t h e  MVJ between BLl.1 and/or t W S  a! l w  COi t o  have any i n p u t  concerning 
f u t u r e  r e q u e s t s - j o r  a c t i v i t i e s  i n  Zone !I!? O r  w i l l  i t  be c ~ n p l e t e l y  o u t  o f  
DOE'S hands? 
!.mat has b e c m  o f  t h e  i n t e r i m  DOE po:ic;' t o  p e m i t . n o  e x p l o r a t i o n  o r  
e x t r a c t i o n  b e f o r e  1993? 

10. How w i  11 Zone I V  be c o n t r o l  l e d  i f  i t i s  n o t  under d i r e c t  DOE c o n t r o l ?  
li. llill e x t r a c t i o n  o f  b r i n e  be author ized? \.:n~ w i l l  decide? 

Mi a independent analysis lor Lhe New EAsico Heat01 md Emimmnmt Dspvm: 
of cha WmP kolstim Abc F ? a n ~ l ~  a f e d d  nudear waste mom. 



Josepn i:. McGough 
October 26. 1932 . 
Page ? 

Please a d v i s e  how we nay b e s t  work together  on r e s o l u t i o n  o f  n o t  just these  
quzst ions but others a s  well. 

v 
Robert H. Neil l 

RHN: Ji,l:eg 

cc: TSC, I E A  



Department of ~ n e r ~ ~  
Albuquerque Operations Office 
P.O. Box 5400 
Albuquerque, N e w  Mexico 871 15 

Mr. Robert H. Neill 
Director 
State of New Mexico 
Environmental Evaluation Group 
320 Mary Street 
P. 0. Box 968 
Santa Fe, NU 87504 

Dear Mr. Neill : 

DOE Policy on Resource Recovery at. the WIPP Site 

\-...- 

RECEIVED 

EKViSOMMENTAL 
NALUATION GROUP 

As you know, the DOE Interim Policy Statement on Resource Recovery at the 
WIPP Site, which was transmitted to the State of New Mexico on November 
3, 1981, was developed to serve as the basis for performing the Natural 
Resources Study. And, as you also are aware, the study concludes that 
activities related to potash and hydrocarbon resource extraction and 
solution mining outside the Control Zone I11 boundary, using currently 
available and applicable technology, will not coaproaise the integrity of 
the WIPP waste emplacement facility. 

It was my understanding that your concerns regarding the draft and final 
Natural Resources Study reports were discussed with representatives of 
our Technical Support Contractor and resolved to your satisfaction. The 
DOE is now considering the issuance of  a revised interim policy statement 
on resource rec'overy which would reflect the conclusions of the Natural 
Resources Study and, possibly, pennft access to potash and hydrocarbons 
that many believe are critical resources. - 
Although the revised interim policy statement is still undergoing DOE 
review, responses -to your questions have been developed based on our 



Mr. Robert H; $ei 11 -2- 

current position and are included in the enclosure. The revised interim 
policy statement will be based on the results of the Natural Resources 
Study and will be transmitted to the State of New Mexico as soon as our 
internal review is completed. 

Sincerely, 

Enclosure 

cc 40 enclosure: 
R. K. Brown, -TSC 
6. L. Hohmann, TSC 
C. C. Little, TSC 

cc w/mclosure: 
C&C File, IEA, TSC 

Project ~aniger 
UIPP Project Office 



Question -- U i l l  so lu t ion mining be allowed i n  Zone I V ?  

Res onse -- Unsuccessful experiences i n  solut ion mining o f  potash by the 
&ompany of America and Continental Potash and the lack of su i tab le  
water supplies ,ih the Carlsbad area suggest that  the potent ia l  for  
appl icat ion o f  cur ren t l y  ava i lab le  solut ion mining technology for the  
ext ract ion o f  s y l v i t e  i s  remote; however, solut ion mining w i l l  be allowed 
i n  Control Zone I V .  

Question -- If so, how w i l l  i t  be control led? 

Res onse The DOE w i l l  impose no controls over solut ion mining i n  
h i i e  I V .  The U.S. Department of the I n te r i o r  Minerals Management 
Service and the New Mexico Energy and Minerals Department are responsible 
f o r  reviewing proposed mining operations t o  assure compliance w i th  
regulat ions and prevent v i o l a t i o n  o f  adjacent leases. 

Question -- M i l l  storage cav i t i es  be allowed? 

Response -- Although the  development o f  storage cav i t ies  i n  the UIPP s i t e  
area i s  considered unl ikely,  the DOE w i l l  exercise no.contmls over the 
development o f  such c a v i t i e s  outside Control Zone 111 provided t h a t  the 
WIPP s i t e  boundary i s  no t  violated. 

uest ion -- W i l l  there be any res t r i c t i ons  on extract ion o r  storage %- cav t ~ e s  i n  any o f  the evapor i te fonoations i n  Zone IV? 

Response -- No, provided t h a t  the WIPP s i t e  boundary i s  no t  violated. 

Question -- W i l l  d i rec t iona l  d r i l l i n g  be allowed i n  Zone I I I ?  

Res onse -- No d r i l l i n g  w i l l  be allowed f roa  Control Zone 111. However, dl-- Ing from outside Control Zone I11 t o  gain access t o  hydrocarbons 
beneath Control Zones I, I1 and I11 a t  depths greater than 6000 f e e t  w i l l  
be allowed i f the planes formed by the downward ver t i ca l  project ions o f  
the Control Zone I11 boundaries are not penetrated above a depth o f  6000 
feet. 

Question -- W i l l  ex t rac t ion  of b r i ne  reservoirs i n  the Cas t i le  f rom Zone 
I V  penni t  drainage o f  b r i ne  f r o m  underneath the inner zones? 

Re onse -- I n  General, t h e  geographical extent of b r ine  reservoirs i n  
&bile Formation has n o t  been determined; however, i t i s  possible 
t h a t  a b r i n e  reservo i r  encountered i n  Control Zone I V  could extend 
beneath the inner2ones. Consequently, extract ion o f  b r ine  from a 
reservo i r  beneath Control Zone I V  could resu l t  i n  removal o f  b r i ne  f r o a  
beneath the  inner mnes. Because o f  the  character ist ics o f  b r ine  
reservo i rs  found i n  the Cas t i l e  Formation, extract ion o f  b r ine  w i l l  not  
r e s u l t  i n  subsidence of suf f ic ient  magnitude t o  fracture over ly ing 
strata. Thus, no e f f e c t  on the  underground f a c i l i t y  is expected. 



-- What will the Interim Policy Statement say regarding 
ions in zones? 

Res onse -- Tha kevised interim policy statement is expected to indicate 
&owing: 

,s.. - o No potash or other comnercial mining wil 1 be allowed in Control 
C 

{ 2 ',, 

Zones I, I1 and 111. 
, ., 

o No comnercial drilling (hydrocarbon or other) will be allowed 
from Control Zones I, I1 and 111. 

o Drilling from outside Control Zone I11 to access locations 
beneath Control Zones I, I1 and I11 at depths greater than 6000 
feet will be allowed. 

uestion -- Mill the MOU between BLY and/or MWS allow DOE to have any % inpu concerning future requests for activities in Zone IV? Or will it 
be completely out o f  DOE'S hands? 

Res nse -- The DOE does not expect to exercise any control over 
ac ivi les in Control Zone IV except that no permanent residences will be -8% 
allowed by BLH in Zone IV. The DOE will, however, arrange with ELM and 
MMS to be kept-appris-kd of all such activities in Zone 4 and provide 
reconmendation or other assistance to Federal and State regulatory 
agencies upon request. 

uestion -- What has become of the interim DOE policy to permit no & exp ora ion or extraction before 19931 

Res onse -- The interim DOE policy which was transmitted to the State of dr ew ex~co in November 1981, was developed to serve as the basis for 
performance of the Natural Resource Study. The results of this study 
demonstrate that activities related to potash and hydrocarbon resource 
extraction and solution mining from within (and outside of) Control Zone 
IV, using currently available technology, would not compromise the 
integrity of the WIPP waste emplacement facility. Because of these 
findings, the DOE is evaluating the desirability of revising the interim 
policy statement as indicated above. 

uation - ~ow.wlll Z o m  IV be controlled if it Is not under direct DOE 

Re onse - The lands in Control Zone IV will be managed by the Bureau of 
b a g e m e n t  i n y *  same manner as other public lands. Comercia1 
mining and hydrocarbon extraction activities will be controll by the 
Minerals hrurgement Service and the N e w  Mexico Energy and Minerals 
Department in accordance with Federal and State regulations governing 
such activities. 



guestion -- M i l l  extract ion o f  b r ine  be authorized? Uho w i l l  decide? 

Res onse -- A s h d i c a t e d  above, no comnercial mining o r  d r i l l i n g  
~ I i r b o n  dr other) w i l l  be allowed i n  Control Zones I, 11 and 111, 
however, no controls w i l l  be imposed on such a c t i v i t i e s  outside the  Zone 
I11 boundary. Although requests f o r  approval o f  b r ine  extract ion 
a c t i v i t i e s  i n  the UIPP s i t e  area are considered unl ikely,  such requests 
w i l l  be reviewed by the Minerals Management Service, New Mexico Energy 
and Minerals Department ( f o r  State lands) and the Bureau of Land 
Management t o  assure compliance w i th  Federal and State regulations. The 
DOE w i l l  provide assistance t o  these agencies i f  requested, 



"Equal Opportun~ty Employer" - 
STcSfE 0 S  XE'W X E a C O  . . 

ENVlFiONMENTAL EVALUATION GROUP 
320 Marcv Str~er  
PO. Box 968 

Santa Fe. NM 87501-0958 
I5051 827-5481 

M r .  Joseph 8. :.ic&~uqh 
P r o j e c t  ?,hnager o f  WIPP 
WIPP P r o j e c t  O f f i c e  
I . .  Depar tmnt  ~f Energy 
A1 baquerqce Operations O f f i ce  
P. 0. Box 54CG-  
A1 buquerque, Piew Vexico 871 15 

- Thank you f o r  your  l e t t e r  o f  November 24, 1982 (UIPP:J~4M82-C3@1/625?A) 
enc los ing  2 response t o  our quest ions concerning t h e  DOE plans f o r  t i l e  "Pol i c y  
on Resourc? Recovery." 

There i s  a t tdcned 3 smnary of EEG's comments concerning t h e  recent  d r a f t  o f  
the SCZ " P w i s e d  In te r im  Po l i cy  Sta terent  on b t u r a l  Resource 2 x o v 2 r y  3 t  t h ?  
WIPP Site." 

Robert H. Ne i l  1 
D i  r e c t o r  - 

cc: TSC, I E A  



REVIEW CO?WNTS 

0 n 

DOE REVISED I ? I T E R I : l  POLICY 

STATEXNT ON NATURAL RESOURCES 

RECOVERY A T  WIPP SITE 

Env i  rcmnent , a l u a t i o ~  Group 

Environmental  Improvement D i v i s i o n  

N. M. H e a l t n  and Envi ron~nen t  Depaptment 

P. 0. EJX 968 

Santa  Fe, NM 87503 

Decanber, 1982 



A.  GENERAL CCi4MiiiTS 
\ 

1. The Statement i m p l i e s  t h a t  DOE p l a n s  t o  r e l i n q u i s h  a l l  c o n t r o l  o w r  
Zone I V  of t h e  present  WIPP s i t e ,  and t h a t  DOE p l a n s  t o  r e l y  on t h e  i,iew 
t lex i  c l  E n e r q  and i 4 i  n e r a l s  Department and t h e  k l i  n e r a l s  Nanagement 
Serv i c?  o f  t h e  U. S. Dept. o f  I n t e r i o r  f o r  r e v i e w i n g  p l a n s  i n  t h i s  zone 
i n  t h e  fu ture .  Because o f  t h e  r e n o t e  p o s s i b i l i t y  t h a t  a c t i v i t i e s  i n  
t h i s  zone may have an advarse impact  on t h e  l o n g - t e r ~  s t a b i l i t y  o f  t h e  
r e p o s i t o r y  hor izon,  i t  i s  reco~nwnded  t h a t  DOE ma in ta in ,  i n  a 
~nemorandm o f  unders tand ing w i t h  001, a  p r o v i s i o n  f o r  DO1 t o  n o t i f y  DOE 
o f  any proposa l  f o r  s o l u t i o n  mining,  s o l u t i o n  s t o r a g e  c a v i t i e s ,  and 
m in ing  o f  C a s t i l e  b r i n e  i n  Zone I V  p r i o r  t o  a  d e c i s i o n  on t h a t  
proposa l ,  and t h a t  DOE i n  Coopera t ion  w i t h  t h e  a p p r o p r i a t e  S t a t e  
agencies w i l l  rev iew these p l a n s  and submit  comments t o  DO1 f o r  t h e i  r 
c o n s i d e r a t i o n .  

2. The P o l i c y  Statement a p p l i e s  on?y d u r i n g  f a c i l i t y  c o n s t r u c t i o n  and 
o p e r a t i o n  o f  t h e  WIPP f a c i l i t y .  The P o l i c y  shou ld  be expanded t o  
r e f l e c t  t h e  p o s t - o p e r a t i o n  c o n t r o l s ,  s i n c e  t h e  i n t e g r i t y  o f  t h e  
r e p o s i t o r y  and t h e  consequence ana lyses a r e  dependent upon some 
c o n t r o l s  b e i n g  maintained.  

B . SPEC1 FIC COi<MENTS 

1. Page 1 ,  l i n e  6 :  

The ph ras?  " c o m m r c i a l  d r i l l i n g "  s h o u l d  b e  d e f i n e d  so t h a t  i t  c l e a r l y  
exc ludes  any d r i l l i n g  as w e l l  as m i n i n g  n o t  r e l a t e d  t o  KIP? i n  Z0nt.s 1, 
11, and 111. 

2. Page 1 ,  l i n e  -- 14:  

As r e f l e c t e d  i n  t h e  p r e c e d i n g  "General  Comments," EEG recommends t h a t  
t h e  :.\Oil between DOE and DO1 r e q u e s t  t h a t  DOE (and t h e  appropriate S t a t e  
agenc ies )  b e  n o t i f i e d  o f  any p roposa l  i n  Zone I Y  e n v o l v i n g  s o l u t i o n  
m in ing ,  c o n s t r u c t i o n  o f  s o l u t i o n  s t o r a g e  c a v i t i e s  o r  ;n in ing o f  b r i n e  
f r o m  b r i n e  r e s e r v o i r s  i n  t h e  C a s t i l e .  . 

3. Page 1, l i n e  25: 

As recommended i n  t h e  "General  Comments," we b e l i e v z  t h a t  t h e  c o n t r o l s  
wh ich a r e  t o  be ma in ta ined  a f t e r  decommissioning s h o u l d  b e  addressed. 
T h i s  woul d j e c e s s i t a t e  d e l e t i o n  o f  t h e  sentence a t  l i n e  25. 

4. Page 2,  l i n e  6: 

The ph rase  "measurable e f f e c t s "  i s  ambiguous and  may l e a d  t o  
misunderstandings.  It s h o u l d  be d e l e t e d  o r  more p r e c i s e l y  de f ined .  

5. Page 2, paragraph 2: 

T h i s  parayraph does n o t  adequa te l y  S t a t e  t h e  p o t e n t i a l  f o r  r e s o u r c e s  a t  
t n e  s i t e .  It shoq ld  r e c o g n i z e  t h a t  t e c h n o l o y  and marke t  c o n d i t i o n s  
a r e  n o t  p r e d i c t a b l e  and some m a t e r i a l s ,  such as may b e  found  i n  C a s t i l e  



- 
brini;,  oi;'~.:lado s a l t  c ! ~ u l d  beco~ze o f  economic v a l u ?  i f  techno lo=  and 
:aarket c o n d i t i o n s  dre  s u b s t a n t i a l l y  m o d i f i e d .  

6. Paqe 3, odragraph 4, l i n e  7 :  

The S '  Ap imlsn ia  d r a f t  r e p o r t  " i k t u r a l  Resources Stud,." i n d i c d t e s  t h a t  
" r e s c u r ~ e  srdde o i l "  i s  under  t h e  s i t e .  



~ l b u ~ u e r q u e  ~peraibns Office 
P.O. Box 5400 
Albuquerque. New Mexico 871 15 

DEC 2 3 1382 

Dr. George S. Goldstein 
Chairman. Radioactive Task Force 
Health and Environment Department 
P.O. Box 968 
Santa Fe. NM 87503 

Dear Dr. Goldstein: 

DOE Revised 
WIPP Site 

Interim Policy Statement Natural Resource Recovery at the 

Enclosed for your use and informatinn is the DOE Revised Interim Policy 
Statement on Natural Resource Recovery at the WIPP Site. Under the tern 
of this policy statement no potash or other coumtercial mining in, or 
conslarcial drilling from. Control Zones I, I1 and I11 will be allowed; 
however. the DOE will exercise no control over mining or drilling outside 
Control Zone 111. (Control Zone I11 is being redefined as the area 
withdrawn for SPDV which is a square containing 16 sections (10.240 
acres] surrounding the center of the site.) Additionally, BLM will 
prohibit permanent inhabitation of Zone IV while the facility is in 
operation. Hydrocarbon resources belw 6000 ft. beneath Control Zones I. 
I1 and I11 can be accessed by deviated drilling from outside the Control 
Zone I11 boundary. The DOE will rely on the review of State and Federal 
regulatory agencies. including the New Mexico Energy and Minerals 
Department and the U.S. Department of the Interior. Minerals Management 
Service, to protect the integrity of the WIPP Site boundaries from 
comnercial exploration, mining or other extractive actfvities. So that 
the DOE can maintain information on resource recovery near the WIPP Site. 
the Bureau of Land Management will notify the DOE of any requests for 
resource recovery - permits within one mile of the WIPP Site boundary. 
The final DOE olfcy will be issued when the decision is made regarding 
retrieval of tff e waste. Should the DOE decide to retrieve all the' 
radioactive waste, the UIPP Site will become available for complete 
resource recovery after retrieval and decomissioning are complete. 

The initial Interim Policy Statement, which was transmitted to the State 
of New Mexico on November 3, 1981. was developed to serve as the basis 
for the performance of the Natural Resources Study. The initial DOE 



Dr. George S. Goldstein - 2 -  

> 

In te r im Policy, as ind icated therein, was "temporary denial of a l l  
resource ex t rac t ion  w i t h i n  the four  cont ro l  zones o f  the WIPP S i te  u n t i l  
the  decision i s  m d e  r e l a t i v e  t o  which, i f  any, o f  the ernplaced waste 
w i l l  be retrieved.' Based on the  conclusions o f  the Natural Resources 
Study, which was transmit ted t o  the  State o f  New Mexico on October 5, 
1982, we have determined t h a t  the i n i t i a l  I n te r im  Pol icy can be revised 
as indicated above. 

Not only does the  DOE Revised Po l i cy  Statement r e f l e c t  the conclusions o f  
the  Natural Resources Study bu t  i t also addresses comnents provided by 
the New Mexico Environmental Evaluation Group on the Pol icy  Statement. 

I f  you requi re  addi t ional  information o r  have questions on t h i s  matter, 
please contact me. 

Sincerely. 

Enclosure Ca3-;)7C&& J. M. McGough 

Pro jec t  Hanager 
WIPP: JMn 82-0885/6366A WIPP Pro jec t  Of f ice 

cc: wtencl: 
J. K. Otts, Chairman, Radioactive Waste Consultation Cnni t tee,  Santa Fe, NM 
J. Bingarban. Attorney General, Santa Fe. NM 
D. T. Schueler. AMPEP, AL 
R. 6. Roniatowski, Manager, AL 
L. H. Harmon, DP-12.1, DOE. HQ 
Y. F. Jebb, OSM. Carlsbad, NM 
J. Stout, OCC. A 1  
R. H. Neill. Director. EEG. Santa Fe, NH 
C. W. Luscher. State Director, BLM, Santa Fe, M 
M. Wilson, OCC, AL . 



DOE REVISED INTERIM POLICY STATEMENT ON RESOURCE 
> RECOVERY AT THE WIPP SITE 

The po l i cy  o f  the Department o f  Energy (DOE) concerning resource recovery 
a t  the Waste Iso la t ion  P i l o t  Plant (WIPP) s i t e  during f a c i l i t y  

construction and operation i s  as follows: 

o No potash o r  other mining excluding tha t  conducted f o r  the UIPP 
Project  w i l l  be allowed i n  WIPP Control Zones I. 11, and 111. 

o No d r i l l i n g  excluding t h a t  conducted f o r  the WIPP Pro ject  w i l l  
be allowed from Control Zones I, 11, and 111. 

o D r i l l  i ng  f r o n  outside Control Zone I11 t o  access locat ions 
beneath Control Zones I, 11, and 111 a t  depths greater than 

6,000 f e e t  w i l l  be allowed i f  the planes formed by the downward 
ve r t i ca l  project ions o f  the  Control Zone 111 boundaries are not  
penetrated above a depth o f  6,000 feet. 

o DOE w i l l  r e l y  on the review o f  State and Federal regulatory 

agencies, including the New Mexico Energy and Minerals 

Department and the Minerals Management Service, U.S. Department 
o f  the  In ter ior .  t o  protect  the i n t e g r i t y  o f  the  WIPP s i t e  
boundaries ftoa colmercial exploration, mining, and other 
e x t r a c t i w  ac t i v i t i es .  

o If the DOEdecides t h a t  a l l  radioact ive waste i s  t o  be 

retrieved, the  WIPP s i t e  w i l l  become avai lab le  f o r  complete 

resource rc&my once retrfcval and f a c i l i t y  decomissioning i s  
accomplished. 



his pol icy may be re-evaluated after facility decomnlssioning. The 
following paragraphs provide a neasure of clarification of the rationale 
used to develop the resource recovery policy. 

It fs the policy of the DOE to maxfmize the opportunity for resource 
recovery at the WIPP site, consistent with the requirements to isolate 
the emplaced radioactive wastes from the bfosphere. Within five years 
after the first emplacement of each type of TRU waste (i.e., contact and 
remotely handled), separate decisions will be made about the retrieval of 
each kind of waste. If the DOE decides that all waste is to be 

retrieved, the WIPP site will become available for complete resource 
recovery once retrfeval and facilfty decommissioning are accomplished. 

The criterion for the DOE policy fs that permanent denial of resources 
should be limited-to thme areas fn which extraction activities could 
potentially lead to measurable effects'') on the WIPP facilities or 
whose protection is needed to satisfy instftutfonal considerations, all 
extractf on activitf es that would not lead to measurable effects on the 
WIPP site are defined as gallowablem under the DOE polfcy. 

Potash (sylvite and langbeinfte) and hydrocarbons (natural gas and 
distillate) comprise the resources present at the WIPP sfte that are of 
interest consfdering the technology and market condftions fn the 
foreseeable future. These resources and the methods available to recover 

them are described in detail fn the FEIS (U.S. Department of Energy, 
1980). . 

> ' Measureable effects are those influences from extraction activftles 
that could cause the assumptions made in the breach seenarlo 
consquance analyses (U.S. Department of Energy, 1980) to be 
unconservative. 



- Due primari ly t o  inst i tut ional  considerations, no potash mining i n  or 
comnercial exploratory d r i l l i n g  (hydrocarbon or other) from Control Zones 

1. 11, and I11 w i l l  be permitted. A study was conducted to  investigate ' 
the possible effects of resource recovery within Control Zone I Y  on the 

wIPP f a c i l i t y  (Natural Resources Study, Brausch e t  al., 1982). The 
following paragraphs provide a b r ie f  sunmary of the results and 
conclusions o f  that  study. 

The extraction o f  potash outside Control Zone I11 i s  allowable. 
Potential methods. of mining potash include drill-and-blast, continuous 

mining, solution mining, shortwall, and longwall techniques. Since 
mining o f  potash i s  allowable, it i s  not reasonable t o  prohibi t  those 

mining techniques that make such an a c t i v i t y  econmically vtable. To 
prohibi t  such ac t i v i t i es  is, i n  effect, t o  preclude mining. Accordingly. 
extraction ra t ios  can be maximized i n  any mines developed outside Control 

Zone I11 o f  the YIPP site, consistent wi th mine safety considerations and 

other state and federal. rquirrmmts. Solution mining w i l l  be allowable 

outside Control Zone 111. Resource extraction by solution mining may be 
applied t o  recovery o f  sylvite. Solution mining f o r  recovery o f  
langbeinite would be ineffect ive because langbeinite i s  less soluble than 
the surrounding minerals (e.g., halite, sylvite). However, the lack o f  

ex ist ing solution mining for sy lv i te  i n  the Carlsbad potash mining 

d i s t r i c t  suggests that  solution mining f o r  potash within Control Zone I V  
may not be feasible. 

The recovery o f  hydrocarbon resources outside Control Zone I11 i s  
allowable. This a c t i v i t y  includes dr i l l ing ,  production stinulation, and, 

possibly, secondary recovery. Resources located outside Control Zone I11 
may be accessed by ver t ica l  dr i l l ing ;  resources located beneath the inner 

three control zones a t  depths greater than 6,000 feet nay be accessed by 
d r i l l i n g  ve r t i ca l l y  outside Control Zone I11 t o  a depth of 6,000 feet  and 

then deviating from ver t ica l  a t  the angle required t o  reach the target 

resource zone. 



If oil or gas is found, it is not reasonable to prohibit those techniques 

available to the producer that maximize recovery. Enhancing the 
production from dri 1 led wells by hydraulically fracturing the reservoir 
rock, acidizing the formation, or other applicable techniques would not 
be expected to affect the WIPP facility. 

These types of production stimulation are used primarily to increase the 

permeability of the rock that contains the hydrocarbons. Secondary 
recovery methods (techniques used to enhance or replace the natural 
driving force that .pushesm the oil to the production well) and tertiary 
methods (techniques used primarily to decrease the viscosity of heavy 
crude oils) may also be employed but, because the crude oil resources at 
the site are not reasonably or economical 1 y extractable, these 
techniques are not expected to be useful unless significant 
technological advances and adaptations are made. 

State and federal regulatory agencfes, including the New Ncxico Energy 

and Minerals Department and the Minerals Management Service of the U S .  - 
Department of Interior, are responsible for reviewing proposed mining and 
hydrocarbon exploration plans to prevent injury to adjacent leases or 
properties. The DOE will rely on this regulatory revfm process to 
protect the integrity of the WIPP site boundary from potash mining and 
hydrocarbon exploratfon on adjacent properties. The DOE will provide 
assistance to these agencies during the review process upon nqkst. In 
addition, the BLH will notify the DOE of any requests for permits for 
resource recovery activities within one mile of the WIPP site boundary. 

This poTf cy will be modified if changes in institutional requirements 
occur or if sfgnfficant new data relevant to the policy are obtained 

during development and operation of the WIPP facility. 
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Department of Energy 
Albuquerque Operations Office 
P.O. Box 5400 
Albuquerque, N e w  Mexico 871 15 

RECEIVED 

JAN 12 1983 
ENvlwi?. 

EVALUA I'IL~u crrtuu? 

JAN 6 1983 
Mr. Robert H. Neil 1 
Director 
State of New Mexico 
Environmental Evaluation Group 
P. 0. Box 968 
Santa Fe, NM 87503 

Dear Mr. Neill: 

DOE Responses to EEG Comments on DOE Revised Interim Policy Statement on 
Natural Resource Recovery at the WIPP Site (Letter, Neill/McGough, dated 
December 6, 1982) 

This is a response to your review comments on our Revised Interim Policy 
Statement on Natural Resource Recovery at the WIPP Site. Enclosed is our 
response to your cornnents and a revised Interim Policy Statement which 
incorporates changes resulting from your conawnts. 

Based on the conclusions of the Natural Resource Study and the DOE'S 
desire to mitigate any adverse effect of the WIPP Project, we believe 
that this policy provides the maximum opportunity for resource recovery 
without any degradation of public health and safety or facility integrity. 

Sincerely, 

WIPP: JMM 82-0899/6363A 

2 Enclosures 

cc W/O enclosures: 
6. L. Hohmann, TSC. AL 
C. C. Little, TSC, AL 

cc w/enclosures: 
C&C File, IEA, TSC, AL 

Project Manager 
WIPP Project Office 



General Comment No. 1 

"The Statement inplies that DOE plans to relinquish all control over Zone 
IV of the present WIPP Site, and that DOE plans to rely on the New Mexico 
Energy and Hinerals Department and the Minerals Nanayement Service of the 
U.S. Department of Interior for reviewing plans in this zone in the 
future. Because of the remote possibility that activities in this zone 
may have an adverse impact on the long-term stability of the repository 
horizon, it is recomended that DOE maintain, in a Memorandum of 
Understanding with 001, a provision for DO1 to notify DOE of any proposal 
for solution mining, solution storage cavities, and mining of Castile 
brine in Zone IV prior to a decision on that proposal, and that DOE in 
cooperation with the appropriate State agencies will review these plans 
and submit comments to DO1 for their considerati~n.~ 

Response: 

The UIPP Site is now defined as the lands withdrawn by Public Land Order 
6232, March 30, 1982, for the purpose of performinc the Site and 
Preliminary Design Val idation (SPDV) Program and pr : iecting the integrity 
of the Site. The administrative land withdrawal application for full 
UIPP facility construction and the legislation land withdrawal, which is 
being requested by 0OE;will encompass these same lands, i.e., 8960 acres 
of public lands and 1280 acres of State land which will be subject to the 
withdrawal if they pass to Federal ownership. 

The lands withdrawn will be managed in accordance with a DOE/BLEI 
t.kmwandum of Understanding which will. among other things, withdraw DOE 
objection to leasing, drilling and mining outside this withdrawal area; 
require ELM to notify DOE of any requests for resource recovery permits 
within one mile of the site boundary; and prohibit habitation within one 
mile of the site boundary. While the DOE does not plan to exercise any 
control over resource extraction activities outside the UIPP Site 
boundary, if required, the DOE will take any actions necessary based upon 
our review of resource recovery permits which may include State 
involvement if adverse impacts could result from the proposed resource 
recovery permits. 

This position is consistent with the conclusions of the Natural Resources 
Study (Brausch, et al.. 1982) which indicates that resource exploration 
and extraction activltfes mare than one mile from the limits of the 
underground facility will not compromise the integrity of the facility. 

General Cosnent No. 2 

The Policy Statement applies only during facility construction and 
operation of the UIPP facility. The Policy Statement should be expanded 
to reflect the post-operation controls, since the integrity of the 
repository and the consequence analyses are dependent upon some controls 
being maintained. 



Response: 

The Policy Statement does apply only during UIPP construction and initial 
operation, a period of about 10 to 15 years. During that period, 
advances in drilling and mining technology and other pertinent 
information can be evaluated to determine whether more or less stringent 
resource recovery restrictions are required to protect the facility. 
Early (5-10 years) in the operating life of the facility, DOE will decide 
whether to retrieve all. em laced waste and return the land to BLM for I releasing or to finalize t e present interim policy. At this time, no 
revisions to the interim policy are planned if WIPP becones a permanent 
disposal facility. 

Specific Comment No. 1 

The phrase "connercial drilling" should be defined so that it clearly 
excludes any drilling as well as mining not related to UIPP in Zones I, 
11, and 111. 

Response 

The sentence has been changed to read: "No drilling excluding that 
conducted for the UIPP Project will be allowed from Control Zones I, I I 
and 11." 

Specific C o m n t  No. 2 

- As reflected in the preceding "General Comnts,. EEG reconmends that 
the MOU between DOE and DO1 request that DOE (and the appropriate State 
agencies) be notified of any proposal in Zone IV involving solutlon 
mining, construction of solution storage cavities or mining of brine from 
brine reservoirs in the Castile. 

Response 

As indicated in our response to your first general c o e n t  above, the 
OOVBLM Hemorandum of Understanding, under which the lands wi 1 1  be 
managed, will require the BLM to notify the DOE of any requests for 
permits for resource recovery activities within one mile of the site 
boundary. The following sentence has been added to the third paragraph 
on page 4: -In addition, the ELM will notify the DOE of any requests for 
permits for resource recovery activities within one mile of the WIPP Site 
boundary: 

Specific Cement No. 3 

As recormended in the %e'neral Comnentsm we believe that the controls 
which are to be maintained after deconmissioning should be addressed. 
This would necessitate deletion of the sentence at line 25. 



Response 

As indicated in our response to your second general comment, the 10 to 15 L.-. 

year duration of remaining construction and initial operation allows 
adequate time to review and assess changes in technology and develop 
detailed plans for controls following decommissioning. 

Specific Coment No. 4 

The phrase "measurable effects" is ambiguous and may lead to 
misunderstandings. It should be deleted or more precisely defined. 

Response 

A footnote has been added to clarify the phrase. The fqotnote reads as 
follows: "Measurable 'ffects are those influences iron extraction 
activities that could cause the assumptions made in the breach scenario 
consequence analyses (U.S. Department of Energy, 1980) to be 
unconservative." 

Specific Comment No. 5 

This paragraph does not adequately state the potential for resources at 
the site. It should recognize that technology and market conditions are 
not predictable and some materials, such as may be found in Castile 
brine, or Salado salt could become of economic value if technology and 
market conditions are substantially modified. 

Response 

The brief paragraph on resources present at the site is not intended to 
describe all possible resources which could become of economic value. It 
does indicate the two resources that are of current interest and whose 
recovery could potentially affect the underground facility. In the event 
that other resources at the WIPP Site become of economic value in the 
future, exploration and extraction technology for such resources will be 
evaluated and, if required, appropriate changes will be made in the 
Pol icy Statement. 

Specific Coment No. 6 

The D'Appolonia draft report *Natural Resource Study* indicates that 
"resource grade oil' is under the site. 

Response 

The hydrocarbon resource evaluations of the UIPP Site are based on known 
resources of natural gas and crude oil in the region and the probability 
of discovering new reservoirs. The fundamental assumption is, therefore, 



that the HIPP Site has the same potential for containing hydrocarbons as 
the much larger area for which exploration data are available. Although 
the New Nexico Bureau of Mines and Mineral Resources (NMBM & MR) study 
shows that minor deposits of crude oil are statistically probable at the 
WIPP Site, later studies have discounted the existence of economically 
attractive quantities of crude oil at the site. 
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I STATE O F  NEW M W C O  

ENVIRONMENTAL EVALUATION GROUP 
320 Marcv Street 

1 - P.O. 80; 968 
Sanra Fe. NM 875044968 

(5051 827-5081 

January 21, 1983 

Mr. Joseph M. McGough 
Project  ibnager on WIPP 
WIPP Pro jec t  O f f i ce  
U.S. Departnent o f  Energy 
P.O. Box 5400 
A1 buquerque, New lkx ico 87115 

Oear  Mr. i.icGough: 

This i s  i n  rep ly  t o  your l e t t e r  (UIPP:Jl4M 82-089916363A) and enclosures o f  
January 6, 1983 concerning t h e  DOE Revised In ter im Policy Statement on Natural 
Resource Recovery a t  t he  WIPP Site. \ m i l e  we are general ly sa t i s f i ed  w i t h  the  
revised Policy Statement, as provided i n  your recent l e t t e r ,  there rera ins one 
concern which needs t o  be resolved. 

- The Pol icy  Statement and the  DOEIBLM Parnorandun o f  Understanding include t h e  
requirement t h a t  ELM n o t i f y  DOE o f  any requests f o r  resource'recovery permits 
w i t h i n  one mi le  o f  the  new s i t e  boundary. k ' i l e  the  DOE does not  plan t o  
exercise cont ro l  over resource ext ract ion a c t i v i t i e s  outside t h e  new UIPP s i t e  
boundary, we note that, "if required, t he  DOE w i l l  take actions necessary.. . 
whicn may include State involvement i f  adverse impacts could r e s u l t  from t h e  
resource recovery permits." So tha t  the State may continue t o  make i t s  own 
independent analysis o f  po ten t ia l  adverse impacts, we would l i k e  DOE'S 
assurance tha t  EEG w i l l  be n o t i f i e d  o f  any request f o r  resource recovery 
permits w i t h i n  one m i l e  outside o f  t he  s i t e  boundary. Pnd further, we would 
l i k e  t o  be advised o f  the  planned Federal ac t ion  on such requests p r i o r  t o  the 
i n i t i a t i o n  o f  t h e  resource recovery. 

The statencnts accompanying t h e  Policy Statement implying no p o s s i b i l i t y  o f  
ob ject ion t o  so lu t ion  mifiing o f  potash and secondary recovery f o r  hydrocarbons 
outside t h e  Control '  Zone 111 should be revised t o  i nd i ca te  t h a t  any proposals 
f o r  f l u i d  i n j e c t i o n  underground w i th in  one mi le  o f  t he  k!IPP s i t e  w i l l  be 
evaluated by DOE and EEG t o  deternine i f  such proposals w i l l  adversely a f f e c t  
he i n t e g r i t  o f  the  repository. r\ 7 

. 
#bert H. Neil 1 
D i rec to r  



Department of Energy 
Albuquerque Operations Office 
P.O. Box 5400 
Albuquerque. New Mexico 871 15 

I .  Robert H. Neill 
Director 
S t a t e  of Now b!exico 
Environmental Evaluation Group 
P. 0. Box 968 
Santa Fe, NM 87503 

Dear Mr. Neill : 

As you know, the  DOE Revised Interim Policy Statement on Resource Racovery 
a t  the WIPP S i t e  is based on the  Natural Resources Study which concludes 
that  resource recovery outside the S i t e  boundary (Zone 111) using current 
technology, w i l l  not compromise the in tegr i ty  of the NIPP underground 
faci l i ty .  Accordingly, the WE does not plan t o  exercise any control 

..-- over resource recovery ac t iv i t i es  outside the Si te  boundary and will 
rely, primarily, on other Federal and Sta te  regulatory agencies t o  assure 
tha t  the WIPP boundaries are not violated. As an additional protection 
measure, t h e  BLM w i l T  notify the  DOE of any requests for resource recovery 
pennits w i t h i n  one mile of the WIPP S i t e  boundary so that the DOE will be 
aware of resource recovery ac t iv i t i es  near the  Site. 

We do not expect t o  perform a comprehensive review of resource recovery 
plans u t i  1 izing conventional technology; however, any plans which em- 
ploy unusual methods or advanced technology w i l l  be evaluated t o  determine 
possible e f fec t s  on the underground fac i l i ty .  Upon receipt of notifica- 
t ion of unusual o r  advanced technology planned resource recovery ac t iv i t i es  
from t h e  BW, we w i l l  forward the information t o  the EEG. 

Sincerely, 

cc : 
G. L. Hohmann, TSC. AL 
C. C. Little, TSC. AL 

- cec File, IEA. TSC, AL 
M. Wilson, OCC; AL 

Project Manager 
WIPP Project Offfce 
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Santa Fe. NM 875044968 
I 5 0 5 1  827-5481 

August 13, 1982 

Joseph M. EkGough 
NIPr Project  Manager 
U. S. Department of Energy 
A1 buquerque Operations Of f ice 
P. 0. Box 5400 
Albuquerque, NM 8711 5 

Dear Mr. McGough: 

Enclosed i s  a sunnary o f  our crrmments on the Draf t  " In ter im Report: 
D isso lu t ion  o f  Evaporites i n  and Around the Delaware Basin, Southeastern New 
t4exico and Nest Texas." by Stephen J. Lanbert. 

We would appreciate your consideration o f  these coments i n  the prepara.tion o f  
the  f i n a l  report. As with the other formal reports required by the St ipulated 
Agreement, we would l i k e  t o  have our s t a f f  and yours meet t o  discuss the f i n a l  
version o f  the document before i t s  publication. 

Si ncerely , 

Robert h i  Nei 11 
D i rec to r  

RHN:eg 
2-047AG2-15-1- 1 
Enclosure 

cc w i t h  attachment: 
George S. Goldstein, Ph.D.. Secretary, Health 8 Environment Department 
Joe k w i t t ,  Secretary, Highway Department 
Charles Turpen, Secretary, Energy and Minerals 
Je f f  Bi ngaman, D i s t r i c t  Attorney 
Russell F. Rhoades, Director, Environaontal Inprovement D i v i s i on  
Joe Canepa, Attorney at  Law 
James K. Otts, Chairman, Rad-Waste Consultation Comittee 
D. T. k h u e l e r ,  Assistant Manager f o r  Project of Energy Programs 
Wendel 1 Cleart , Sandia Laboratories 
TSC, IEA 
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INTRODUCTION 
These comments are based upon a c r i t i c a l  reading o f  the report and many of the - references c i t ed  i n  the report. A meeting witn the author o f  the report. 
Steven Lambert, was held on July 21, 1982 t o  c l a r i f y  the important points 

discussed i n  the report. Since a major part  o f  the report deals wi tn  the 

ideas of s a l t  d isso lu t ion a t  depth as postulated by Roger Anderson, he was 

also i nv i t ed  t o  attend t h i s  meeting. Some o f  the fol lowing coments resulted 
fm t h i s  and subsequent discussions with Lambert and Anderson. 

The report  i s  a major e f for t  t o  include i n  one document the various components 

o f  the theory, experimental and f i e l d  work bearing on the p a r t i a l  removal of 

evaporite beds i n  the Delaware Basin. The work and scholarship displayed i n  

the  report  i s  most comnendable. 

GENERAL COMMENTS 

The purpose o f  the State 's request for t h i s  document was t o  get DOE'S most 

current  th ink ing  on the matter of the dissolut ion o f  evaporites i n  the 

Delaware Basin. The main area o f  concern i n  t h i s  matter i s  the p o s s i b i l i t y  o f  

removal o f  s a l t  from the repository horizon i n  lower Salado by c i r cu la t i ng  

waters, i n  the recent geologic past and the p o s s i b i l i t y  o f  such d isso lu t ion 

being ongoing. Roger Anderson has published several papers during the past 10 

years developing t h i s  hypothesis. This report was expected t o  provide DOE'S 

views on the  f e a s i b i l i t y  o f  such d isso lu t ion having taken place and the 

consequences and threat, i f  any, t o  the i n t e g r i t y  o f  the proposed waste 

repository. 

Although the report  has presented data on the geologic, geomorphic. 

geohydrologic and geochemical aspects o f  the question o f  d isso lu t ion  and 

removal o f  s a l t  and has presented a review o f  various models o f  dissolut ion, 

i t has not addressed the p o s s i b i l i t y  o f  "deep dissolut ion" i n  su f f i c i en t  

depth. It i s  hoped tha t  the document i n  i t s  f i n a l  form w i l l  e i t he r  accept or 

re jec t  the  idea o f  ac t i ve  d isso lu t ion o f  s a l t  beds i n  the lower Salado 

formation i n  the v i c i n i t y  o f  WIPP si te.  O f  course, deta i led re in terpretat ion 

o f . t h e  ex i s t i ng  data and argumentation w i l l  have t o  be provided for  a 

conclusion. 



To help the author accomplish the object ive of a more d e f i n i t i v e  conclusion of 

the deep d isso lu t ion controversy, the fol lowing i s  a discussion o f  the 

important aspects of t h i s  question, with reference t o  t h e i r  treatment i n  the 

d r a f t  report. 

Non-existence o f  Lower Salado Sa l t  

Anderson has shown that  a large amount o f  s a l t  from the lower pa r t  o f  Salado 

formation i s  missing from the Delaware Basin and has a t t r i bu ted  t h i s  t o  the 

removal by d isso lu t ion at  depth i n  geological ly recent times. A number o f  

acoustic logs from o i l  and gas wells hive been used by Anderson as hard data 

t o  advance h i s  hypothesis. The report  has acknwledged tha t  the s a l t  i s  

missing from the Lower Salado, but does not acknowledge tha t  i t i s  missing due 

t o  dissolut ion.  Other ideas advanced are non-deposition o r  erosion shor t l y  

a f t e r  deposit ion (p. 98). No arguments, are advanced, however, f o r  statements 

such as. "...removal o f  some h a l i t e  (if o r i g i n a l l y  deposited) near the basin 

margin must have occurred dur ing Cast i le  time (not Pleistoene)" -p. 90. 

The argument o f  non-deposition could eas i l y  be se t t led  w i th  a s t a t i s t i c a l  

study o f  regional thickness trends i n  acoustic logs. However, according. t o  - 
Anderson, (wr i t ten  communication) there i s  no reason t o  do t h i s  because 

l a t e r a l  changes i n t o  depressions are dramatic and associated w i th  col lapse and 

therefore not  the resu l t  o f  o r f  g inal  deposit ion (or non-depositi on). Also, 

according t o  Anderson, the argument o f  d isso lu t ion ,at some e a r l i e r  than l a t e  

Cenozoic t ime i s  not tenable because o f  the age o f  the f i l l  i n  the  col lapse. 

According t o  Lambert, "A complete review o f  raw geophysical l o g  data, and 

possible in te rp re ta t ions  o f  them, w i l l  be undertaken, together w i t h  an 

independ'ent determination o f  thickness var ia t ions i n  the  Cas t i le  and Salado 

formations" (p. 98). EEG looks forward t o  the resu l ts  o f  such a review. I n  

fact ,  t h i s  should have been completed before issuing the d r a f t  report .  

An fmportant po in t  raised i n  the report  wi th regard ti the use o f  acoust ic  

logs f o r  d isso lu t ion  studies i s  tha t  "the sections o f  anhydrite which are 

postulated t o  be d isso lu t ion  residue by v i r t u e  o f  no in ter layered h a l i t e ,  show 

no log  signature o f  chaotic d isso lu t ion  residue, but are near ly pure 

anhydrite" (p. 97). Also such zones "bear the  signatures o f  anhydrite, .- 



not gypsum as would be present i n  abundance i f  large quant i t ies  o f  fresh water 

were c i rcu la t ing  i n  subsurface open space" (p. 98). It appears tha t  the best 
way t o  resolve whether t h e r e . i s  a d i s t i nc t  signature f o r  the dissolut ion re- 

sidue would be to  run an acoustic log i n  one of the WIPP holes i n  Nash Draw 

(UIPP-25 t o  UIPP-30) where d isso lu t ion residue i s  known t o  occur and compare 

the signatures thus obtained with those used by Anderson where s a l t  sections 

'have changed t o  Anhydrite. 

Other speci f ic  instances of "errors" (p. 91) i n  Anderson's data and interpre- 
ta t ions  are addressed under Speci f ic  Comments ( f o r  pages 88-100). 

Connection o f  Evaporite Beds and the  Basin Aquifer 

I n  h i s  deep-dissolution model. Anderson (1978. 80. 81) invoked the Delaware 

Mountain Group aquifer as a pathway f o r  supply (i .e., source) o f  unsaturated 

water t o  the evaporite beds f o r  s a l t  d isso lu t ion as well as f o r  removal (i.e.. 

s ink) o f  saturated brines. Contrary t o  the f ind ings o f  Hiss (1975) and 

Anderson, the report ru les out the DMG aquifer as a po ten t ia l  suppl ier  of 

water f o r  d isso lu t ion i n  the evaporite beds, f o r  the fo l lowing reasons. 

a. "The en t i r e  Delaware Mountain Group i s  probably not  a s ingle,  

v e r t i c a l l y  interconnected hydrostrat igraphic un i t "  (p. 37). 
b. I n  the Bel l  Canyon formation, as encountered i n  AEC No. 8 "Stat ic  

water 1evels.were 615 and 560 feet below land surface as supported by 

the Tower and upper sands, respectively. This conspicuous di f ference 

( i n  leve ls  of water o f  s im i la r  density) a t tes ts  t o  the' strata-bound, 

ver t i ca l l y - i so la ted  nature o f  water occurrences i n  the Bel l  Canyon 

formation." (p. 38) 

c. "The deposit ion-control led porosi ty containing natural  gas i n  

iso la ted lens-shaped sandstone reservoirs i s  also an ind icat ion of 

but small degrees o f  ver t i ca l  and hor izontal  connected porosi ty i n  

the  Bel l  Canyon formation. Thus, i n  the upper 700 feet  o f  the Belt 

Canyon formation, the  t o t a l  saturated thickness i s  less than 30 

feet." 

d. "Nuch of the Bel l  Canyon water i s  h igh ly  sal ine,  but not completely 

saturated wi th  sodium chlor ide under the evaporites" (p. 39). 

.,- e. "The s a l i n i t y  does not abruptly r i s e  from west t o  east as evaporites 

appear i n  the over ly ing section" (p. 39). 



f. "The water contains solutes i n  combinations not found i n  the 

evaporites" (p. 39). "Bell Canyon waters from AEC-7, AEC-8 and - 
ERDA-10 have Na/Cl ra t ios  of 0.50, 0.46 and 0.56 respectively" (p .  
150). "Na/Cl (weight) r a t i o  o f  brines formed by d isso lu t ion o f  s a l t  

i n  western Oklahoma i s  remarkably close t o  0.64, regardless of 

whether the water i s  a low-sa l in i t y  or a saturated brine" ( p .  150). 

" O i l - f i e l d  br ines consistent ly have Na/C1 ra t ios  of 0.55 or less, and 

the r a t i o  decreases well below 0.50 as the s a l i n i t y  increases" (p. 
150). "Thus we see tha t  the Bel l  Canyon waters c lear ly  have closer 

a f f i n i t y  wi th  o i l - f i e l d  br ines than with d isso lu t ion br ines (and 

therefore)  i t has not been a sink f o r  d issolut ion brinesn (p. 150). 

The reasons c i t e d  above can be disputed ind iv idual ly ,  but together they do 

present a formidable challenge t o  the idea of an act ive interconnection o f  the  

OMG aqui fer  w i th  Cas t i le  and Salado beds. 

I n  addit ion, the report  also rules out any interconnection o f  the Bel l  Canyon 

aqui fer  w i th  the Capitan aqui fer  on the  basis o f  the Bel l  Canyon 

potent iometr ic heads being higher than the juxtaposed Capitan, "at a l l  - 
locat ions along the Basin margin .... even a f t e r  corrections are made f o r -  

s a l i n i t i e s u  (p. 44). This, by i t s e l f ,  does not el iminate the p o s s i b i l i t y  of 

the Bel l  Canyon water moving i n t o  the  Capitan aquifer i n  the eastern par t  o f  

the  basin. 

Replacement Limestone as Basis for Past DMG-Evaporite Bed Connection 

Anderson (1980) has c i t e d  replacement 1 imestone masses - "Casti les" and 

"limestone dikes" as evidence f o r  past movement o f  water from the DMG aqui fer  

t o  the evapor i te beds. Konrad B. Krauskopf (EEG-7, p. 85) commented on these 

features as fol lows: 

"The f a c t  t h a t  Be l l  Canyon water has invaded the over ly ing evapor i te 

sequence a t  places other than the  imnediate v i c i n i t y  o f  the Capitan reef  

seems c l e a r l y  demonstrated by the replacement o f  Cas t i le  h h y d r i t e  by 

biogenic limestone, l o c a l l y  accompanied by su l fur ,  i n  the western pa r t  o f  

the Delaware Basin. The reduction o f  su l fa te  and i t s  replacement by 

porous carbonate w i th  a high carbon 12/13 r a t i o  i s  c l ea r l y  the work of 

bacteria, and the organic matter needed fo r  bacteria t o  f l o u r i s h  could 

have come only from the Bel l  Canyon." 



Lambert ( i n  the report  under review) suggests that  "A m r e  l i k e l y  source fo r  

the water t o  Supply the formational process fo r  Castiles i s  i n  the nearby 
solution-subsidence troughs of the type described by Olive (1957), which are 

both near-surface and recently have contained water" (p. 74). There are two 
serious errors i n  t h i s  suggestion. F i rs t l y ,  it does not take i n t o  account the 

brecciat ion seen i n  the Castiles, and more importantly, i t  i s  contrary t o  

Conclusions reached by a l l  the serious investigators (Kirk1 and and Evans, 

1976; Smith, 1978) o f  these features, without presenting any analysis o r  

reasons. 

Cas t i le  Formation Brine and Bell Canyon Aquifer 

The report  ru les out the p o s s i b i l i t y  o f  interconnection between the Be1 1 

Canyon waters and the  b r ine  encountered a t  several locations i n  the Cast i le  

Formation. "The ( ERDA-6) water's unique stable isotope re1 at ionshi  ps i s o l a t e  

i t  from any ac t i ve  source i n  the Capitan or Bel l  Canyon. h e  solutes i n  the 

Cas t i le  water also make it incompatible wi th the Bel l  Canyon; a high su l f a te  

(Cast i le)  water and a high calcium water (Bell  Canyon) cannot be i n  connection 

l e s t  gypsun p r e c i p i t a t e  (p. 120)." The proposed deepening of ERDA-6 through 

A t he  upper Be l l  Canyon formation should help i n  answering t h i s  question. 

Cont inu i ty  o f  St ra ta  i n  Cast i le  

The repor t  (pp. 91-92) c r i t i c i z e s  Anderson (1978) f o r  implying that  thickening 

and th inn ing o f  Ha l i t e  Uni ts i n  Cast i le are related t o  deep d isso lu t ion and, 

b y  comparing the H a l i t e - I  "sinks" o f  Anderson with the isopach map o f  

Anhydrite-I (Snider, 1966) (Fig. VII-2), concludes tha t  "several o f  these 

th in ings  ac tua l l y  represent non-deposition, due t o  a loca l  e levat ion o f  

substrate above base leve l "  (p. 92). According t o  Pnderson (personal 

comrmnication, 1982). the mounds show on Snider's (1966) map (Fig. VII-2 of 

~amber t ' s  repor t )  probably resul ted from sa l t  tectonics and are not due t o  

non-deposition. 

Clearly, there are possible errors i n  Anderson's estimate o f  the amount o f  

s a l t  removal through d isso lu t ion a t  depth, due t o  the apparent assumptions 

(p. 89) made by him i n  ca lcu la t ing  the percentage. o f  removal.. On the other 

hand, non-deposition o r  pre-Cenozoic subaerial erosion does not s a t i s f a c t o r i l y  

- explain the amount and pat tern o f  s a l t  missing. 
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The report  c i t es  (p. 82) Bachmn's in te rp re ta t ion  o f  the Gatuna stream b,.J 

deposits as evidence o f  the westward migration of the Pecos r i v e r ;  and also 

t h a t  t h i s  i s  "contrary t o  a monotonically-eastward progression o f  postulated 

evapor i te  dissolut ion,  i f  the r i v e r  i s  said t o  keep pace wi th  the d isso lu t ion  

f ront" .  Possibly t h i s  argument i s  i n  reference t o  the p o s s i b i l i t y  o f  eastward 

migrat ion o f  the Pecos which was suggested i n  an early EEG report  (EEG-2 pp. 

16-17). However that  p o s s i b i l i t y  was based upon the subsidence which has 

occurred east o f  the Pecos, and such subsidence may continue t o  move eastward 

i f  d isso lu t ion  i s  occurring a t  depth. In  sp i te  o f  the assert ion made i n  t h e  

repor t  that .  "Scarp formation appears t o  be insens i t ive t o  depth of h a l i t e  

removal and appears t o  keep pace with h a l i t e  removal" (p. 139), slow removal 

o f  s a l t  a t  depths o f  approximately 2000 ft. below the surface may not resu l t  

i n  the  formation o f  a scarp prominent enough for the r i v e r  t o  fol low. Erosion 

by water o r  by wind would rmst l i k e l y  "keep pace t o  o b l i t e r a t e  scarps as they 

form" (p. 140), i f  they are formed by l a t e r a l  sapping o f  s a l t  a t  depth. 

The Timing o f  Deep Disso lu t ion 

Chapter I X  o f  the report presents the evidence fo r  d isso lu t ion  i n  Tr iassic,  

Jurassic and Ter t iary  times. Anderson (1981) presented de ta i led  argumests 

against  Bachman's (1980) in te rp re ta t ion  o f  the Cretaceous outcrops res t i ng  on 

the  Cas t i l e  formation as s i gn i f y i ng  a profound episode o f  d i sso lu t i on  down 

i n t o  the  Cast i le  during the Jurassic period. Anderson (1981) has re fer red t o  

several published instances o f  Cretaceous rocks rest ing ('implaced by 

col lapse")  on rocks of various other ages. The main evidence c i t e d  by 

Anderson (1981) i n  favor o f  the more recent age o f  much o f  the  deep 

d i s s o l u t i o n  i s  the age o f  the f i l l  i n  Maley and Huff ington's (1953) 

depressions; the depressions and the f i l l  are c l ea r l y  p o s t - t i l t i n g  and the  

Salado s a l t  i s  absent i n  the  center o f  these depressions. 

The report  acknowledges that, "San Simon Sink, a t  least, i s  a col lapse 

feature" (p. 75) but has not commented on Anderson's postu la t ion t h a t  t h e  

co l lapse has resulted from the d isso lu t ion  o f  lower h l a d o  Sal t  by waters 

der ived from the Capitan reef aqui fer  (Anderson, 1981). The question has been 

l e f t  open wi th  remarks such as, "Subsidence i n  San Simon Sink might (also) be 

a t t r i b u t a b l e  t o  collapse i n t o  a phreat ic cav i ty  i n  the Capitan" (p. 148), "It - 



i s  l i k e l y  that  these depressions (as well  as such features as San Simon Swale) 

are i n  par t  erosional features" (p. 152-153). "The Cenozoic-fi l led depressions 

could simply be pre-Gatuna deeply-developed equivalents of Nash Draw" (p. 154) 

and "The ult imate nature o f  San Simon Sink, however, remains unresolved." (p. 

76). 

Stratabound Disso lu t ion 

A model o f  deep-dissolution ca l led "Stratabound Dissolut ion" has been 

presented i n  the repor t  as an al ternate hypothesis t o  that  of Anderson's. The 

essential features o f  t h i s  model are outl ined on pages 153-154 and i n  Figure 

X-2. 

According t o  the report ,  "The fatal  weakness o f  the Anderson (1981) model o f  

d isso lu t ion i s  the i d e n t i f i c a t i o n  of the  Bel l  Canyon formation as a sink" (p. 

150). On the other hand, "One l i m i t i n g  factor i n  the stratabound d isso lu t ion 

model i s  as yet- the i n a b i l i t y  t o  i d e n t i f y  an e f f i c i e n t  sink f o r  the disposal 

o f  saturated br ine o f  d isso lu t ion o r ig in "  (p. 161). One might say that  t h i s  

i s  a f a t a l  weakness o f  the stratabound model also. The other weakness o f  t h i s  

- .nodel i s  i t s  ambiguity w i th  respect t o  the geologic horizons involved and the  

time o f  occurrence. 

SPECIFIC CONMENTS 

Page 24, paragraph 1 - Jones e t  al. (1960) re fers  t o  d r i l l  hole logging i n  

potash deposits which are i n  the  Salado formation. This comment i s  therefore 

appl icable t o  the h l a d o  marker beds, which a t  any rate. "are traceable i n  the 

subsurface over hor izonta l  distances o f  several kilometers t o  tens o f  

ki lometers" (p. 26. 4-6 l ines) .  Anderson et  al. (1978) have shown that. 

Cas t i le  un i ts  can be correlated i n  wells as much as 113 km. apart. 

Page 44 ( l a s t  2 l i n e s )  - The water from Bel l  Canyon could f low i n t o  Capitan? 

Page 83 ( F i r s t  2 l i n e s )  - But the l i n e  o f  cross-section i n  Figure x-1 does no t  

pass through San Simon %ale! 

Page 90 (Bottom) - "... removal o f  some h a l i t e  ( i f  o r i g i n a l l y  deposited) near 

A 
the basin margin must have occurred during Cast i le  t i . m  (not Pleistocene)." -- 
What i s  the basis f o r  t h i s  Statement? 

61 



Page 100 - With regard t o  the quotation from Bachman (1980). Anderson po ints  

out t h a t  the correct in terpretat ion i s  that  o f  Castile-Salado unconformity and - 
not "pan" deposition. A t  any.rate, i t  does not address d isso lu t ion  and 

col lapse i n  lower Salado. With respect t o  the quotation from Jones (l972), 

Anderson points out that  there are l a te ra l  var iat ions i n  Salado, but  not 

enough t o  explain the correlatable s a l t  zones and missing s a l t  as seen i n  

logs. 

Page 103, Fig. VII - 1-B - According t o  Anderson (personal comnunication) , his  

i n te rp re ta t i on  o f  these logs Was wrong. Cowden Anhydrite should be a t  the  top 

o f  UFIM P h i l l i p s  No. 1 and higher i n  a l l  other logs. The discussion o f  t h i s  

f i gu re  on p. 97 i s  therefore i r re levant .  

Page 144 - There should be detai led discussion o f  Maley and Huff ington's 

depressions and Pleistocene d isso lu t ion and f i l l  exhibi ted by them i n  t h i s  

section. 

Page 160 (3rd para) - Anderson's (1980) Brine Density Flow works l a t e r a l l y  as 

w e l l  as v e r t i c a l l y ,  dr iven by density gradient. 

Page 161 (Mid Para) - Maley and Huff ington's Cenozoic f i l l e d  depressions 

provides the evidence tha t  much o f  the s a l t  removal a t  depth occurred i n  l a t e  

Cenozoic, according t o  Pnderson (1981). 

SUMMARY AND RECOMMENDATIONS 

Looking a t  Figure X-2 and the discussion o f  the  Stratabound Disso lu t ion 

concept, one gets the impression tha t  the author o f  t h i s  report  accepts t h e  

cent ra l  basis f o r  the idea o f  deep d isso lu t ion  i-e., the p re fe ren t i a l  removal 

o f  s a l t  a t  depth i n  the lower h l a d o  beneath the Maley and h f f i n g t o n  

depressions. The stratabound explanation i s  a f a i r l y  strong commitment t o  the  

idea o f  removal o f  s a l t  by dissolut ion.  The admission t o  the lack o f  a "sink" 

f o r  t he  b r i n e  makes the concept d i f f i c u l t  t o  accept. Not completing a 

thorough review o f  the geophysical logs and cores from wells t o  examine the  

causes f o r  the  absence of s a l t  i n  the lower Salado horizon i s  a ser ious 

omission on the  par t  of WE which should be corrected as.soon as possible. 



It appears t ha t  one could s k i r t  the issue of deep dissolut ion i n  the Delaware - Basin al together Vis-a-vis the safety and i n t e g r i t y  o f  the WIPP s i te ,  i f  an 

area of s tab le  platform in to  which dissolut ion a t  depth has not made a dent, 

co~ld be establ ished around the WIPP s i te.  This would, of course, require a 

f a i r l y  accurate estimate of the rate o f  advance of the "dissolut ion f ront" ,  

which could then be used t o  estimate a minimum period o f  safety. However, 

such an e f f o r t  cannot be undertaken unless the mechanism fo r  s a l t  removal a t  

depth i s  f a i r l y  c l e a r l y  understood. The lower Salado sa l t  i s  seen t o  be 

missing on accoustic log of Perry Federal #l well, which i s  less than 2 mi les 

east o f  the Zone I V  boundary o f  UIPP. bad o f  course, the  encounter o f  b r i ne  

a t  WIPP-12 has opened the ent i re  question o f  the relat ionship o f  br ine i n  

Cast i le  and the mechanism of sa l t  removal i n  lower Salado formation. These 

questions nust be answered i n  the best possible manner i f  confidence i s  t o  be 

placed on the geological i n teg r i t y  o f  the WIPP si te.  

EDITORIAL COMENTS 

Page 3, l i n e  4 - delete "as." 

Page 5, l i n e  7 - "dendr i t ic"  i s  misspelled. 

Page 9, equation i n  middle o f  page - The formula f o r  po lyha l i te  is,, 

incorrect .  It should be 

Ca2lt2b (S%I,-H20 
Page 22, l i n e  2 - The word "with" o r  "to' should be inserted between 

"proximity"  and "the Ochoan." 

Page 36, l i n e  5 : The word "water* should be "sa l tn  o r  "evaporites." 

Page 49, 2nd paragraph, l i n e  1 - The word "Rustler" i s  misspelled. 

Page 72, l i n e  1 - m e  word "completion" should be 'completeness." 

Page 94 - The f i r s t  sentence on t h i s  page needs rewording .... something 

l i ke ,  "Anderson (1978) did not en te r ta in  the p o s s i b i l i t y  t ha t  

infra-Cowden th inn ing  over the reef  was due t o  reef -cont ro l led 

non-deposi t im rather than reef re la ted d isso lu t ion from below." 

Page 163, 3rd l i n e  - 'Origin" should be "original*.. 

10. Page 164. para 4, l i n e  4 - "features* i s  misspelled. 
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NOV 0 5 1982 

Mr. Robert H. Neill 
Director 
State of New Mexico 
Environments 1 Evaluation Group 
P. 0. Box 968 
Santa Fe, NM 87503 

Dear Mr. Neill: 

?eply to Review Comnents by EEG on Deep Dissolution Report (Neill to 
McGough, August 13, 1982) 

Your comments on the draft Deep Dissolution Report have been taken into 
consideration, and the enclosed response has been prepared by the 
authoring organization. 

It is necessary to keep in mind that it was the intent of this work to 
show that: 

(1) there is no direct evidence of present or past preferential 
removal of lower Salado halite; 

(2) previous (Anderson's) hypotheses - have been tested and found 
wanting; 

(3) a potentially efficient mechanism for stratabound dissolution 
(nore efficient than 'brine density flowm involving Bell Canyon, Capitan 
or Castile) - had been identified, 

(4) there is 1 ittle evidence for stratabound dissolution anywhere 
save in the Rustler; 

(5 )  if an efficient sink for brine disposal cannot be identified, 
there is - no active dissolution, regardless of the postulated mechanisn, 
and; 

(6) if greater confidence in these conclusions is required, specific 
tests of the stratabound hypothesis could be made, for it - is a testable 
hypothesis. 



Mr. R. H. Neil1 - 2 -  

If after reviewing these responses you feel that further discussion of 
your comments is warranted, please contact my office to arrange for a 
meeting with the authors prior to printing of the final report. 

Sincerely, 

cc W/O enclosure: 
R. K. Brown. TSC 
6. L. Hohmann, TSC 
C. C. Little, TSC 
W. Weart, Sandia 
C&C File, TC 

Project ~anager 
- WIPP Project O f f  ice 



ATTACHMENT TO MCGOUGH LETTER 
NUMBER 07591 DATED 1 1 /5/82 w 

Non-existence of Lower Salado Salt 

Anderson's .hard datan for absence of salt are really his interpretations 
of acoustic logs, not the logs themselves. We disagree in numerous 
instances with his stratigraphic picks. A rereading of p. 90 will reveal 
that the page is replete with arguments for the statement about some 
halite removal (if any) being Permian and not Pleistocene. 

Use of the word "missing" forces specific conclusions not appropriate 
with a sense of healthy skepticism toward any hypothesis. 
Non-deposition, for example, means "not missing." The whole discussion 
on p. 92 says the thickness of anhydrite. near the basin margin is strong 
evidence that no halite was deposited, or if originally deposited, 
'removal . . . must have occurred during Castile time.' 
Despite your assurance from Prof. Anderson that thickness trends are not 
worth reanalyzing, we shall continue our re-interpretation as we have 
proposed and y ~ u  have urged. As to the age of fill, Maley and Huffington 
called it Cenozoic. There is no evidence that we are aware of that 
assures us that broad definition (Cenozoic) has any precision greater 
than 65 my to present. No faunal or radiometric data are known on which 
to base an maxirmm age. Gatuna age deposits are known as part of the 

,- fill, but 4 t at not demonstrate anything other than a minimum age. 
The age of the fill inthe collapse areas is not well documented as all 
Pleistocene; therefore, Ander sont s speculation of constraint of a1 1 
dissolution to the Pleistocene on this basis alone is not tenable. 

SNL roposed log correlations early in this process, but the preparation 
of J e  dissolution and deformation reports is what convinced us of the 
necessity. Activity was deferred until the specific goals of such a 
reinterpretation could be defined, and additional resources could be 
allocated, since the activity will serve many endeavors (structure, 
deformation, dissolution, etc.). 

The acoustic logs have been run in Nash Draw holes (WIPP 25 through 30) 
and compared with m w s o n t s  logs. That comparison was the basis for 
saying that the Anderson logs showed no signature of either gypsum or 
dissolution residue. Specific examples will be included to demonstrate 
the point. 

Connection of Evaporite Beds and the Basin Aquifer 

The potentiometric (static) differences between Bell Canyon and Capitan 
do not eliminate the possibility o f  interconnection. A rereading of p. 
45 will uncover a further, more powerful, argument against 
interconnection in the iarmense difference in osmotic potentials. The 



repor t  says .there i s  no tendency' f o r  water movement across the - 
Capitan/Bell Canyon interface, and also explains the basis for t h i s  
statenent. Page 45 explains the high osmotic gradient between Capitan 
and B e l l  Canyon waters, which must be taken i n t o  account as well  as the 
s t a t i c  potentiometric gradient i n  pred ic t ing degree o f  water movement. 
The discussion w i l l  be augmented t o  c l a r i f y  tha t  i n  view of these 
opposing conditions, f low i n  e i ther  d i rec t i on  i s  considered unl ikely. 

-Replacement Limestone as Basis f o r  Past DG-Evaporite Bed Connection 

It was s ta ted t h a t  the  hypothesis o f  K i rk land  and Evans was not the 
primary po in t  o f  review; perhaps a more order ly  discussion i n  the t e x t  i s  
necessary so t h a t  t he  o i n t  about c a s t i l e s  no t  necessari ly indicat ing fl deep d isso lu t ion  w i l l  e considered gserious.m 

There are several serious f laws i n  the  K i rk land  and Evans suggestions and 
the Anderson speculation; ch ie f  among these i s  the innate (themdynamic) 
i n c m p a t i b i l i t y  between (oxygenated) meteoric water (postulated t o  have 
moved f r e e l y  i n  the  B e l l  Canyon) and h i g h l y  reduced hydrocarbons i n  the 
B e l l  Canyon. 

By .errors,. it f s  assumed t h a t  you mean the  discussion i s  incomplete. 
I t  i s n ' t  what might normally be considered an .errorm t o  suggest 
explanations, no Platter how 'seriousm t h e  investigation. We f a i l  t o  
conprehend how brecc ia t ion i n  t he  c a s t i l e s  i s  inconsistent wi th  a deeper 
developwent o f  Ol ive 's  so lu t ion  - subsidence troughs i n  the  Gypsun Plain. - 
Cast i le  Formation Br ine and B e l l  Canyon Aquifer 

There remains no .questionm i n  our minds o f  C a s t i l d B e l l  Canyon i so la t i on  
i n  view o f  fundamental thermodynamics. Deepening ERDA-6 j us t  t o  "answer' 
t h e  .question* (which we consider non-existent) i s  not expected t o  help 
cuch. We f e e l  t h a t  t h i s  cement reconmends no useful change t o  the 
o r i g i n a l  text .  

Cont inu i ty  o f  Strata. i n  Cas t i l e  

I t  i s  Lambert's opinion expressed i n  the  repor t  t h a t  thinned h a l i t e  
over ly ing th idtened anhydr i te represents a syndepositional phenomenon. 
Apparently, Anderson considers it deformation. It i s  d i f f i c u l t  t o  
imagine how s a l t  tec ton ics can gfve r i s e  t o  anhydrite mounds, long a f t e r  
sedimentary consolidation. Anhydrite does no t  flow. The deformation 
repo r t  (Barrows e t  al., i n  preparation) considers tha t  conpensating 
var ia t ions  i n  th-sses o f  Cas t i l e  anhydr i te  and h a l i t e  beds are due t o  
deformation ( ra ther  than l a t e  Cenozoic dissolut ion),  despite cursory 
geological reasoning f o r  such a s i tuat ion.  

It can be agreed t h a t  non-deposition o r  precenozoic subaerial erosion 
does no t  exp la in  a l l  th ings concerning the  a u n t  and pat tern rf s a l t  
%issing.. The p m e s s i o n a l  opinion i s  expressed tha t  these are very 



important factors which can explain the basic amount and pattern. 
Certainly a very strong case is made that a pronouncement of "deep 
dissolutionU through the last few million years has very serious 
shortcomings whether the Anderson or Lambert models are applied. Ue are 
unable to make specific revisions based on the coment. 

Georinphic Evidence Against Deep Dissolution (sic) 

The results of serious investigations of dissolution in the Permian Basin 
of west (and northern) Texas shows the presence of scarps and dissolution 
as a front (Gustavson et al., 1980). If erosion destroys such a scarp or 
prevents it from formi-e dissolution rate is reasonably slow. If 
scarp formation due to .deep dissolutionm is so slow that erosion 
obliterates scarps, (and the river keeps pace), the dissolution i s  so 
slow as to be inconsequential on the time scalc appropriate to YIPP. 
Simultaneous blanket dissolution to prevent scarp formation is a 
diff lcult process to enviston as .freshn water has to be distributed over 
large areas before dissolving salt. There is no revision apparent for 
responding to the comment. 

The Timing of Deep Dissolution 

Rereading of p. 142 will reveal that Bachman's Cretaceous occurrences 
were not used as timers, and the report considers some of Anderson's 
objecnns to then valid. The absence of Jurassic rocks (Bachman, 1980) 
still stands as evidence of Jurassic or post-Jurassic exposure, since no - Jurassic has been found associated with the Cretaceous collapsed rock. 

The comment has been made (p. 141) that not all o f  these times when the 
area was above (and below) sea level are separable. However, there is 
consistent evidence for dissolution during earlier times, no matter how 
the Cretaceous rocks are interpreted. We have to disagree over the 
precision of the age of fill in the troughs -- see cola~ent above, sane 
subject. 

No coment was intended to be made on Anderson's postulation of lower 
Salado dissolution by Capitan water under San Simon Sink. Overnight 
collapse occurs, however, only in brittle rock, and that is strong 
evidence for collapse into a phreatic cavity in the Capitan. A large 
natural open cavity in halite at 2000 ft depth has not been found: such 
cavities are not p r e s e r n  as to collapse catastrophically. See 
p. 147 (quote from Brokaw, et al, 1972). It was intended that the 
question of San Simon Sink be left open. The origins of 
Capitan-associated features (such as San Simon Sink, Carlsbad Caverns, 
and 'breccia pipesm) were not intended to be ultimately resolved by this 
report, unless they are shown by consequence analysis to be worthy of 
consideration as direct threats to the integrity of the WIPP horizon. 
This will be made explicit in the revision. 



Stratabound Dissolut ion 

The i d e n t i f i c a t i o n  o f  the B e l l  Canyon Formation as a sink i n  Anderson's 
w 

(1981) m d e l  i s  a f a t a l  flaw. The lack o f  a demonstrated sink f o r  
stratabound d isso lu t ion i s  a problem, but not  f a t a l  i n  the same sense. 
This lack o f  a good candidate i s  a major reason why a l l  schemes for 
d isso lu t ion  a t  depth tha t  are postulated t o  be very act ive now must be 
considered suspect. The parenthetical remark on p. 152 w i l l  be made more 
e x p l i c i t  i n  t h i s  regard. 

Discussion o f  the stratabound model w i l l  be c l a r i f i e d  t o  indicate t h a t  
the  on ly  evidence o f  i t s  occurrence i s  i n  the lower Rustler/upper Salado 
o f  Nash Draw. 

Spec i f i c  Comnents 

. 24, para. 1: It i s  recognized t h a t  C. L. Jones can corre la te  the 
fa lado  marker beds as we l l  and as f a r  as R. Y. Anderson can corre la te  the  
Cas t i l e  anhydrites. 

p. 44 ( l a s t  2 l ines):  Yes. No tendency f o r  Capitan water t o  f low i n t o  
the  B e l l  Canyon. - See p. 45, iiiiddle. No tendency i s  indicated f o r  f low 
i n  the  other direction; either. 

. 83 ( f i r s t  2 l ines): Indeed the cross-section does not  pass through 
t a n  Simone Swale. A t r ans i t i on  phrase w i l l  be added t o  make the 
reasoning smoother. The discussion concerns a general category o f  
depressions t o  which San Simon Swale may belong. It i s  n o t  necessary 
t h a t  Figure X-1 show San Simone Swale, s ince the re la t ionship i s  c l e a r  
along the  l i n e  o f  Section A-A. 

90 (bottan): The basis f o r  the statement i s  t ha t  the t o t a l  thickness 
-ite/anhydrite paired un i t s  remains the s a m e n e  only  t i n e  
t h a t  anhydrite could have forned 'mounds" over which h a l i t e  was thinned 
was the  Permian, - not the  Pleistocene. Words w i l l  be added t o  t h a t  e f fect .  

p. 100: The quotation i s  accurate and it does concern the evolut ion of 
evaporites w i t h in  the basin. An unconformity a t  the  Castile/Salado 
,boundary would be an acceptable way o f  having Cas t i le  h a l i t e  beds in  the 
western p a r t  of the basin disappear, but  we doubt t h i s  i s  t he  inference 
Anderson means t o  have &awn. The known Salado var ia t ions are evidence 
t h a t  beds my have disappeared dur ing Salado tines. No c la im i s  made 
t h a t  it accounts f o r  a l l  .missingg ha l i te .  

Anderson has t o t a l l y  ignored t h e  g rea t l y  thickened anhydrite sections 
t h a t  occur i n  the same boreholes w i th  the  thinned h a l i t e  sections. This 
neglect  makes h i s  in terpretat ions suspect. Thus, var ia t ions i n  the  
Salado can be explained by processes other than Pleistocene dissolut ion. 
This s t z m e n t  w i l l  be made exp l i c i t .  



- p. 103: The discussion is - not irrelevant just because Anderson found an 
error in his interpretation. The interval nomenclature will need to be 
annotated or clarified. Final revision will probably await 
reinterpretation of the log data. This is an example of why the 
interpretation should be redone. 

144 It is not the intent of this work to reproduce all the source P J ? :  . 
wor s within it. It will be clarified that the .Cenozoicn age of all the 
fill is not well established, and therefore cannot be used as a strong 
argument% favor of dominantly Pleistocene dissolution. 

The basis of ages (e.g., lack thereof for fill in the depressions will 
be more explicitly stated. The chapters on recommendations will be more 
explicit concerning some f 01 lowup investigations of Wormation on the 
fill. 

.p. 160 (3rd para. ): There is geological evidence that Brine Density Flow 
does not work at all in this geologic setting. There fs no salinity 
stratification observed in any subevaporite aquifer in the basin 

- 
(excluding the Capitan). See p. 161, 1st para. 

. 161 (mid-para.): There is no evidence that all the Maley and 
tuff ington f im *late Cenozoic." Anderson's speculation is 
unwarranted solely on this basis. Again, it will be reemphasized that 
the age of the fill is largely unknown. 

- SUMMARY AND RECOMMENDATIONS 

The comments do not recognize that the Figure X-2 is dia anatic and 
h othetical. Looking at the text, we find it difficu to ge t e 
J--ll  

+ 
Impression t at the report accepts 'deep dissol~tion.~ In addition, to 
our knowledge this report is the first instance of the detailed 
examination of the imkiense difficulty of brine disposal in an proposed -5 dissolution mechanism, given the geohydrologic conditions of t e Delaware 
Basin. If the concept of dissolution is made difffcult to accept for 
want of a sink, there can be no active dissolution. 

Stratabound dfssolution is a hypothesfs to explain how dissolution is 
occurring (Nash Draw); the lack of sink makes any hypothesis regarding 
active dissolution at great depths suspect. See similar earlier comaent. 

The review of geophysical logs had been previously done by Anderson under 
contract. The drafting of dissolution and deformation reports 
demonstrated the necessity of reexamining and updating the 
interpretation. 

The problems with an operating, active method of .deep dissolutiona will 
have to be more explicitly sumrized. No estimate of rate of advance is 
germane without an operating nechanism. A revision to express the threat 
from stratabound dissolution (vis a vis Nash Draw) will be included. 



I 

There is no relationship apparent between brine reservoirs and salt 
removal. 

The example of Perry Federal C1-31 cannot be used to illustrate 
preferential (active?) dissolution in lower Salado. Note the greatly 
thickened section of Castile Anydrite I11 unde-I ying the 'thinneda halite 
'between "Cowden'(?) and MB136. The total thic~ness o f  this section does 
not differ markedly from regional th-ss, thus supporting depositional 
thinning of halite over an anhydrite 

A t  the risk of repetition, we say that it has been scientifically 
established that WIPP-12 brine is not active dissolution brine. We do 
not consider the 'relationship of brine in Castile and the mechanism of  
salt removal in the lower Salado Formationg an 'open question: Such an 
issue has been addressed in detail on pages 114 through 121. 
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January 3. 1983 

Mr. Joseph M. McGough 
Project inanager on MPP 
UIPP Project  O f f i c e  
U. S. Department of Energy 
P. 0. Box 5400 
Albuqu~rque. fM 871 15 

Dear Mr. McGough: 

RE: Deep Disso lu t ion Report (SAND 82-0461) 

Ywr rep ly  t o  EEC's comnents on the  subject report  (McGough t o  Ne i l l ,  11/5/82) 
and t h e  attachnent t o  your l e t t e r ,  ind ica te  t h a t  t he  author of t h i s  repor t  has 
accepted a number o f  EEG suggestions f o r  improvement o f  the report. We 
understand t h a t  t h e  f i n a l  version o f  t he  report  w i l l  include the f o l l a r i n g  
major changes. 

a. A re in te rp re ta t ion  o f  geophysical logs o f  Salado and Cast i le s t ra ta  i n  the  
northern p a r t  o f  the Delaware Basin w i l l  be congl eted and the  resu l ts  
c l ea r l y  presented t o  prove your assert ion t ha t  the  absence o f  h a l i t e  i n  
Salado i s  due t o  non-deposition o r  erosion shor t ly  a f t e r  deposition. 

b. Speci f ic  examples o f  accoustic logs frm UlPP 25 through 30 w i l l  be used 
t o  show tha t  t h e  zones o f  missing s a l t  i n  Salado, as in terpreted from 
accoustic logs o f  deeper boreholes do no t  show signature o f  e i t h e r  gypsun 
o r  d isso lu t ion  residue. 

c. Clear examples and explanations w i l l  be provided t o  j u s t i f y  the contention 
t h a t  t h e  t o t a l  thickness o f  Cas t i le  ha l i te /anhydr i te  paired u n i t s  remain 
essen t i a l l y  t h e  same i n  t he  basin. Figure Vl l -2  (p. 105) and the  
discussion on page 92 s h w  some examples o f  e r ro rs  i n  Anderson's argument 
but do not  b r i n g  out the  po in t  being made convincingly. 



Joseph M. frcGOugh 
January 3, 1983 
Page 2 

There a r e  o t h e r  points i n  your rep ly  t o  our conmnts which could be argued 
from an academic point o f  view. However, t h e  changes l i s t e d  above w i l l  
' sa t i s fy  our  major concerns i n  t h i s  area. 'wV J .  jd 
R ' b e r t  H. N e i l 1  
D i r e c t o r  

RHN :eg 

cc: TSC, I E A  
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Comments on Draf t  DMG Hydrology Report 

INTRODUCTION 

These comments are based upon a c r i t i c a l  reading o f  the report and many of the 

references c i ted i n  the report. The calculations, assumptions and data i n  the 

report were checked fo r  accuracy and reasonableness. Most o f  the calculat ions 

are correct - a few speci f ic  errors or discrepancies are noted under Specific 

Comments. Construction of some o f  the graphs presented i n  Chapter 5 i s  

unclear - these are also discussed under Specific Coments. The section on 

General Comments contain our suggestions for improvement o f  the report on a 

thematic basis. 

EXPECTATIONS FROM THE REPORT 

The "Cost and Merits Evaluation f o r  Stipulated Agreement Ac t i v i t i es "  attached 

- t o  the 8.31.81 l e t t e r  f ran  Schueler t o  Goldstein contained de ta i l s  o f  the 

proposed work and expected results. I n  our judgement, the fo l lowing two i tens 

have not been included i n  the d ra f t  report. 

a. "Possible comnunication (o f  DMG) with other aquifers e.g. reef 

aquifer, San Andres limestone aquifer and shallow aquifers" has n o t  

been treated i n  t h i s  report. Although the de ta i l s  on t h i s  theme are 

expected i n  the regional hydrology report, a b r i e f  treatment of t h i s  

subject w i l l  be desirable i n  t h i s  report f o r  completeness. We 

recommend adding a subsection under section 2.2 o f  the report f o r  

such discussion. 

b. The "Expected Results" section o f  the Costs and Merits document f o r  

DMG Hydrology states, "Addit ionally, the re la t i ve  merits of various 

d isso lu t ion theories w i l l  be discussed." We understand tha t  the 

primary document f o r  such a discussion i s  the Deep Dissolut ion 

report, but the DMG Hydrology report should a t  leas t  discuss the 

poss ib i l i t y  o f  proposed mechanisms, other than Anderson's deep 

dissolut ion, explaining the observed features o f  DMG and Reef 



hydrology and hydrogeochemi stry.  A discussion of Bachrnan's "Solution - 
and f i l l ,"  subaerial erosion during Jurassic time and Larnbert's 

"Stratabound Dissolut ion" i n  t h i s  context would be very appropriate 

and useful. 

GENERAL COMMENTS 

Acceptance o f  Deep Oissolut ion 

On the basis of geological and geochemical evidence and observed rates of mass 

transport, the report nas accepted the possi b i  1 i t y  of d~ep-seated dissolut ion 

a t  the margins o f  the Capitan reef and above it. The fol lowing quotations 

from the report ind icate such acceptance. 

"Based on observed mass transport rates i n  the Capitan Reef and ex is t ing 

geep-seated d isso lu t ion features (breccia pipes), convective mechanisms 

such as bririe densTty flow may be occurring a t  the reef margin." (p. 
4-16, para 3) 

"...there i s  evidence t o  suggest tha t  ac t i ve  convective dissolut ion o f  

the over ly ing Salado Formation together w i th  the d i f fus ion  froin h a l i t e  

zones can resu l t  i n  the observed mass transport ra te  i n  the Capitan Reef 

aquifer". (p. 4-9, para 2) 

"....dissolution a t  the Capitan ~ e e f  margin i n  the Cast i le and Salado may 

be associated w i th  the convective mechanism and i s  consistent wi th 

observed deep d isso lu t ion features which suggest a more vigorous 

d isso lu t ion  process than d i f f u s l ~ n . ~  (p. 5-4, 3rd para) 

I n  addit ion, the report  has accepted the p o s s i b i l i t y  of some deep-seated 

d isso lu t ion throughout t he  basin. 

"Addit ionally, the presence o f  sa l ine waters t o  the Bel l  Canyon and Capitan 

Reef aquifers which under1 i e  or are adjacent ha1 i t e  un i ts  suggests that  some 

form o f  deep-seated d isso lu t ion may be present throughout the basin." (p. 3-3, 
4th para). 



h i s s i o n  o f  Salado Sa l t  Removal - 
Having accepted the possibi  1 i ty o f  the mechanism o f  s a l t  removal through 

convect ive f low a t  depth, the repor t  has not addressed a major content ion o f  

Anderson (1981), i -e. ,  the removal o f  s a l t  from t h e  Salado formation. A l l  t h e  

a n a l y t i c a l  models considered i n  the repor t  deal w i th  the  " s a l t  d i sso lu t i on  i n  

t h e  C a s t i l e  Formation and mass t rans fe r  t o  the Be l l  Canyon Rqui fer"  (p. 6-1, 

para 2). 

The reasons f o r  t h i s  omission are not  c lear ,  s ince according t o  the  repor t ,  

" i t  seems l i k e l y  t ha t  the groundwaters 3av2 dissolved some s a l t  from t i e  

Salado and Cas t i l e  formations" (p. 3-2, 2nd l i n e ) .  I n  fac t ,  task no. 3 (p. 

1-4) f o r  the  study i s  to. "Assess the po ten t i a l  f o r  d i s s o l u t i o n  i n  the  Cas t i l e  

and Salado formations." It i s  hoped t h a t  t h e  f i n a l  vers ion o f  t h i s  repor t  

w i l l  co r rec t  t h i s  m i s s i o n .  

DMG Aqui fer  Parameters 

- The conclusion t h a t  the  r a t e  o f  d i s s o l u t i o n  o f  s a l t  i s  so slow that ,  " t h i s  

would have an i n s i g n i f i c a n t  e f f e c t  on the i n t e g r i t y  o f  t h e  f a c i l i t y "  (p. 1-7) 

i s  based upon the  s a l t  t r anspor t i ng  capaci ty  o f  the  DMG aqui fer .  h e  repor t  

accepts that,  "Removal rates from t h e  C a s t i l e  Formation based on convect ive 

t r a n s p o r t  mechanisms are estimated t o  be s i g n i f i c a n t l y  g rea ter  than t h e  s a l t  

t r anspor t  capacity o f  the  Be l l  Canyon aqu i fe r "  (p 4-11. l i n e  3 t o  6). 

Therefore, i t becomes c r i t i c a l l y  important t o  examine t h e  raw data which has 

been used t o  est imate the s a l t  t r anspor t i ng  capaci ty  o f  t h e  OK aqu i fe r .  

The i npu t  parameters f o r  numerical computations are  l i s t e d  i n  Table 4-1 o f  t h e  

repor t .  These parameters are i d e n t i f i e d  from the  hydrogeol og i ca l  

c h a r a c t e r i s t i c s  o f  t h e  Be l l  Canyon formation l i s t e d  i n  Table 2-1. The data 

f o r  B e l l  Canyon hydrogeology are  taken from Hiss (1975a). The only other  

source o f  data i s  Lynes Inc. (1979) which repor ts  on a d r i l l - s t e m  t e s t  i n  

AEC-7 d r i l l h o l e .  

The most important i npu t  parameter i s  the hydrau l ic  c o n d u c t i v i t y  o f  B e l l  

Canyon aqui fer .  Hiss (1975a) compiled labora tory  determinat ions o f  



permeability and porosity, made by o i l  companies on cores collected from the 

lower Bell  Canyon and Upper Cherry Canyon formations. The cores were .- 

col lected from sections most promising for hydrocarbon production. On the 

basis o f  these compiled values, Hiss (1975a) computed an "average" 

permeability f o r  the WG formation as 6.70 m i l l i da rc ies  which i s  equal t o  

about 0.005 m/day of hydraulic conduct? v i ty .  The hydraulic conductivity o f  

4.8 m/yr. l i s t e d  i n  Table 4-1 i s  simply t h i s  value computed by Hiss (1975) 

from reported laboratory values (0.005 mlday x 365 = 1.8 mlyr.). Simi lar ly,  

the e f fec t i ve  porosi ty value of 0.16 i s  also the "averageH porosity value 

reported by Hiss (1975a) from h i s  compilation of o i l  companies data. Hiss 

(1975a) d id  not report  any aquifer performance tests  for  Bell  Canyon. I n  

fact, the only aqui fer  data are that  col lected from a d r i l l  stem tes t  i n  AEC-7 

(Lynes, Inc. 1979). 

While the report t r ea t s  several mechanisms f o r  f low i n  the Casti le formation. 

it only t rea ts  porous media flow i n  the D f f i  aquifer. The hydrologic data 

avai lable f o r  porous media flow i n  the DMG indicates tha t  the DMG i s  not 

capable o f  t ransmi t t ing s ign i f i can t  amounts o f  sal t .  This i n  turn keeps 

d isso lu t ion o f  s a l t  t o  a minimum even when considering the "implausible worst - 
case scenarios" described i n  the report (Sec. 5.2). 

In view o f  a possible f a u l t  connecting Bel l  Canyon w i th  Cast i le formation 

(U.S. DOE. 1980b. Figs. 2.7-20 and 2.7-21) and the existence of a j o i n t  system 

(p. 2-7, para. 2), it i s  surpr is ing that  no consideration i s  given t o  s a l t  

t ranspor t  through f ractures which may ex is t  i n  WG aquifer. It i s  recomnended 

that the f i n a l  version o f  the report includes calculat ions based on 

assumptions o f  j o i n t s  i n  DMG and a t  least  one f a u l t  connecting Dm; and Cast i le 

formations. 

Capitan Aquifer as a Deep Dissolut ion Sink 

The report states t ha t  the, "Geochemical evidence o f  s a l t  d issolut ion i s  

provided by the composition o f  groundwater from the  Be l l  Canyon and Capitan 

aquifers" (p. 3-1. 3rd para) and that  "it seems l i k e l y  tha t  the groundwaters 

have dissolved some s a l t  from the h l a d o  and Cas t i le  formations" (p. 3-2, 
f i r s t  para). While the report rules out D f f i  as a ca r r i e r  o f  the dissolved - 



s a l t ,  i t  Suggests t h a t  the  Capitan aqui fer  may d i r e c t l y  p a r t i c i p a t e  i n  the - s a l t  d i s ~ o l u t i ~ n  a t  depth. The Chapter on "Conclusions' (Chapter 6) s tates,  
"As i s  evident from t h i s  'study, b r i n e  densi ty  flow or convective 

d i s s o l u t i o n  i s  a po ten t i a l  mechanism f o r  removal o f  h a l i t e  and i t s  

occurrence i n  the  Delaware Basin i s  possib le i n  areas over ly ing  and a t  

the  Capitan Reef aqu i fe r  margin." (p. 6-3) 

This i s  an important statement and ra ises  several questions concerning t h e  

mechanism o f  Sa l t  removal wi thout  DMG aqu i fe r  pa r t i c i pa t i on ,  d i r e c t l y  t o  the  

Capitan aquifer.  The existence o f  decreasing ch lo r ide  concentrat ion d o ~ l  

;radient i n  the Capitan Reef aqu i fe r  i s  one example o f  the problems t o  he 

resolved and understood. The repor t ,  i n  i t s  f i n a l  form, should try t o  present 

a mechanism o f  s a l t  removal from C a s t i l e  and h l a d o  i n t o  the Capitan Reef 

aqu i fe r  w i thout  i n v o l v i n g  the  DMG aqu i fe r .  

Br ine  i n  C a s t i l e  

The repo r t  has disregarded the  importance o f  pressurized b r i ne  i n  the  C a s t i l e  - format ion v is-a-v is  the  quest ion o f  s a l t  removal from Cas t i l e  and h l a d o  (p. 

242 ) .  Even though these b r i n e  occurrences do not  seen t o  be connected t o  t h e  

DNG aqu i fe r ,  they may not  be completely iso lated.  Also, the b r i n e  i s  found i n  

l a r g e  volumes. The most recent est imate o f  the volume o f  the b r i ne  rese rvo i r  

encountered by WIPP-12 i s  30 mi 11 i o n  b a r r e l s  (Popielak, WAS-WIPP panel 

presentat ion,  Aug. 1982) which would occupy 170 m i l l i o n  cu. ft o f  space. The 

s i g n i f i c a n c e  o f  such l a r g e  volumes o f  pressur ized b r i ne  t o  the  quest ion o f  

removal o f  s a l t  through d i s s o l u t i o n  i n  t h e  same formation should be discussed 

more thoroughly i n  t h e  report .  

Use o f  Mathematical Models and Equations 

The r e p o r t  has q u a n t i f i e d  t h e  ra tes  o f  d i s s o l u t i o n  f o r  mechanisms o f  d i f f u s i o n  

and dens i ty  induced convection by using t h e  equations f o r  densi ty  induced f l ow  

e f f e c t s ,  Rayleigh numbers and M s s e l t  numbers; use o f  a steady s ta te  

a n a l y t i c a l  mass balance model; and t h e  use o f  a numerical mass t ranspor t  

model. 



Many of these approaches and assumptions appear t o  have p o s s i b i l i t i e s  o f  - 
errors. Thus, f o r  example i t  seems possible that brine density flow could 

occur i n  fractures much smaller than the 0.5 and 1.5 mn calculated i n  the 

report ;  the value o f  Rs used for  the equation NS=O.l ~ ~ 1 1 3  may not 

exceed 5x10'~ whereas the report uses RS=1.2 x lo2'; and the comparison o f  

the  dispersion coef f ic ients  calculated from the Knapp and Podio (1979) 

experiments t o  the dif fusion coeff icient could be erroneous. A l l  t h e s e s i f l t s  
.' 

are discussed i n  de ta i l  under Specif ic Comments. 

SPECIFIC COMMENTS 

page 1-3, 8th and 9th l i n e  from top and page 2-7, 2nd paragraph: 

The WIPP Safety Analysis Report (page 2.7-33. Figures 2.7-20 and 2.7-21) 

indicates that  a northwest-southeast trending f a u l t  may ex i s t  on the in ter face 

between the Delaware Mountain Group and the Casti le Formation. The f a u l t  i s  

located approximately 9 Ian northeast o f  ERDA-9 and would be wi th in  1 Ian of  the 

reposi tory as presently planned. The potent ia l  existence o f  a f a u l t  and i t s  

consequent hydrologic e f fects  on the repository should be addressed i n  t h i s  

report. 

page 1-4, 1st  paragraph: 

The statement, "When placed i n  sa l t  beds which have remained generally stable 

since deposit ion i n  the Permian time (more than 230 m i l l i o n  years ago), the 

waste buried i n  the  WIPP f a c i l i t y  may reasonably be expected t o  remain 

iso la ted from the biosphere f o r  thousands o f  years" ignores everything tha t  

has happened t o  the s a l t  beds since t h e i r  deposition, viz. u p l i f t ,  t i l t i n g ,  

fo ld ing, s a l t  tectonics, in t rus ion by a dike, collapse along breccia chimneys, 

d isso lu t ion,  formation o f  cav i t ies  f i l l e d  with huge reservoirs o f  brine, 

erosion, etc. It  i s  c lear ly  misleading, detracts from a sat is factory  

reso lu t ion o f  the question o f  future s t a b i l i t y  and i so la t i on  o f  the WIPP 

repository, and should therefore be removed f ran t h i s  report. 

S im i la r l y  the sentence fol lowing the above mentioned one states t ha t  

radioact ive decay w i l l  reduce the hazard t o  "negl ig ib le  levels'  i n  a fen 

thousand years. The Pu-239 inventory w i l l  be essent ia l ly  the same as a t  

c losure and the statement as incorrect. 
- 

:. . 



page 1-7 3rd, and 4th bu l le t ted conclusions: 

The t e r n  " ins ign i f icant" ,  "no significance," and "not greatly increase" 

are qual i ta t ive.  They should be ei ther replaced by or appear wi th the 

respective quantif iable number from Chapter 5 or Appendix B. 

page 2-7, section on "Fracturing": 

I n  which formations are the two sets of jo in ts  located? 

Does the j o i n t  Set extend i n t o  or i s  i t  located wi th in  the t ransmit t ing sand- 

stones o f  the DMG? These j o i n t s  may be capable o f  t ransmit t ing water and thus 

have a high dissolut ion potential. The dissolut ion ef fects  of convection 

along a j o i n t  or f racture i n  the DMG should be addressed i n  the report. 

page 2-8, 19th through 29th l i n e  from top: 

The values o f  permeability presented here appear t o  be taken from Table 6 of 

Hiss's (1975a) Peport and are average permeabil i t ies on a county by county 

basis. Figure 21 o f  Hiss's (1975a) report indicates that  permeabil i t ies near 

the WIPP s i t e  range frm less than 1 md t o  59 md (<0.3 mlyear t o  18 mlyear f o r  

pure water a t  20°C). 

page 2-11, l a s t  paragraph 

The report  should indicate that  the hydraulic conductivi ty o f  the Cast i le 

anhydrites i s  not l im i ted  t o  porous flow. A t  WIPP-12 a f racture i n  h h y d r i t e  

111-IV o f  the Cast i le i s  capable o f  producing over 300 gallons per minute o f  

b r ine  (Dl Appolonia Consul t i n g  Engineers, Inc., "Data F i l e  Report, ERDA-6 and 

'WIPP-12 Testing," Volume I V  A, Ac t i v i t y  UIPP-12.2, Feb., 1982). A t  ERDA-6 a 

f ractured zone i n  Anhydrite I 1  o f  the Casti le i s  capable o f  producing over 20 
gal lons per minute of brine (DfAppolonia Consulting Engineers, Inc., "Data 

F i l e  Report, EWA-6 and WIPP-12 Testing, Volume I1 A, A c t i v i t y  ERDA-6.7. Feb., 

1 982) Preliminary calculat ions by EEG s t a f f  members ind icate hydraulic 

conduct iv i t ies  o f  2000 mlday for  the fractured zone a t  WIPP-12 and 5 mlday for 

the f ractured zone a t  ERDA-6. These values o f  hydraulic conduct iv i ty are a t  

l eas t  s ix  orders o f  magnitude greater than the values presented here. 

page 2-1 2, 2nd paragraph: 

- Does the source of s a l t  I n  the Cast i le  brines come from d isso lu t ion o f  h a l i t e  

over ly ing or underlying the anhydrite layers? 



page 2-12. 2nd paragraph: 

The statement i s  made that  Casti le brine "pockets exh ib i t  d i f fe ren t  (mostly - 
higher) potentiometric surfaces than the Bell  Canyon". It appears that  a l l  

the potentiometric surfaces for  the brine pockets are higher than those f o r  

the Be1 1 Canyon. 

page 2-13, 2nd paragraph: 

Are the contours on Figure 2-7 "averaged" over the various water bearing un i t s  

o f  the Rustler Formation or are they the contours f o r  the Culebra only? They 

look l i k e  they represent water levels i n  the Culebra. A recent d ra f t  report 

(Gonzalez, D.O.. "Fracture Flow i n  the r u s t l e r  Formation: Waste Isolat ion 

P i l o t  Plant (WIPP) Southeast New Mexico (Draf t  In ter im Report)." SAND 82-1012. 

May, 1982) has changed the Culebra contours from those presented i n  previous 

reference works (Mercer. J. W., and B. W. O r r ,  1977; Mercer, J. W. and B.R. 

Orr, 1979; Mercer. J. W. and 0. 0. Gonzalez. 1981). Figure 1 through Figure 4 

ind icate how conceptions o f  the head i n  the Rustler Formation and the Culebra 

Dolomite have changed with time. 

page 3-4, section 3.2.1 

This section deals w i th  possible mechanisms f o r  s a l t  d issolut ion.  This 

section appears t o  put f o r t h  only the ideas developed by Anderson (1978) and 

Anderson and K i r t land  (1980). If any other ideas exist, they are not 

presented. No addit ional  ideas f o r  potent ia l  deep d isso lu t ion mechanisms are 

put forth. The p o s s i b i l i t y  o f  d isso lu t ion from flow i n  j o i n t s  or fractures i n  

the Delaware h u n t a i n  Group and Cast i le anhydrite rocks should be addressed. 

page 3-5, section 3.2.2 

This section quant i f ies  the  amount o f  s a l t  that can be d i f fused through the  

lower anhydrite o f  the Cast i le  F o M ~ ~ o ~  by means o f  e i t he r  a f racture or a 

porous medium. The resu l ts  ind icate that  the  f rac tu re  w i l l  propagate upward 

a t  a ra te  o f  3x10' cieters per year and that, i n  the  porous medim case, a 

d isso lu t ion f r on t  wo:~ld propagate upward a t  a ra te  o f  3 x 1 ~ ~  meter per year. 

The analysis i s  based on the assumption tha t  steady s ta te  i s  reached. This 

approach i s  probably correct  f o r  the porous medium approach because the porous 

mediun has been i n  place fo r  more than 200,000.000 years. On the other hand, - 
. .. ., ,. . . 



fractures can form at any time. In  a f racture the i n i t i a l  unsteady state - rates o f  d issolut ion and diffusion o f  sa l t  should be very large compared t o  

those o f  the steady state because of the steep concentration gradient which 

forms a t  the top of the fracture. The amount of sa l t  that can be dissolved a t  

unsteady state by a f racture Should be quant i f ied here. 

Both the f racture and porous medium rate o f  d i f fus ion  calculations should 

include the range of Delaware Mountain Group NaCl concentrations because the 

amount and ra te  of d issolut ion are dependent on this. These calculations 

should show tha t  dissolut ion o f  h a l i t e  w i l l  occur faster a t  the up gradient 

parts of the Dela*are Flountain Group than a t  the down-gradient parts. 

page 3-8 t o  3-10, "Threshold o f  Convection i n  Fractures and Porous Media" 

This section i s  used t o  estimate the width o f  a f racture required t o  i n i t i a t e  

br ine density flow. This i s  done by approximating the width of a fracture 

w i th  the radius of a tube. A study performed by o d i n g  (Wooding, R. A., 

" I n s t a b i l i t y  o f  a Viscous F lu id  o f  Variable Density i n  a Vertical Hele-Shaw 

- Cell," Journal o f  F lu id  Mechanics, vol. 7, Jan. - Apr., 1960. pp. 501-515) 

tends t o  ind icate that  t h i s  i s  not the correct approach. Using a mathematical 

model o f  water and mass transport between two pa ra l l e l  plates, he found that 

the width required t o  i n i t i a t e  density flow was dependent on the length o f  the 

pa ra l l e l  plates. Wooding (1960) v e r i f i e d  h is  resu l ts  with a Hele-Shaw analog 

model. The resu l ts  o f  h is  study indicated tha t  br ine density flow could occur 

i n  fractures much smaller than the 0.5 and 1.5 mi l l imeters indicated i n  t h i s  

report. I f  a f racture i s  assumed t o  have smooth para l le l  sides, then a 

f racture wi th a width o f  1 mn has a high hydraul ic conductivity (0.7 m/s) and 

i s  capable o f  t ransmi t t ing s ign i f i can t  amounts of salt.  

page 3-10, 2nd paragraph: 
A basis or reference f o r  the statement "It i s  doubtful whether single 

fractures o f  o m  m i l  l i n e t e r  or more i n  aperture could remain open and 

continuous i n  Anhydrite I" should be provided. W i l e  the d r i l l i n g  i n  the 

Cast i le  Formation has not indicated any s ign i f i can t  f l u i d  producing fractures 

i n  h h y d r i t e  I, they have been observed i n  the higher anhydrites of the 

Castile. The most notable example o f  a f racture occurs a t  WIPP-12 about 3010 



fee t  below land surface. This f racture i s  capable o f  producing several 
hundred gallons per minute of flow and i t  could be classed as open and 

continuous. 

page 3-10, l a s t  l i ne :  . . . The v a l i d i t y  of the equation Ns=O.l RS1l3 should be examined. It appears' 
t h a t  t h i s  relat ionship was o r i g i na l l y  derived by Elder (1967) although t h i s  

report a t t r ibu tes  it t o  Goli tsyn (1979). Elder (1967) presented data which 

indicates tha t  the above equation i s  va l id  for  -5~10' < ~ ~ < = 5 x l 0 ' ~ .  Elder 
(1967) has other relat ionships f o r  R ~ < = S X ~ O ~ ,  but none f o r  R ~ > - S ~ ~ O ' O .  

The value o f  Rs used i n  the  calculat ion involving the above equation i s  

1.2x1oZ1, which i s  many orders o f  magnitude higher than the known range o f  

v a l i d  RS values fo r  t ha t  equation (=%I 0 ~ < ~ ~ < - 5 x 1 0 ' ~ ) .  

page 3-11, 2nd paragraph: 

The comparison o f  the dispersion coef f ic ients  calculated from the Knapp and 

Podio (1979) experiments t o  the d i f f us ion  coef f ic ient  could be erroneous. 

This comparison i s  made on page 3-11 o f  the report as support f o r  the  

contention t ha t  convective mass f l u x  i s  lo6 times higher than d i f f us i ve  mass - 
flux.  Knapp and Podio (1979) t reated the s a l t  transport as a purely 

dispersive process. Wooding (1959). who studied the same phenomenon. 

included both a convection t e rn  and a d i f fus ive  t e n  i n  h i s  analysis. The 

large value o f  the Knapp and Podio (1979) d ispers iv i ty  estimates tend t o  

i nd i ca te  tha t  convection i s  occurring. Essential ly the dispersion coe f f i c ien t  

determined by Knapp and Podio (1979) approximates the convection o f  b r ine  as a 

dispersive process. 

Knapp and Podio (1979) performed four experiments i n  t h e i r  study o f  s a l t  

t ransport  i n  boreholes. Three tests  were run i n  a bore tube wi th  a diameter 

o f  four  inches. Two o f  these tests  were run with an induced ve loc i ty  i n  the 

borehole; one was run w i t h  no induced velocity. The four th  t e s t  was run i n  a 

two inch diameter borehole and had no induced velocity. The calculated 

d i spe rs i v i t i es  ranged from 45 cm2/sec t o  48 m2/sec f o r  e x p e r i m ~ t s  run i n  the. 

four  inch bore tube and was 12 d / s e c  i n  the two inch bore tube. Knapp and 

Podio (1979) concluded tha t  the d ispers iv i t y  depends on the cross-sectional 

area o f  the bore tubes. If these d ispers iv i t ies  are corrected f o r  the 'radius 



o f  a f r a c t u r e "  of 0.001 meter, the d i s p e r s i v i t y  would be very m a l l ,  say on 

-- the order of 10'~ m2/sec. This would y i e l d  a Nusselt number o f  about l o3  
i ns tead of lo6 and would dispute the content ion t h a t  convective mass t ranspor t  

i s  lo6 t imes h igher  than d i f fus ive  mass t ransport .  

page 3-12, 5th l i n e  from top: 

.The reason f o r  be l i ev ing  tha t  f rac tu re  o f  imn o r  more are u n l i k e l y  t o  e x i s t  

should be given. Wooding's (1960) resu l t s  i n d i c a t e  t h a t  convection i n  a 

f r a c t u r e  o f  l e s s  than imn width can ex is t .  

page 3-14, 3rd paragraph: 

I f  a f r a c t u r e  were t o  propogate i t s e l f ,  (i.e. d isso lve  on ly  the s a l t  d i r e c t l y  

above i t )  i t would reach the reposi tory i n  l ess  than 20 years a t  a r a t e  o f  28 

cubic meters per  square meter per year. 

It seems very un l i ke l y .  f o r  a f ron t  t o  propogate as a square tunnel. Does any 

l i t e r a t u r e  e x i s t  o r  has any been reviewed t o  i n d i c a t e  what shape forms when 

s a l t  d isso lves? 

page 3-15. 1 s t  l i n e  t o  6th l i n e  f r a n  top: 

This  c a l c u l a t i o n  assumes t h a t  there i s  no f low o r  d i spe rs i ve  f l u x  through the  

DMG. What i s  the  e f f e c t  o f  f low and d ispers ion through t h e  OMG on the t ime 

f o r  s a l i n i t y  bu i l dup  t o  saturat ion? It i s  poss ib le  t h a t  a f rac tu re  extending 

i n t o  t h e  DMG could t ranspor t  the  s a l t  away toward t h e  r e e f  a t  a h igh r a t e  and 

s a t u r a t i o n  would never be reached. It i s  h igh l y  probable that ,  due t o  the  

sparse d r i l l i n g  a c t i v i t y  i n  the  DHG, v e r t i c a l  f r a c t u r e s  were missed dur ing  

d r i l l i n g .  

page 4-4. 'Hydraulic Conduct iv i ty" sect ion: 

The range o f  hyd rau l i c  conduct iv i ty  should be extended fran 1 md t o  59 md (0.3 

m/year t o  18 m/year). See conment regarding page 2-8. 

page 4-5, "Chlor ide Concentrations" sect ion 

The c h l o r i d e  data on Hiss's (1975a) Figure 26 tends t o  con f i nn  t h e  ex is tence 

o f  t h e  100 kg/m3 contour an t h e  upgradient end o f  t h e  Bell Canyon aquifer. 



This i s  a good approach to  use as a f i r s t  approximation because the method i s  

insensi t ive t o  whether the source of s a l t  i s  by d i f fus ion  from above. 

convection from above or fron Some other source. In  essence, the amount o f  

calculated s a l t  input by t h i s  metfi;d can be assumed t o  be from dissolut ion of 

overlying ha l i te .  Thus the amount Of h a l i t e  dissolved i s  probably . 
overestimated. However the basic assumption i n  t h i s  model as applied t o  the 

OMG i s  porous media flow i n  the OMG aquifer. I n  addi t ion the model presented 

here does not include longitudinal dispersion, which would tend t o  increase 

the amount o f  s a l t  dissolved. I s  dispersion i ns ign i f i can t  i n  t h i s  case? 

page 4-7, 8th l i n e  from top: 

The mass o f  s a l t  dissolved per year or 10.000 years should be presented here. 

Also the mass f l ux  and ra te o f  s a l t  being dissolved from underneath the WIPP 

s i t e  should be presented f o r  comparison purposes. An EEG calculat ion 

indicates these values are L l x l  o ' ~  kg/yr/m2 and 0.31 cm/l0,000 years, 

respectively . 
.- 

page 4-9, 2nd paragraph: 

It would be in te res t ing  t o  see the amount o f  s a l t  that  can be dissolved by the 

mechanism described i n  t h i s  paragraph. Would i t be large enough t o  dissolve 

Salado s a l t  l a t e r a l l y  from the reef t o  the repository? Would it also be large 

enough t o  account f o r  the amount o f  s a l t  being transported by the Capitan Reef 

aquifer? However, the,decreasing concentration o f  chlor ide domgradient along 

the  eastern side o f  the Capitan Reef (see page 4-5) tends t o  ind icate that  

convective d i s s o l u t i m  o f  the over ly ing Salado i s  not occurring i n  t h i s  pa r t  

o f  the aquifer. Active convective d isso lu t ion would tend t o  increase the' 

chloride. 

Could s a l t  transport through fractures i n  e i t he r  the  DM6 o r  Cast i le  be enough 

t o  account f o r  the estimated s a l t  t ransport  i n  the Capitan Reef aquifer? 

page 4-10, 2nd and 3rd paragraphs: 

The mass balance model described here should have a longi tudinal  dispersive 

term included. 



page 4-13. 8 th  l i n e  from bottom: - 
The average value of v e r t i c a l  removal of 0.34 cm per 10,000 years obtained 

from the  numerical approach agrees very wel l  w i th  the 0.31 cm per 10,000 years 

obtained from the a n a l y t i c a l  approach. What i s  the  range o f  v e r t i c a l  s a l t  

removal over the  16,500 m long l i n e  underneath the repos i to ry?  

page 4-14, sec t ion  4.4.3 

The s e n s i t i v i t y  ana lys is  w i th  respect t o  hydrau l ic  conduc t i v i t y  should be 

extended t o  18 mlyr. See comnent regarding page 2-8. 

page 4-16, 3rd t o  6th l i n e  from top: 

One o f  the  reasons the  numerical approach concluded d i f f u s i o n  as the source o f  

s a l t  t o  the  DMG i s  t h a t  the  model assumed d i f f u s i o n  as the  source t o  s t a r t  

with. The model was then c a l i b r a t e d  t o  determine the  d i f f u s i o n  c o e f f i c i e n t ,  

which happened t o  be i n  t h e  range of acceptable values. It can only be 

concluded t h a t  d i f f u s i o n  i s  a poss ib le  explanat ion but by no means t h e  only 

one. 

page 4-16, l a s t  paragraph: 

'Has an est imate o f  the  r a t e  o f  s a l t  d i s s o l u t i o n  from the  ree f  touard t h e  

repos i to ry  been obtained? Page 4-9 i nd i ca tes  t h a t  the  r e e f  t ransports  20x10~ 

t o  440x10~ kgfyear o f  ch lo r ide ,  o f  which only  about 3 x 1 0 ~  kg/year i s  accounted 

for.  If the  remainder o f  the c h l o r i d e  t ransported by t h e  ree f  comes from the  

b r i n e  dens i ty  f l ow  ind i ca ted  here, how l a r g e  a c a v i t y  would fonn i n  t h e  

Salado? What i s  t h e  s t r u c t u r a l  i n t e g r i t y  o f  such a c a v i t y ?  How f a s t  would a 

c a v i t y  advance toward the repos i to ry?  No sound basis i s  provided for  the 

argument t h a t  the  s a l t  removal p o t e n t i a l  o f  the  ree f  w i l l  not  a f f e c t  the 

reposi tory.  

page 5-2, 6 th  l i n e  from bottom: 

"0.34 cent imeter"  should read "0.31 centimeter*. 

It appears t h a t  t h i s  paragraph i s  d iscuss ing  the  ra tes  o f  d i s s o l u t i o n  

determined from t h e  a n a l y t i c a l  model. Page 4-7, t h i r d  paragraph, ind ica tes  

t h a t  t h e  amount o f  s a l t  d isso lved i s  0.3 cent imeters i n  lO,OOO years. 



page 5-3. 1st  l i ne :  

"0.7" should be "0.6". The d isso lu t ion process described on page 5-2 has a 

l i n e a r  re la t ionship between f low thickness and dissolut ion height. If the 

aqui fer  thickness i s  doubled, the dissolut ion height should double. 

page 5-4. 5th l i n e  from top. ref. Figure 5-2: 

h e  "dissolut ion control led by d i f fus ion"  curve on Figure 5-2 does not pass 

through the point  defined by f l o w  rate= .I35 m3/yr/m and height = 0.34 cm. 

The resul ts  o f  the numerical modelling as presented on page 4-13 indicate that  

f l o w  rate- .I35 m3/yr /m and height - 0.34 cm i s  the solut ion t o  the numerical 

nodel l ing problem. I s  the "dissolut ion" curve on Figure 5-2 correct? 

page 5-6: 

Going back t o  the analyt ical  model ; f o r  an aquifer flow ra te  o f  -135 m3 fyr /m 

and a ch lor ide concentration change of 50 kg/m3 i n  16,500~1, underneath the 

repository. the amount o f  s a l t  dissolved over the 16.500 m l i n e  i s  4.1x10-' 

kg/yr/m.' I f  t h i s  anount o f  ch lor ide a l l  dissolved from one fracture, the 

amount o f  ch lor ide passing through t h i s  f racture i s  6.8 kg/yr/rn, which i s  
-. 

s l i g h t l y  less than the. 10 kg/yr/m being used here. Therefore the resu l ts  

presented i n  Figure 5-2 may be s l i g h t l y  higher than what can actua l ly  

occur,subject t o  any s e n s i t i v i t y  analysis and the assumption o f  porous flow i n  

the DMG. An approach t o  maximize s a l t  d issolut ion would be t o  use a chlor ide 

concentration change o f  150 kg/m3, which i s  the change from one end o f  the DMG 

t o  the other. Using t h i s  approach, one gets about 20 kg/yr/m o f  s l a t  

d isso lu t ion  through a fracture. 

page 5-6 5th l i n e  frw bottom: 

As mentioned ear l ie r ,  work by Wooding (1960) indicates that  convection can 

occur i n  f ractures snal ler  than 1.5 ma. 

page 5-6, 2nd para. : 
The ca lcu la t ion o f  f racture width i s  not qu i te  clear. If a f rac tu re  i s  

capable o f  t ransport ing 6x1$ kg/$ /yr (page 3-11) o f  sal t ,  i t i s  capable o f  

t ranspor t ing 3.64x1$ kg/m2 /yr o f  chloride. If f racture width i s  calculated 

by @c/3.64x104 kg/m2/year, then the f racture width curve on Figure 5-48 - 



should be lowered. Again, Wooding (1960) i nd i ca tes  convection can occur i n  

f rac tu res  w i t h  an aperture smal ler than 1.5 mm. 

page 5.12, bottom paragraph: 

The simple statement t h a t  400 m thickness over a 1 m c a v i t y  w i t h  a 94 m 

diameter should be enough s t r u c t u r a l  support i s  weak and not  convincing. Some 

'more j u s t i f i c a t i o n  o f  t h i s  idea should be provided. 

Table 4-1 

What i s  the  basis f o r  the  d i s p e r s i v i t y  o f  3.048 meters show on Table 4- l?  

TYPOGRAPHIC ERRORS 

page 2-2, 6 th  l i n e  from bottom, page 2-12, bottom l i n e  and "Bibliography," 

page 6: 

"Gonzales" should be "Gonzalez" 

- page 3- 6, bottom l i n e  and "Bibliography," page 3: 

"Bear. (1975)" should be "Bear (1972)." This typographic e r r o r  occurs several 

places i n  the  report .  

Table 3-1, foo tno te  5: 

"Figure 3-8" should be "Figure 3-7" 

F igure  3-7: 

An "H" should be placed a f t e r  "D isso lu t ion  Cavi ty  WidthU a t  t h e  top  o f  the  

f igure .  

Figure 5-1 : 

"Cayon" snould be  "Canyon" i n  f oo tno te  2. 





EXPLANATION 

P-17 WELL--P-17 i s  we l l  i den t i f i ca t i on .  (2979) i s  a l t i t u d e  of 
(2979) water leve l ,  i n  f ee t  (expressed as freshwater w i t h  a 

dens i ty  o f  1 .OO gram per centimeter). Datum i s  mean 
sea leve l  

POTENTlOHETRlC CONTOUR--Shows a l t i t u d e  a t  which f resh water - 2990 - - having a dens i ty  o f  1.00 gram per centimeter would have 
stood i n  a t i g h t l y  cased we l l ,  October 1977. Dashed where 
approximately located. Contour i n te rva l  10 feet. Datum 
i s  mean sea leve l  

Figure 2. - -Po ten t ime t r i c  surface o f  the Culebra Oolomite Member 
of Rustler Formation. 

.- From: Mercer J. W .  a i d  B .  Orr, 1979 
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. : HACE:!TA DOLOHI TE flEHBER 
OF THE RUSTLER FORYATION 

CULESaA DOLOHITE HEMBER 
'OF THE RUSTLER FORIWTIO:~ 

RUSTLER SALAD0 CONTACT 

-925--POTENTlO!iETRIC CONTOUR--Shows 
a l t i t u d e  a t  which f reshwater 

. having a densi t y .o f  1 .OO gram 
p& cubic  cent imetr  would 
stand En a t i g h t l y  cased w e l l .  
Dashed where approximately 
located. Contour i n t e r v a l  
5 ncters .  Nat ional  Geodetic 
V e r t i c a l  Datum o f  1929 

. WELL AND IUflBER 

F igurc  3.--Preliminary po tcn t iomet r i c  sur face maps o f  water-bearing zones 
. . - 

a t  WlPP i n  fresh-water equiva lent  head. 

-Eon: Ercer; J. W, aXd3.:'D:"GZTozaler. 1981 



Figure 4. Water Level Contour Map of the Culebra 
Dolomite in Fresh Water Head 

From: Gonzalez, 1982 
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P.O. BOX 5400 ' 
Albuquerque. New Mexico 871 15 

NOV 2 4 1982 

Mr.  Robert H. Nei l1 
Di rector  
State o f  New Mexico 
Environmental Eva1 uation Group 
P. 0. Box 968 
Santa Fe, NM 87504 

Dear Mr. Nei 11 : 

Reply t o  EEG C m e n t s  on Dra f t  Report, "Delaware Mountain Group (DMG) 
Hydrology - S a l t  Removal Potent ia l"  

Responses t o  your comnents on the subject document have been prepared by 
the authoring organization. Your comnents have l ed  the authors t o  propose 
changes i n  the repor t  which are given w i th  the enclosed responses. It 
should be noted t h a t  the primary purpose o f  the report  i s  t o  determine the 
solute-transport  capacity o f  the Delaware Mountain Group (DMG) , spec i f i ca l l y ,  
the Be l l  Canyon Formation. Ax understanding o f  the solute-transport capacity 
o f  the DMG i s  essential t o  any proposed model f o r  d isso lu t ion t ha t  invokes 
the DMG as a source o f  unsaturated f l u i d s  o r  a sink f o r  saturated f l u i ds .  
Regardless o f  the spec i f ic  model proposed f o r  dissolut ion, t ransport  i n  the 
Be1 1 Canyon i s  the rate-determining mechanism. 

A f t e r  you have had an opportunity t o  review the responses t o  your comnents, 
i f  you fee l  t h a t  a meeting w i th  the authors o f  the report  i s  necessary, 
please contact us as soon as possible so t ha t  arrangements can be made. 

Sincerely, 

WIPP: JMM 82-0829 

Enclosure 

cc W/O enclosure: 
6. L. Hohmann, TSC 
C. C. L i t t l e ,  TSC 
C&C F i le ,  IEA, TSC 

m & C r O k \ / ~  J. M. M c h g h  

Project  Manager 
WIPP Project  Of f i ce  



General Colmnent No. I 

"a. Possible counnunication (of DMG) with other aquifers e.g. reef aqui- 
fer.  San Andres limestone aquifer and shallow aquifers" has not 
been treated i n  t h i s  report. Although the de t a i l s  on th i s  theme 
are expected in the regional hydrology report, a brief treatment of 
t h i s  subject wi l l  be desirable i n  t h i s  report for completeness. We 
recomnend adding a subsection under section 2.2 of the report for 
such discussion." 

Response : 

The USGS regional hydrology report currently i n  preparation includes an 
assessment of the aquifers of the Delaware Basin and surrounding areas 
and possible communication between aquifers. As  part of the subject 
study for the draf t  report ,  "DK;  Rpdrology-Salt Removal Potential," the 
regional hydrogeology, and specif ical ly  communication of aquifers, has 
been rwieved.  Chapter 2.0 provides the necessary hydrogeologic back- 
ground for  the study and indicates the comnunication of ground water 
between the Bell Canyon and Capitan Reef. To elaborate further on the 
conmmication of the DMG with other aquifers,  the following discussion 
summarizing hydraulic coaununication character is t ics  of the DMG with the 
Capitan, San Andres, and shallov aquifers w i l l  be added i n  Section 2.2 
a f t e r  the third paragraph on Page 2-10: 

"Cormaunication between the LMG and the Capitan, San 
Andres, and shallow aquifers is determined by hydro- 
geologic parameters. H i s s  (1975r) has compiled 
s t ra t igraphic  cross sections,  pocmtiometric surface 

. maps, and hydraulic character is t ics  of the DMG and 
Guadalupirn age rocks in  the D C ~ N L ~ C  Basin. Hiss' 
work indicates that the Capitan is immediately 
underlain by members of the DUG and that the poten- 
t i o ~ c t r i c  surface i n  the DnG is greater than the 
C a p i t a  Reef aquifer a d  some discharge f r w  the DMG 
t o  the Capitan is expected. 

Stratigraphic cross sections i n  Hiss' work s h w  that  
sandstone tongues of the Cherry Canyon Formation in- 
terf inger  the San Andres limestone. Thus, hydraulic 
comunication between the two u d t s  is likely. 
H i s s ,  however, reports that  the lverrge hydraulic 
conductivity of the shelf aquifers, including the 
S n  Andrea, is about 4.8 meters per year compared 
with the MG average hydraulic conductivity of 1.8 
meters per year. The low conductivity of both unit8 
r e s t r i c t s  the t ransfer  of large quanti t ies of ground 
water. The head d i f f e r en t i a l  between the DMG and 
San Andres is d i f f i c u l t  t o  determine from l i t e r a tu re  
sources, but it appears t o  be similar or l e s s  than 
the different  i a l  a t  the Capit an-DMG interface.  



A re la t ive ly  small amount of l i terature  informat ion 
is available on the degree of hydraulic cowiunica- 
t ion between s h a l l w  aquifers and the DUG. Major ,,- =, =--. . ~ > ~  

dissolution or  f racture  zones are the most probable ;;% , . ", 2 

areas where hydraulic c o ~ u n i c a t i o n  between s h a l l w  
&J '.<< :. .r: !a 

aquifers and the DMG could occur." (- ~$2 '.: : , > .  ': 

General Comnent No. I1 

"b. The "Expected Results" section of the Costs and Merits document for 
DMG Hydrology s ta tes .  "Additionally, the re la t ive  merits of various 
dissolution theories w i l l  be discussed." We understand that  the 
primary document for such a discussion i s  the Deep Dissolution 
report ,  but the MG Hydrology report should a t  least  discuss the 
poss ib i l i ty  of proposed mechanisms, other than Anderson's deep dis- 
solution,  explaining the observed features of MG md Reef hydrol- 
ogy md hydrogeochemistry. A discussion of Bachman's "Solution and 
f i l l , "  subserial  erosion during Jurassic time and L d e r t ' s  
"Stratabound Dissolution" i n  t h i s  context would be very appropriate 
and useful." - 

Response : 

This subject report focuses on the MG and addresses dissolution data 
and hypotheses only u fa r  u they r e l a t e  to  s a l t  removal associated 
with the MG aquifer. Sandia National Laboratories is preparing a 
report on deep dissolution which suff ic ient ly  addresses the dissolution 
hypotheses which have been referenced vi th  respect to  the MG. The 
major hypothesis which involves the D K  i s  Anderson and Kirkland's 
(1980) b r i m  density flow model which uses the Ball Canyon Formcrtion as 
the source of unsaturated ground water and as the sink for saturated 
brine. Section 3.2 of the report  addresses the Anderson and Kirkland 
hypothesis as the primary model for s a l t  removal associated. with the DHG 
aquifer and discuaaes the x~~chanisma (diffuaioa and convection) for s a l t  
removal by ground water. Additional hypotheses which could involve the 
Bell Canyon as a sink for dissolved h a l i t e  include downward percolation 
of meteoric water and L d e r t ' s  "stratabound dissolution" hypothesis. 
Both of these hypotheses employ the rmchanisms of diffusion and/or 
convection for s a l t  removal by ground water which have been studied i n  
the report. Additionally, the  r e su l t s  of such dissolution hypotheses 
have already been implic i t ly  discussed in the report for it was s h m  
that  under -st circumstances the rmxirrmm .aaount of s a l t  which can be 
removed is controlled by the mass transport ra te  of the Bell Canyon 
aquifer.  Further discussion of a l ternat ive dissolution hypotheses is 
given i n  the response t o  C4nacnt No. 11. 



General Comment No. 111 

"Omission of Salado Salt  Removal 

Hav J accepted the possibi l i ty  of the mechanism of s a l t  removal through 
convective flow at  depth, the report has not addressed a major conten- . t ion  of Anderson (1981), i.e., the removal of s a l t  from the Salado for- 
mation. A l l  the analytical  models considered in the report deal with 
the "salt dissolution i n  the Castile Formation and mass transfer to  the 
Bell Canyon Aquifer." (page 6-1, paragraph two) 

The reasons for t h i s  omission are not clear,  since according to  the 
report ,  "it seems l ikely that the groundwaters have dissolved some sa l t  
from the Salado and Castile formations" (page 3-2, second l ine) .  In 
f ac t ,  Task No. 3 (page 1-4) for the study i s  to  "assess the potential 
for  dissolution i n  the Casti le and Salado formations." It i s  hoped that 
the f i na l  version of t h i s  report w i l l  correct t h i s  omission." 

Response : 

The analytical  and numerical m~deling vhich was performed focused on the 
potential  of dissolution of ha l i t e  imediate ly  overlying the DUG because 
the mechanism for  s a l t  removal are dependent on the distance of the 
dissolving media f , rm  the aquifer. & a resu l t ,  dissolution of the lor 
ea t  h a l i t e  unit  i n  the Castile Formation was specif ical ly  addressed i n  
the report. The potential  for dissolution by ground water f r m  the DMG 
would be less  for  the upper ha l i t e  wne and Salado Formation. This i s  a 
conservative approach for determining potential dissolution in  both 
Cast i le  d S a l a d o  h a l i t e  deposits because it maximizes the concentra- 
t ion  gradient between saturated brine a t  the dissolution front and un- 
saturated B e l l  Canyon ground water. The calculation overestimates the 
r a t e  of s a l t  removal from the Salado Formation, which is located approx- 
imately 300 meters above the lowermost ha l i t e  unit of the Castile. 
Thus, the dissolution ra tes  calculated for the lovermost C a s t i l e ~ a r e  
conservative eatimatea of s a l t  removal from the Salado Formation. 

The report w i l l  be c l a r i f i ed  st several locationm to  emphasize that the 
calculated dissolution r a t e s  can be applied t o  both the Casti le and 
Salado format ions. 

The l a s t  sentence of the f i r s t  paragraph on Page 14  w i l l  be reworded as 
f o l l ~ :  

"Rwiw of the geologic and hydrogeologic widence 
and potent ia l  s a l t  dissolutica mechanism har been 
undertaken t o  assess the possible extent of the dis- 
solution i n  the Casti le and Salado f o r m a t i o ~  and 
evaluate the potential  impact of such processes on 
the f a c i l i t y  integrity." 



The fourth bullet  on Page. 1-4 w i l l  be revised t o  read: 

o "Establish hydrogeologic models £0; evaluation of 
the potential for s a l t  removal from the Casti le 
and Salado formations by f luids  in  the underlying 
DMG units." 

The f i r s t  sentence on Page 1-6 v i l l  be reworded: 

"In addition, the i r  application for s a l t  removal 
from the Castile and Salado formotions by the DHG 
for s i t e  hydrogeologic and geologic conditions was 
investigated." 

Ihe l a s t  
to: 

sentence of the second paragraph on Page 3-4 w i l l  be changed 

"It is the purpose of th i s  section to  review the 
physical and chemical mechanisms by which s a l t  may 
be removed from the Casti le and Salado formations by 
silution from below and t o  estimate the re la t ive  ef- 
ficiency of these processes i n  removing s a l t  f rom 
h a l i t e  units  within the Delaware Basin. In order to  
simplify the discussion i n  the remainder of t h i s  
chapter, s a l t  dissolution only in  the Casti le Forma- 
t i on  u i l l  be used t o  i l l u s t r a t e  the pechmisms. 
Salt  dissolution in  the Salado Formation could occur 
due t o  similar nchaniams but, aa w i l l  be shown, the 
dissolution ra tes  would be smaller because of the 
larger distance between a dissolution front and the 
Bell Canyon aquifer." 

The following sentence w i l l  be added a t  the end of the f i r s t  paragraph 
on Page 4-1: 

"As discussed in  Section 3.2.1, calculated dissolu- 
t ion ra tes  i n  the Casti le Fornation provide conser- 
vative estimates of Salado s a l t  removal ." 

The second sentence on Page 5-1 w i l l  be revised t o  read: 

"An usessment of the impact of s a l t  dissolution on 
tlu r i te  in tegr i ty  muat include consideration of the 
potent ia l  solution cavity that  may form in the Cas- 
t i le or Salado formatiom due t o  the anticipated 
dissolution rates." 

The l a s t  sentence on Page 6-3 v i l l  be reworded as follows: 

"~urthermore, the very low f l w  r a t e  of the Bell 
Canyon aquifer and the associated s a l t  transport  @ .  A. 
r a t e  indicate that s ignif icant  convective dissolu- 



t i on  of h a l i t e  in the overlying Cas t i l e  and Salado 
formations vould be prevented due t o  the i n a b i l i t y  
of the aquifer  t o  maintain the dens i ty  gradient  for 
any s ign i f i can t  time period." 

General Coment No. N 

"In view of a possible f a u l t  connecting Bell  Canyon v i t h  C a s t i l e  forma- 
t ion  ( U . S .  DOE, 1980b, Figs. 2.7-20 and 2 7-21) and the exis tence  of a 
jo in t  system (p. 2-7, para. 21, it is su rp r i s ing  t h a t  no considerat ion 
is given t o  s a l t  t ransport  through f r a c t u r e s  vhich may e x i s t  i n  D W  
aqui fer .  It i s  reconmended tha t  the  f i n a l  vers ion  of the  repor t  in- 
cludos ca lcu la t ions  baaed on 
one f a u l t  connecting DMG and 

Response : 

A s  discussed in  the  response 
exis tence  of the  f a u l t  c i t e d  
t i o n  data.  has been recent ly  

assumptions oE j o i n t s  i n  DEH; and a t  leas t  
C a s t i l e  .formations." 

to Comment No. 1 (Specif ic  c w n e n t s ) ,  the 
above, vhich vas based on seismic ref lec-  
reevaluated. The exis tence  of a io in t  svs- 

t an  has b&n i d e n t i f i e d  by Anderson (1978) although no o ther  i&es t i& 
t i o n s  have iden t i f i ed  f r a c t u r i n g  and jo in t ing  in  the  c e n t r a l  bas in  area. 
The j o i n t  system iden t i f i ed  by Anderson (1978) is exposed near Carlsbad 
Caverns and has reportedly f rac tured  the  lover  m h y d r i t e  of the  Cas t i le  
Formation along the  western basin margin, more than 40 kilometers  from 
the  WIPP f a c i l i t y .  Available permeabil i ty measurements and d r i l l  stem 
t e s t s  throughout the s i t e  a rea  ind ica te  very low permeabi l i t ies  and the 
potent iometr ic  sur face  i n  the  M G  d ips  gent ly  northeastvard v i t h  no 
apparent d i s c o n t i n u i t i e s  or  s t e e p  gradients .  These d a t a  a l l  s t rongly  
suggest tha t  large-scale f r a c t u r e  flow is absent i n  the  DnG aquifer .  I f  
loca l ized  f r ac tu r ing  of the  aqu i fe r  was present ,  the  net  ground va te r  
f l o v  and salt t ranspor t  r a t e s  upgradient and downgradient of the  frac- 
tu re  zone vould cont ro l  the  flow. As a r e s u l t ,  the  repor t  ca l cu la t ions  
have been based on mcasured permeabi l i t ies  of the  aqu i fe r  v i t h  the  aa- 
sumption of porous media f lov.  Because of the  importance of the  para- 
meters governing flow i n  the  Be11 Canyon aqu i fe r ,  a s e n s i t i v i t y  analysis  
vas performed t o  determine the  p o t e n t i a l  d i s so lu t ion  f o r  a range of 
a q u i f e r  flow r a t e s  varying aver  -re than one order  of magnitude. 

General ~ k m e n t  No. V 

"Brine Aquifer as a Deep Dissolu t ion  Sink 

The repor t  s t a t e s  tha t  the ,  "Geochemical evidence of salt d i s so lu t ion  is 
provided by the composition of groundwater f r a n  the B e l l  Canyon and 
Capitan aquifers"  (p. 3-1. 3rd para) and t h a t  "it seems l i k e l y  tha t  the 
groundvaters have dissolved some s a l t  from the  Salado and C a s t i l e  forma- 
t ions"  (p. 3-2, f i r s t  para) .  While t h e  repor t  r u l e s  out  a M G  as a 
c a r r i e r  of the  dissolved s a l t ,  it suggests  t h a t  the  Capitan aqui fer  may 
d i r e c t l y  p a r t i c i p a t e  in the  s a l t  d i s s o l u t i o n  a t  depth. ne Qlapter on 



"Conclusions" (Chapter 6 )  s t a t e s ,  "As is evident from this  study, brine 
density flow or convective dissolution i s  a potential mechanism for 
removal of ha l i t e  and i t s  occurrence in the Delaware Basin i s  possible 
i n  areas overlying and a t  the Capitan reef aquifer margin." (p. 6-3) 

This i s  an important statement and ra i ses  questions concerning the 
mechanism of s a l t  removal vithout DnG aquifer participation, directly t o  
the Capitan aquifer. The existence of decreasing chloride concentration 
down gradient i n  the Capitan reef aquifer i s  one example of the problems 
to  be resolved and understood. The report ,  in  i t s  f ina l  form, should 
t r y  t o  present a mechanism of s a l t  removal from Castile and Salado into  
the Capitan reef aquifer without involving the Dm: aquifer." 

Response : 

The purpose of the study on s a l t  dissolution was to  evaluate the s a l t  
removal potential  of the DUG and the associated effects  on the W W  
f a c i l i t y .  The Capitan reef is not a part of the DnG and i s  located more 
than 16 kilometers f r m  the W W  f a c i l i t y .  Nevertheless, a preliminary 
analysis is presented herein t o  assess the possible ra tes  and hypo- 
t he t i ca l  cavity sizes associated with dissolution frau the Capitan 
reef .  Based on the r e l a t i ve  i so la t ion  of the WIPP f ac i l i t y  from the 
reef aquifer and the br ief  analysis presented herein, it is believed 
tha t  dissolution associated with the Capitan reef w i l l  not affect  the 
s t ruc tu ra l  in tegr i ty  of the WIPP f a c i l i t y  in  10,000 years and that the 
l a s t  paragraph on Page 4-16 of the report  suff ic ient ly  addresses th i s  
concern. 

Section 4.3.2 addressed potent ia l  chloride transport ra tes  i n  the 
Capitan aquifer and the possible or igins  of the dissolved s a l t .  A 
general decrease in  chloride concentration i s  identified downgradient 
based on recent data (Hiss, 1975a). Evidence of f lov reversal in  the 
Capitan due to  pumping associated with the petroleum industry has also 
been reported by H i s s  (1975a). 

Based on the observed range of chloride concentrations in  the Capitan 
aquifer and the estimated f lov  rate. the mass transport capacity of the  
reef has been e s t k a t e d  (Page 4-8 of the report). I f  dissolution is 
assumed unifom over the interface of the Castile-Capitan contact 
throughout the basin (a distance of approximately 110 kilometers), the 
average dissolution r a t e  is approximately one millimeter per year, or  an 
estimated 4 t o  30 rmters i n  10.000 years, based on the range of aquifer 
parameters a d  chloride concentrations. This estimate conservatively 
assumes that  the observed chloride concentration i n  the reef is due only 
t o  dissolut ion a t  the Castile-Capitm interface and that  the dissolution 
r a t e  remains constant for the 10,000-year period. 

The location of the reef with resprct  to  the WIPP s i t e ,  more than 16 
kilometers away, suggests that  the dissolution mechanism as discussed in  
the report would not impact the f a c i l i t y  in  10,000 years. As discussed 
i n  the report ,  the muss transport capacity of t,v reef is mch greater 
than that  of the Bell Canyon aquifer such that,convective dissolution 



may be responsible for  some of the observed chloride concentration in  
the  r ee f .  Convective d i s so lu t ion  can be generated by a c i r c u l a t i o n  c e l l  
i n  which lover dens i ty  ( love r  concentration) f lu id  ascends pores or  
f r a c t u r e s ,  becomes higher in  densi ty (and concentration) due t o  dissolv- 
ing of h a l i t e ,  and subsequently descends due t o  i ts higher  densi ty.  A 
dens i ty  convection c e l l  r e s u l t i n g  i n  f lu id  movement can develop i n  a  
ho r i zon ta l  d i r ec t ion  i n  add i t ion  t o  a  v e r t i c a l  d i rec t ion .  However, de- 
velopment of a  hor izonta l  convection c e l l  i s  hindered as  the width of 
the  c e l l  increases ( t h e  d i s t ance  between the discharge point of satu- 
r a t e d  b r i n e  water and the  d i s so lu t ion  f ront ) .  Since the  length t o  width 
r a t i o  of a  f r ac tu re  extending frcnn the reef toward the WIPP f a c i l i t y  
would be very la rge ,  t he  hor i zon ta l  advance of d issolu t ion  from the 
Capitan aqu i fe r  i n t o  the  C a s t i l e  is not ant icipated t o  be very  aggres- 
s ive .  

A s  a  very conservative es t imate  of the  mass f lux  through a f r a c t u r e  
capable of supporting convective d issolu t ion  i n . a  hor izonta l  d i r ec t ion .  
s t u d i e s  by Warner and Arpaci (1968) and Cneesewright (1968) concerning 
na tu ra l  convection a t  a  v e r t i c a l  face were reviewed. These investiga- 
t i o n s  d id  not consider the  f u l l  c i r cu la t ion  e f f e c t  with r eve r sa l  of 
flow. The c i r c u l a t i o n  p a t t e r n  i n  a  f rac ture  extending from the  Capitan 
i n t o  t h e  Caa t i l e  Formation would involve horizontal  flow of unsaturated 
b r ine  from the reef  tovard the  d i s so lu t ion  f ront ,  downward f l w  during 
salt d i s s o l u t i o n  a t  t he  f r o n t ,  and flow of saturated b r ine  back toward 
the  reef  ( f l w  reve r sa l ) .  Applying the r e s u l t s  reported i n  the  a b w e  
re fe rence  is believed t o  be conservative because the r eve r sa l  of flow 
w u l d  tend t o  reduce the  hor i zon ta l  densi ty gradient which dr ives  the  
c i r c u l a t i o n  c e l l .  

Warner and Arpaci (1968) and Cheesevright (1968) i d e n t i f i e d  the  follow- 
ing r e l a t i o n s h i p  f o r  the  Nusselt  number (Ns) for  a t u r a l  convection a t  a  

19 v e r t i c a l  face  fo r  Rayleigh numbers (RS) up t o  10 : 

-- . - 
This  is  i d e n t i c a l  t o  Equation (3-6) of the report  vhich was u t i l i z e d  i n  
the  assessment of p o t e n t i a l  convective d issolu t ion  through a v e r t i c a l  
f r a c t u r e .  Based on t h i s  r e l a t i o n s h i p  and the  r e l a t ionsh ip  fo r  t h e  
Rayleigh number [Equation (3-5)], an estimate of the  t o t a l  mass f lux  
a s soc ia t ed  v i t h  convective f l o w  i n  a hor izonta l ly  propagating f r ac tu re  
can be determined. S u b s t i t u t i o n  of Equation (3-5) f o r  the  Rayleigh 
number i n t o  the  p r w i o u s  expression fo r  the  Nusselt number r e s u l t s  i n  
an equat ion  f o r  the  convective mass t ranaport  through the  f r a c t u r e .  

The p o t e n t i a l  d i s so lu t ion  c a v i t y  r e su l t ing  from convective mass f lux  
t h r o u a  a hor i zon ta l  f r a c t u r e  vaa assumed t o  take the form of e i t h e r  a  
cy l inde r  v i t h  a v e r t i c a l  axis or  a  rectangular  cunnel with equal depth 
and width. For an assumed one-millimeter f rac ture ,  t he  hypothet ica l  
mass f l u x  is 93 kglyr per meter of f r ac tu re  height .  The hypochctical 
d i s s o l u t i o n  cyl inder  would have a diameter of 24 meters i n  10,000 years,  
o r  a  hypothet ica l  rec tangular  tunnel  would have a depth and width of 21 
meters. 



-. 
Considering a one-centimeter f r a c t u r e  and convective mass t ransport  from 
t h e  Capitan aqui fer ,  the  hypothet ica l  mass f lux  is 930 kglyr per meter 
of f r ac tu re  he ight .  The d i s so lu t ion  diameter fo r  a c y l i n d r i c a l  cavi ty 
would be about 100 meters in  10,000 p a r s .  The d i s so lu t ion  depth and 
width of a rectangular  tunnel would be 66 meters i n  10,000 years.  

This  analysis  i s  conservative in  tha t  there  is no considerat ion of 
r e t u r n  of sa tura ted  br ine  through the f r a c t u r e  t o  the Capitan and the 
associa ted  reduction of the dens i ty  gradient  which d r i v e s  the  circu- 
l a t i o n  c e l l .  Due t o  the d i f f i c u l t y  in  sus ta in ing  a convection c e l l  over 
a dis tance of severa l  kilometers,  it is reasonable t o  assume t h a t  the 
loca t ion  of a hypothet ica l  cavi ty  would be near the  r ee f  where h a l i t e  
u n i t s  a r e  adjacent the  aqui fer .  While it is c l e a r  t h a t  the  po ten t i a l  
:onvecrive d i s so lu t ion  r a t +  from a hypothet ical  f r a c t u r e  could be trana- 
ported by the Capitan aqui fer ,  it i s ' b e l i w e d  tha t  development of a 
cav i ty  over the  period of study w i l l  not impact the  WIPP f a c i l i t y ,  which 
i s  w r e  than 16 ki lometers  from the  reef .  

General Coment No. V I  

"Brine i n  C a s t i l e  

The repor t  has disregarded the  importance of pressurized br ine  i n  the 
C a s t i l e  formation vis-a-vis  the question of s a l t  removal frcm C a s t i l e  
and Salado (p. 2-12). Even though these b r ine  occurrences do not seem - 
t o  be connected t o  the  DMG aqu i fe r ,  they may not be completely i so la t ed .  
Also, the  br ine  i s  found i n  l a rge  volumes. The wst recent  est imate of 
t h e  volume of the  br ine  r e se rvo i r  encountered by WIPP-12 is 30 mi l l ion  
b a r r e l s  (Popielak, NAS-WIPP panel presenta t ion ,  Aug. 198') which would 
occupy 170 mi l l ion  cu. f t  of space. The s ign i f i cance  of such l a r g e  
volumes of pressurized br ine  t o  the  question of removal of s a l t  through 
d i s so lu t ion  i n  the  same formation should be discussed more thoroughly i n  
t h e  repor t  ." 
Response : 

Observations made i n  t h e  WIPP-12 and ERDA-6 boreholes i n d i c a t e  s torage  
of b r ine  i n  f r a c t u r e s  and f l w  through f r a c t u r e s  of up t o  f i v e  m i l l i -  
meters  aperture.  with the  m j o r i t y  of s to rage  appearing t o  be i n  micro- 
cracks a8 discussed fu r the r  i n  the  br ine  r e se rvo i r  r epor t  ( i n  prepara- 
t i o n ) .  The b r i n e  pressures  are w e l l  above t h a t  of the  Be l l  Canyon 
aqu i fe r ,  which i n d i c a t e s  t h a t  they a r e  not h y d r a u l i c a l l y  connected. The 
b r i n e  r e se rvo i r s  have formed i n  response t o  deformation and a r e  i so la t ed  
frcm one another by zones of C a s t i l e  anhydr i te  of very  lw permea- 
b i l i t y .  In d d i t i o n ,  t h e  b r i n e  pockets and wide (up t o  f i v e  milli- 

! meters) f r a c t u r e s  a r e  t y p i c a l l y  associa ted  with the  uppermost anhydri te  
! i u n i t  i n  the  sequence r a t h e r  than with the lowermost u n i t  overlying the  

1 Be l l  Canyon aqui fer .  Therefore, although the  presence of f r a c t u r e s  
cannot be ruled out ,  it is b e l i w e d  tha t  t h e  lov C a s t i l e  Formation 
permeabi l i t ies  discussed i n  Sect ion  2.2 a r e  r ep resen ta t ive  of most of 
t h e  lower anhydri te  un i t  overlying the  DUG. -. 



These observations indicate that the presence of pressurized brine in 
the Castile Formation does noc affect the salt dissolution calculations 
and discussions given in the report. Rowever, a discussion of this 
subject will be added to the report as indicated in the response to 
Coment No. 7. 



Coment No. 1 

"page' 1-3, 8 th  and 9th l i n e  from top and Page 2-7, 2nd paragraph: The 
WIPP Safe ty  Analysis Report (Page 2.7-33, Figures 2.7-20 and 2-7-21] 
i n d i c a t e s  tha t  a northvest-southeast t rending f a u l t  may ex i s t  on the in- 
t e r f a c e  between the Delavare Mountain Group and the Cas t i l e  Formation. 
The f a u l t  is located approximately 9 Ian northeast  of ERDA-9 and vould be 
v i t h i n  1 bn of the reposi tory as presently planned. The po ten t i a l  exis- 
tence of a f a u l t  and i ts consequent hydrologic e f f e c t s  on the  repos i tory  
should be addressed in  t h i s  report." 

Response : 

The UIZP Safe ty  Analysis Xeport (SAX) s t a t e s  tha t  "on the  Delavare sand- 
s tone,  roughly 9,500 fee t  above the Morrw orison,  a possible f a u l t  
( i n t e r p r e t e d  from seismic r e f l e c t i o n  data,3P) t rends i n  a northvest 
d i r e c t i o n  fo r  about nine miles (Figure 2.7-201, v i t h  about 200 fee t  of 
indica ted  d i s p l a c e ~ n t . "  Figures 2.7-20 and 2.7-21 of the  WIPP SAR sug- 
ges t  t h a t  t h i s  po ten t i a l  f a u l t  is located v i t h i n  one kilometer of the  
s i t e  and a t  the  Bel l  Canyon-Castile in ter face .  The exis tence  of t h i s  
f a u l t  vas  based on connecting a s e r i e s  of "features" seen on the  se is -  
mic r e f l e c t i o n  processed sec t ions .  A subsequent i n t e r p r e t a t i o n  of the  
r e f l e c t i o n  da ta  ind ica te s  tha t  the  exis tence  of t h i s  f a u l t  is h ighly  
u n l i k e l y  ( P w e r s ,  1982). Amendments t o  the  SAR vhich are published sub- 
sequent t o  issuance of the  Sandia National Laboratories  s i t e  deformation 
r e p o r t  ( c u r r e n t l y  i n  preparat ion)  v i l l  no longer ind ica te  a f a u l t .  -. 
Available permeability measurements and d r i l l  stem t e s t  da ta  ind ica te  
very  l o v  va lues  of permeability and we have incorporated these  ava i l ab le  
measurements i n t o  our inves t iga t ion .  Evm i f  loca l ized  f r ac tu r ing  of 
t h e  B e l l  Canyon aqui fer  was present ,  t he  net ground v a t e r  flow and s a l t  
t r anspor t  r a t e s  vould not be af fec ted  because aqui fer  zones v i thou t  
f r a c t u r i n g  upgradient and downgradient of the  f r a c t u r e  zone would con- 
t r o l  t he  f l w .  

The last sentence of the  f i r s t  paragraph on Page 1-3 w i l l  be de le ted .  
The l a s t  sentence of the  f i r s t  paragraph on Page 2-7 v i l l  be revised t o  

'*Continuous post-Wolfcampian s t r a t a  ind ica te  t h a t  
major f a u l t i n g  had ceased before the  middle Permian 
and hence is not bel ieved t o  a f f e c t  the  B e l l  Canyon, 
Cartile, or Salado formations." 

Co-nt No. 2 

"Page 1-4, 1st paragraph: The statement. "Uhen placed i n  s a l t  beds 
vhich have remained genera l ly  s t a b l e  s ince depos i t ion  i n  the  Permian 
tima? (more than 230 mi l l ion  years  ago), t he  waste buried i n  t h e  WIPP 
f a c i l i t y  may reasonably be expected t o  remain i s o l a t e d  from the  bio- 
sphere f o r  thousands of years" ignorer  everything t h a t  has happened t o  
the  s a l t  beds s ince  t h e i r  depos i t ion ,  v i s .  u p l i f t ,  t i l t i n g ,  folding.  - 



s a l t  t ec ton ics ,  in t rus ion  by a dike,  col lapse along breccia chimneys, 
d i s so lu t ion ,  formation of c a v i t i e s  f i l l e d  v i t h  huge r e se rvo i r s  of br ine ,  
erosion,  e t c .  It i s  c l e a r l y  misleading, de t r ac t s  from a s a t i s f a c t o r y  
r e so lu t ion  of the  question of fu ture  s t a b i l i t y  and i s o l a t i o n  of the WIPP 
repos i tory ,  and should therefore be removed f r w  t h i s  repor t  ." 

A d iscuss ion  of the  geologic h i s to ry  of the Delavare Basin is presented 
i n  Sect ion  2.1.1. The f i r s t  sentence of Page 1-4 v i l l  be revised as 
follows: 

"It has  been proposed t o  loca te  the  WIPP f a c i l i t y  i n  
Pennim age s a l t  beds (formed more than 230 mi l l ion  
years  ago) i n  order t o  i s o l a t e  the radioact ive  waste 
frcnn the  biosphere fo r  a period of a t  l e a s t  severa l  
thousand years." 

Conrment No. 3 

"Page 1-4, 1st paragraph: S imi lar ly ,  t he  sentence fo l loving  the  above 
mentioned one s t a t e s  tha t  radioact ive  decay w i l l  reduce the hazard t o  
"negl ig ib le  levels"  i n  a fev thousand years. The Pu-239 inventory w i l l  
be e s a e n t i a l l y  the  same as a t  c losure  and the statement is incorrect ."  

Response : 

A t i m e  period of a feu thousand years  is s u f f i c i e n t  t o  allow complete 
decay of the  h ighes t  a c t i v i t y  f i s s i o n  products. Cs-137 a d  Sr-90, but 
not f o r  some of the  lower a c t i v i t y  species  such aa Pu-239. Rowever, ve 
agree t h a t  t h e  statement might be misleading. The sentence beginoing on 
t h e  four th  l i n e  of Page 1-4 v i l l  t he re fo re  be reworded t o  read: 

"This period is s u f f i c i e n t  t o  a l l w  v i r t u a l l y  colp  
p l e t e  decay of the  short-lived high a c t i v i t y  
nucl ides  such as Cs-137 a d  Sr-90 and thus t o  sub- 
s t a n t i a l l y  reduce the  hazard posed by the  vaste." 

Comment No. 4 

"Page 1-7, 3rd and 4 th  bu l l e t t ed  conclusions: The t e r m  " ins igni f i -  
cant," "no s igni f icance ,"  and "not g r e a t l y  increase" are q u a l i t a t i v e .  
They should be  e i t h e r  replaced by o r  appear with the .  r e spec t ive  quan- 
t i f i a b l e  number £ran Chapter 5 or Appendix B." 



Response : 

The actual values of potential  dissolution and flov r a t e  which are 
referenced in  Section 1.4, "Summary and Conclusions," are presented and 
discussed in  more de t a i l  in the appropriate sections of' the report. The 
a t  tvo bul le ts  on Page 1-7 w i l l  be revised as follows: 

o "Based oa an analysis of potential  changes in  the 
hydrologic character is t ics  (e.g., hydraulic 
gradient and associated flov ra te)  of the Bell 
Canyon aquifer, an increase in flow ra t e  of even 
one order of magnitude (from an estimated r a t e  of 
0.135 cubic meter per year per meter of vidth t o  
1.35 cubic meter per year per mecer) would not 
increase the s a l t  removal frcm the Casti le Forma- 
t ion by w r e  than 17 percent (from a calculated 
ra te  of approximately 0.3 centimeter i n  10,000 
years t o  less  than 0.4 centimeter in 10,000 
years). The unlikely occurrence of a change i n  
hydrogeologic character is t ics  and the associated 

- potencia1 dissolution are not anticipated t o  have 
any effect  on the f a c i l i t y i n t e g r i t y .  

o An analysis of implausible "vorst-case" dissolu- 
t ion ra tes  associated v i th  both diffusive and 
convective dissolution a t  the Bell Canyon 
aquifer-Castile Formation interface suggests that  
the s t ruc tura l  in tegr i ty  of the YIPP f a c i l i t y  
located w r e  than 400 meters above would not be 
affected. In t h i s  analysis, it VM deteimined 
tha t  the theoret ical  maximum cavity r ~ d i u s  w u l d  
be seven meters over a fracture and one metcr 
above a c i rcu la r  porous zone in  a period of 
10.000 years ." 

Comment No. 5 

"Page 2-7, aection om "Fracturing": In which formations are the tvo 
se t s  of joints  located? Does the joint  se t  extend into  or  is it located 
v i t h i n  the transmitting sandstones of the LMG? These jo in t s  may be cap- 
able of transmitting water and thus have a high dissolut ion potent ia l .  
The dissolution e f fec t s  of convection along a joint  or f rac ture  i n  the 
DMG should be addressad i n  the report." 

Response : 

The WIPP SAR (Page 2.6-35) indicates  that  "tw se t s  of jo in t s ,  s t r ik ing  
northwest a d  northeast" have bem identified i n  the Delaware Basin 
rocks. The joints ,  be l iwed  t o  be pre-Cenozoic i n  age, a e  exposed near 
Carlsbad Caverns and f i l l e d  v i t h  ear ly  Cretaceous sandstone and conglo- 
merate. - 



The potentiometric su r face  for  the DMC aqui fer  in  the Carlsbad area 
implies nor ther ly  flow with no evidence of la rge  sca le  fracturing.  For 
example, there  a re  no indica t ions  of the r ad ica l  changes in flow f i e l d  
which might be expected i n  an extremely fractured area. Similarly, 40 
ki lometers  t o  the  e a s t  of the outcrop of the jo in t ,  the  potentiometric 
sur face  i n  the  DMG d i p s  gently northeastward with no apparent discon- 
t i n u i t i e s  or s teep  g rad ien t s  (Figure 2-51. These da ta  a l l  strongly sug- 
ges t  t ha t  large sca le  f r a c t u r e  flow is absent from the  MG aquifer.  If  
loca l ized  f r ac tu r ing  of the  aquifer  was present ,  the net ground water 
flow and s a l t  t r anspor t  r a t e s  vould not be af fec ted  because the aquifer  
zones without f r a c t u r i n g  upgradient and downgradient of the f rac ture  
zone would cont ro l  t h e  flow. As a r e s u l t ,  the  report  ca lcula t ions  have 
been based on the  measured permeabil i t ies  of the  aqui fer  with the 
assumption of porous n d i a  flow. 

The second paragraph of Page 2-7 w i l l  be revordad as  follows: 

"Although ao major f a u l t s  a re  known t o  exist a t  the  
WIPP s i t e ,  d a t a  f r m  boreholes d r i l l e d  at the  s i t e  
ind ica te  t h a t  jo in t ing  has occurred. Data concern- 
ing j o i n t  frequency and o r i en ta t ions  a re  extremely 
sparse.  J o i n t  o r i en ta t ions  are described as 'tw 
s e t s  of j o i n t s  s t r i k i n g  northwest and nor theas t '  
(U.S. Department of Energy, 1980b). The j o i n t s  are 

posed near  Car1sb.d Caverns, more than 40 kilo-  
ters from t h e  UIPP site. These j o i n t s  have been 
e n t i f i e d  i n  Delaware Basin rocks and may extend 

m t o  the  water  bearing sandstone." 

Comment No. 6 

"Page 2-8, 19th through 29th l i n e  from top: The va lues  of permeability 
presented he re  appear t o  be t a k m  from Table 6 of ~ i s s ' s  (1975a) repor t  
and a r e  average permeabi l i t ies  on a county by county bas is .  Figure 21 
of ~ i s s ' s  ( 1 9 7 5 ~ )  r epor t  indica tes  tha t  permeabil i t ies  near the  WIPP 
site range from less than 1 md t o  59 md (<0.3 d y e a r  t o  18 mlyear for  
pure water at ZO'C)." 

Response : 

The permeabi l i t ies  of the  Bell Canyon aqui fer  near the  WIPP s i t e ,  as 
indica ted  i n  Figure 21 of ~ i s s ' s  (19751) repor t ,  a re  genera l ly  in  the  
range of 1 t o  25 mi l l ida rcys  (md) ( l e s s  than 0.3 t o  8 mcters per year).  
The 59 d (18 meters per year) measurement is i so la t ed  and does not 
appear t o  be r ep resen ta t ive  of the  site area  permeability. The range of 
permeabi l i t ies  used i n  the  s a l t  d i s so lu t ion  s e n s i t i v i t y  analysis  (Appen- 
d i x  B) vas from approximately 1.7 t o  15 d (0.5 t o  4.5 meters per year) ,  
with an average value of 6 md (1.8 meters per pear).  The average B e l l  
Canyon permeability on a county by county b a s h  ranges from approri- 
mately 3 t o  10 d (1.1 t o  2.9 meters per yea r ) ,  These permeabil i t ies  



are average values for a l l  areas around the WIPP s i t e  and vere ut i l ized 
because the p o t e n t i m t r i c  surface for the Bell Canyon aquifer i s  rela- 
t ively uniform. Specifically, the available data do not indicate a 
s ignif icant ly  variable flow f ie ld  which vould be observed vith large 
variations in the aquifer permeability. Rwever, the sens i t iv i ty  analy- 
s i s  presented in  Appendix B has been modified t o  include a permeability 
of 18 meters per year a d  this  resul t  v i l l  be incorporated in the 
report. 

The fourth sentence of the l a s t  paragraph on Page 2-8 of the report v i l l  
be c l a r i f i ed  as follows: 

"The hydraulic conductivity of the Bell Canyon 
aquifer [based on core sample measurements (Hiss, 
1975a)I ranges from 1.1 to  2.9 meters per year md 
averages approximately 1.8 meters per year. One 
measurement of hydraulic conductivity of 18 mcters 

I per year has also been reported; hovever, it does 
not appear representative of the basin." 

The sentence-beginmug on the twentieth l i ne  of Page 8-2 v i l l  be re- 
vorded as follovs: 

"As shorn i n  Figure B-1(A), m increase i n  Bell 
Canyon aquifer hydraulic conductivity from 1.8 t o  
18.0 meters per year wu ld  r e su l t  i n  a 17 percent 
increase in dissolution height (WHref, dimension- 
l e s s  dissolution ra te ,  increases from 1.0 t o  1.17)." 

The seventh and eighth l ines  of Table B-1 w i l l  read: 

"Hydraulic Conductivity of 0.5 t o  18.0 Meters per year 
B e l l  Canyon Aquifer, K (mlyr)" 

In Table B-2, the seventh, eighth, and ninth l ines  v i l l  read: 

"Rydraulic conductivity 0.5 Meters per -72 0.14 -57 
of Bell Canyon aquifer. 1.8* year (mlyr) - 0.34* - 
K 18 .O +900 0.40 +17" 

In addit ion,  a fourth point v i l l  be added to Figure B-1(~)  representing 
K = 18.0 meters per year and WHref = 1.17. 

The sensitivity of the average dissolution r a t e  when- assumed t o  be con- 
t ro l led  only by the Ball Canyon aquifer flow ra t e  is presented i n  Figure 
B-2 of the report. A. is evident from the figure, an order of magnitude 
i crease in  the f l w  r a t e  of the Bell Canyon aquifer Tram 0.135 t o  1.35 S m lyr-m (based on a permeability increase from 1.8 t o  18.0 meters per 
year) would resu l t  in  an average dissolution of l ess  chan 4 centimeters 
i n  10.000 years. 



Comnent No. 7 

"Page 2-11, l as t  paragraph: The report should indicate that  the hydrau- 
l i c  conductivity of the Casti le anhydrites is not limited t o  porous 
flow. A t  WIPP-12 a fracture i n  Anhydrite 111-IV of the Casti le i s  capa- 
ble of producing over 300 gallons per minute of brine (D'Appolonia Con- 
sul t ing Engineers, Inc., "Data Fi le  Report, ERDA-6 and WIPP-12 Testing," 
Volume lV A, Activity WIPP-12.2, Feb., 1982). A t  ERDA-6 a fractured 
zone in  Anhydrite XI of the Casti le is capable of producing over 20 gal- 
lons per minute of brine (~'Appolonia Consulting Engineers, Inc., "Data 
F i le  Report, ERDA-6 and UIPP-12 Testing, Volume X I  A, Activity EBDA-6.7, 
feb., 1982). Preliminary calculations by EEG s ta f f  members indicate hy- 
draul ic  conductivities of 2000 d d a y  for the 'fractured zone ac UIPP-12 
and 5 m/day for the fractured zone a t  E m .  These values of hydraulic 
conductivity are a t  least  s i x  orders of magnitude greater than the 
values presented here." 

Response : 

Observation8 made in  the WIPP-12 and ERDA-6 boreholes indicate storage 
a d  f l w  of brine in  f ractures  with apertures of up t o  5 millimeters. 
The majority of storage appears to  be i n  microcracks which have formed 
i n  response to  deformation and vhich are isolated f r m  one another by 
zones of Castile anhydrite of vary lw permeability. In addition, the 
brine pockets a d  wide (up to  5 millimeters) fractures are typical ly  
associated vich tbc uppermst Mbydrite unit in the sequence ra ther  than 
with the lwermost unit overlying the B e l l  Canyon aquifer. kr general, 
Anhydrite I of the Cast i le  Formation appears not t o  be affected by the 
deformations and associated fractures  identified i n  the upper a h y -  
d r i t e s .  Thus, it is not l ike ly  tha t  the lover anhydrite would be frac- 
t wed. 

It is therefore concluded that  the lw penneabilities discussed on Page 
2-11 are appropriate for  moat of the lwer anhydrite units  overlying the 
DMG. The report wi l l ,  however, be reworded to  include a description of 
the occurrence of fractures associated with brine pockets and to  s t a t e  
that  the occurrence of such fractures  i n  Anhydrite I cannot be ruled 
out. 

m e  l a a t  aenteace of the t i r a t  paragraph on Page 2-12 w i l l  b e  deleted 
and the fo l lw ing  v i l l  be added a t  the end of the paragraph: 

"Observations made i n  the UIPP-12 and ERDA-6 bore- 
holes indicate storage .nd f l w  of brine i n  frac- 
tures of up to  5 millimeters aperture, with the 
majority of atorage appearing to be in  micro- 
cracks. The brine reservoirs have formed in  
response t o  deformation and are isolated f r m  one 
another by zones of Cast i le  anhydrite of very low 
p e m a b i l i t y .  kr addition, the brine pockets and 
vide (up t o  5 d l l i n c t e r s )  fractures are typical ly  



associated w i t h  the uppermost anhydrite unit in the 
sequence ra ther  than w i t h  the lowermost unit over- 
lying the Bell Canyon aquifer. Although the pre- 

i sence of f ractures  cannot be ruled out, it i s  
believed that  the lov permeabilities discussed in 

\ the previous paragraph are representative of most of 
the lower anhydrite unit overlying the DMG." 

Comment No. 8 

"Page 2-12, 2nd paragraph: Does the source of s a l t  in the Casti le 
brines comc from dissolution of h a l i t e  overlying or underlying the 
anhydrite layers?" 

Response : 

D'Appolonia has performed an extensive se r ies  of hydrologic and geo- 
chemical t e s t s  on the brine reservoirs occurring in  WIPP-12 and ERDA-6 
since the draf t  M G  hydrology report was prepared. The geochemical 
evidence strongly suggests that  the brines were not produced by the 
dissolution of wapor i t e  uni ts  e i ther  by ground or aeteor ic  waters. The 
very high content of bromide (up t o  990 milligrams per l i t e r )  and the 
r a t i o s  of Na, K, C1, SO4, and Ca t o  bromide a11 correspond very well t o  
the expected values for  evaporated seawater. This evidence 8uggests 
that  the most l ike ly  or igin  of the brines is original  reaidue from - 
seawater evaporation. They therefore appear to  be original  waporated 
Permian seavaters that  may have dissolved very small Bounts of evapo- 
r i t e  minerals during transport  t o  the anhydrite fracture system. 

Camnent No. 9 

"Page 2-12, 2nd paragraph: The statement is  made that  Casti le brine 
"pockets exhibit d i f fe ren t  (mostly higher) potent imetr ic  surfaces than 
the  B e l l  Canyon". It appears that  a l l  the  potent iowtr ic  surfaces for 
the brine pockets are  higher t h m  those for the Bell Canyon." 

Response : 

The second sentence of the f i r s t  paragraph on Page 2-12 w i l l  be reworded 
t o  r e d :  

"These ' reservoirs '  have higher p o t e n t i o ~ c t r i c  sur- 
faces than the B e l l  Canyon aquifer and do not appear 
t o  be connected with the RIG." 



Comment No. 10 

"Page 2-13. 2nd paragraph: Are the contours on Figure 2-7 "averaged" 
over the var ious  water bearing un i t s  of the  Rust ler  Formation or  a r e  
they the contours f o r  the  Culebra only? They look l i k e  they represent 
water l eve l s  i n  the  Culebra. A recent d ra f t  report  (Gonzalez, D. D.. 
"Fracture Flow i n  the  Rust ler  Formation: Waste I so la t ion  P i lo t  Plant 
(WIPP) Southeast N e w  Mexico (Draft Interim Report)," SAND 82-1012. May 
1982) has changed the  Culebra contours from those presented in  previous 
reference vorlu (Mercer, J. W. and B. W. O r r ,  1977; Mercer. J. W. and B. 
R. Orr, 1979; Mercer, J. W. and D. D. Gonzalez, 1981). Figure 1 through 
Figure 4 i n d i c a t e  h w  conceptions of the  head in  the  Rust ler  Formation 
and the Culebra Dolomite have changed with t i m e . "  

Response : 

The o r i g i n  of the  potent iometr ic  surface and u t e n t  of br ine  aquifer  
presented i n  Figure 2-7 f o r  the  Rust ler  Formation a re  based on the USGS 
Open-File Report 77-123, 1977 (Mercer and O r r ,  1977). as  reproduced in  
the  WIPP SAR. These d a t a  do not d i f f e r e n t i a t e  betveen Culebra and 
Magenta dol.omitesor o ther  zones. Based on the  reference c i t ed  in  the  
coment ,  it appears tha t  t h e  potentiometric surface has been redefined 
although i t s  l e v e l  when converted t o  f resh  water v i t h  a spec i f i c  gravi ty  
of 1.0 is b e l a r  the  observed potentiometric surface f o r  the Bell Canyon 
aqu i fe r .  The second paragraph of Page 2-13 vi l l  be revised as follows: 

"The potent iometr ic  surface of the  Rust le r  Pornation 
is genera l ly  lower than the  potentiometric sur face  
i n  t h e  DMC. The b r ine  aqu i fe r  and the  potentio- 
atetric su r face  i d e n t i f i e d  i n  the  Rust ler  Formation. 
a r e  shown i n  Figure 2-7. These representa t ions  a re  
based on d a t a  compiled f rom wells during t h e  period 
1962 througb 1973 (Mercer and O r r ,  19771.. Recently, 
some r e v i s i o n  t o  the  p o t e n t i m e t r i c  surface has been 
suggested (Gonzalez, i n  preparation) but t h e  esti- 
mated l e v e l  i s  belov tha t  of the  Bell  Canyon 
aquifer." 

Comment No. 11 

"Page 3-4, Sect ion  3.2.1: This  sec t ion  dea l s  with poss ib le  mechanisms 
f o r  s a l t  d i s s o l u t i o n .  This sec t ion  appears t o  put f o r t h  only the  ideas 
developed by Anderson (1978) and Anderson and Kirkland (1980). I f  any 
o ther  ideas  e x i s t ,  they a r e  not presented. Ao add i t iona l  ideas f o r  
p o t e n t i a l  deep d i s s o l u t i o n  mechanisms are put for th .  The p o s s i b i l i t y  of 
d i s s o l u t i o n  frcm f l w  i n  j o i n t s  or f r ac tu res  in  the  DelavareMountain 
Group and C a s t i l e  m h y d r i t e  rocks should be addressed." 



Response : 

Two basic mechanisms or processes for the removal of s a l t  from the 
h a l i t e  regions are discussed in the report .  These are molecular diffu- 
sion and convection associated w i t h  ground water flow induced by a den- 
s i t y  gradient. The major hypothesis for  deep dissolution which involves 
the Bell Canyon Formation as the source of water and the sink for satu- 
rated brine i s  that put forward by Anderson (1978) and Anderson and 
Kirkland (1980). This hypothesis invokes the mechanisms of diffusion 
and convection for s a l t  removal and is specif ical ly  addressed in  Section 
3.2.1. 

Other hypotheses which involve the IMG as the sink for saturated brines 
are downward percolation of meteoric-water and Lambert's i i n  prepara- 
t ion)  "s t ra t rbound dissolution" mechanism. These may be regarded as 
subsets of the hypotheses treated in  the report since the t o t a l  mass of 
s a l t  that  can be removed is controlled by the flow and mass transport 
r a t e  i n  the underlying aquifer, regardless of the dissolution mechanism 
believed t o  occur in  the basin. Removal r a t e s  calculated in  Chapters 
3.0. 4.0, and 5.0 e i c h  are limited by the Bell Canyon flow ra t e  apply 
t o  a l l  possible mechanisms which use the Bell Canyon as a sink. 

To c l a r i f y  the report with respect to  these points. the following 
changes w i l l  be nude. The Last sentence of the f i r s t  paragraph on Page 
3-5 w i l l  be deleted. On Page 3-5 a f t e r  the f i r s t  paragraph, the fol- - 
lowing paragraph w i l l  be added: 

"Other hypotheses which include the DnG as the sink 
for saturated brines are downward percolation of 
meteoric water and Lambert ' a  ( i n  preparation) hypo- 
thesis  of "strata-bound dissolution." In the 
l a t t e r ,  water dissolves s a l t  hilt migrating 
approximately horizontally aloug soluble s t r a t a .  
The B e l l  Canyon aquifer could potent ia l ly  provide a 
sink for 'saturated brines produced by t h i s  
mechanism. In the context of t h i s  report ,  both 
these mechanisms may be regarded as subsets of the 
Anderson (1978) hypothesis since they require flow 
through Casti le anhydrites i n  order to  reach the 
Bell Canyon Formation. mus ,  the calculated maximum 
ra tes  of s a l t  removal above a fracture or through a 
porous zone discussed i n  &apters 3.0, 4.0, and 5.0 
apply approximately t o  a l l  hypotheses. Since the 
physical processes described by Anderson (1978) and 
Anderson and Ki rk l ad  (1980) are  readily analyzed, 
t he i r  hypothesis is used i n  subsequent sections to  
i l l u s t r a t e  the mechanisms for s a l t  removal." 



Cement No. 12 

"Page 3-5, Section 3.2.2: This section quantifies the amount of sa l t  
that can be diffused through the lover anhydrite of the Casti le Fowa- 
t ion by means of e i ther  a fracture or a porous medium. The resul ts  
indicate that the fracture w i l l  propagate upward a t  a ra te  of 3 x lo-' 
meter per year and that ,  in the porous medi case, a dissolution front 
would propagate upward a t  a ra te  of 3 x 10-'meter per year. 

The analysis is based on the assumption that  steady s t a t e  i s  reached. 
This approach i s  probably correct for the porous medium approach because 
the porous medium has been in  place for w r e  than 200,000,000 years. On 
the other hand, fractures can form at  any time. In a fracture the ini-  
t i a l  unsteady stace ra tes  of dissolution and diffusion of s a l t  should be 
very large compared to  those of the steady s t a t e  because of the steep 
concentration gradient which foras a t  the top of the fracture.  The 
amount of s a l t  that can bc dissolved a t  unsteady s t a t e  by a fracture 
should be quantified here. 

Both the fracture and porous medium r a t e  of diffusion calculations 
should include the range of Delaware Mountain Group NaC1 concentrations 
beause the amount and r a t e  of dissolution are dependent on th i s .  These 
calculations should show that dissolution of ha l i t e  w i l l  occur fas te r  a t  
the upgradient parts of the Delaware Mountain Group than a t  the dovn- 
gradient parts." 

Response : 

In the steady s t a t e  calculation of diffusion thro gh a f racture ,  a con- 3 stanc chloride concentration gradient of 1.2 kg/m per meter was assumed 
based on a 100 mcter f ractore  height above the Bell Canyo1 aquifer, 
exist ing chloride concentrat'on i n  the aquifer of 70 kg/m (actyal range 1 is generally 100 to  150 kglm 1, and a concentration of 190 kg/m (satu- 
ra t ion)  a t  the top of the fracture.  U der such conditions, the f racture  
propagates upward at  a r a t e  of 3 x lo-! meter per year. These calcula- 
t i o m  were presented an m approximate i l l u s t r a t i on  of the propagation 
r a t e  of a fracture uhich originates a t  a distance of less  than 100 
meters above the Bell Canyon aquifer. It w u  assumed that  by the time 
the fracture reaches the 100 meter level ,  a gradually la tying concentra- 
t ion gradient wuld  have developed from 70 to  190 kglm . 
For the case of instantaneous formation of a 100 mcter f racture ,  the 
i n i t i a l  gradient a t  the top of f racture  is  very steep, thereby resul t ing 
i n  a high i n i t i a l  propagation ra te .  The transient propagation ra te  and 
the time t o  reach steady s t a t e  w e n  calculated for  such a fracture and 
the resu l t s  w i l l  be documented in the f i n a l  report. 

Section 3.2.2 v i l l  document the r e su l t s  of the transient analysis of 
diffusion through a fracture and the calculated fracture propagation 
r a t e  as a function of tiam.. The following paragraph v i l l  bc inserted 
a f t e r  the second paragraph on Page 3-6: 



"In the above discussion of d i s so lu t ion  by d i f fus ion  
through a f r a c t u r e ,  it was assumed t h a t  a uniformly 
varying steady s t a t e  concentrat ion gradient  had de- 
veloped. For the  case of instantaneous formation of 
a 100 meter f r ac tu re ,  the  i n i t i a l  gradient  a t  t he  
top  of f r a c t u r e  is very s teep ,  thereby re su l t ing  i n  
a high i n i t i a l  propagation r a t e .  A s  s a l t  dissolu-  
t i o n  and f r a c t u r e  propagation continue, the  varia-  
t i o n  in  s a l t  concentrat ion becomes more gradual due 
t o  d i f fus ion  i n  the  f r a c t u r e  and the  propagation 
r a t e  dec l ines .  To evalua te  the  r a t e s  a t  which a 
f r a c t u r e  w v e s  under these  condit ions,  a t r ans ien t  
form of the  one-dimensional d i f fus ion  equation 
(Crank, 1975) was solved. ?he p a r a e t a r  values a re  
i d e n t i c a l  t o  the  ones used in  the  s teady s t a t e  cal- 
cu ra t ion  except t h a t  the  i n i t i a l  ch lo r ide  concentra- 
t i o n  i n  the  f r a c t u r e  is assumed t o  be constant a 

3 kg/m ins t ead  of uniformly varying a t  a l .2 k g / m  5 'O 
per meter gradient .  The a n a l y t i c a l  so lu t ion  of the  
d i f f u s i o n  equation g ives  the  chlor ide  concentrat ions 
at d i f f e r e n t  loca t ions  wi th in  the  f r a c t u r e  as a 
funct ion of time. Prom t h i s  information, the  concen- 
t r a t i o n  gradient  a t  t he  top of the  f r a c t u r e ,  which 
determiner t h e  s a l t  d i s s o l u t i o n  and propagation 
rates, is  determined. 

The ca lcula ted  propagation r a t e s  f o r  d i f f e r e n t  times 
beyond i n i t i a l  f r a c t u r e  formation are as f o l l w s :  

TME 
(years)  

PROPAGATION RATE 
(meters per year) 

This ana lys i s  i n d i c a t e s  t h a t  on the  order  of 100,000 
F6rS is required f o r  the  upward f r a c t u r e  movement 
t o  gcclirrc t o  the  assumed steady state r a t e  of 3 x 
10- meter per year .  The i n i t i a l  rate (e.g., tila = 
1 year)  is almost 100 times grea te r ;  but  a f t e r  1,000 
years ,  t he  rate is less than 10 timer the  assumed 
steady state r r l u e .  In t eg ra t ion  of t h e  above re- 
s u l t s  f o r  the  f i r s t  10.000 years  a f t e r  f r a c t u r e  
formation y i e l d s  a t o t a l  propagation d i s t ance  of 
approximately 2.0 meters. These t r a n s i e n t  r e s u l t s  
i n d i c a t e  t h a t  f r a c t u r e  propagation due t o  d i f f u s i o n  
is a r e l a t i v e l y  slw process,  even k e d i a t e l y  a f t e r  
f r a c t u r e  format ion." 



The f i r s t  sentence of the th i rd  paragraph on Page 3-7 w i l l  be revised as  
follows: 

"The above discussion demonstrates tha t  diffusion- 
cont ro l led  d i s so lu t ion  is an extremely slw process. 
The steady s t a t e  prop ga t ion  of a s ingle  f rac ture  is 
appr~x imate ly  3 x meter per year and the steady 
s t a t e  movement of a d i s so lu t ion  front  above a porous 
zone is on the  order  of 3 x meter per year.  
For instantaneous formation of a f r ac tu re ,  the in i -  
t i a l  propagation r a t e  is approximately 2 x 
meter per year. decreasing t o  2.9 x 10- meter per 
year in  1,000 e a r s ,  and reaches steady s t a t e  condi- 
t i o n s  (3 x lo-' meter per year) i n  100,000 years." 

Conment No. 13 

"Pages 3-8 t o  3-10, "Threshold of Convection i n  Fractures and Porous 
Media": This sec t ion  is used t o  est imate the  width of a f r ac tu re  re- 
quired t o  i n i t i a t e  b r ine  dens i ty  flow. This is done by approximating 
the  width of a f r a c t u r e  with the  radius of a tube. A study performed by 
Wooding (Wooding, R. A., " I n s t a b i l i t y  of a Viscous Fluid of Variable 
Density i n  a Ver t i ca l  Aele-Shau Cell ,"  Journal of Pluid Mechanics, Vol. 
7 ,  Jan. through Apr. 1960, pp. 501-515) tends t o  ind ica te  tha t  t h i s  is 
not the co r rec t  approach. Using a mathematical w d e l  of water and mass 
t r anspor t  between two p a r a l l e l  p l a t e s ,  he found tha t  the  v id th  required 
t o  i n i t i a t e  dens i ty  flow was dependent on the  length of the  p a r a l l e l  
p l a t e s .  Wooding (1960) v e r i f i e d  h i s  r e s u l t s  with a Hele-Shaw analog 
model. The r e s u l t s  of h i s  study indicated t h a t  br ine  dens i ty  f l w  could 
occur in  f r a c t u r e s  m c h  smaller than the  0.5 and 1.5 mil l imeters  indi- 
cated i n  t h i s  r epor t .  I f  a f r a c t u r e  is assused t o  have smooth p a r a l l e l  
s i d e s ,  then a f r a c t u r e  with a width of 1 mn has a high hydraulic  con- 
d u c t i v i t y  (0.7 mfs) and is capable of t ransmi t t ing  s ign i f i can t  amounts 
o f  s a l t  ." 
Response : 

The condit ions necessary f o r  the  onset of convection i n  a f r ac tu re  must 
depend on the  geometry of the  aper ture  as  w a s  recognized on Page 3-9 of 
t h e  d r a f t  repor t .  The r a t i o n a l e  f o r  using c y l i n d r i c a l  geometry is tha t  
i t  g i v u  an approximate order  of magnitude of the f r a c t u r e  width re- 
quired f o r  the  onset  of convection without t h e  aced t o  speci fy  a hypo- 
t h e t i c a l  aspect  r a t i o .  The r e s u l t s  were showa on Page 3-10 t o  c o n f i m  
t h e  approximate magnitude of c r i t i c a l  f r a c t u r e  width deduced by Anderson 
and Kirkland (1980). Wooding's (1960) r e s u l t s  may be used t o  deduce 
t h a t  f o r  an aspect  r a t i o  ( lengthfwidth)  of 20, t h e  c r i t i c a l  f rac ture  
width f o r  solute-driven convection would be about 0.4 mi l l imeter ,  where- 
as an aspect  r a t i o  of 100 would y i e l d  a c r i t i c a l  width of about 0.2 
mil l imeter .  



- 
The choice of an appropriate  aspect r a t i o  i s  complicated by the general 
roughness of geologic f r ac tu re  surfaces which would hinder convection i n  
long, t h i n  f r a c t u r e s  but ,  even with a high aspect r a t i o  ( loo ) ,  the re- 
s u l t  is not s u b s t a n t i a l l y  d i f f e ren t  from tha t  (0.5 t o  1.5 millimeter) 
given i n  the  d r a f t  repor t .  

Given the  v a r i a b i l i t y  in  c r i t i c a l  width, t he  important conclusion of 
Sect ion 3.2 is t h a t ,  i f  convection occurs,  the  Nusselt number is so high 
tha t  the  f r a c t u r e  rapid ly  sa tu ra t e s  with s a l t .  Removal r a t e s  therefore  
are con t ro l l ed  by the  propert ies  of the aqui fer  r a t h e r  t h m  by the  
c r i t i c a l  width of po ten t i a l  f rac tures  as  discussed i n  Section 5.2.1. 

The r epor t  w i l l  be modified by addine the  following couments a f t e r  the  
f i r s t  paragraph on Page 3-10: 

"The above ca lcula t ions  of c r i t i c a l  f r a c t u r e  width 
a r e  based on the simplifying assumption of cyl indr i -  
cal geometry. I f  the f r ac tu re  is t o  be elongated, 
then the  minimum width f o r  convection is reduced, 
although the  r e s u l t s  a re  of s imi la r  order  t o  those 
given above. Wooding's (1960) study may be used t o  

2 estimate a minimum f rac tu re  width of approximately 
0.4 mi l l imeter  f o r  an aspect r a t i o  ( lengthlwidth of 
t h e  f r a c t u r e )  of 20 and approximately 0.2 millimeter 
f o r  an aspect  r a t i o  of 100. As  aspect r a t i o  in- 
c reases ,  t he  i r r e g u l a r i t y  of f r a c t u r e  su r faces  and 
occas ional  f i l l  mater ia ls  w i l l  tend t o  i n t e r f e r e  
progress ive ly  with the  convective process s o  tha t  
modeling am long, th in ,  paral lel-s ided f r a c t u r e s  is 
inappropr ia te .  It is l i k e l y ,  therefore ,  t h a t  the 
c y l i n d r i c a l  model gives a reasonable and conser- 
v a t i v e  order  of magnitude c a l c u l a t i o n  of t h e  cri- 
t i c a l  f r a c t u r e  width fo r  solute-driven convection." 

Couunent No. 14 

"Page 3-10, 2nd paragraph: A bas i s  o r  re ference  f o r  t h e  statement "It 
is doubtfu l  whethex s i n g l e  f rac tures  of one mi l l imeter  or  more i n  aper- 
t u r e  could remain open and continuous i n  Anhydrite I" should be provid- 
ed. While t h e  d r i l l i n g  i n  the  Cas t i l e  Formation has not indica ted  any 
s i g n i f i c a n t  f l u i d  producing f rac tures  i n  Anhydrite I, they have been ob- 
served in t h e  h igher  anhydri tes  of the  Castile. The most notable exam- 
p l e  of a f r a c t u r e  occurs a t  WIPP-12 about 3,010 f e e t  belov land surface.  
This f r a c t u r e  is capable of producing seve ra l  hundred gallona per minute 
of flow and it could be classed aa open and continuous." 



Response : 

Fluid pressures in  the br ine  reservoi r  intercepted by WIPP-12 and ERDA-6 
are subs tan t i a l ly  grea ter  than those in  the Bell  Canyon aquifer ,  
extending up to about 70 percent of the calculated l i t h o s t a t i c  value. 
A s  a r e s u l t ,  f l u i d  pressure may be expected t o  keep f rac tures  open 
wi th in  a brine reservoi r  even i f  there  is a general  tendency fo r  p l a s t i c  
deformation t o  c lose  them. In the  case of a f r ac tu re  connecting the  
lowermost Cas t i l e  anhydrite t o  the DnG, however, the  f l u i d  pressure 
would be l e s s  able  t o  keep the  f r ac tu re  open because the aquifer  cannot 
be pressurized by deformation i n  the  same way as  a small loca l ized  
r e se rvo i r  can. Thus, it is  t o  be expected tha t  f r ac tu res  connected t o  
t h e  B e l l  Canyon aqui fer  w i l l  be mechanically much less s t a b l e  than those 
wi th in  limiced pressurized r e se rvo i r s .  

The f i r s t  
t o  read: 

sentence of the second paragraph on Page 3-10 w i l l  be uodif ied 

"There is  some doubt as t o  the  long-term s t a b i l i t y  
of a one mil l imeter  f r ac tu re  i n  a deformable medium 
such as -the Anhydrite I unit of the  C a s t i l e  Pot- 
mat ion ." 

Comment No. 15 

"page 3-10, l a s t  l i n e :  The v a l i d i t y  of the  equation N s  0.1 %'I3 
should be examined. It appears t h a t  t h i s  r e l a t i o n s h i p  w u  o r i g m a l l y  
der ived  by Elder (1967) although t h i s . r e p o r t  a t t r i b u t e s  it t o  Goli tsyn 
(1979). Elder (1967) pres ntad d a t a  which f ad iea te  tha t  the  above equa- B t i o n  is val id  fo r  a 5 x 10 < R, < 5 x 10 . Elder (1967) has other  

r e l a t i o n s h i p s  f o r  Is < 5 x 10'. but no- f o r  Re > = 5 I lo1'. The 
va lue  of R used i n  the  ca lcu la t ion  involving t h e  &we equation is 1.2 

(I 
x lo2', which is many orders of magnitude h gher than the  k n w  zange of 8 v a l i d  R, values fo r  tha t  equation (a 5 x 10 < Re < 5 x 10 1. 

Response: 

Prom a r e v i w  of the  l i t e r a t u r e  discussed by Goli tspn (1979). Warner and 
Arpaci (1968 and thcir references,  it appears t h a t  the  r e l a t i o n s h i p  
N s  = 0.1 Re 'I3 i. both a t h e o r e t i c a l l y  predicted and ex er imenta l ly  
observed l i m i t  f o r  very high Rayleigh numbers ( I s  >> 10'. Warner and 
Arpaci,  1968). While e x p e r i m n t s  on y appear t o  h m ~ e  been performed t o  
Rayleigh numbers on the  order of 10" ( M l i t s y n ,  1979). no s u b s t a n t i a l  
dev ia t ions  from t h i s  r e l a t i o n s h i p  have bean observed experimentally. 
The d a t a  of Knapp and Podio (1979) provide a check on the  v a l i d i t y  of 
t h i  Nusselt-Rayleigh r e l a t i o n s h i p  at a very high Rayleigh number 
(10 . A t  t h i s  Rayleigh number, t h e  predicted Hussel t  number i s  within 
an order  of magnitude of tha t  obtained from Knapp and Podio's a a p i r i c a l  



-? 

dispersion coeff ic ients .  This tends t o  confirm the general applicabil- 
i t y  of the above equation in the approximate manner employed by the 
report .  

Comment No. 16 

"Page 3-11, 2nd paragraph: The comparison of the dispersion coeffi- 
c ien ts  calculated from the Knapp and Podio (1979) experiments t o  the 
diffusion coefficient  could be erroneous. This comparison is made on 
Page 3-11 of thg report as support for the contention that  convection 
mass flux i s  10 times higher than dif fusive mass flux. Knapp and Podio 
(1979) treated the s a l t  transport a s  a purely dispersive process. Wood- 
ing (19991, vho studied cne same phenomenon, included both a convection 
term and a di f fusive term in  h i s  analysis.  The large value of the Knapp 
and Podio (1979) d i spers iv i ty  estimates tend to indicate  that  convection 
i s  occurring. Essential ly.  the dispersion coefficient determined by 
Knapp and Podio (1979) approximates the convection of brine as a disper- 
sive process. 

Knapp and Podio (1979) performed four experiments i n  t h e i r  study of s a l t  
transport in  boreholes. Three t e s t s  were run i n  a bore tube with a 
diameter of four inches. Two of these t e s t s  were run with an induced 
veloci ty  i n  the borehole; one w a s  run with no induced velocity.  The 
fourth t e s t  was run i n  a two-inch-diameter borehole and ha no induced 

1 4 ve ocity.  The calculated d i spe r s iv i t i e s  ranged frcm 45 cm /see to  4 4 cm /see  for experiments run in  the four-inch bore tube and was 12 cm / 
sec i n  the two-inch bore tube. Knapp and Podio (1979) concluded that  
the  dispers ivi ty  depends on the cross-sectional area of the bore tubes. 
If these d i spers iv i t i es  a re  corrected for the "radiua of a fracture" of 
O . O g l  y t e r ,  the d i spers iv i ty  would be very amall, say oa, t e order of 5 106 m /sec. This would yield a Nusselt number of about 10 instead of 
10 and would dispute the contention t ha t  convection mass transport is 

6 10 times higher t h m  d i f fus ive  mass transport." 

Response : 

The discussion i n  the d ra f t  report i s  aimed at  deducing the convective 
mass transport  f r m  Knapp and Podio's d ispers ivi ty  estimate a compar- 

I73 ing it with prediction. based on the  relat ionship Ns 2 0.1 R, . The 
fact  that  Knapp and Podio obtained empirical d i spe r s iv i t i e s  which are 
s i x  orders of magnitude grea te r  than the  diffusion coeff ic ient  implies 
that  convective transport  in  t h e i r  experiments i s  s orders of magni- % tude greater  than d i f fus ive  t ransport ,  i .e.,  19, 2 10.. This observation 
is i n  reasonably g od agreement with convection theory which predicts an S Ns of about 3 x 10 (Page 3-11 of the  dra f t  report) .  Thus, the experi- 
ments confirm the general va l i d i t y  of the Nusael -Raylei@ relationship 
a t  a very high BIgleigh number (approximately loi9). 

Knapp and Podio observed some dependence of d i spers iv i ty  on tube diam- 
e t e r .  They also found a dependence of dispers ivi ty-sal ini ty  relation- 
ships on tube diameter. Although such e f fec t s  a re  not predicted in the - 



simple convection theoryused in the repor t ,  they may be quan t i t a t ive ly  
understood by considering the nature of the  experiments and the f i t t i n g  
procedures used. F i r s t .  Knapp and Podio's experiments s t a r t e d  v i t h  a 
concentrat ion d iscont inui ty  in t h e i r  simulated well bore which is ex- 
pected t o  lead t o  short- tern t r ans ien t  t ranspor t  e f f ec t s .  The i n i t i -  
a t i o n  of rapid convection i n  such a system could depend on tube diameter 
although in  the long-term, as steady s t a t e  is approached, tube diameter 
i s  expected t o  be r e l a t i v e l y  unimportant. Secondly, by forcing ac tua l  
convective t ranspor t  da ta  t o  f i t  a d i f fus ion  (or  dispersion) equation, 
Knapp and Podio introduced empirical parameters which cannot r e a d i l y  be 
j u s t i f i e d .  Although t h e i r  data a re  of considerable ince res t ,  t h e i r  
t h e o r e t i c a l  treatment is very limited aud impossible t o  ext rapola te  with 
confidence. n u s ,  the complex d i spe r s iv i ty  composition and d i s p e r s i v i t y  
tube v id th  r e l a t ionsh ips  they obtained cannot be put i n t o  a good theore- 
t i c a l  framework because they apply t o  a physical process d i f f e r e n t  from 
the  one ac tua l ly  observed. In such a case,  a r e l a t i o n s h i p  betveen dis- 
p e r s i v i t y  and tube diameter may appear t o  be present but simply be an 
a r t i f a c t  of the  f i t t i n g  procedures used. There is c e r t a i n l y  no jus t i -  
f i c a t i o n  fo r  a l i n e a r  extrapolat ion of Knapp and Podio's apparent dis- 
persivi ty-vidth r e l a t ionsh ip  in  the  manner suggested by the  comment. 

In conclusion, Knapp and Podio's experiments provide a reasonable t e s t  
of t h e  Nusselt-Rayleigh n u d e r  r e l a t i o n s h i p  at high values of R,, but 
t h e i r  d a t a  cannot be extrapolated using d i spe r s ion  theory. Paragraph 2 
of Page 3-11 w i l l  be w d i f i e d  t o  c l a r i f y  the  discussion.  The f i r s t  
sentence w i l l  be revised t o  read: 

I, Some recent  experiments on s a l t  t ranspor t  i n  wide 
bore tubes (Knapp and Podio. 1979) tend t o  confirm 
the  approximate convective mass t ranspor t  r e l a t i o n s  
derived and discussed here." 

The t h i r d  sentence w i l l  be reworded as  follows: 

"They found tha t  the  da ta ,  although produced by a 
vigorous convective process, could be w d e l e d  by 
using a s m i m p i t i c a l  equation af the  same farm as 
the  d i f fus ion  equation ( ~ i c k ' s  second law) :" 

Coment No. 17 

"Page.3-12, 5 th  l i n e  f rom top: The reason fo r  be l ieving  t h a t  f r ac tu res  
of one mi l l imeter  or  more a re  unl ike ly  t o  e x i s t  should be given. Wood- 
i n g ' s  (1960) r e s u l t s  ind ica te  tha t  convection in a f r a c t u r e  of l e s s  than 
one mi l l imeter  width can exist ."  

Response : 

Discussions of the  long-term s t a b i l i t y  of f r ac tu res  and c r i t i c a l  frac- 
t u r e  widths fo r  convection a re  presented i n  the  responses t o  Comment 



Nos. 13 and 14. In response to th i s  comment, the f i r s t  tvo sentences of -̂ r 

the second paragraph on Page 3-12 w i l l  be changed as follows: 

"Although the long-term s t a b i l i t y  of large fractures 
in  Anhydrite I i s  open to  doubt, it is conceivable 
that zones of small fractures,  0.01 millimeter or  
l ess  in  vidth,  could remain stable for extended time 
periods. Although they vould be below the c r i t i c a l  
radius for convection (approximately 0.2 to  1.5 m i l -  
l imeters), convect ion could occur in  multiple frac- 
ture  zones vhere inflow takes place i n  some fractures 
and descent i n  others, similar to  the method dis- 
cussed by Anderson and Kirkland (19801." 

Coment No. 18 

"Page 3-14, 3rd paragraph: I f  a f racture  vere t o  propagate i t s e l f ,  
( i . e . ,  dissolve only the s a l t  d i rec t ly  above i t )  it vould reach the 
repository in  less  than 20 years a t  a r a t e  of 28 cubic meters per square 
meter per year. 

It seems very unlikely for a front t o  propagate as  a square tunnel. 
Does any l i t e r a tu re  ex is t  or haa any been revieved t o  indicate vhat 
shape forma h e n  s a l t  dissolves?" 

Response : 

D'Appolonia has reviewed the available l i t e r a t u r e  on cavity shapes 
resul t ing fran s a l t  dissolution.  Very l i t t l e  information is applicable 
t o  the problem addressed by the DMG report .  The most comprehensive work 
that  has been found (Jessen, 1973) i s  for solution mining vhere the 
principal dissolution echanism is inject ion of large volumes of fresh 
vater .  The principal dissolution mechanism for  the Cas t i le  h a l i t e  is 
natural  solute-driven convection due t o  the ve r t i ca l  density gradient in 
a fracture or porous zone result ing f r m  the var ia t ion in  s a l t  concen- 
t ra t ion.  

Sal t  dissolution within a cavity is a very complex machanism depending 
on many variables,  including concentration (degree of saturation) and 
chemical composition of the solute f lu id ,  temperature, v iscosi ty ,  pres- 
sure, s ize  and shape of the dissolution cavity,  e f fec t s  of surface 
i r r egu la r i t i e s  and insoluble inclusions w well as lamination of layers 
of d i f fe rea t  mineralogical composition ( so lub i l i t y ) ,  and the aagle of 
contact between the salt and fluid. A discussion of t h i s  very complex 
mechaniam i n  f u l l  d e t a i l  i a  beyond the scope of the report. The shape 
of a dissolution cavity formed by t h i s  process cannot be analytically 
predicted in  terms of the re la t ive  r a t e s  of v e r t i c a l  and horizontal 
spreading as  the cavi ty  enlarges. This would be a complex function of 
the flow patterns within the cavity and the material  character is t ics  of 



the h a l i t e  formation. However, c e r t a i n  s impl i f ica t ions  and assumptions 
allow an est imate of the s i z e  and shape of the  d issolu t ion  cav i ty  t o  be 
made. 

D'Appolonia has evaluated da ta  on solut ioning presented by Jessen (1973) 
and has used it t o  evaluate the po ten t i a l  d i s so lu t ion  of the  C a s t i l e  
h a l i t e .  The shape of the d i s so lu t ion  cavi ty  would be af fec ted  mainly 
by: 

o Impurity (laminae l aye r s )  content in  the  h a l i t e .  

o Chemical and physical proper t ies  of these  impuri- 
t i e s ,  mainly t h e i r  s o l u b i l i t y  r a t i o  (impurity 
versus pure s a l t ) .  

o Effect  of the  angle of contact  between the  s a l t  
and so lu t ion  f l u i d .  The m a x i m u m  r a t e  of s a l t  re- 
moval occurs when the  contact  surface is inc l ined  
about 70 degrees from v e r t i c a l  and the  f l u i d  is 
below i t .  

After  applying various s i m p l i f i c a t i o n s  aad assumptions, it was deter- 
mined t h a t  the d i s so lu t ion  c a v i t i e s  would resemble a rounded trapezoid 
with the  base s l i g h t l y  shor t e r  than the  top  and a general  v id th  t o  
height  r a t i o  of approximately 1:l f o r  pure h a l i t e .  VIPP-12 ana lys i s  
r e s u l t s  ind ica te  tha t  the  2 t o  5 percent range of m h y d r i t e  impur i t ies  
is representa t ive  of the  Aal i te  I Formation. Considering the  inc lus ion  
of anhydri te  impuri t ies  i n  the  Castile and Salado formations, t he  theo- 
r e t i c a l  cavi ty  r a t i o  (width t o  he igh t )  could be as l a rge  a s  10:l 
(assuming a d i s so lu t ion  r a t i o  of h a l i t e  t o  anhydri te  of 157 :I) .  These 
r e s u l t s  shov tha t  assuming a rec tangular  tunnel geometry (1:l  width t o  
he ight  r a t i o ) ,  or a c y l i n d r i c a l  shape (2:1 width t o  height  r a t i o )  aa f o r  
the  worst case analys is ,  is  conservat ive i n  terms of upward movement of 
a d i s so lu t ion  cavity.  

The f i r s t  sentence of the  l a s t  paragraph on Page 3-14 w i l l  be w d i f i e d  
as  follows: 

"The po ten t i a l  d i s so lu t ion  f t o n t  w u l d  probably take  
the  form of a c a v i t y  whose shape is governed by a 
very complex mechanism depending on many va r i ab les .  
Using the  ava i l ab le  information from the l i t e r a t u r e  
(Jessen. 1973) and adapting it f o r  t h e  C a s t i l e  and 
Salado h a l i t e  d i s s o l u t i o n  problem, it was determined 
t h a t  the  cross-section of the  cav i ty  may resemble a 
rounded trapezoid with t h e  base s l i g h t l y  s h o r t e r  
than the  top. The v i d t h  t o  height  r a t i o  i s  estimat- 
ed t o  be about 1:1 f o r  pure h a l i t e  and, cons ider ing  
t h e  influence of anhydr i te  impur i t ies ,  t h e  r a t i o  m y  
be aa high as  10:l. To s impl i fy  fu r the r  calcula-  
t i o n s ,  a conservat ive rec tangular  tunnel  shape 



(width t o  height  r a t i o  of 1 : l )  was used. I f  the  
d i s so lu t ion  f ron t  were t o  propagate as such (Figure 
3-7), then fo r  a 1.5 mil l imeter  wide f r ac tu re  i t  
would have advanced l e s s  than 0.2 meter i n  one year 
and l e s s  than 20 meters i n  10,000 years." 

Comment No. 19:  

"Page 3-15. 1st l i n e  t o  6 th  l i n e  from top: This ca lcula t ion  assumes 
tha t  there  is no flow or  d i s p e r s i v e  f lux  through the  DUG. What is the  
e f f e c t  of flow and d i spe r s ion  through the  DMG on the  time fo r  s a l i n i t y  
buildup t o  sa tura t ion?  It is possib:e tha t  a f r ac tu re  extending i n t o  
t h e  DUG could t ranspor t  t he  s a l t  avay coward the reef  a t  a high r a t e  and 
s a t u r a t i o n  would never be reached. It is highly probable t h a t ,  due t o  
t h e  sparse  d r i l l i n g  a c t i v i t y  in t h e  DUG, v e r t i c a l  f r ac tu res  were missed 
during d r i l l i n g  ." 
Response : 

The ca lcu la t ion  on Page 3-15 dea l ing  with time t o  reach sa tu ra t ion  f o r  
the  case of -a l a rge  f r a c t u r e  connecting C a s t i l e  h a l i t e  and B e l l  Canyon 
Formation is not s i g n i f i c a n t l y  a f fec ted  by d ispers ion  and ground water 
f lov .  The l a t t e r  parameters a r e  only important i f  the  f r a c t u r e  dens i ty  
becomes extremely small such t h a t  the  d i s so lu t ion  r a t e  approaches tha t  
expected for digfus ive  f lux .  Since the  ca lcula ted  salt t ranspor t  r a t e  
of 6 x 10 kg/n i s  many o rde r s  of magnitude g rea te r  than the  r a t e  a t  - 
which the B e l l  Canyou aqu i fe r  can remove s a l t  f r a a  a f r ac tu re ,  it is 
reasonable t o  ignore the  e f f e c t s  of f l o v  aad d ispers ion  f o r  the  purposes 
of the  i l l u s t r a t i o n .  

The remainder of Comment No. 19 involves a speculat ion tha t  t ranspor t  
v i t h i n  f r a c t u r e s  i n  the  DNG could be more important than porous media 
flow. I f  there  vere any i n d i c a t i o n  i n  the  current  d a t a  base t h a t  frac- 
t u r e  permeabil i ty is important over a s i g n i f i c a n t  por t ion  of the  basin,  
then  i t  could be addressed. Available permeability measurements and 
d r i l l  s t e m  test da ta  i n d i c a t e  very  lw values of permeability and w e  
have incorporated these  a v a i l a b l e  measurements i n t o  our m ~ d e l i n g  study. 
Fur ther  d iscuss ion  of the  e f f e c t s  of f r a c t u r e s  in  the  DMG is given i n  
the  response t o  Cement No. 5. 

Conanent No. 20 

"Page 4-4, "Rydraulic Conductivity" sec t ion:  The range of hydraulic  
conduct iv i ty  should be extended from 1 nrl t o  59 d (0.3 m/ytar t o  18 
/ y e a r .  See c m e n t  regarding  Page 2-8." 

Response : 

Consistent  v i t h  the  response to  bumtent No. 6, t he  f i f t h  sentence of the 
l a s t  paragraph on Page 2-8 v i l l  be revised t o  read: 



"The hydraulic conductivity of the Bell Canyon 
aquifer [based on =re sample measurements (Hiss, 
1975a)l ranges frcnn I .1 to  2.9 meters per year and 
averages approximately 1.8 meters per year. One 
measurement of hydraulic conductivity of 18 meters 
per year has also been reported; however, it does not 
appear representative of the basin." 

The f i r s t  sentence of the third paragraph on Page 4-4 w i l l  be reworded 
as follows: 

"Based on laboratory measurements of the core samples 
(Hiss, 1975a) and analysis of d r i l l  stem t e s t s  i n  
Borehole AEC-7 as  discussed i n  Section 2.2, the 
representative hydraulic conductivity of the Bell 
Canyon aquifer ranges from 1.1 to  2.9 meters per year 
with a weighted average value of 1.8 meters per year. 

Comment No; 21 

"Page 4-5, "Chloride Concentrations" section: The chloride data in  
Hiss's (1975a) Figure 26 tend to  confirm the existence of the 100 kg/m3 
contour on the upgradient end of the Bell Canyon aquifer." 

Response : 

The Bell Canyon aquifer flow direction near Uhites City i s  toward the 
north which is not the direction of f l w  observed through the section 
(Figure 4-1) used for the s a l t  dissolution analyses (northeastward). 
Chloride concentrations in  th i s  section generally increase in  the direc- 
t ion of flow and no chloride concentration measurements were mai lab le  
a t  the upgradient end of the section which i s  approximately 20 kilo- 
meters southeast of Whites City. A s  a r e su l t ,  it is believed that  there 
i s  l i t t l e  evidence for the existence of the 100 kg/m3 contour in  this  
par t icular  area. 

The potential dissolution associated with the Bell Canyon aquifer mass 
transport capacity waa evaluated through average dissolution calcula- 
t ions  and two implausible worst case analyses. These analyses are not 
sensi t ive  t o  the exist ing chloride concentration ident i f  ed near Uhites 
City. 'l'he upgradient chloride concentration of 100 kg,=' i n  the l6.500 
meter section (Figure 4-11 used for the average and vorst  case dissolu- 
t ion analyses is well defined by exis t ing data (Hiss. 1975.1. 

Comment No. 22 

"Page 4-6, Section 4.3.1: This i s  a good approach to  use an a f i r s t  ap- 
proximation because the method is insensi t ive  t o  whether the source of 
s a l t  i s  by diffusion from above, convection f rom above or from some 



- 
other source. In essence, the amount of calculated sa l t  input by this  
method can be assumed to  be from dissolution of overlying hal i te .  Thus 
the amount of h a l i t e  dissolved i s  probably overestimated. However, the 
basic assumption i n  t h i s  model as applied to the IRK i s  porous media 
f lw in the DXG aquifer. In addition, the model presented here does not 
include longitudinal dispersion, which would tend to  increase the amount 
of s a l t  dissolved. Is dispersion insignificant i n  this  case?" 

Response : 

The discussion in  Section 4.3 .1  describes the average ra te  of s a l t  dis- 
solution from the Casti le and Salado formatiom assuming that the Bell 
Canyon aquifer controls the r a t e  a t  which s a l t  can be removcd from the 
dissolution zone. For t h i s  approach, the mechanism by which salc dis- 
solves is not important; the aquifer mass transport capacity is the key 
parameter. The product of aquifer flow ra t e  and s a l t  concentration 
increase i n  the direction of flow beneath the dissolution area yields 
the average dissolution ra te .  An i l l u s t r a t i o n  of th i s  process, includ- 
ing dispersion, is provided in  Figure 4-4 which shows the numerical 
model resu l t s .  

Consideration of the dissolved s a l t  transport i n  the Bell Canyon aquifer 
based on porous media flow theory is jus t i f ied  based on the 'available 
data  on the W .  (See response t o  Collrmant No. 5 for  further discussion 
of the poss ib i l i t i e s  and e f fec t s  of f ractures  in  the Dm;.) Section 5 . l  
of the report presents a discussion of the dissolution ra te  as computed -. 
by t h i s  technique with respect t o  possible parameter variations. Frac- 
tu re  flov uould have t o  be s ignif icant  and widespread to  impact the 
calculationr presented i n  the report. 

As part of the s ens i t i v i t y  analysis described in  Appendix B, the effect  
of longitudinal dispersion in  the B e l l  Canyon aquifer on s a l t  dissolu- 
t ion was investigated. The r e su l t s  of the analysis are presented in  
Figures B-1(F) and B-1(G) and show that  s a l t  dissolution is insensit ive 
t o  the magnitude of longitudinal, u w e l l  a8 transverse, dispersion. 
Similarly, the e f fec t  of longitudinal dispersion on the hand calculation 
r e su l t s  in  Section 4.3.1 i s  ins ignif icant .  

Comment No. 23 

"Page 4-7, 8 th  l i n e  from top: The mass of s a l t  dissolved per year or 
10,000 years should be presented here. Also, the mass flux and ra te  of 
s a l t  being dissolved from underneath the WIPP s i t e  should be presented 
for com arison p rposes. An EEG calculat ion indicates these values are Y 4.lxlO-' kg/yr/m and 0.31 cm110,OOO years, respectively.'* 



Response: 

The v a r i a t i o n  of s a l t  d i s so lu t ion  along the 16,500 meter sect ion beneath 
the WIPP f a c i l i t y  is shovn by the  dimensionless mass f lux  curve i n  Fig- 
ure  4-4. The hand ca lcu la t ions  presented in  Section 4.3.1 are intended 
only t o  give approximate ranges of average salt d issolu t ion .  More de- 
t a i l e d  r e s u l t s  are given in  Section 4.4.2. The mass f lux  curve shows 
t h a t  the  mass f lux  d i r e c t l y  beneath the  WIPP f a c i l i t y  (Zone 11) ranges 
from 80 t o  70 percent of the  average mass f lux  r a t e  (Note 5 i n  Figure 
4-42. According1 the  ma s d i s so lu t ion  r a t e  of s a l t  va r i e s  f om 6.6 x 1 5 10- t o  5.8 x 10-"kg~yr-m . For a s a l t  densi ty of 2.160 kg/m , the 
mass r a t e s  correspond t o  v e r t i c a l  movements of 0.31 and 0.27 centimeter 
per  10,000 years ,  respectively.The t h i r d  sentence on Page 4-7 of the  
repor t  w i l l  be c l a r i f i e d  a s  follows: 

3 "Based on a flow r a t e  of 0.135 m 1yr-m and the  ob- 
served chlor ide  concent ra t ion  p ro f i l e s ,  the average 
thickness of salt removal i n  the  basin was calculat-  
ed t o  range betveen 0 .O? and 0.62 centimeter i n  
10,000 years.  This corresponds t o  a chloride con- 
een t ra t ion  d i f f e rence  (AC) betveen upgradient and 
damgrad'ent  ends of the  aqu i fe r  varying from 10 t o  3 100 kglm across  the  basin.  r e s u l t i n g  i n  a s a l t  
removal r a t e  ranging from 2.2 t o  22.2 kg/-, 
respect ively."  

The following statement w i l l  be added a f t e r  the  l a s t  sentence of the  
iirst paragraph on Page 4-7: 

"The ca lcula ted  v a r i a t i o n  of s a l t  d i s so lu t ion  along 
a 16.500 meter sec t ion  beneath the WIPP f a c i l i t y  i s  
presented i n  Sect ion 4.4.2 which describes numerical 
model r e s u l t s  ." 

Comnent No. 24 

"Page 4-9, 2nd paragraph: It .would be i n t e r e s t i n g  t o  see the  amount of 
s a l t  t h a t  crm be dissolved by t h e  mechanism described i n  t h i s  paragraph. 
Would it be l a r g e  enough t o  d i s so lve  Salado salt l a t e r a l l y  from the  reef 
t o  the  repos i tory?  Would it a l s o  be l a rge  enough t o  account f o r  t h e  
amount of s a l t  being t ranspor ted  by t h e  Capitan Reef aquifer? However, 
t he  decreasing concentrat ion of ch lo r ide  downgradient along the  eas tern  
s i d e  of the  Capitan Reef ( see  Page 4-5) tends t o  ind ica te  tha t  convec- 
t i v e  d i s s o l u t i o n  of the  overlying Salado is not occurring i n  t h i s  par t  
of the  aqu i fe r .  Active convective d i s s o l u t i o n  would tend t o  increase 
t h e  ch lo r ide  ." 



Response : 

See discussion on General Comment V regarding the potential  dissolution 
associated vi th  the Capitan Reef. 

Comnent No. 25 

"Page 4-10, 2nd and 3rd paragraphs: The mass balance model described 
here should have a longitudinal diepersive term included." 

Response : 

The discussion on Page 4-10 refers  to  the numerical modeling of s a l t  
d issolut ion and subsequent transport in the Bell Canyon aquifer. In the 
modeling analysis,  both longitudinal and transverse dispersion vere in- 
cluded. A detailed presentation of the equations of t lw and mass 
t ransport ,  which are solved i n  the numerical model and include longitu- 
dinal  and transverse dispersion, is presented in  Appendix A. The sen- 
s i t i v i t y  analysis,  which includes these terms, i s  discussed in  Section 
4.4.3 and ~ppendix  'B of the report. It demonstrates that  the dispersiv- 
i t y  of the Bell Canyon aquifer has negligible effect  on the s a l t  disso- 
lu t ion  ra te .  

Comment No. 26 

''Page 4-13, 8th l i n e  from bottom: The average value of ver t ica l  removal 
of 0.34 cm per 10,000 years obtained from the numerical approach agrees 
very well v i th  the 0.31 cm per 10,000 years obtained from the analyt ical  
approach. What i s  the range of ver t ica l  s a l t  removal over the 16,500 m 
long l i ne  underneath the repository?" 

Response : 

Figure 4-4 shows that  along the 16,500 meter length the ve r t i ca l  s a l t  
removal var ies  f r m  approximately 60 percent greater than to  40 percent 
l e s s  than the average s a l t  removal r a t e  for the e n t i r e  section. Taking 
the average r a t e  u 0.31 centimeter per 10,000 years, the range of 
v e r t i c a l  salt removal is 0.50 t o  0.19 centimeter per 10,000 years. 

Comment No. 27 

"Page 4-14, Section 4.4.3: The sens i t iv i ty  analysis with respect to  
hydraulic conductivity should be extended t o  18 dyt. See coument 
regarding page 2-8." 

Response: 

See response t o  Comment No. 6. 



Conanent No. 28 

"Page 4-16, 3rd t o  6th l i n e  from top: One of the reasons the  numerical 
approach concluded d i f fus ion  as the source of s a l t  t o  the Dm; is t h a t  
t h e  model assumed d i f fus ion  as the source t o  s t a r t  with. The model was 
then ca l ib ra t ed  to determine the d i f fus ion  coeff icent ,  which happened t o  
be i n  the range of acceptable values. I t  can only be concluded tha t  
d i f fus ion  is a possible explanation but by no means the only one." 

Response : 

The purpose of the  numerical analys is  was t o  i l l u s t r a t e ,  using an accu- 
r a t e  representa t ion  of the  geology and t ranspor t  processes i n  the DUG, 
t h a t  salt d i s so lu t ion  by continuous d i f fus ion  along the  16,500 mcter 
sec t ion  beneath the  WIPP f a c i l i t y  could produce the  observed chlor ide  
concentrat ions i n  the  Bel l  Canyon aquifer .  Although loca l ized  convec- 
t i v e  d i s so lu t ion  could be present ,  it is unl ike ly  tha t  convection occurs 
over a widespread area  because the  associated l a rge  mass d i s so lu t ion  
r a t e  would f a r  exceed the  capacity of the  aqui fer  t o  remove the  dis- 
solved s a l t .  The po ten t i a l  dissolution cavi ty  s i z e s  and shapes tha t  
could r e s u l t  f rom-local ized convective mechanisms are discussed i n  the  
worst case analyses of o l ap te r  5.0. For both an average and loca l ized  
b a s i s ,  convection and d i f fus ion  a re  presented only as  examples of disso- 
l u t i o n  mechanisms t h a t  could e x i s t  i n  the  Castile and Salado formations 
considering the  ava i l ab le  hydrogeologic data.  The B e l l  Canyon aqui fer  
s a l t  t ranspor t  capaci ty,  which is independent of the  d i s so lu t ion  ~oechan- 
i s m s ,  is concluded t o  be the  primary parameter con t ro l l ing  d i s so lu t ion  
r a t e s .  

I n  the  f i n a l  r epor t ,  t he  t h i r d ,  four th ,  and f i f t h  sentences of the 
paragraph beginning a t  t he  bot tao  of Page 4-15 w i l l  be r e s t a t e d  as 
fol lows : 

"Both a n a l y t i c a l  and numerical ca l cu la t ions  ind ica te  
t h a t  sal t  d i s so lu t ion  by continuom d i f fus ion  along 
t h e  16,500 meter sec t ion  beneath the  WIPP f a c i l i t y  
could produce the  observed chloride concentrat ions i n  
the  B e l l  Canyon aquifer .  Although loca l ized  con- 
vec t ive  d i s so lu t ion  may be present ,  it is un l ike ly  
t h a t  convection occurs w e t  a videspread a rea  because 
the  associated l a rge  mass d i s so lu t ion  r a t e  would f a r  
exceed the  capaci ty  of the  aqui fer  t o  remove the  
dissolved eal t ."  

Ccmrment No. 29 

"Page 4-16, last paragraph: Bu an e s t i a a t e  of the  r a t e  of s a l t  dis- 
so lu t ion  f r m  the  reef toward the  r e p o s i t o p  been o b t a i  ed? Page 4-9 g i nd ica te s  t h a t  the  reef  t r anspor t s  28 x 10 t o  440 x 10 kg/year of 
ch lor ide ,  of which only about 3 x 10 kg/year is accounted fo r .  I f  t he  



.- 

remainder of the chloride transported by the reef comes from the brine 
density flov indicated here, how large a cavity vould form in the 
Salado? What i s  the s t ructural  in tegr i ty  of such a cavity? H w  fas t  
vould a cavity advance tovard the repository? No sound basis i s  pro- 
vided for the argument that the s a l t  removal potential of the reef w i l l  
not affect  the repository ." 
Response : 

See discussion on General Comment V concerning potential  dissolution 
associated v i th  the Capitan Reef. 

C o m n t  No. 30 

"Page 5-2, 6th l i ne  from bottom: "0.34 centimeter" should read "0.31 
centimeter." It appears that  t h i s  paragraph is discussing the r a t e  of 
dissolution determined from the analyt ical  model. Page 4-7, third para- 
graph, indicates that  the amount of s a l t  dissolved is 0.3 centimeter i n  
10,000 years." 

Response : 

In the analyt ical  evalua ion of s a l t  disso ution, a chloride concentra- 5 J t ion increase of 50 kg/m (100 t o  150 kg/m ) based on f i e ld  data w a s  
used t o  represent the s a l t  dissolution along the B e l l  Canyon aquifer. 
This increase corresponds t o  an average dissolution r a t e  of 0.31 centi- 
meter per 10.0 0 years. The model predicted an increase of approxi- S mately 55 kg/= chloride or 0.34 centimeter salt removal per 10,000 
years. Due to  the re la t ive ly  small mount of concentration data avail- 
able and the assrnnptions required t o  perform s- of the calculations, 
the difference betveen 0.31 and 0.34 centimeter per 10,000 years as the 
average dissolution r a t e  i s  ins ignif icant .  Solely for comparison pur- 
poses, the m d e l  resu l t  of 0.34 centimeter van adopted i n  Section 5.1. 

Cement No. 31 

"Page 5-3. 1st l ine :  "0.7" should be "0.6." The dissolution process 
described on Page 5-2 h u  a l inear  re la t ionship between f l w  thickness 
and dissolution height. If the aquifer thickness is doubled. the dis- 
solution height should double." 

Response : 

As discussed i n  the response t o  Cament No. 30, the merage s a l t  removal 
r a t e  of 0.34 centimeter per 10,000 years, u determined f r m  the model 
r e su l t s ,  was used for  comparative purposes i n  Section 5.1. Given the 

3 same 55 kglm chloride concentratioa increase i n  the Bell Canyon aqui- 
f e r ,  doubling the aquifer thickness t o  60 mcters vould increase the s a l t  
removal r a t e  t o  0.68 centimeter, or  approximately 0.7 centimeter per - 



10,000 years. The difference between using a 0.31 to 0.62 centimeter 
increase or a 0.34 to 0.68 centimeter increase is insignificant for the 
purposes of the illustration. 

To clarify the discussion, the second paragraph on Page 5-2 vill be re- 
worded. The ninth sentence in the second paragraph vill be revised to 
read : 

"For a Bell Canyon aquifer flow rate of 0.135 m yr-m ? and a chloride concentration increase of 55 kg/m 
(numerical model results), the average dissolution 
cavity height in 10,000 years vould be 0.34 centi- 
meter." 

The eleventh sentence will read: 

"If the aquifer thickness is assumed to be 60 meters 
rather than 30 meters, !he average salt removal cor- 
responding to a 55-kg/m chloride increase vould be 
0.68 centimeter per 10.000 years and 17 centimeters 
in 250,000 years." 

Cora8ent No. 32 

"Page 5-4, 5th line from top, ref. Figure 5-2: The "dissolution con- 
trolled by diffusion" curve on Figur~ 5-2 does not pass through the 
point defined by flov rate = 0.135 m /yr/m m d  height - 0.34 an. The 
results of the numerical modeling u presented on Page 4-13 indicate 
that flov rate = 0.135 d/yr/m a d  height = 0.34 cm is the solution to 
the numerical modeling problem. Is the "dissolution" curve in Figure 
5-2 correct?" 

Response : 

The straight-line curve in Figure 5-2, representing dissolution con- 
trolled by the Bell Canyon aquifej, is based on a constant increase in 
chloride concentration of 50 kg/= (Note 1 in the figure) over an 
aquifer length of 16,500 meter.. The curve defining dissolution con- 
trolled by diffuaion is derived from the numerical model predictions of 
dissolution-induced concentration increases for varying aquifer flov 
rates. The diffusion-controlled dissolution curve shovn in Figure 5-2 
of tha April 1982 draft report v u  constructed for illustrative purposes 
using a smaller diffusion coefficient than was determined by the cali- 
bration. The sensitivity analysis described in Appendix B shova the 
effect of the diffusion coefficient on the salt dissolution rate. The 
dissolutig~ ~ u r v ~  using the calibrated diffusion coefficient value of 
8 7 x 10- m /yr (Table F!-2) increases from 0.14 centimeter at 0.038 
1 3 m lyr-m, to 0.34 centimeter at 0 .I35 m /yr-m, a p  remains approximately 

horizontal at 0.40 centimeter froin 0.2 to 0.5 a /yr-m. Figure 5-2 of 



the f ina l  report has been redrafted to show the resu l t s  obtained from 
the calibrated diffusion model. 

Comment No. 33 

"Page 5-6. Going back to the analytical model; for an aquifer low ra te  5 of 0.135 i3/yr/m and a chloride concentration change of 50 kg/m in  
16,500 m. underneath the repository, the mount of s a l t  dissolved over 
the 16,500 m l ine  is 4.1 x kg/yr/mZ. If t h i s  amount of chloride 
d l  dissolved from one fracture,  the amount of chloride passing through 
t h i s  f racture  is 6.8 kglyrlm, which i s  s l ight ly  less  than the 10 kg/yr/m 
being used here. Therefore, the resul ts  presented in Figure 5-2 m ~ y  be 
s l i gh t ly  higher than what can actually occur, subject t o  any sens i t i v i t y  
analysis and the assumption of porous flow in the DnG. An appioach to 
maximize s a l t  d i s s  lut ion would be to  use a chloride concentration 3 change of 150 kg/= , which is the change from one end of the DMG to the 
other .  Using t h i s  approach, one gets about 20 kglyrlm of s a l t  dissolu- 
t ion  through a fracture." 

Response : 

The discussion beginning a t  the bottom of Page 5-6 and continuing 
through the f i r s t  paragraph on Page 5-7 refers  to the "worst case" dis- 
solut ion of s a l t  through a fracture as controlled by the Bell Canyon - 
aquifer.  The steady s t a t e  diffusion case referred t o  in  Cormacnt No. 33 
is  discussed in  Section 4.4. In a fashion similar to  the procedure used 
t o  estimate average s a l t  dissolution,  the ra te  a t  vhich s a l t  can be re- 
moved from a f rac ture  (i .e. ,  the dissolution ra te)  is assumed t o  equal 
the product of the aquifer f l w  ra te  and the dovngradient increase in  
s a l t  concentration over the concentration already exis t ing d i rec t ly  be- 
lav the fracture.  The chloride concentration beneath the f racture  vas 
assumed to  be 120 kg/m3, which i s  low compared t o  the observed concen- 
t r a t i o n  b e l w  the WIPP f a c i l i t y ,  and the downgradient co centration was 9 s e t  equal t o  the maximy or saturation level of 190 kglm chloride. For 
a f l w  r a t e  of 0.135 m /yr-m, the potential  chloride removal r a t e  from 

5 
3 the f r a  t u re  is approximately 10 kg1yr-m (product of 0.135 m 1yr-m and 

70 kg/= ) vhich corresponds to  salt removal at s 16 kg1yr-m rate .  
Clar i f ica t ion  of t h i s  and other items regarding the wrst case analysis 
i n  the report is 'presented following C-ent No. 35. 

C-nt No. 34 

"Page 5-6, 5th l i n e  froo bottom: A s  mentioned ea r l i e r .  work by Wooding 
(1960) indicates t ha t  convection can occur i n  f ractures  smaller than 1.5 
millimeter." 

Response : 

comnent is addressed i n  the responses t o  Coament Nos. 13 and 35. - 
1 
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Coment No. 35 

"Page 5-6, 2nd paragraph: The calculation of fracture width 's not 
quite c lear .  If a fracture i s  capable of transporting 6 i l$ k g 1 ~ ~ 1 y r  
(Page 3-11) of s a l t ,  it is capable of transporting 3.64 x 10 tg/m Iyr 
of chloride. If fracture width i s  calculated by QWC13.64 x 10 
kg/m2/year, then the fracture width curve in  Figure 5-4B should be 
lowered. Again, Wooding (1960) indicates convection can occur in frac- 
tures with an aperture smaller than 1.5 mn." 

Response: 

4 2 The s a l t  transport ra te  of 6 x 10 kglyr-m through a fracture,  referred 
to on Page 3-11, i s  che race that could develop due to c nvective mass 

4 S transport in a fracture. Houaver, since 6 x 10 kg1yr-m is four orders 
of magnitude greater than the Bell Canyon aquifer's capacity to  remove 
the s a l t  from the fracture,  th i s  dissolution ra te  is unrealist ic.  A s  
discussed i n  the response t o  C-ent No. 33, a conservative estimate of 
the Bell Canyon aquifer's capacity to remove chloride from a fracture is 
10 kg/- (16 kg1y-r-m s a l t  removal). Potential  cavity sizes above a 
f racture  were estimated for a range of chloride removal ra tes  (0 t o  30 
kg1yr-d aa shown in  Figure 5-4. For a given removal ra te ,  the fracture 
width is the minimum width that could transport the indicated amount of 
chloride f r a  the dissolution zone do- t o  the Bell Canyon aquifer (100 
meters) by a combination of convective and diffusive mcchanisma. The 
magnitudes of convective and diffusive transport that  could develop were 
determined by combining Equations (3-I), (3-51, md (3-6) t o  give an 
analyt ical  expression for t o t a l  s a l t  transport through a fracture as a 
function of the diffusion coefficient,  fracture height, f luid viscosity,  
concentration difference between the top and bottcm of the fracture, and 
the f rac ture  width. By holding the c lor ide concentration difference 

3 9 constant a t  70 kg/m (190 t o  120 kg/m variation) and equating s a l t  
transported through the fracture with s a l t  repoved by the aquifer, the 
f racture  width becomes a l i n e a  function of the Bell Canyon s a l t  removal 
ra te .  For a par t icular  s a l t  removal ra te ,  a larger fracture than indi- 
cated on the curve of Figure 5-4 could produce the saue disclolution 
ra te .  

To better explain the fracture width calculation, a revision in the text 
of Section 5.2.1 w i l l  be made. The tw sentences beginning on the ninth 
and twelfth l ines  of Page 5-6 wi l l  be rephrased as f o l l w s :  

"Similar t o  the procedure used t o  estimate average 
s a l t  dissolution,  the ra te  a t  vhich s a l t  can be re- 
moved f r m  the fracture (i.e.. the dissolution r a t e )  
is aasumed to  equal the product of the aquifer flow 
r a t e  and the doungradient increase in s a l t  concen- 
t r a t i on  above the concentration exis t ing d i r ec t ly  
b e l w  the fracture.  For the worst case analysis, the 
downgradient chloride conc ntration i3  the maximum or 5 naturacion value. 190 kg/m (315 kg/m s a l t  concen- 
t r a t i on )  ." 



The second paragraph on Page 5-6 w i l l  be revised to  read: 

"Figure 5-&(A) i l l u s t r a t e s  the ra te  of development 
of a cylindrical  cavity for a chloride removal ra te  
of 10 kg1yr-m (16 kg1yr-m s a l t  removal ra te ) .  The 
dissolu ion ra te  i s  based on an aquifer flov ra te  of 5 0.135 m 1yr-m and a chloride concentration incr ase 
from 120 kg/m3 beneath the fracture t o  190 kg/m 5 
dovngradient of the fracture.  Figure 5-4(B) i l lus -  
t r a t e s  the potential cavity sizes i n  10,000 years 
for a range of chloride removal ra tes .  Also shown 
are the minimlrm fracture widths required to  trans- 
port the indicated chloride removal ra tes .  For a 
ziven removal r a t e ,  the fracture width i s  the mini- 
mum vidth that could transport  the indicated amount 
of chloride from the dissolution zone dovn t o  the 
Bell Canyon (100 meters) by a combination of convec- 
t i ve  and diffusive mechanisms. h e  magnitudes of 
convective and diffusive transport that  could de- 
velop were determined by combining Equations (3-11, 
(3-51, and (3-6) t o  give an analyt ical  expression 
for  t o t a l  s a l t  transport through a fracture aa a 
function of the diffusion coeff ic ient ,  fracture 
height, f luid viscosi ty ,  concentration difference 
betveen the top and bottom of the f racture ,  and the 
f racture  vidth. By holding the chlo ide concentra- 

3 
5 t ion difference constant a t  70 kg/m (190 t o  120 

kg/m variation) and equating s a l t  transported 
through the fracture v i th  s a l t  removed by the aqui- 
fe r ,  the fracture vidth becomes a l inear  function of 
the Bell Canyon aquifer s a l t  removal ra te .  For a 
par t icular  s a l t  removal r a t e ,  a larger fracture than 
indicated on the curve of Figure 5-4 would produce 
the s l a  dissolution ra te .  

The paragraph beginning at the bottom of Page 5-6 w i l l  be reworded as 
follovs: 

"A chloride removal r a t e  of 10 kg/yr-m (equivalent 
t o  a h a l i t e  dissolution r a t e  of about 16 kglyr-m) 
requires a minimum fracture  vidth on the order of 
0.3 millimeter and may resu l t  in  a dissolution 
cavity,  based on the geometry shown i n  Figure 5-3, 
vich a radius of approximately 7 meters i n  10.000 
years for  the implausible wrst case. Figure 5-6 
i l l u s t r a t e s  the cmputed hypothetical cavity rela- 
t i v e  t o  the stratigraphy beneath the UIPP f a c i l i t y .  
The computed vidth of f racture  i 8  a minimum value 
reauired t o  susta in  the indicated chloride transport 



unchanged. This is because the d issolu t ion  r a t e  i s  
l imited t o  16 kg/yr-m due t o  the Bell Canyon aqui fer  
s a l t  removal capacity." 

Coment No. 36 

"Page 5-12, bottom paragraph: The simple statement tha t  100 m thickness 
over a 1 m cavi ty  with a 94 m diameter should be enough s t r u c t u r a l  sup- 
port  is weak and not convincing. Some =re j u s t i f i c a t i o n  of t h i s  idea 
should be provided ." 
Response : 

The s i z e  of the  potencial  c a v i t y  ( e i t h e r  the  seven mater radius or one 
meter height  with 93 meter diameter) i n  comparison with the overburden 
s t r a t a  thickness of w r e  than 400 meters between the  WIPP f a c i l i t y  f loor  
and the  po ten t i a l  c a v i t y  is negl ig ib le .  The very slow propagation of 
t h e  d i s so lu t ion  front  w u l d  be even slower than the  c losure  due t o  s a l t  
creep,  which means tha t  t h e  p o t e n t i a l  cavi ty  could never reach the theo- 
r e t i c a l  d ipms ions  used i n  the  d iscuss ion .  Also, t h e  ove ra l l  defornu- 
t i o a  of the overburden would have only l imited upward propagation and 
would most l i k e l y  occur only wi th in  t h e  lower port ions of Hal i te  I. 

The t h i r d  and fourth sentences of the  l a s t  paragraph on Page 5-12 w i l l  
be reworded a s  follows: 

.t 

"As is evident i n  Figure 5-6, =re than 400 meters 
of overburden e x i s t  between the  implausible worst 
case  p o t e n t i a l  c a v i t i e s  and the  f l o o r  of the  WIPP 
undergrourd f a c i l i t y .  h a r e s u l t ,  the  propagation 
of the  d i s so lu t ion  f ron t  w u l d  cause a creep defor- 
mation of the  overburden s a l t  prompting c losu re  of 
t h e  c a v i t i e s .  Considering t h e  extremely small 
volume of s a l t  removed i n  comparison with the  t o t a l  
s t r a t a  thickness,  t he  v e r t i c a l  propagation of t h i s  
deformation would probably be l imited t o  the  lower 
sec t ion  of the  Ha l i t e  I Formation." 

Comment 37 

"Table 4-1: What is the  b a s i s  f o r  the  d i s p e r s i v i t y  of 3.048 meters 
shown i n  Table 4-l?n 

Response : 

Values of longi tudinal  d i s p e r s i v i t y  ranging between 0.01 and 100 meters 
and t r ansve r se  d i s p e r s i v i t y  va lucs  of between 0.001 and 50 meters have 
been used i n  mass t r anspor t  evalua t ions  (Freeze and Cherry, 1979). The 



d i s p e r s i v i t y  is a  funct ion  of g ra in  s i z e  d i s t r i b u t i o n ,  an iso t ropic  char- 
a c t e r i s t i c s  of the  porous medium, and the t o r t u o s i t y  of the medium. In 
t h e  s imulat ion of s a l t  d i s s o l u t i o n  i n  the DMG, a  value of 3.048 meters 
(10 f e e t )  was used fo r  both longi tudina l  and t ransverse  d i s p e r s i v i t y .  
This  value was se l ec t ed  based on l i t e r a t u r e  da ta  for  s imi lar  ma te r i a l s  
(Freeze and Cherry, 1979 and Bear, 1975); bu t ,  due t o  the  inherent  vari-  
a b i l i t y  of t h i s  parameter. a  range of d i s p e r s i v i t i e s  (0.3048 t o  30.48 
meters )  was inves t iga t ed  i n  t h e  s e n s i t i v i t y  ana lys is .  Figure B-1 shovs 
t h a t  t h e  salt d i s s o l u t i o n  r a t e  is  very in sens i t i ve  t o  the d i s p e r s i v i t y  
of  the  Bell  Canyon a q u i f e r ,  i nd ica t ing  tha t  the  use of 3.048 metera i n  
t h e  s a l t  d i s s o l u t i o n  s imula t ion  has l i t t l e  impact on the  conclusions of 
t h e  study. 
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REVIE!J OF "FRACTURE FLOW I N  THE RUSTLER FORMATION: WASTE ISOLATION PILOT 

PLANT (NIP?), SOUTHEAST NEW MEXICO (DRAFT INTERIM REPORT)" 

INTRODUCTION 

A detai led review o f  the d r a f t  in te r im report en t i t l ed  "Fracture Flow i n  the 

Rustler Formation: Waste Iso la t ion P i l o t  Plant (HIPP). Southeast New Mexico" 

has been made by s ta f f  members o f  the Environmental Evaluation Group. The 

d r a f t  report  presents some new information and ideas regarding the hydrology 

of the Rustler aquifer, most notably the d i rec t ion  of flow and the transport  

capab i l i t i es  o f  the aquifers. The fol lowing comnents are intended t o  get more 

c l a r i f i c a t i o n  o f  some o f  the data in terpretat ions presented i n  the report and 

t o  present some addi t ional  concerns the Environmental Evaluation Group has re- 

garding f low i n  the ~ u s t l e r  Formation. 

The "Costs and Meri ts Evaluation f o r  Stipulated Agreement Ac t i v i t i es "  (pages 
A 37 and 38) attached t o  the August 31, 1981 l e t t e r  from Schueler t o  Goldstein 

does not c l ea r l y  s ta te  the items that  are t o  be addressed i n  the in te r im re -  

port. However, the c o m n t s  represent the concerns o f  the Environmental 

Evaluation Group a t  t h i s  time and should be addressed i n  the f i n a l  report  

regarding f rac tu re  flow i n  the Rustler, which i s  due during February. 1983. 

The fo l lowing items were referred t o  i n  the "Cost and Meri ts Evaluation f o r  

the St ipulated Agreement Act iv i t ies , "  and subsequent correspondence between 

Schueler and Goldstein. !4e bel ieve they were not adequately addressed i n  the 

In ter im Report. 

Proposed Work 

.The best model t o  represent the flow path and aqui fer  c h a r a c t e r i s t i c w  

the Rust ler  w i l l  be developed. 



Expected Results 

I f  the resu l ts  are such that addi t ional  consequence analyses should be . 

run, they w i l l  be incorporated i n t o  the study. 

Schueler Le t te r  

Item 10 i n  the October 30, 1981 l e t t e r  from Schueler t o  Goldstein reads: 

"If resu l ts  o f  t racer  studies warrant, a model for  mu1 t i p i e  f rac tu re  f low 

w i l l  be developed. Discrete f racture flow (a one f racture flow path) i s  

not  considered t o  be a c red ib le  mechanism; t h i s  w i l l  be indicated and 

discussed i n  the report(s)  on the Rustler aquifers." 

It i s  recognized that some o f  these omissions would l o g i c a l l y  be presented i n  

the  f i n a l ,  ra ther  than the in te r im report. However, i t  appears the f rac tu re  

f low study i s  being conducted on two premises that have not yet  'been 

j u s t i f i e d :  

.1 

1. That the  Culebra aqui fer  i s  c r i t i c a l  and thus i t i s  not necessary t o  study 

the  Magenta aquifer. The conclusions that  i n i t i a l  f low i n  the  Culebra is 

t o  the southeast away from Nash Draw raises the question o f  whether f low 

i n  the Magenta may reach the more permeable Nash Draw area i n  shorter 

time. (see our comnents regarding page 43). It i s  noted t h a t  the Cost 

and Mer i t  Evaluation re fe rs  t o  Rust ler  aquifers and makes no mention o f  

r e s t r i c t i n g  inves t iga t f  ons and evaluations to  the Culebra aquifer. 

2. That d isc re te  f rac tu re  f low (a m e  f racture flow path) i s  not credible. A 

j u s t i f i c a t i o n  o f  t h i s  conclusion was promised i n  the October 30. 1981 

Port ions o f  the report  sumnarize the  t ransmissiv i ty,  storage coef f ic ient .  

po ros i t y  and d i spe rs i v i t y  o f  the various f i e l d  t es t  data. It appears t ha t  the - 
d e t a i l s  o f  these tes ts  are presented i n  Bentley et. al.  (1981, i n  



preparetion), Nard and Gonzalez (1981; i n  preparation) and Gonzalez et. a l .  

[ i n  preparation), which are not yet  available. It would have been very useful 

i f  these reports were avai lab le  for  the Environmental Evaluation Group :a 

consult while reviewing the d ra f t  fracture flow report. In  addit ion, Ual ter  
(1981, i n  preparation) would have been useful t o  review i n  order t o  evaluate 

the three-well technique for anisotropy. These reports should be made 

avai lab le  t o  the Environmental Evaluation Group pr io r  t o  issuance of the f i n a l  

report  on f racture flow. 

The report  sumary could address several addit ional items. A t  present it con- 

cludes the fol lowing: 

Culebra flow through the WIPP s i t e  i s  t o  the southeast 

the d i rec t ion  o f  t h e  major component o f  the t ransmissiv i ty t e n s o r  i s  

from northwest t o  southeast 

-depth averaged hydraul ic  conduct iv i t ies decrease eastward f rom 

.- L iv ingston Ridge. 

It also s m a r i z e s  the t ransmiss iv i t ies  storage coe f f i c ien ts  and poros i t ies  

determined from the various tests. Pn addit ional i t e m  t ha t  needs t o  be 

addressed i n  the summary section concerns the nature o f  the  f rac tu re  hydraulic 

conduct iv i ty.  The repor t  mentions double porosity flow (page 23) and d iscrete 

f low (page 35 and 44) bu t  uses methods of analyses developed by Papadopulos 

(1965), Grove and Beetem (1971) and Sauty (1980), which are based on porous 

media flow. The report  appears t o  conclude (page 35 and 44) t h a t  the dominant 

mode o f  t ransport  i n  t he  Culebra i s  through discrete fractures. I f  t h i s  i s  

t rue,  the data may have t o  be reevaluated with models of f low through discrete 

f ractures.  A conclusion concerning the nature o f  f racture f lw  should be made 

before the  regional t ranspor t  model i s  developed. 

The physical meaning o f  the  values of the t ransmissiv i ty storage coe f f i c ien t ,  

anisotropy, poros i ty  and d ispers iv i t y  i n  terms o f  f racture f lw  should be 

addressed. 

- 
For instance, i s  the anisotropy due t o  a l ternat ing ve r t i ca l  bands of h ighly 

transmissive rock and low transmissive rock that  trend norhtwest t o  southeast 

o r  due t o  kars t  channels recharging the aquifers. 
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The porosi ty o f  18% determined from the H-2 nest of wells appears high f o r  a 

fi..:ctured rock. A t  the H-6 nest o f  wells the porosi ty appears t o  e x h i b i t  some 

d i rec t iona l  c:!aracteristics, when i t  should not. 

I n  addition,. the data presented i n  the report  ind icate tha t  Culebra f low i n  

the repository area i s  t o  the southeast. Previous studies have ind icated t h a t  

f low i s  t o  the south and southwest. This data may ind icate other discharge 

areas f o r  the Culebra. An increased flow path t ha t  might resu l t  from the  

gradient presented i n  t h i s  report indicates tha t  the lragenta may provide fas- 

t e r  releases of radionuclides t o  the biosphere than the Culebra. 

SPECIFIC CWHENTS 

"ABSTRACT", 13th t o  18th l ines  

The term "pr incipal  t o  minor t ransmissiv i ty tensor" should be 

'major t o  minor components o f  the t ransmissiv i ty tensor." The t e r n  "p r inc ipa l  .- 

t ransmiss iv i ty  component" should be changed t o  "the p r i nc ipa l  d i r e c t i o n  o f  t he  

major component o f  the t r a n m i s s i v i t y  tensor* or Vhe or ien ta t ion  of the p r i n -  

c ipa l  axes o f  the t ransmiss iv i ty  tensor i s  northwest by southeast f o r  the  

major component and northeast by southwest f o r  the minor comp~nent .~  A s ta te -  

ment about the v a r i a b i l i t y  o f  the t ransmiss iv i ty  wi th respect t o  distance from 

the  outcrop should also be included i n  the "abstract." 

page 4, 2nd paragraph 

Nercer and Gonzalez (1981) ind ica te  a strong westward gradient frm UIPP t o  

Nash Draw i n  the Magenta dolomite. Have any calculat ions of t r ave l  time from 

)IIPP t o  Nash Draw been made f o r  the Magenta and compared t o  t r a v e l  times f o r  

t h e  Culebra? 

The Culebra's southeast gradient through the  repository. as ind icated on 

Figure 16, shows tha t  contamination from a reposi tory breach may e i t he r  never 

reach Nasn Draw or  may take longer than the  40,000 years prev ious ly  

estimated. If the Culebra t rave l  tim are s i g n i f i c a n t l y  increased, t he  

Magenta may provide quicker radioact ive releases t o  the biosphere than the  

Culebra. Estimates o f  t r ave l  time from the reposi tory t o  Nash O r a n  through 

t h e  Magenta should be provided i n  t h i s  paragraph. 



'/hat are the data and assumptions that went i n to  the ca lcu la t ion o f  the 40,000 

year t ravel  time from ERDA-9 t o  h l a g a  Bend? I s  t h i s  number taken from some 
other work? 

page 7, 1st and 2nd l i n e s  

The sentence should be changed to  read something l i k e  "the major and minor 

components and pr inc ipa l  d i rect ions of the transmi ss i v i  t y  tensor." 

page 8, bottom paragraph 

Figure 15 indicates that  the hydraulic gradient i s  to  the southeast through 

the f a c i l i t y .  Uhy does t h i s  paragraph say south and then southwest toward 

Malaga Bend? The statement appears t o  be re fe r r ing  t o  the previously assumed 

f l o w  path shown i n  Figure 3, but it cer ta in ly  i s  not clear. 

p a w  9 
Table 1 should be checked f o r  errors. The "Fresh Hater A l t i tude"  f o r  P-18 on 

the  tab le  and the a l t i t u d e  used for  construction o f  Figure 16 appear to. d i f f e r  

- by 100 feet. Other "Fresh Water Al t i tudes" that  appear t o  need checking be- 

l o r g  t o  wells H-5, H-8, H-9, H-10. W-28 and W-30. I n  addit ion, t he  surface 

a l t i t u d e  o f  H-9 i s  100' higher than that  presented i n  Seward ("Abridged 

Borehole Histor ies f o r  the Uaste Iso la t ion  P i l o t  Plant (UIPP) Studies," SAND 

82-0080). This nay lower th2 fresh water a l t i t u d e  t o  2976 a t  H-9. It i s  pro- 

bable t ha t  the fractured nature o f  the dolomite may be causing t h e  anomalous 

water levels. The water leve l  a t  H-5 appears t o  be associated w i t h  a struc- 

t u r a l  anomaly o f  the Culebra Dolomite (see attached Figures 1 and 2 and 

comment regarding page 44 and 45). 

page 11, 1st paragraph 

References f o r  t ransmiss iv i ty  values should be provided. 

page 14, 10th l i n e  

Line should read "minor components and p r inc ipa l  d i rec t ions  o f  t h e  

transmissivi t y  tensor." 

- page 14, 2 bottom l i n e s  

It would be nice i f  the reference were already published t o  check the theory 

and t o  see the report contents. 



page 15. 1st  paragraph - 
The descr ipt ion of t es t  procedures ind icate that  the "a" well a t  each pad was 

pi;;?ped. However, the anisotropy resu l ts  o f  Table 2, Table 3 and Table 4 pro- 

vide no resu l ts  from pumping the "a" well. Why are the resu l ts  from pumping 

tne "a" well  not presented? Mas the "a" wel l  pumped a t  a l l ?  

page 15, l a s t  Paragraph 

be estimated? 

page 18, l i n e s  6, 15 and 17 

Change "p r inc ipa l "  t o  "major." 

page 19. Table 2 

According t o  the theory - o f  ani sotropi  

I f the t racer  curves are insens i t i ve  t o  dispersion (dispersiv i  t y )  , 

- 

c aqui fers developed by Papadopulos 

(1965), the  response o f  wel l  H-4C from pumping H-48 should produce the  same T 

and S values as the response o f  w e l l  H-4B from pumping w e l l  H-4C. The T e s t i -  

nates f o r  these wel ls d i f f e r  by a factor  o f  two f o r  tes ts  one and two. The - 
range o f  T (not inc lud ing pumping wel ls)  f o r  a l l  three tests  i s  0.8 feet  

squared per day t o  1.7 feet  squared per day. What i s  the cause o f  t h i s  

discrepancy? 

page 23, 1s t  paragraph 

Kere any methods such as images, t r i e d  t o  locate any o f  the b a r r i e r  

boundaries? Uhat could these boundaries be a t t r ibu ted  to? For instance, 

could the boundaries be due t o  ver t i ca l  f ractures f i l l e d  wi th  an impermeable 

mater ia l  o r  t o  a less f ractured nearby region o f  dolomite? 

The shape o f  the  curve on Figure 7 i s  interest ing.  The ear ly pa r t  o f  the 

curve ( p r i o r  t o  the formation o f  the s t r a i g h t  l i n e )  may be a resu l t  o f  no 

storage o f  water i n  the f ractured par t  o f  the  aqui fer  or possibly a hor izonta l  

f rac tu re  over la in  by a porous block (see ' W e l l  Hydraulics i n  Heterogeneous 

Aqui fer  Formations" by T. D. Streltsova-Adams i n  Mvances i n  Hydroscience. 

Vol. 11, Academic Press, 1978). I n  addi t ion, i t  appears questionable t ha t  t h e  

f l a t  par t  of the curve i s  a t t r i b u t a b l e  t o  f low from the blocks t o  the 

f ractures.  According t o  S t r e l  tsova-Adam (see Proceedings. Second 



I nv i t a t i ona l  \!el 1 -Testing Symposium held by Earth Sciences Division, Lawrence 

Berkeley Laboratory, on October 25-27, 1978) the f l a t  part of the data should 

not show if the r a t i o  (Sf t b) /Sp  (Sf and S, are storage coef f ic ients  

o f  the f ractures m d  the porous matrix, respectively) i s  less than about 5 t o  

11. I n  other words, if the s t ra igh t  l i nes  on Figure 7 are less than about 0.7 

t o  1.0 log cycles apart, which they are on Figure 7, then the f l a t  part  o f  the 

curve should not show. This brings several questions to  mind: 

1. I s  i t  possible that  the s t ra ight  l i n e  shows up between 200 minutes 

and 2000 minutes on Figure 7? I f  t h i s  i s  tlle case, then the data 

a?:?? 2000 minutes including the f l a t  part may be a t t r i bu tab le  t o  t he  

t r a n s i t i o n  period between flow i n  fractures and "induced response." 

2. I f  the  s t ra igh t  l i n e  i s  correct  and there i s  no double poros i ty  

system, i s  the f l a t  par t  of the data and the "induced response" 

caused- by a highly permeable f racture or karst channel near the we l l  

t es t?  

3. I s  the anistotropy observed i n  these tests  due t o  recharge i n t o  t h e  

- rocks from a highly permeable f racture or karst channel? Such a 

response would cause the l ines  of equal drawdorm to. have oval shapes 

ra ther  than the e l l i p t i c a l  ones caused by anisotropy. Unless there 

are data from more than three observation wells it $my be very d i f f i  

c u l t  t o  t e l l  the di f ference between an anisotropic aqui fer  and an 

aqui fer  w i th  a recharge boundary. 

f i gu re  7 o f  the report  shows the response of the H-4a and H-45 wel ls  due t o  

pumping the  H-4c well. Was tne response of H-4a and H-4c due t o  pumping H-4b 

s im i l a r  t o  the  data snow on Figure 7 such tha t  a double porosi ty system was 

indicated? 

page 23, l a s t  paragraph 

It appears questionable that  ch lor ide i s  the ideal tracer t o  use t o  determine 

i f  leakage i s  occurr ing between Rustler aquifers a t  the H-4 s i te.  Table 4 o f  

Mercer et. a l .  indicates tha t  the ch lor ide concentration o f  both the  Magenta 

and Culebra i s  7500 mg/P (Nercer J.W.. Paul Davis. Kevin F. Dennehy, and 

- Carole L. Goetz, "Results o f  Hydrologic Tests and Chemistry Analyses, Ue l l s  

H-4A, H-46, and H-4C a t  the Proposed Waste Iso la t ion  P i l o t  Plant Site. 



Southeastern New bkxico", Water-Resources Investigations 81-36, U.S. 

Geological Survey, Hay, 1981). 

page 25, 2nd paragraph 

Thz t ransmiss iv i t ies  as presented here are extremely small f o r  a f ractured 

rock and would tend to  indicate tha t  f racture f l o w  i s  not tha t  s ign i f i can t ,  a t  

l e a s t  i n  the areas that were tested. Any radionuclide t ransport  i n  the 

Culebra would tend to be very slow because o f  the l a w  t ransmiss iv i t ies .  Do 

f rac tu res  or karst  channels capable o f  t ransmi t t ing water e x i s t  near the UIPP 

site? 

Tzble 9.2 o f  Ualton (Walton, Wil l iam C., Groundwater Resource Evaluation, 

I?cCraw-Hi 11 , 1970) indicates the values of spec i f i c  storage presented here are 

those f o r  "sound rock." This would tend t o  ind icate tha t  any f ractures i n  the 

Culebra, a t  leas t  - in  the' areas tested, are well  cemented o r  t ha t  clean, open 

f rac tu res  are f a r  apart. This suggests t ha t  f racture flow i s  not  extensive 

over m c h  o f  the Culebra but may be confined t o  long channels or f ractures 

outside the  area of inf luence o f  the  punp tests. Does f low i n  open f rac tu res  . - 
e x i s t  i n  areas not tested by the pump o r  t racer  tests? 

page 27, 3rd paragraph 

k'as the  aqui fer  pumped c lear  p r i o r  t o  t racer  i n j ec t i on  f o r  the  second tes t?  

I f  not, d i d  the non-completion o f  t he  f i r s t  t racer  t e s t  a f f e c t  the resu l t s  o f  

the  second tes t?  I s  it possible t h a t  Segnents I and I1 o f  Fig. 12 are  due t o  

t h e  f i r s t  t e s t  and Segments I11 and I V  t o  the  second tes t?  If so, some t y  

of deconvolution would be necessary t o  i n te rp re t  the resul ts.  

page 28, 3rd paragraph 

The Grove and Beetem (1971) model needs t o  be corrected f o r  anisotropy. 

t h i s  done? 

Uhat were the ranges o f  poros i t ies  and d i spe rs i v i t i es  used i n  the  Grove and 

Beetem (1971) analyses and how d i d  they compare wi th  the data? 

page 32, 3rd paragraph -_ 
The Signi f icance of the poros i t ies  o f  0.17 and 0.18 should be discussed here. 

These values are extremely high for a f ractured rock. A f rac tu red  rock 



t y p i c a l l y  has a f r a c t u r e  po ros i t y  o f  0.01 - 0.02 and less  (SLreltsova, 1976). 

The p o r o s i t y  values presented here are t yp i ca l  f o r  a porous media. I f  i t  i s  

assumed t h a t  a f rac tu red  system operates a t  the H-2 well  s i t e s ,  then t r a c e r  

d i f f u s i o n  from the f r a c t u r e  i n t o  the  porous mat r ix  could account f o r  t h e  h i g h  

po ros i t y .  The e f f e c t  o f  t h i s  d i f f u s i v e  process has been shown t o  increase 

t r a v e l  t imes from one p o i n t  t o  another when compared t o  a process w i thout  

d i f f u s i o n  i n t o  t h e  mat r ix .  (See Grisak and Pickens, "Solute Transport Through 

Frac tured Media I: The Effect o f  Ma t r i x  Di f fus ion.  Uater Resources Research, 

vo l .  16, no. 4, Aug., 1980, pp. 719-730 and Grisak e t  dl., "Solute Transport 

through Fractured Zedia 2: Column Study o f  Fractured T i l l  ," 'riater Resourcss 

Research vol. 16, no. 4, Aug., 1980, pp 731-739). The net  e f fec t  o f  - 
inc reas ing  t h e  t r a v e l  t i m e  would be a h igh poros i ty .  Grisak and Pickens a l s o  

i n d i c a t e d  t h a t  the  d i f f u s i o n  o f  s o l u t e  i n t o  the  ma t r i x  huuld be more s i g n i f i -  

cant  f o r  low v e l o c i t i e s  o f  f l u i d  f l ow  i n  the f r a c t u r e  than f o r  h igh  

v e l o c i t i e s .  N i t h  t h e  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  Culebra a t  about 0.032 - 

f e e t  per  day, f l u i d  v e l o c i t i e s  are  probably small. 

Ttie causes o f  t h e  va r ious  segments r e  Figure 12 should be explained. For i n -  - stance, w r e  they caused by d i f f u s i o n  i n t o  t h e  m a t r i x  a t  one t ime and ou t  o f  

t h e  m a t r i x  a t  another t ime? Are they caused by a convo lu t ion  o f  t h e  two 

t r a c e r  t e s t s ?  

page 35. 2nd paragraph 

Sauty 's  (1980) method should be mod i f ied  f o r  t h e  anisotropy determined from 

t h e  pump t e s t s  a t  t h e  H-6 s i t e .  Since t h e  p r i n c i p a l  axes o f  the  t ransmiss i -  

v i t y  tensor  a re  k n o w  f o r  t h i s  s i t e ,  the  mod i f i ca t i on  i s :  



where Q = pumping ra te  

b = aqui fer  thickness 

t = time o f  match point 

x,y= coordinates of well slugged wi th  t r ace r  

Txx= major transmissivi t y  component 

Tyy= minor t ransmissiv i  t y  component 

n = porosity. 

I n  the above equation, the punping well i s  a t  the  o r i g i n  and tne major com- 

ponent o f  the t r ansn i ss i v i t y  tensor runs between wells H-6b and H-6c as 

ind icated from the wel l  t e s t  data. The corrected poros i t ies  are 9.12 f o r  the  

H-6b t o  H-6c t e s t  and 0.972 for the H-6a t o  H-6c tes t .  

The 0.97% poros i ty  appears reasonable f o r  a f ractured rock and occurs along 

the  major ax is  o f  the transrnissivity tensor. The 9.12 appears reasonable f o r  

a porous media. There is, however, almost an order o f  magnitude d i f f e r -  

ence between the  two. Since porosity i s  not anisotropic the d i s p a r i t y  i s  pro- - 
bably caused by a heterogeneity i n  the Culebra. The suggestion of a d isc re te  

zone o f  f low i.e. a long highly permeable fracture, a set of pa ra l l e l  

f ractures o r  a kars t  channel, appears reasonable. Whether o r  not t h i s  d i s -  

c re te  f low can be modelled adequately appears questionable. The problem l i e s  

i n  determining the number o f  d iscrete f ractures and t h e i r  locat ions.  

page 38, 1 s t  paragraph 

The Safety Analysis Report (page 2.6-35) indicates tha t  two sets o f  j o i n t  

ex i s t  i n  the  Delaware Basin. One o f  these sets s t r i kes  NU t o  SE, i n  the same 

d i r e c t i o n  as the  major component o f  the t ransmiss iv i ty  tensor. Does t h i s  

j o i n t  set have some re la t ionship t o  the p r inc ipa l  axes o f  the t r ansm iss i v i t y  

tensor? Uhat i s  the p o s s i b i l i t y  tha t  ve r t i ca l  or near ve r t i ca l  f ractures 

formed by the j o i n t  set c o u l d  be missed by the d r i l l i n g  a c t i v i t i e s  and subse- 

quently untested by the pump tes t ing  program? 

page 38. 2nd paragraph t o  page 39, 1st  paragraph 

The physical s ign i f icance o f  the range o f  poros i t ies  t o  the fo l low ing  para- - 
meters should be discussed i n  more de ta i l  : 
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- the d i rect ional  character ist ics of the porosity. 

The hydraul ic conduct iv i t ies  should also be discussed i n  terms o f  f racture 

flow and porous media flow. The hydraulic conductivi ty values quoted i n  t h i s  

report  are averaged over the thickness of the Culebra i.e. the hydraul ic con- 

d u c t i v i t y  i s  assumed t o  be uniform throughout the thickness o f  the Culebra. 

I n  a f ractured m d i a ,  the hydraulic conductivity i s  not uniform. It i s  peaked 
i n  a f rac tu re  and near zero outside a fracture. How would the hydraul ic con- 
duct iv l ' ty  vary throucjhout the thickness of the Culebra? What e f f ec t  would t h i s  

var ia t ion  have on t rave l  times? 

page 39, 1s t  paragraph_ 

Figure 16 indicates tha t  flow through the H-6 s i t e  i s  i n i t i a l l y  SSE. However 

the f l o w  path appears t o  curve t o  the southeast away from Nash Draw. Uhat i s  

the basis f o r  concluding that flow through 3-6 reaches Nash Draw? I n  addi- - tion ,  a f l o w  t o  the south-southeast would eventually have t o  turn toward the  

so~thwest  i n  order t o  reach Nash Draw. 

It fu r the r  appears tha t  Figure 16 may need some refinement. The f i gu re  does 

no: appear t o  have contours based on the fresh water a l t i tudes  a t  H-8, H-9 and 

H-10. I n  addit ion, the  f resh water elevation a t  P-18 i s  extremely low 

co::pared t o  the elevations a t  the other wells. The v a l i d i t y  o f  the  f resh  

water a l t i t u d e  i s  questionable because o f  the low hydraulic conduct iv i ty  a t  

t h a t  well. How does the  fresh water a l t i t ude  map change i f  f resh water 

a l t i t u d e s  a t  H-8, H-9 and H-10 are included i n  the map construction and P-18 

i s  el iminated? 

page 41, bottom paragraph 

bhat i s  the basis f o r  assuming 10 miles t o  the soutneast? The data are a l l  

w i t h i n  5 mi les o f  the  MIPP s i te .  Most o f  the "path which would exceed 10 

mi les" i s  located i n  an area o f  very low hydraulic conduct iv i ty and i n  an area 

of unknow hydraul ic gradient. I n  view o f  the southeast gradient over t he  
,--. 

study area, (Figure 16 o f  the d r a f t  report) how can the radionucl ides 

discharge a t  Malaga Bend? The d i rect ion of the hydraulic gradient would have 

t o  tu rn  southwest i n  order f o r  a radionuclide t o  discharge a t  Malaga Bend. A t  
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present there are co data t o  support th is .  Are there other discharge areas 
-j 

f o r  tne Culebra? 

page 43, 1st paragraph 

I f  t ravel  time f o r  a non-absorbing radionucl ide i n  the Culebra becomes greater 

than 40,000 years, i s  i t possible that  the Magenta's westward flow from the 

MPP t o  Pash Draw would provide a quicker radioact ive release t o  the biosphere 

than f low i n  the Culebra? If so perhaps future studies should concentrate on 

f low i n  the Magenta rather than on the Culebra. 

paye 44 ad 45, Continuing Investigations 

The fol lowing are suggestions tha t  should be useful i n  the continuing study of 

f rac tu re  f low i n  the Rustler: 

1. A review o f  aer ia l  photographs through the area defined by WIPP-29, WIPP- 

25,.WIPP-33, H-6 and H-5 should be made t o  see i f  any geomorphic features 

associated wi th  e i t he r  kars t  hydrology o r  f rac tu re  hydrology e x i s t  there. 

Thermal in f ra red  photographs may be useful i n  loca t ing  springs o r  shallow 
Ir 

ground water f lowing i n  subsurface channels. This suggestion i s  made for 
several reasons: 

a. Larry Barrows, i n  a presentation t o  EEG, indicated tha t  an elevated 

g rav i ty  anomaly existed i n  t h i s  area. He a t t r i bu tes  i t t o  a poss ib le  

kars t  channel i n  the Culebra. 

b. A s t ructure contour map (see Figure 1) on top o f  the Culebra was 

generated from Table 1 of the report. It ind icates a depression ex- 

tending through the UIPP-25, H-6, H-5 area. This depression may be 

associated w i th  a kars t  channel. 

. A fresh water a l t i t u d e  map (see Figure 2) f o r  the Culebra was con- 

structed from the data presented i n  Table 1 o f  the report. The f i gu re  

indicates that  a ground water high i s  associated w i th  the depression. 

The ground water high indicates a potent ia l  f o r  some f low t o  the  west. 

I f  possible the review o f  the aer ia l  photographs should extend from the  

northern pa r t  of Nash Draw t o  b l a g a  Bend. 

2. The appl icat ion o f  inverse techniques t o  flow i n  the Rust ler  should be - 
interest ing.  For the most par t  inverse techniques are i n  t h e i r  infancy and 

are designed fo r  porous media flow, not d isc re te  flow. If it i s  decided 



t h a t  f racture f loa can be nodeled as a porous media, tnen the 

inverse technique developed by Neuman and Yakowitz ( "A  S ta t i s t i ca l  Approach 

t o  the Inverse Problem o f  Aquifer Hydrology, 1: Theory." Water Resources 

Research, vol. 15, no. 4, pp 845-860, 1979), Neuman et a l .  ("A S t a t i s t i c a l  

Approach to  the Inverse Problem o f  Aquifer Hydrology, 2: Case Study," 

Water hsources Research, vol. 16, no. 1, pp. 33-58, 1980) and Neuman ( " A  

S t a t i s t i c a l  Approach t o  the Inverse Problem o f  Aquifer Hydrology, 3: 

Improved Solution Method and Added Perspectiue, "Water Resources Research, 

vol. 16, no. 2, pp 331-346. 1980) should be tr ied.  It appears that, a t  

present, t h i s  i s  the only technique that  has been published wi th  an 

app l i ca t ion  t o  a reai problem. Before the inverse techniques are applied 

t o  the  Rustler, i t  should be decided whether f lw  i n  the Culebra i s  d is -  

c re te  or porous. 

3. It appears t ha t  any contamination from a repository breach i n  Zone I i  would 

flm t o  the southeist. This i s  based on the f l o w  paths as determined from 

Figure 15 and Figure 16 of the report. The area Southeast o f  the WIPP 

should be studied fur ther  i n  terms o f  piezometric head, flow d i rec t i on  and 

discharge areas. 

4. The t race r  t e s t  a t  H-7 should be run s im i la r l y  t o  the one a t  H-6. This 

should provide sorrie more ins igh t  i n to  the direct ional  character is t ics  o f  

t he  poros i ty  and the areal extent of t h i s  phenomenum. Because the 

hydraul ic  conduct iv i t ies  a t  H-6 and H-7 are almost the same, t he  t ime 

required t o  run a t e s t  a t  H-7 should be about the same as a t  H-6. 

I f  possible, two two-well t racer  tests  should be run a t  H-4 i n  order t o  de- 

termine the porosi ty along the major and minor components o f  t he  

t ransmiss iv i  t y  tensor. 

5. I f  it has not been done, the Grove and Beetem (1971) model, the h u t y  

(1980) model and the SWIFT model, i f  it i s  used, should be modified t o  

account f o r  the ani sotropy of the Rustler Formation. 



TYPOGRAPHIC ERRORS 

page 11. 2nd l i n e  

"def in ied"  should be "defined" 

page 25, bottom 3 l i n e s  

Either ''yields'' o r  "obtains" should be eliminated. 

page 26 

" (  C)"  should be " ( O C ) . "  

" (  chos)" should be "(umhos)." 

page 28, 2nd l i n e  frm bottom 

" Inc reases  i n  displace" should read "Increases i n  = displace ."  

page 36 

"H-6b-c" should be "H-6a-c.' 

page 37 

H-6a-c" should be "H-6b-c." 

page 43, 3rd line 

"members" should be- "numbers." 



Figure 1 .  Structure Contours on Top of Culebra 
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Figure 2. Fresh Water Al t i tude Contours f o r  Culebra 



RESPONSE TO EEG COMMENTS ON 
.DRAFT INTERIM REPORT ON FRACTURE FLOW I N  THE RUSTLER FORMATION" 

EEG Comnent: (Proposed Work - p. 1) 

I n  the "Cost and Meri ts Evaluation f o r  the Stipulated Agreement 
Act iv i t ies."  the fol lowing proposed work was ident i f ied:  "The best 
model t o  represent the f low path and aquifer character ist ics i n  the 
Rustler w i  11 be developed.' This item was not adequately addressed 
i n  the in te r im report. 

DOE Response: 

The in te r im repor t  does not address spec i f i ca l l y  the best model f o r  
f low path and aquifer character is t ics  o f  the Rustler. This Ubest 
modelg w i l l  be formulated when the tiacer/pump tests are completed. 

EEG Comnt :  (Expected Results - p. 2) 

In the  "Cost and Mer i ts  Evaluation f o r  the Stipulated Agreement 
A c t i v i t i e s m  the fo l low ing  expected resu l ts  were ident i f ied:  "If the 
resu l t s  a r e  such t h a t  addi t ional  consequence analyses should be run, 
they w i l l  be incorporated i n t o  the study.. This item was not  
adequately addressed i n  the in te r im report. 

- DOE Response: 

The consequence analyses. i f  warranted, w i l l  be performed by TSC f o r  
DOE. Though they are p a r t  o f  the study, the EEG should not  expect 
consequence analyses as p a r t  o f  the in te r im o r  f i n a l  reports on 
f rac tu re  f l ow  i n  the Rustler. 

EEG Comnt :  (Schuelw le t te r ,  premise 1, p. 2) 

The premise t h a t  the Culebra aqui fer  i s  c r i t i c a l  and thus, i t  i s  not 
necessary t o  study the  Magenta aquifer has not  ye t  been jus t i f i ed .  

DOE Response: 

The premise t h a t  the Culebra i s  the c r i t i c a l  aquifer has been 
j u s t i f i e d  f o r  years on the  basis o f  f l u i d  volume, t ransport  times, 
and discharge point. If the  addi t ional  data and analysis ind icate 
t h i s  premise i s  no longer j us t i f i ed ,  addi t ional  consequence analysis 
f o r  the Magenta be appropriate. 

The evaluation o f  f r ac tu re  f l ow  i n  the Rustler Fornation has been 
r e s t r i c t e d  t o  the  Culebra aqui fer  on the  basis o f  avai lable 
hydrologic evaluation o f  the  three f luid-bearing zones o f  the Rustler 
and t h e i r  re la t ionsh ip  t o  release scenarios developed i n  the EIS. I n  



short, the Culebra Dolomite exh ib i ts  the most potent ia l  to  contain 
f l u i d s  and t o  be capable o f  solute transport over a large distance. 
The Rustler-Salado contact i s  p rac t i ca l l y  devoid o f  transmissive 
pro e r t y  (10-4 ft2/day) and the Magenta Dolomite varies from 
1O-y t o  under the s i te.  Many holes show the Magenta devoid 
o f  f l u i d s  especial ly along the east flank o f  Nash Draw where it 
appears the Magenta i s  draining downward across f ractured anhydrite 
and the ensuing gypsum (U-26, 28 and H-7a) and i n t o  the underlying 
Culebra aquifer. 

EEG Comment: (Schueler le t te r ,  premise 2, p. 2) 

The premise tha t  discrete f racture flow i s  not credible has not  y e t  
been j us t i f i ed .  

DOE Response: 

Discrete f racture f low (one f racture f low path) i s  cer ta in ly  
inappropriate i n  view o f  the discussions on p. 23, f o r  example. On 
pp. 35 and 38, discrete f low i s  described as appropriate f o r  H-6, bu t  
t h i s  i s  no t  as one f racture f low path which might describe the 
system. Discrete f racture f low i s  not  a cred ib le  mechanism f o r  
so lu te  t ransport  across the UIPP t o  a discharge area near Malaga 
Bend. As mentioned i n  the in te r im report, we have d e f i n i t e  plans t o  
model f o r  mu l t i p l e  f racture block f low (double media). Fur themre ,  
i t  i s  geolog ica l ly  unreasonable t o  conceive tha t  one f racture ex i s t s  
across the WIPP towards the discharge area. The rev is ion of the 
i n te r im  repor t  w i l l  add statements suniinarizing the j u s t i f i c a t i o n  f o r  
t h i s  idea. 

EEG Comments: (General c o m n t s ,  para. 1, p. 3) 

The repor ts  cur ren t l y  i n  preparation which contain de ta i l s  o f  the 
various f i e l d  tes ts  would be useful t o  the EEG t o  consult whi le  
reviewing the report. 

DM Response: 

Yes, the  repor ts  i n  preparation which were c i t e d  would be useful to 
the EEG. The repor ts  are being readied as Contractor Reports (SAND 
documents) w i t h  the i n ten t  of publ ishing and d i s t r i bu t i ng  each a t  o r  
before the t ime o f  publ icat ion o f  the revised in te r im repor t  on 
f rac tu re  flow. 

EEG Comment: (General c o m n t s ,  para. 3, p. 3) 

A conclusion concerning the nature o f  f rac tu re  f low should be made 
before the regional  t ransport  model i s  developed. 



- DOE Response: 

The nature of the fracture flow is the point of the work being 
conducted. Porous media (continuous) methods were used; however, as 
a first approximation in analyzing the results of the hydraulic and 
tracer tests. T'flis use is justified because they are not subject to 
the conceptual uncertainties that cloud the use of discrete fracture 
models and which make the results based on discrete fracture models 
subject to controversy. Certainly, a conclusion regarding fracture 
flow should be made before the regional transport model is completed. 

EEG Comnent: (General comnts, para. 4, p. 3) 

The physical meaning of the values of the transaissivity storage 
coefficient, anisotropy, porosity and disprrsivity in terms of 
fracture flow should be addressed. 

DOE Response: 

The final report shall include a glossary of terms conmonly used in 
the hydro-world, i.e, fracture conductivity, double porosity, porous 
media flow, discrete fractures, matrix permeability, transmissivity, 
anisotropy,-porosity, dispersivity and storage. Again, the point of 
continuing the investigations is to determine the contribution 
(physical meaning?) of fracture flow. The site specific nieaning of 
various hydraulic properties is the focus of the program. 

- EEG Coment: (General comnent, para. 5, p. 3) 

Is the anisotropy due to alternating vertical bands of highly 
transmissive rock and low transmissive rock that trend northwest to 
southeast or due to karst channels recharging the aquifers? 

DOE Response: 

The c o m n t  about anisotropy seems related to paragraph 4 in some 
nay. At present, there is no hydraulic test which, unsupported by 
independent Information, can show the cause of anisotropy. The fact - 
that anisotropy tests at three sites were in relative agreement with 
each other have allowed some inferences to be drawn regarding the 
regional nature of the flow system. Anisotropy is explained in the 
report as due to fracturing, which is evidently caused by dissolution 
and subsidence. There is a possibility that the principal tensor 
orientation reflects a fracture trend due to tectonic forces. 
Additional testing for anisotropy will show if the direction for the 
principal tensor relsains the same as in a broader tectonic process. 
A note regarding the uncertainty here wfll be added to the text. 

There is no fundamental geohydrological process that sems 
appropriate to this site for developing 'alternating vertical bands 



of highly transmissive rock and low transmissive rock." The higher 
transmissivities correlate with areas subjected to more apparent 
Rustler/top Salado salt dissolution. Here, that is interpreted as 
resulting in fracturing which complements the natural porosity of 
fluid-bearing zones in the Rustler. These holes do not indicate any 
direct penetration of cavernous karst features. 

We strongly disagree with the use of the word karst to describe the 
flow system in the Rustler Formation. At the present tine data are 
insufficient to draw such a conclusion. Furthermore, the word karst 
can and has been used to describe the most disparate observations, 
from submicroscopic solution enlargements along a fracture, to 
man-size caverns and house-swallowing sinkholes, such as those that 
occur in Florida. Unfortunately, it is often times the more lurid 
definition that sticks in people's minds when the word is brought 
up. Ue do not attribute the results Of the anisotropy and tracer 
tests to karst; neither do we preclude its possible existence at the 
WIPP. Me merely state that the use of the word is premature and 
therefore, inappropriate. It causes emotional responses due to its 
several definitions, and it puts the investigator in the almost 
indefensible position of proving that every break in slope of a 
drawdown curve is not due to a karst feature. 

EEG Coment: (General c o m n t ,  para. 6 6 7, p. 4)  

The porosity of 18% determined from the H-2 nest of wells appears 
high for a fractured rock. At the H-6 nest of wells the porosity 
appears to exhibit some directional characteristics, when it should 
not, In addition, the data presented in the report indicate that 
Culebra flow in the repositgry area is to the southeast. Previous 
studies have indicated that flow is to the south and southwest. This 
data may indicate other discharge areas for the Culebra. An 
increased flow path that might result from the gradient presented, in 
this report indicates that the Magenta may provide faster releases of 
radionuclides to the biosphere than the Culebra. 

DOE Response: 

Thin-section porosity at H-2 is as high as 10 percent. A matrix 
porosity of 18 percent for the Culebra at H-2 does not seem 
unreasonable. because there have not been any tests for anisotropy 
at the H-2 site (the reviewer may believe there have been), we do not 
draw any specific conclusions about the nature of flow at that site. 
At H-6 porosities were determined along the major (1%) and minor 
(11%) components of flow. Keeping in mind the concept of 
double-porosity medfur (fracture-block concept), it is reasonable to 
find directional characteristics in this type of matrix. Although we 
presently interpret flow southeast across the site, we have no 
supporting data to alter our beliefs that the ground water discharges 
near Flalaga Bend. The increased flow path does not discredit the 



Culebra as the major vehicle for transport because of the previous 
discussion on the Hagenta. 

EEG Comment: (Abstract. 13th to 18th .line, p. 4) 

The term 'principal" to minor transmissivity tensor' should be 
changed to "major to minor components of the transmissivity tensor." 
The term "principal transmissivity componentm should be changed to 
"the principal direction of the major component of the transmissivity 
tensor' or "The orientation of the principal axes of the 
transmissivity tensor is northwest by southeast for the major 
component and northeast by southwest for the minor component." A 
statement about the variability of the transnissivity with respect to 
distance from the outcrop should also be included in the "abstra~t.~ 

DOE Responses: 

The terminology regarding transmissivity tensors is in need of 
change. Tensors shall be described in t e r n  of major and minor 
conponents and to a principal direction of either a major or minor 
component. The reference made to distance from the outcrop is 
confusing. Does the reviewer mean Nash Draw? We do refer to the 
variation in transmissivity relative to the east flank of Nash Draw. 
The c o m n t  may imply inferences about recharge areas being the Nash 
Draw noutcropm areas which were not ready to draw yet. 

EEG Coment: (2nd para.. p. 4) 

Mercer and Gonzalez (1981) indicate a strong westward gradient from 
WIPP to Nash Draw in the Magenta dolomite. Have any calculations of 
travel time from WIPP to Nash Draw been made for the Magenta and 
compared to travel times for the Culebra? 

The Culebra's southeast gradient through the repository, as indicated 
on Figure 16, shows that contamination from a repository breach may 
either never reach Nash Draw or may take longer than the 40,000 years 
previously estimated. If the Culebra travel times are si nificantly 
increased, the Magenta may provide quicker radioactive re 3 eases to 
the biosphere than the Culebra. Estimates of travel time from the 
repository to Nash Draw through the Magenta should be provided in 
this paragraph. 

What are the data and assumptions that went into the calculation of 
the 40,000 year travel time from ERDAd to Malaga Bend? Is this 
number taken from some other work? 

DOE Response: 

The comnent about Magenta travel times seems to be leading to an 
inference that Nash Draw is where the Magenta discharges. Instead, 



the travel time to the probable common discharge point is 
appropriate. Travel time is tempered by flux. The additional 
consequence analysis, if necessary, is the appropriate comparison. 

The calculation of the 40,000 year travel time resulted from a 
request by D. D. Gonzalez to Intera Groundwater Consultants. The 
date of the request was January 1979 and was based on a very limited 
set of hydrologic parameters, including transmissivity, storativity 
and hydraulic head at four locations and only estimates in areas near 
Laguna Grande de La Sal and towards Malaga Bend. The assumed 
thickness and porosities for the Culebra Dolomite were 30 feet and 
10% respectively. The particle tracking model (SWIFT) determining 
the streanline and travel time for a non-absorbing tracer particle 
released at the WIPP site calculated a stream1 ine proceeding due 
south from the center o f  the UI?P for about five miles, then west 
south-westward towards Laguna Grande de La Sal , then south towards 
Malaga Bend. Over 80% of this travel time is attributed to flow in 
the five-mile long reach south of the site where our understanding of 
the hydraulic characteristics have not changed appreciably since 
1979, except for porosities being calculated at 18% at H-2. Further 
discussion will be included in the final report as well as a 
reference to fhe Intera work, dated 5-22-79. 

EEG Corrment: (Page 8, bottom para.. p. 5 )  

Figure 16 indicates that the hydraulic gradient is to the southeast 
through the facility. Why does this paragraph say south and then 
southwest toward Malaga Bend? The statement appears to be referring 
to the previously assumed flow path shown in figure 3, but it 
certainly is not clear. 

DOE Response: 

The 
The 
10. 

southeast flow across much of the site still appears correct. 
flow is expected to swing to the southwest based on H-8, 9, and 
The contours of Figure 16 will be revised for the interim 

version, and we expect to perform additional testing in the southeast 
portion of the site to verify contours and hydraulic properties. The 
interim report will be clarified. 

EEG Conment: (Page 9, p. 5)  

Table 1 should be checked for errors. The "Fresh Uater Altitudem for 
P-18 on the table and the altitude used for construction of Figure 16 
appear to differ by 100 feet. Other 'Fresh Uater AltitudesD that 
appear to need checking belong to wells H-5, H-8, H-9, H-10, U-28 and 
U-30. In addition, the surface altitude of H-9 is 100' higher than 
that presented in Seward ("Abridged Borehola Histories for the Waste 
Isolation Pilot Plant (WIPP) Studies,' SAND82-0080). This may lower 
the fresh water altitude to 2976 at H-9. It is probable that the 
fractured nature of the dolomite may be causing the anomalous water 



levels. The water leve l  a t  H-5 appears t o  be associated with a 
s t ruc tu ra l  anomaly o f  the Culebra Dolomite (see attached Figures 1 
and 2 and comnent regarding page 44 and 45). 

DOE Response: 

P-18 and U-30 seem anomalously low, and both wells have very low 
transmissivity. They w i l l  be monitored t o  see i f they have t r u l y  
regained s t a t i c  equilibrium. If they have not, then the use o f  these 
nonrecovered water leve ls  makes the water l eve l  a t  H-5 seem 
anomalously high and may lead t o  erroneous conclusions about the 
formation around H-5. i n  addition, we are i n  the process of double 
checking those elevations a t  a l l  H- and U- s i t e s  where hydro-data 
have been collected. 

EEG Conment: (Page 11, 1st  para., p. 5 )  

References f o r  t ransmks iv i t y  values should be provided. 

DOE Response: 

References w i l l  be given as appropriate. 

EEG Comnent: (Page 14, 2 bottom lines, p. 5) 

It would be n ice i f the reference were already published t o  check the 
theory and t o  see the report  contents. 

.- 
DOE Response: 

Agreed. See previous comment. 

EEG Comnent: (Page 15, 1 s t  para., p. 6) 

The descr ipt ion of t e s t  procedures indicates t h a t  the .am wel l  a t  
each pad was pumped. However, the anisotropy resu l ts  o f  Table 2, 
Table 3 and Table 4 provide no resu l ts  from pumping the *au well. 
Why are the resu l ts  from pumping the 'am we l l  not  presented? Was the  
"a" we l l  pumped a t  a l l ?  

DOE Response: 

The "a9 wel ls  could not  be pumped, though the repor t  impl ied they 
were. The tes ts  f o r  anisotropy require on ly  two wel ls be pumped 
w i th in  a three-well array; however, a t  each pad the "am wells 
developed downhole o r  pump complications which proh ib i ted t h e i r  
pumping. C la r i f i ca t i on  w i l l  be ~ d e  i n  the i n te r im  report. 



EEG Comment: (Page 15, last para., p. 6) 

If the tracer curves as insensitive to dispersion (dispersivity), how 
can it be estimated? 

DOE Response: 

The fact that the Grove and aeetem breakthrough curves are relatively 
insensitive to dispersivity means only that they do not give precise 
values of dispersivity. Single well "pump-backu and two-well 
convergent flow tests are the best method to determine dispersivity 
and these tests are being pursued. 

EEG Comment: (Page 19, Table 2, p. 6) 

According to the theory of anisotropic aquifers developed by 
Papadopulos (19651, the response of well H-4C from pumping H-4B 
should produce the same T and S values as the response of well H-4B 
from pumping well H-4C. The T estimates for these wells differ by a 
factor of two for tests one and two. The range of T (not including 
pumping we1 1s) for all three tests is 0.8 feet squared per day to 1.7 
feet squared per day. Uhat is the cause of this discrepancy? 

DOE Response 

In theory, the sane effective transmissivity should be observed in 
the observation wells in an anisotro ic aquifer, but not the storage 
coefficient. Obviously if t h e o servation well data yield the same T - 
and S and if the wells are the same distance from the pumped well 
then the aquifer is isotro ic. Also, only in an ideal aquifer will 
the same values be o d aine rom observation wells. However, the 
sensitivity of the anisotropy results to errors in the drawdown 
interpretation should be investigated, and sensitivity tests are 
included in our final product. 

EEG Conment: (Page 23, 1st para., pp. 6-7) 

Were any methods, such as images, tried in order to locate any of the 
barrier boundaries? What could these boundaries be attributed to? 
For instance, could the boundaries be due to vertical fractures 
filled with an impenneable material or to a less fractured nearby 
region of doloni te? 

The shape of the curve on Figure 7 is interesting. The early part of 
the curve (prior to the formation of the straight line) m y  be a 
result of no storage of water in the fractured part of the aquifer or 
possibly a horizontal fracture overlain by a porous block (see @Well 
Hydraulics in Heterogeneous Aquifer Formationsw by T. D. 
Streltsova-Adams in Advances in Hydroscience, Vol. 11, Academic 
Press, 1978). In addition, it appears questionable that the flat 



par t  of the curve i s  a t t r ibu tab le  t o  f low from the blocks t o  the 
f ractures.  According t o  Streltsova-Adams (see Proceedings, Second 
I n v i t a t i o n a l  Uell-Testing Symposium held by Earth Sciences D iv i s~on ,  
Lawrence Berkeley Laboratory, on October 25-27, 1978) the f l a t  p a r t  
o f  the data should not show i f the r a t i o  (Sf t Sml/Sp (Sf and 
Sm are storage coeff icients o f  the f ractures and the porous matrix, 
respect ively)  i s  less than about 5 t o  11. I n  other words, i f  the 
s t ra igh t  l i nes  on Figure 7 are less than about 0.7 t o  1.0 l og  cycles 
apart, which they are on Figure 7, then the f l a t  par t  o f  the curve 
should no t  show. This brings several questions t o  mind: 

I t  i s  possible tha t  the s t ra igh t  l i n e  shows up between 200 
minutes and 2000 minutes on Figure 7? I f  t h i s  i s  the case, then 
the  data a f t e r  2000 minutes including the f l a t  pa r t  may be 
a t t r i bu tab le  t o  the t rans i t ion  period betueen f13w i n  f ractures 
and "induced response.' 

If the s t ra igh t  l i n e  i s  correct  and there i s  no double poros i ty  
system, i s  the f l a t  pa r t  o f  the data and the .induced response* 
caused by a h igh ly  permeable f racture o r  ka rs t  channel near the 
we1 1 tes t?  

I s  the-anisotropy observed i n  these tests  due t o  recharge i n t o  
t he  rocks from a h igh ly  permeable f rac tu re  o r  kars t  channel? 
Such a response would cause the l i n e s  o f  equal drawdown t o  have 
oval  shapes ra ther  than the e l l i p t i c a l  ones caused by 
anisotropy. Unless there are data from more than three 
observation wells, i t may be very d i f f i c u l t  t o  t e l l  the 
di f ference between an anisotropic aqui fer  and an aqui fer  wi th  a 
recharge boundary. 

Figure 7 o f  the report  shows the response o f  the H-4a and H-4b wel ls  
due t o  pumping the H-4c we1 1. Was the response o f  H-4a an H-4c due 
t o  pumping H-4b s im i la r  t o  the data shown on Figure 7 such tha t  a 
double poros i ty  system was indicated? 

DOE Response: 

Image-we1 1 theory was applied t o  drawdown data i n  an e f f o r t  t o  locate 
groundwater 'barriers," which could be a t t r i bu ted  t o  sk in  ef fects,  
wellbore storage, pumping variations, e las t i c  deformation, and 
format ion barr iers.  A formation ba r r i e r  may consist o f  abrupt 
changes i n  aqui fer  properties, such as porosity, conductivi ty, 
f r ac tu re  density o r  orientation, recharge and discharge zones, 
t rans ien t  o r  steady-state flow, ver t ica l /hor izonta l  permeability. 
Bar r ie rs  may be the r e s u l t  o f  one o r  a combination o f  geologic o r  
hydrologic parameters. Ver t ica l  c o m n i c a t i o n  wi th  known over ly ing 
and underlying aqui fers i s  p r a c t i c a l l y  neg l ig ib le  throu hout the WIPP 7 f a c i l i t y  on the basis o f  observed differences i n  hydrau i c  po ten t ia l  
and conduct iv i t ies  and general chemistry. We believe t h a t  the 



reviewer means that the slope of the transitional curve should not be 
zero, not that it should not show. Also, Streltsova-Adams assumes in 
her report that the matrix has zero permeability. If, in our case, 
the matrix has some permeability, then the shape of the drawdown 
curvs nay be different from her examples. 

In regards to the three questions raised by the reviewer: 

We think that the curvature of the early-time data on Figure 7 
is pronounced. On log-log paper this portion of the curve is 
straight with nearly unit slope indicating full fracture flow or 
we1 1-bore storage (probably the latter). It is entirely 
possible that the data after 2000 minutes is in a transitional 
period, but we think it is more consistentto treat the data 
between 2000 and 5000 minutes as a good straight-line (Jacob 
approx.) solution, and between 5000 and 8000 minutes as 
transitional (or induced response). Past 8000 minutes the 1 ine 
becomes approximately parallel to the earlier data. (The 
'INDUCED RESPONSEn arrow on Figure 7 points to the wrong part of 
the curve and will be corrected in the interim report.) 

If the first break in the drawdown curve is attributed to 
hitting a recharge boundary, then it follows that the second 
break must be due to a barrier boundary. Furthermore, the 
shapes and permeabil ities of both boundaries must be such that 
the effect of the second boundary must completely negate the 
first so drawdown may continue as if neither existed. We agree - 
that several interpretations are possible, given that little is 
known about the system, but we do not believe that the drawdown 
data alone support the existence of a recharge boundary. In 
regards to "karst channel near the well,. please refer to 
earlier discussion about so-called karst. 

According to our dictionary, the definitions of "oval' and 
aellipticaln are the same. 'The drawdown data we used for 
anisotropy determinations was early-time, hopefully taken before 
any breaks, boundaries, or possible induced response affected 
the results. The anisotropy results should be free from these 
effects. 

Some of this discussion will be included in the revision of the draft. 

Well H-4a could not be pumped and the H-4b test was not run for a 
sufficient length of time to see the second break in the drawdown 
curve. 

EEG Comnent: (Page 23, last para., p. 7) 

It appears questionable that chloride is the ideal tracer to use to 
determine if leakage is occurring between ROstler aquifers at the H-4 



site. Table 4 of Hercer et. al. indicates that the chloride 
concentration of both the Magenta and Culebra is 7500 mg/l (llercer, 
J. U., Paul Davis, Kevin F. Dennehy, and Carole L. Goetz, "Results of 
Hydrologic Tests and Chemistry Analyses, Wells H-4A, H-4B, and H-4C 
at the Proposed Waste Isolation Pilot Plant Site, Southeastern New 
Mexico," Water-Resources Investigations 81-36, U.S. Geological 
Survey, Hay. 1981). 

DOE Response: 

The objective was to determine if leaka e did occur during the tests; 
we had few other tools at out disposal !such as piezometers in 
confining zones or adjacent water-bearing units) to assess leakage, 
so water chemistry (temperature, ph, conductivity, chloride) was 
looked at during these tests as an alternative means. Thr results 
are not conclusive, but indicate tha.t no leakage occurred. The text 
will be revised to indicate the uncertainty at H-4. 

EEG Comnent: (Page 25, 2nd para.. p. 8) -- 
The transmissivities as presented here are extremely small for a 
fractured rock and would tend to indicate that fracture flow is not 
that significant,-at least in the areas that were tested. Any 
radionuclide transport in the Culebra would tend to be very slow 
because of the low tranunissivities. Do fractures or karst channels 
capable of transmitting water exist near the WIPP site? 

Table 9.2 of Ualton (Walton, William C., Groundwater Resource 
Evaluation. McGraw-Hill, 1970) indicates the values of specific 
storaae oresented here are those for "sound rock.' This would tend 
to in;fic;te that any fractures in the Culebra, at least in the areas 
tested, are well cemented or that clean, open fractures are far 
apart. This suggests that fracture flow is not extensive over much 
of the Culebra but may be confined to long channels or fractures 
outside the area of influence of the pump tests. Does flow in open 
fractures exist in areas not tested by the pump or tracer tests? 

DOE Response: 

The hydraulic conductivities observed at the WIPP are actually large 
compared to fractured crystalline rock. For example, the lowest 
transnissivity measured in our tests was at the H-5 site m e e t  
squared per day), and corresponds to a hydraulic conductivity of 
2x10'3 feet per day, which is an average for fractured crystalline 
rocks (Stripa Mine Project Report, 1980). It cannot be concluded 
that fluid movement will be slow because transrnissivities are small. 
Solute transport may be quite rapid in a fracture flow situation. 
Determining solute transport capability is, of course, a major reason 
to perform tracer tests, which will yield indications of fluid 
velocities in the natural flow system. 



The va ues of specific storage measured at the WIPP are of the order 6 of 10' /ft, which, using Walter (Table 9.2) is reasonable for 
fissured and jointed rock. Lohman (Ground-Water Hydraulics, USGS 
Prof. Paper 708) uses a value of 10-~/ft as a way to estimate 
storage coefficients for confined aquifers in general. A rock, such 
as a fairly rigid dolomite, could have a very low specific storage 
and still have measurable matrix and fracture porosity. LOW specific 
storage does not mean that fracture flow is not extensive; it may 
only mean that there is a lack of significant compressibility in the 
system, both from fractures and matrix. For the reviewer to carry 
his suggestion one step further and imply that low specific storage 
within the area of pumping influence is evidence that open fracture 
or channel (karst?) flow exists outside the area of pumping 
influence, is, of course, unanswerable. 

EEG Connent: (Page 27, 3rd para., p. 8) 

Mas the aquifer pumped clear prior to tracer injection for the second 
test? If not, did the non-completion of the first tracer test affect 
the results of the second test? Is it possible that Segments I and 
I1 of Figure 12 are due to the first test and Segments I11 and IV  to 
the second test? If so, some type of deconvolution would be 
necessary to interpret the results. 

DOE Response: 

Different tracers were used in each test; thus, no interference 
existed. 

EEG Comments (Page 28, 3rd paragraph, p. 8) 

The Grove and Beetem (1971) model needs to be corrected for 
anisotropy. Has this done? What were the ranges of porosities and 
dispersivities used in the Grove and Beetem (1971) analyses and how 
did they compare with the data? 

(Page 32, 3rd paragraph, pp. 8-9) 

The significance of the porosities of 0.17 and 0.18 should be 
discussed here. These values are extremely high for a fractured 
rock. A fractured rock typically has a fracture porosity of 0.01 - 
0.02 and less [Streltsova, 1976). The porosity values presented here 
are typical for a porous media. If it is assumed that a fractured 
system operates at the H-2 well sites, then tracer diffusion from the 
fracture into the porous matrix could account for the high porosity. 
The effect of this diffusive process has been shown to increase 
travel times from one point to another when compared to a process 
without diffusion into the matrix. (See Grisak and Pickens, 'Solute 
Transport Through Fractured Media I: The Effect of blatrix Diffusion, 



Water Resources Research, vol. 16, no. 4, Aug., 1980, pp. 719-730 and 
Grisak et al., "Solute Transport through Fractured Media 2: Column 
Study of Fractured TillsY Water Resources Research vol. 16, no. 4, 
Au4.. 1980. DD. 731-7331. The net effect of increasinn t h ~  traval ~ - - . . . . . . . - - - . . . a -..- -.-.-. 
time-would-be'a high porosity. Grisak and Pickens also indicated 
that the diffusion of solute into the matrix would be more 
significant for low velocities of fluid flow in the fracture than for 
high velocities. With the hydraulic conductivity of the Culebra at 
about 0.032 feet per day, fluid velocities are probably small. 

The causes of the various segments on Figure 12 should be explained. 
For instance, were theycaused by diffusion into the matrix at one 
time and out of the matrix at another time? Are they caused by a 
convoluliion of the two tracer tests? 

[Page 35, 2nd paragraph, pp. 9-10) 

SautyOs (1980) method should be modified for the anisotropy 
determined from the pump tests at the H-6 site. Since the principal 
axes of the transmissivity tensor are known for this site, the 
modification is: 

where 9 = pumping rate 
b = aquifer thickness 
t = time of match point 

x,y = coordinates of well slugged with 
Txx = major transmissivity component 
Tyy = minor transmissivity component 

n = porosity. 

tracer 

In the above equation, the pumping well is at the origin and the 
major component of the transmissivity tensor runs between wells H-6b 
and H-6c as indicated from the well test data. The corrected 
porosities are 9.1% for the H-6b to H-6c test and 0.97% for the H-6a 
to H-6c test. 

The 0.97% porosity appears reasonable for a fractured rock and occurs 
along the major axis of the transmissivity tensor. The 9.1% appears 
reasonable for a porous media. There is, however, almost an order of 
magnitude difference between the two. Since porosity is not 
anisotro ic, the disparity is probably caused by a heterogeneity in 
the Cule 1 ra. The suggestion of a discrete zone of flow, i.e., a long 
highly permeable fracture, a set of parallel fractures or a karst 



channel, appears reasonable. Whether or not this discrete flow can 
be modelled adequately appears questionable. The problem lies in 
determining the number of discrete fractures and their locations. 

DOE Responses: 

Several good points are brought out here. We do not yet believe that 
we can define the flow system at the H-2 site. A double porosity 
system is appealing, but anisotropy needs to be determined and 
further tracer tests along different flow paths need to be conducted 
at the site to define the flow system. Again, we do not believe that 
the hydraulic conductivity at the H-2 site precludes the possibility 
or rapid fluid movement. The final report will include the results 
of additional tracer and anisotropy tests and respective modification 
to the code developed by Grove and aeetum. 

Much discussion can be related to what value of porosity is typical 
of fractured rock vs. porous media. A minimum of effort has been 
spent on acquiring field data throughextended tracer and anisotropy 
tests to evaluate and determine what these values are and what they 
mean. We hope to solidify our thoughts on double porosity media 
after the conclusion of our tests at H-6 and 7. At this point, the 
number of discrete fractures and their locations are not the problem -- neither is the notion of karst channel domination. A macroscopic 
point of view is the solution. 

The H-6 tracer results certainly imply the existence of both fracture 
and matrix flow, at least under the flow regime set up by the test 
itself. There is not necessarily a disparity in the porosity 
determinations, nor need the difference be caused by local 
heterogenities. 

EEG Comment: (Page 38, 1st para., p. 10) 

The Safety Analysis Report (page 2.6-35) indicates that two sets of 
joint exist in the Delaware Basin. One of these sets strikes til4 to 
SE, in the same direction as the major component of the 
transiaissivity tensor. Does this joint set have s o w  relationship to 
the principal axes of the transmissivity tensor? What is the 
possibility that vertical or near vertical fractures formed by the 
joint set could be missed by the drilling activities and subsequently 
untested by the pump testing program? 

DOE Response: 

See previous discussion of principal tensor and fracture trends. The 
testing program would not test a set of non-intersecting or 
non- interconnected fractures by definition. The fact that dipping 
fractures are intersected requires interconnection of even vertical 
fractures with the borehole though the zone of influence has limits. 



EEG Comments: 

(Page 38, 2nd para. to Page 39, 1st para., pp. 10-11) 

The physical significance of the range of porosities to the following 
parameters should be discussed in more detail: 

o travel times 

o fracture flow or porous media flow 

o the directional characteristics of the porosity. 

The hydraulic conductivities should also be discussed in terms of 
fracturs flow and porous media flow. The hydraulic conductivity 
values quoted in this report are averaged over the thickness of the 
Culebra, i.e., the hydraulic conductivity is assumed to be uniform 
throughout the thickness of the Culebra. In a fractured media, the 
hydraulic conductivity is not uniform. It is peaked in a fracture 
and near zero ouside a fracture. How would the hydraulic 
conductivity vary throughout the thickness of the Culebra? What 
effect would this variation have on travel times? 

(Page 39, 1st para., p. 10) 

Figure 16 indicates that flow through the H-6 site is initially SSE. 
However, the flow path appears to curve to the southeast away from 
Nash Draw. What is the basis for concluding that flow through H-6 
reaches Nash Draw? In addition, a flow to the south-southeast would 
eventually have to turn toward the southwest in order to reach Nash 
Draw. 

It further appears that Figure 16 may need some refinement. The 
figure does not appear to have contours based on the fresh water 
altitudes at H-8, H-9 and H-10. In addition, the fresh water 
elevation at P-18 is extremely low compared to the elevations at the 
other wells. The validity of the fresh water altitude is 
questionable because of the low hydraulic conductivity at that well. 
How does the fresh water altitude map change if fresh water altitudes 
at H-8, H-9 and H-10 are included fn the map construction and P-18 is 
eliminated? 

DOE Response: 

How hydraulic conductivity varies within the Culebra, both vertically 
and horizontally, will be a very difficult study. Cores taken from 
and measurements taken within the new ventilation shaft will help 
us. In our final analysis, a variation of parameters shall be input 
to the final regional model to simulate a variation of travel times 
under differing conditions. 



The potentiometric surface as shown on Figure 16 typifies a very 
transnissive system approaching the WIPP from the north-east but 
encountering, in effect, a leaky boundary defined by the decrease in 
hydraulic conductivity from west to east and probably influenced by 
the presence of "saltu within the Rustler and lower transmissivities 
in the Culebra Oolomite. As the flux of groundwater encounters a 
less permeable portion of the aquifer, it resists flow and takes the - 
more plausible avenue - down Nash Draw where we find transmissivities 
much greater in a number of wells. Figure 16 exemplifies the site 
specific infornation collected on and within the boundaries of the 
facility. The final report will include a refinement of the data, 
which will include tracer and anisotropy tests at locations 
south-east and south of the site. The validity of the use of fresh 
water altitudes based on fluid density influenced by low conductivity 
is also our concern. A final suite of U.L. measurements and density 
determinations will be taken and evaluated for inclusion in the final 
report. There are no better estimates for discharge areas other than 
near Flalaga Bend or south of Laguna Grande de la Sal. 

EEG Conment: (Page 41. bottom para., pp. 11-12) 

What is the basis for assuming 10 miles to the southeast? The data 
are all within 5 miles of the WIPP site. Host of the "path which 
would exceed 10 miles' is located in an area of very low hydraulic 
conductivity and in an area of unknown hydraulic gradient. In view 
of the southeast gradient over the study area (Figure 16 of the draft 
report), how can the radionuclides discharge at Malaga Bend? The 
direction of the hydraulic gradient would have to turn southwest in 
order for a radionuclide to discharge at Malaga Bend. At present 
there are no data to support this. Are there other discharge areas 
for the Culebra? 

DDE Response: 

See previous comaents. 

EEG Comnent: (Page 43, 1st para.. p. 12) 

If travel tine for a non-absorbing radionuclide in the Culebra 
becomes greater than 40,000 years, it is possible that the Magenta's 
westward flow from the UIPP to Nash Draw would provide a quicker 
radioactive release to the biosphere than flow in the Culebra? If 
so, perhaps future studies should concentrate on flow in the Magenta 
rather than on the Culebra. 

DOE Response: 

See previous comaents on Magenta. 



- EEG Comment: (Pages 44 and 45, Continuing Investigations, pp. 12-13) 

The following are suggestions that should be useful in the continuing 
study of fracture flow in the Rustler: 

1. A review of aerial photographs through the area defined by 
WIPP-29, UIPP-25, UIPP-33, H-6 and H-5 should-be made to see if 
any geomorphic features associated with either karst hydrology 
or fracture hydrology exist there. Thermal infrared photographs 
maj be useful in locating springs or shallow ground water 
flowing in subsurface channels. This suggestion is made for 
several reasons: 

a. Larry Barrows, in a presentation to EEG, indicated that an 
elevated gravity anomaly existed in this area. He 
attributes it to a possible karst channel in the Culebra. 

b. A structure contour map (see Figure 1) on top of the 
Culebra was generated from Table 1 of the report. It 
indicates a depression extending through the UIPP-25, H-6, 
H-5 area. This depression may be associated with a karst 
channel. 

c. A fresh water altitude nap (see Figure 2) for the Culebra 
was constructed from the data presented in Table 1 of the 
report. The figure indicates that a ground water high is - associated with the depression. The ground water high 
indicates a potential for some flow to the west. 

If possible, the reviw of the aerial photographs shoud extend 
fro~n the northern part of Nash Draw to Malaga Bend. 

2. The application of inverse techniques to flow in the Rustler 
shauld be interesting. For the most part, inverse techniques 
are in their infancy and are designed for porous media flow, not 
discrete flow. If ft is decided that fracture flow can be 
mockled as a porous media, then the inverse technique developed 
by INeuman and Yakowitz ("A Statistical Approach to the Inverse 
Problem of Aquifer Hydrology, 1: Theory,' Water Resources 
Research, vol. 15, no. 4, pp. 845-860, 19791, Neuman et al. ("A 
meal Approach to the Inverse Problem of Aquifer 
Hydrology, 2: Case Study,' Water Resources Research, vol. 16, 
no. 1, pp. 33-58, 1980) and Aeuman ("A Statistical Approach to 
the Inverse Problem of Aquifer Hydrology, 3: Improved Solution 
Medhod and Added Perspective. Water Resources Research. vol. 
16, no. 2, pp. 331-346, 1980) should be tried. It appears that, 
at present, this i s  the only technique that has been published 
widh an application to a real problem. Before the inverse 

hniques are applied to the Rustler, it should be decided 
ther flow in the Culebra is discrete or porous. 



3. It appears that any contamination from a repository breach in 
Zone I 1  would flow to the southeast. This is based on the flow 
paths as determined from Figure 15 and Figure 16 of the report. 
The area southeast of the WIPP should be studied further in 
terms of piezometric head, flow direction and discharge areas. 

4. The tracer test at H-7 should be run similarly to the one at 
H-6. This should provide some more insight into the directional 
characteristics of the porosity and the areal extent of this 
phenomenon. Because the hydraulic conductivities at H-6 and H-7 
are almost the same time, the time required to run a test at H-7 
should be about the same as at H-6. 

If possible, two two-well tracer tests should be run at H-4 in 
w d e r  to determine the porosity alang the major and minor 
components of the transmissivity tensor. 

5. If it has not been done, the Grove and Beetem (1971) model, the 
Sauty (1980) model and the SUIFT model, if it is used, should be 
modified to account for the anisotropy of the Rustler Formation. 

DOE Response: - 

Item 1 .a. Bachman (1980, 1981) examined karst features extensively 
through Nash Draw, along the Pecos, and in the site area. He 
attributed the fill and depression at UIPP 33 to a karst-type process 
by which Nash Draw expands. In his field work and review of aerial 
photos, he does not attribute geonmrphic features at the site to 
karst processes. Barrows found anomalously low gravity indicatin 3 uhich he infers as due to renoval of mass byaissolution (= karst . 
Barrows does not restrict karst to the Culebra - it is more likely in 
the gypsum units by his log correlations. 

Item 1.b. Whether the gravity anomaly and structure contour maps 
show karst channels or not is still speculation. Perhaps comparing 
these maps with similar ones in regions of known karst will help 
somewhat. If the structure contour map does delineate a west-east 
karst channel, it cuts through s o m  of the highest transmissivities 
tested at the WIPP (WIPP 25 and H-61, as well as the lowest (WIPP 30 
and H-5). It also trends parallel to the minor component direction 
of the transmissivity tensor determined at H-6 and H-5; that is, the 
transrnissivity is least in the direction of the channel. 

Item 1.c. Figure 16 will be revised as previously stated. WIPP 30 
is still being monitored, and all potentiometric data will be revised 
to be current for the interim report. 

Item 2. Those suggestions are well taken and shall be considered. 
Inverse techniques are subject to criticism; however, significant 
strides are being made towards util iring these techniques and 



determining whether fracture media can be treated as porous media 
(Neuman, U of Arizona); C. Wilson, and J. B. Long, LBL). We do have 
the insight to perform these evaluations in determining whether we 
are dealing with fracture or porous - the objective of our site 
specific studies. 

Iten 3. Locations for testing in the southeastern part of the site 
have been of some interest. DOE 1 was considered, but the operations 
may have been unsuitable for the conversion of the hole to hydro 
testing. However, that pad and borehole continue to be candidates 
for further testing. Anisotropy tests at H-9 and H-10 are also being 
considered. 

Item 4. See report, p. 7, last line; also p. 45. 

Item 5. See p. 44. 
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WIPP Project  O f f i c e  
U.S. Department of Energy 
Albuquerque Operations Of f i ce  
P. 0. Box 5400 
A1 buquerque, New Mexico 871 15 

Dear Mr. McGough: 

Subject: DOE response t o  EEG comnents on " D r a f t  In ter im Report on Fracture 
Flow i n  t he  Rustler Formation" - 

IJe have evaluated the  DOE response t o  EEG comments on the  above c i t ed  
document. For the most part,  the responses were adequate. In  some cases, 
addi t ional  t e x t  descr ipt ions are suggested i n  our evaluation. One point, 
however, w i l l  requi re  addit ional invest igat ion and discussion. 

We question the premise tha t  only the Culebra aquifer i s  c r i t i c a l  f o r  
contaminant t ranspor t  scenarios. The Magenta should also be considered a 
migration pathway; Although the transmissiv i ty o f  the Magenta i s  nearly a 
factor of 10 smaller than that of the Culebra, the f l u x  through each aqui fer  i s  
a lso dependent on the hydrauiic gradient. Based on the l i m i t e d  data avai lab le  
t o  EEG a t  t h i s  time, the hydraulic gradient t o  the northwest i n  the Magenta 
(Mercer and Gonzalez. 1981) i s  steeper than the gradient t o  the south o r  
southeast i n  t h e  Culebra. Therefore, the f l u x  through each aqui fer  may not be 
as d i f f e r e n t  as the  t ransmissiv i ty di f ference would suggest. I f  the Etagenta 
dischargss i n t o  the Culebra near Nash Draw, as i s  suggested by the DOE response 
t o  the EEG comment regarding the Schueler l e t t e r  dated Oct. 30, 1981, premise 
1, (see page 2 o f  the  enclosure), then a reposi tory breach could send 
contaminants south--southeast thruqh the Culebra as DOE has suggested and 
northwest through the  Etagenta and eventually i n t o  the Culebra a t  Nash Draw. 
The contaminant i n  the Culebra a t  Nash Draw would move toward Ralaga Bend as 
has been suggested f o r  a contaminant i n  the Culebra moving southeast from the 
I I IPP.  Although the discharge point  may be the same, the t rave l  t ines  may 
d i f f e r  great ly.  However, p r k e n t  data are inadequate t o  prec ise ly  define the  
discharge points. Therefore u n t i l  such time as the f l o w  d i rec t i on  i n  the 
Culebra i s  accurately known, two migration paths should be considered. 
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EEG EVALUATION OF 

THE DOE RESPONSE TO EEG COMMENTS ON 

"DRAFT INTERIM REPORT ON FRACTURE FLOW IN THE RUSTLER FORMATION" 

EEG Comment: (Proposed Work - p. 1) 

I n  the  "Cost and Mer i t s  Evaluat ion f o r  the S t i pu la ted  Agreement 

A c t i v i t i e s " ,  t h e  f o l l o w i n g  proposed work was i d e n t i f i e d :  "The best model 

t o  represent the flar path and aqu i fe r  c h a r a c t e r i s t i c s  i n  the  Rust le r  

w i l l  be developed." This i tem was not adequately addressed i n  the 

i n t e r i m  repor t .  

DOE Response: 

The i n t e r i m  repo r t  does not address s p e c i f i c a l l y  t h e  best model f o r  f low 

pa th  and aqu i fe r  c h a r a c t e r i s t i c s  o f  the Rust ler.  Th i s  "best modelU w i l l  

be formulated when t h e  tracerlpump t e s t s  are completed. 

h 
EEG Evaluat ion:  

The response i s  adequate a t  t h i s  time. It was hoped tha t  the  d r a f t  

p re l im ina ry  repo r t  would conta in  some i n i t i a l  ideas regarding the  best 

model t o  use. 

EEG Comment: (Expected Resu l ts  - p. 2) . 
I n  t h e  'Cost and Mer i t s  Eva lua t ion  f o r  t h e  S t i p u l a t e d  Agreement 

A c t i v i t i e s "  the  f o l l o w i n g  expected r e s u l t s  were i d e n t i f i e d :  "If t h e  

r e s u l t s  a re  such t h a t  a d d i t i o n a l  consequence analyses should be run.. they 

w i l l  be incorporated i n t o  t h e  study." This  i tem was no t  adequately 

addressed i n  t h e  i n t e r i m  repor t .  

DOE Response: 

The consequence analyses, if warranted, w i l l  be performed by TSC f o r  

DOE. Though they are  p a r t  o f  t h e  study, t h e  EEG should no t  expect 

consequence analyses as p a r t  o f  t h e  i n t e r i m  o r  f i n a l  repo r t s  on f r a c t u r e  

f l o w  i n  t h e  Rust ler .  



EEG Evaluation: 

The response i s  adequate a t  t h i s  time. However, it i s  E E G ' s  

understanding that an addi t ional  report regarding a consequence analysis .- 

of f racture flow i n  the Rust ler  Formation may be prepared by the TSC. I t  

should be pointed out that  t h i s  additional report i s  part  of the 

st ipulated agreement and should be prepared p r i o r  t o  the s i t e  va l idat ion 

declaration. 

EEG Comment: (Schueler l e t t e r ,  premise 1, p. 2) 

The premise that the Culebra aquifer i s  c r i t i c a l  and thus, i t  i s  not 

necessary t o  study the Magenta aquifer has not yet  been jus t i f i ed .  

DOE Response: 

The premise that  the Culebra i s  the c r i t i c a l  aquifer has been j u s t i f i e d  

f o r  years on the basis o f  f l u i d  volume, transport times, and discharge 

point. I f  the addi t ional  data and analysis indicate t h i s  premise i s  no 

longer j us t i f i ed ,  -addi t ional  consequence analysis for  the Magenta be 

appropriate. 

The evaluation o f  f rac tu re  f l o w  i n  the Rustler Formation has. been -_ 
res t r i c ted  t o  the Culebra aquifer on the basis of avai lable hydrologic 

evaluation o f  the three f lu id-bear ing zones- of the Rust ler  and t h e i r  

re la t ionship t o  release scenarios developed i n  the EIS. I n  short, the 

Culebra Dolomite exh ib i t s  the most potent ia l  t o  contain f l u i d s  and t o  be 

capable o f  solute t ransport  over a large distance. The Rustler-Salado 

contact i s  p rac t i ca l l y  devoid of transmissive property (lo-' ft2/day) and 

the  Magenta D o l m i t e  var ies from 10" t o  10" under the s i te.  Many holes 

show the Magenta devoid o f  f l u i d s  especial ly along the east f lank o f  Nash 

Draw M e r e  i t  appears the Magenta i s  draining downward across f ractured 

anhydrite and the ensuing gypsum (W-26. 28 and H-7a) and i n t o  the 

underlying Culebra aquifer. 

EEG Evaluation: 

The premise tha t  the Culebra i s  the c r i t i c a l  aqui fer  seem t o  be based on 

o ld  data. Piezometric head maps f o r  the Culebra Dolomite as presented i n  

the i n te r im  report  and Mercer and Gonzalez (1981) are d i f f e r e n t  frm maps 

pub1 i shed e a r l i e r  (see "Final Environmental Impact Statement, Waste - 



I s o l a t i o n  P i l o t  Plant." DOE/EIS-0026, Oct., 1980; o r  "Review and Analysis 

o f  Hydrogeologic Condit ions near the s i t e  o f  a P o t e n t i a l  Nuclear-Waste 

Repository, Eddy and Lea Counties, New Mexico," USGS, OFR 77-123, 

February. 1977). The e a r l i e r  maps t rea ted  the Culebra Dolomite and 

Nagenta Dolomite as one hydrologic  un i t .  The Culebra Dolomite and 

Magenta Dolomite have been t rea ted  as two d i s t i n c t  hydro log ic  u n i t s  only 

s ince 1979. Since then, data have shown a westward d ipp ing  hydrau l ic  

gradient  i n  the Magenta Dolomite. The data i n  the i n t e r i m  repor t  even 

changes some o f  the  conceptions regarding t h e  d i s t r i b u t i o n  o f  hydrau l ic  

conduc t i v i t y  than t h a t  presented i n  the "F inal  Environmental Impact 

Statement ." 
The EEG concern regarding t h i s  mat ter  i s  the  p o t e n t i a l  contaminat ion of 

the  Culebra Dolomite i n  Nash Draw caused by a repos i to ry  breach i n t o  the 

iqagenta Dolomite.. See a d d i t i o n  evaluat ion o f  EEG comment regarding 2nd 

paragraph, page 4 (pages 9 and 10 o f  t h i s  evaluat ion) .  

EEG Comment: (Schueler l e t t e r ,  premis 2, p. 2) 

The premise tha t  d i s c r e t e  f r a c t u r e  f l ow  i s  not  c r e d i b l e  has no t  y e t  been 

j u s t i f i e d .  

DOE Response: 

D iscre te  f r a c t u r e  f l o w  (one f r a c t u r e  f l ow  path)  i s  c e r t a i n l y  

inappropr ia te  i n  view o f  the  discussions on p. 23, f o r  examp.le. On pp. 

35 and 38, d i sc re te  f l o w  i s  described as appropr iate f o r  H-6, b u t  t h i s  i s  

no t  as one f r a c t u r e  f l o w  path nh ich  might descr ibe t h e  system. D iscre te  

f r a c t u r e  f lm  i s  no t  a c r e d i b l e  mechanism f o r  so lu te  t r a n s p o r t  across t h e  

WIPP t o  a discharge area near Malaga Bend. As mentioned i n  the  i n t e r i m  

report ,  we have d e f i n i t e  plans t o  model f o r  m u l t i p l e  f r a c t u r e  b lock f low 

(double media). Furthermore, it i s  geological  l y  unreasonable t o  conceive 

t h a t  one f r a c t u r e  e x i s t s  across the  WIPP towards the discharge area. The 

r e v i s i o n  o f  the  i n t e r i m  repo r t  ' w i l l  add statements summarizing t h e  

j u s t i f i c a t i o n  f o r  t h i s  idea. 

EEG Evaluat ion: 

The response i s  adequate. 



EEG Comments: (General comments, para. 1, p. 3) 

The reports current ly  i n  preparation which contain deta i ls  of the various 

f i e l d  tests  would be useful t o  the EEG t o  consult while rs:iewing the -. 

report. 

DOE Response: 

Yes, the reports i n  preparation which were c i ted would be useful t o  the 

EEG. The reports are being readied as Contractor Reports (SAND 

documents) w i th  the i n ten t  o f  publishing and d i s t r i bu t i ng  each a t  or 

before the time o f  publ icat ion of the revised in te r im report on f racture 

flow. 

EEG Evalyation: 

The response i s  adequate. 

EEG Coment: (General comments, para. 3, p. 3) 

A conclusion concerning the nature of f racture flow should be made before 

the regional t ransport  model i s  developed. 

DOE Response: 

The nature o f  the f r ac tu re  f low i s  the point  o f  the work being 

conducted. Porous media (continuous) methods were used; however, as a 

f i r s t  approximation i n  analyzing the resu l ts  of the hydraulic and tracer 

tests. This use i s  j u s t i f i e d  because they are not subject t o  the 

conceptual uncer ta in t ies  t ha t  cloud the use of d iscrete f racture mde ls  

and which make the resu l ts  based on discrete f racture models subject t o  

controversy. Certainly,  a conclusion regardi ng f rac tu re  flow should be 

made before the regional transport model i s  completed. 

EEG Evaluation: 

The response i s  adequate. The in ten t  of the comment was t o  make sure 

that  the f low system was wel l  understood before any computer modeling was 

started. It sometimes happens tha t  nudeling i s  s tar ted before the  flow 

system i s  understood. 

EEG Comment: (General comments, para. 4, p. 3) 

The physical meaning o f  the values of the transmissivity, storage 



c o e f f i c i e n t ,  anisotropy,  poros i ty  and d i s p e r s i v i t y  i n  t e n s  of f rac ture  

f low should be addressed. 

DOE Response: 

The f i n a l  repor t  sha l l  inc lude a glossary o f  terms CMnmonly used i n  the  

hydro-world, i.e., f r a c t u r e  conduct iv i ty ,  double porosity,  porous media 

f low,  d i sc re te  f ractures,  matr ix  pe rneab i l i  ty, t ransmiss iv i ty .  

anisotropy, po ros i t y ,  d i s p e r s i v i t y  and storage. Again, the po in t  of 

cont inu ing  the  i nves t i ga t i ons  i s  t o  determine t h e  con t r i bu t i on  (physical 

meaning?) of f r a c t u r e  flow. The s i t e  s p e c i f i c  meaning of var ious 

hyd rau l i c  p rope r t i es  i s  the focus o f  the prog: im. 

EEG Evaluat ion: 

The i n t e n t  o f  the comment was t o  get a f e e l  i f  the  t ransmiss i v i t i es ,  

storage c o e f f i c i e n t s ,  po ros i t i es ,  etc., were t y p i c a l ,  high, o r  low f o r  a 

f rac tu red  rock. Perhaps they could be r e l a t e d  t o  data from other  s i t e s  

o r  rock types. A f t e r  t a l k i n g  w i t h  other  hyd ro log i s t s  regarding some o f  

the  above terms, the  EEG f e e l s  tha t  a g lossary i s  a good idea. 

- EEG Comment: (General coment ,  para.. 5, p.3) 
I s  the  anisotropy due t o  a l t e r n a t i n g  v e r t i c a l  bands o f  h i g h l y  

t ransmiss ive rock and low transmissive rock t h a t  t rend  northwest t o  

southeast o r  due t o  k a r s t  channels recharging t h e  aquifers? 

DOE Response: 

The comment about anisotropy seem r e l a t e d  t o  paragraph 4 i n  some way. 

A t  present, t h e r e  i s  no hyd rau l i c  t e s t  which, unsupported by independent 

in format ion,  can shim t h e  - cause o f  anisotropy. The fact  t h a t  anisotropy 

t e s t s  a t  t h ree  s i t e s  were i n  r e l a t i v e  agreement w i t h  each o ther  have 

al lowed some in fe rences t o  be drawn regarding t h e  regional  nature of t h e  

f l o w  system. Anisotropy i s  explained i n  t h e  repor t  as due t o  f rac tu r i ng .  

which i s  e v i d e n t l y  caused by d i s s o l u t i o n  and subsidence. There i s  a 

p o s s i b i l i t y  t h a t  t h e  p r i n c i p a l  tensor o r i e n t a t i o n  r e f  l e a s  a f r a c t u r e  

t rend  due t o  t e c t o n i c  forces. Add i t iona l  t e s t i n g  f o r  anisotropy W i l l  

show i f  t h e  d i r e c t i o n  f o r  t h e  p r i n c i p a l  tensor  remains the  same as i n  a 

broader t e c t o n i c  process. A note regarding t h e  unce r ta in t y  here w i l l  be 

added t o  the tex t .  



There i s  no fundamental geohydrological process that seems appropriate t o  

t h i s  s i t e  f o r  developing "al ternat ing ver t ica l  bands of h ighly 

transmissive rock and low transmissive rock." The higher 

t ransmiss iv i t ies  corre la te  with areas subjected to more apparent 

Rust ler f top Salado s a l t  dissolution. Here, tha t  i s  interpreted as 

resu l t ing  i n  f rac tu r ing  which complements the natural porosity of 

f lu id-bear ing zones i n  the Rustler. These holes do not ind icate any 

d i rec t  penetration of cavernous karst fractures. 

Ue strongly disagree with the use of the word karst t o  describe the f low 

system i n  the Rust ler  Formation. A t  the present time, data are 

i nsu f f i c i en t  t o  draw such a conclusion. Furthermore, the word karst can 

and has been used t o  describe the most disparate observations, f ran  

submicroscopic so lu t ion enlargements along a f racture,  t o  man-size 

caverns and house-swallowing sinkholes, such as those that occur i n  

Florida. Unfortunately, it i s  often times the more l u r i d  d e f i n i t i o n  t ha t  

s t i c k s  i n  people's minds when the word i s  brought up. Ue do not 

a t t r i b u t e  the resu l ts  of the anisotropy and tracer tes ts  t o  karst ;  

ne i ther  do we preclude i t s  possible existence a t  the WIPP. We merely 

s ta te  t ha t  the use o f  the word i s  premature and therefore, inappropriate. 

It causes emotional responses due t o  i t s  several def in i t ions,  and i t  puts 

the inves t iga to r  i n  the almost indefensible pos i t ion of proving tha t  

every break i n  slope o f  a drawdown curve i s  not due t o  a kars t  feature. 

EEG Evaluation: 

The EEG comnent responded t o  here was related t o  the previous comment and 

nothing spec i f i c  was intended by it. A note o r  paragraph re la t i ng  the 

anisotropy t o  tecton ic  forces or other geologic factors  i s  a good idea. 

We understand your concern regarding karst  hydrology. Our consultant i n  

kars t  hydrology bel ieves that  dissolut ion prongs along fractures are 

advancing eastward from Nash Draw. The ra te  o f  advance i s  very slow and 

the  prongs should not a f fec t  the WIPP s i t e  for many tens o f  thousands o f  

years. However, enlargement of f ractures i s  a major concern and we w i l l  

continue t o  pursue it. 



EEG Comment: (General comment, para. 6 & 7. P. 4 )  

The p o r o s i t y  o f  18% determined f r a n  the H-2 nest of wel ls  appears h igh  

f o r  a f r ac tu red  rock. A t  the H-6 nes t  o f  we l ls  the poros i ty  appears t o  

e x h i b i t  some d i rec t i ona l  cha rac te r i s t i cs ,  when i t  should not. I n  

add i t i on ,  the data presented i n  the  repor t  i n d i c a t e  tha t  Culebra f low i n  

the repos i to ry  area i s  t o  the southeast. Previous studies have i nd i ca ted  

t h a t  f l ow  i s  t o  the  south and southwest. This data may i n d i c a t e  other  

discharge areas fo r  the Culebra. An increased f l w  path t h a t  might 

r e s u l t  from the gradient presented i n  t h i s  repor t  ind ica tes  tha t  the 

tlagenta may prov ide f a s t e r  releases o f  radionucl ides t o  the biosphere 

than t h e  Culebra. 

30E Response: 

Thin-sect ion po ros i t y  a t  H-2 i s  as h igh  as  LO percent. A ma t r i x  p o r o s i t y  

o f  18 percent f o r  the  Culebra a t  H-2 does not seem unreasonable. Because 

there have not  been any t e s t s  f o r  anisotropy a t  t h e  H-2 s i t e  ( t he  

rev iewer m y  be l ieve  there  have been), we do no t  draw any specl f  i c  

conclusions about the  na ture  o f  f l ow  a t  t h a t  s i t e .  At H-6 p o r o s i t i e s  

were determined along the major (1%) and minor (11%) components o f  flow. 

Keeping i n  mind the concept o f  double-porosity medium ( f racture-b lock 

concept), i t i s  reasonable t o  f i n d  d i r e c t i o n a l  c h a r a c t e r i s t i c s  i n  t h i s  

type o f  matr ix .  Although we p resen t l y  i n t e r p r e t  f lcw southeast across 

t h e  s i t e ,  we have no support ing data t o  a l t e r  our  b e l i e f s  t h a t  the  ground 

water discharges near Malaga Bend. The increased flow path does no t  

d i s c r e d i t  the  Culebra as the  major veh i c le  f o r  t ranspor t  because of t h e  

prev ious d iscussion on the Magenta. 

EEG Evaluat ion;  

The response t o  the  h igh  p o r o s i t y  a t  H-2 i s  adequate. 

The response t o  t h e  d i r e c t i o n  c h a r a c t e r i s t i c s  i s  no t  q u i t e  c lear .  Are 

you imp ly ing  t h a t  f l o w  between H-6b and H-6c i s  through d i s c r e t e  

f r a c t u r e s  and f l ow  between H-6a and H-6b i s  through pores? The exact 

i m p l i c a t i o n  should be brought out b e t t e r  i n  the  repor t .  



The response regarding t h e  discharge area of the Culebra Dolomite i s  

adequate. It i s  hoped t h a t  the rev i s ion  of Figure 16 w i l l  i n d i c a t e  - 
b e t t e r  discharge areas of the Culebra Dolomite. 

Responses regarding t h e  Magenta Dolomite are presented elsewhere i n  t h i s  

eva lua t ion .  

EEG Comment: (Abstract,  13th t o  18th l i n e ,  p. 4) 

The term " p r i n c i p a l  t o  minor transmi s s i v i t y  tensor" should be changed t o  

"major t o  minor components o f  the  t ransmiss i v i t y  tensor." The term 

" p r i n c i p a l  t r a n s m i s s i v i t y  component" should be changed t o  " t h e  p r i n c i p a l  

d i r e c t i o n  o f  the  major component of the t r ansmiss i v i t y  tensor"  o r  "The 

o r i e n t a t i o n  o f  t h e  p r i n c i p a l  axes of the t ransmiss i v i t y  tensor  i s  

northwest by southeast f o r  the  major component and nor theast  by southwest 

f o r  t h e  minor component." A statement about the  v a r i a b i l i t y  o f  the 

t r a n s m i s s i v i t y  w i t h  respect t o  d is tance from the outcrop should a lso be  

i nc luded  i n  the "abstract." 

DOE Responses: 

The terminology regarding t r a n s m i s s i v i t y  tensors i s  i n  need o f  change. - 
Tensors s h a l l  be descr ibed i n  t e n s  o f  major and minor components and t o  

a p r i n c i p a l  d i r e c t i o n  o f  e i t h e r  a major o r  minor component. The 

re ference made t o  d is tance from t h e  outcrop i s  confusing. Does the 

rev iewer mean Nash Draw? We do r e f e r  t o  the  v a r i a t i o n  i n  t r a n s m i s s i v i t y  

r e T a t i v e  t o  t h e  east  f l a n k  o f  Nash Draw. The comment may imp ly  

i n fe rences  about recharge areas be ing  the  Nash Draw "outcrop" areas which 

were no t  ready t o  draw yet.  

EEG Eva lua t ion :  

The response regarding t h e  t r a n s m i s s i v i t y  tensor  terminoloqy i s  

adequate. The "Review C o m n t s Y  a l s o  i nd i ca ted  t h a t  terminology 

regard ing  t h e  t r a n s m i s s i v i t y  tensor  on page 7, 1 s t  and 2nd 1 ines;  page 

14, 10 th  l i n e ;  and page 18, 6th. 15th. and 17th l i n e s  a l so  need 

c o r r e c t i n g  and should be changed accordingly.  

It appears t h a t  the  decrease o f  t h e  t ransmiss i v i t y  w i t h  respect  t o  

i nc reas ing  d is tance f rom t h e  east  f lank  o f  Nash Draw i s  an important  -. 



r e s u l t  of the present work. We bel ieve the r e s u l t  should be inc luded i n  

t h e  abstract.  It was not included i n  the abstract  of the reviewed 

repor t .  

The comments regarding the abstract were intended t o  improve t h e  

abstract .  No other  inferences should have been drawn from the  comments. 

EEG Comment: (2nd para., p.4) 

Mercer and Gonzalez (1981) i nd i ca te  a strong westward gradient  frm W I P P  

t o  Nash Draw i n  the Magenta dolomite. Have any ca l cu la t i ons  o f  t r a v e l  
t ime from WIPP t o  Nash D r a w  beon made For the Yaqenta and compared t o  

t r a v e l  t imes f o r  the Culebra? 

The Culebra's southeast gradient  through the  repos i to ry ,  as i nd i ca ted  on 

F igu re  16, shows t h a t  contamination from a repos i to ry  breach may e i t h e r  

never reach Nash-Draw o r  may take longer than t h e  40,000 years prev ious ly  

estimated. I f  the  Culebra t r a v e l  t imes are s i g n i f i c a n t l y  'increased, t h e  

Magenta may prov ide quicker  rad ioac t ive  releases t o  t h e  biosphere than 

t h e  Culebra. Estimates o f  t r a v e l  t ime fran the repos i to ry  t o  Nash Draw 

through the  Magenta should be providcd i n  t h i s  paragraph. 

What are t h e  data and assumptions tha t  went i n t o  the c a l c u l a t i o n  o f  the  

40,000 year t r a v e l  t ime from ERDA-9 t o  Nalaga Bend? I s  t h i s  number taken 

f rom some o the r  work? 

DOE Response: 

The comment about Magenta t r a v e l  t imes seems t o  be l ead ing  t o  an 

i n fe rence  t h a t  Nash Draw i s  where t h e  Magenta discharges. Instead, t h e  

t r a v e l  t ime  t o  t h e  probable common discharge p o i n t  i s  appropriate. 

Travel  t ime i s  tempered by f lux .  The add i t i ona l  consequence analys is ,  i f  - 
necessary, i s  t h e  appropr iate comparison. 

The c a l c u l a t i o n  o f  t h e  40,000 year t r a v e l  t ime r e s u l t e d  from a request by 

O.D. Gonzalez t o  I n t e r a  Groundwater Consultants. The date of the  request 

was January 1979 and was based o- a very l i m i t e d  set  o f  hydro log ic  



parameters, i nc lud ing  t ransmiss iv i ty ,  s t o r a t i v i t y  and hyd rau l i c  head a t  

four  loca t ions  and only estimates i n  areas near Laguna Grande de La Sal 

and towards Malaga Bend. The assumed thickness and p o r o s i t i e s  f o r  the -. 
Culebra Dolomite were 30 feet and 10% respect ive ly .  The p a r t i c l e  

t rack ing  model (SWIFT) determining the  s t reaml ine  and t r a v e l  t ime f o r  a 

non-absorbing t r a c e r  p a r t i c l e  released a t  the  UIPP s i t e  ca l cu la ted  a 

streamline proceeding due south from the  center  o f  the WIPP f o r  about 

f i v e  miles, then west south-westward towards Laguna Grande de La Sal, 

then south towards Malaga Bend. Over 80% o f  t h i s  t r a v e l  t ime i s  

a t t r i b u t e d  t o  f low i n  t h e  f i v e n i l e  long reach south o f  the  s i t e  where 

our understanding of the  hydrau l ic  c h a r a c t e r i s t i c s  have not  changed 

appreciably s ince  1979, except for  p o r o s i t i e s  being ca l cu la ted  a t  18% a t  

H-2. Further  d iscussion w i l l  be inc luded i n  the  f i n a l  repo r t  as we l l  as 

a reference t o  the  I n t e r a  work, dated 5-22-79. 

EEG Evaluat ion: 

The comment regarding t r a v e l  t ime i n  t h e  Magenta Dolomite i s  l ead ing  t o  - 
an in ference t h a t  t h e  Magenta discharges there. The DOE response t o  t h e  

EEG comment regarding t h e  Schueler l e t t e r ,  premise 1, seems t o  i n d i c a t e  

t h a t  t h i s  i s  the  case. 

Ue disagree w i t h  t h e  statement t ha t  " t r a v e l  t ime t o  t h e  probable c o m n  

discharge po in t  i s  appropriate." It i s  probable t h a t  t h e  Culebra 

Dolomite i s  a usable a q u i f e r  i n  Nash Draw. It i s  p roduc t i ve  and conta ins  

r e l a t i v e l y  good q u a l i t y  water. The Culebra Dolomite water q u a l i t y  cou ld  

be. de te r i o ra ted  by a repos i to ry  breach i n t o  t h e  Magenta Dolomite and 

subsequent t ranspor t  i n t o  t h e  Culebra Dolomite. Such contaminat ion may 

make t h e  Culebra Dolomite an unusable a q u i f e r  i n  Nash Draw. Th i s  i s  t h e  

EEG concern regarding t ranspor t  i n  t h e  Magenta Dolomite. 

The Culebra Dolomite south o f  the WIPP s i t e  has a low t r a n s m i s s i v i t y  and 

poor q u a l i t y  water. It i s  u n l i k e l y  t h a t  it would be a usable aquifer. 

Therefore, f o r  a breach i n t o  t h e  Culebra, a t r a v e l  t i m e  through t h e  

Culebra f r a n  t h e  WIPP t o  Malaga Bend i s  appropriate. 

The response regarding t h e  c a l c u l a t i o n  o f  t h e  40,000 yea r  t r a v e l  t ime i s  

adequate. 



EEG Comment: (Page 8, bottom para.. p.5.)  

Figure 16 i nd i ca tes  tha t  the hydraul ic  gradient  i s  t o  the southeast 

through the f a c i l i t y .  Why does t h i s  paragraph say south and then 

Southwest toward Malaga Bend? The statement appears t o  be r e f e r r i n g  t o  

the  prev ious ly  assumed f low path shown i n  f i g u r e  3, but  i t  c e r t a i n l y  i s  

not clear.  

DOE Response: 

The southeast f low across much of the s i t e  s t i l l  appears correct.  The 

f lcu  i s  expected t o  swing t o  the  southwest based on H-8, 9, and 10. The 

contours o f  F igure 16 w i l l  be revised f o r  t h e  i n t e r i m  version, and we 

expect t o  perform add i t i ona l  t e s t i n g  i n  the  southeast p o r t i o n  of t h e  s i t e  

t o  v e r i f y  contours and hydraul ic  proper t ies.  The i n t e r i m  repor t  w i l l  be 

c l a r i f i e d .  

EEG Evaluat ion: 

I n  add i t ion ,  i t  .should be c l e a r l y  ind ica ted  which w e l l s  were used and not 

used t o  cons t ruc t  F igu re  16 of the d r a f t  i n t e r i m  repor t .  The f igure ,  as 

presented i n  the  repor t ,  leads t o  confusion w i t h  regard t o  t r a v e l  paths. 

EEG Comment: (Page 9, p.5) 

Table 1 should be checked f o r  errors. The "Fresh Water A l t i t u d e "  f o r  

P-18 on t h e  t a b l e  and t h e  a l t i t u d e  used f o r  cons t ruc t i on  o f  F igure 16 

appear t o  d i f f e r  by 100 feet. Other "Fresh Water A l t i t u d e s U  t h a t  appear 

t o  need checking belong t o  we l ls  H-5, H-8, H-9, H-10, W-28 and W-30. I n  

addi t ion,  the  sur face a l t i t u d e  o f  H-9 i s  100' h igher  than t h a t  presented 

i n  Seward ("Abridged Borehole H i s t o r i e s  f o r  t h e  Waste I s o l a t i o n  P i l o t  

P lant  (WIPP) Studies," SANO82-0080). This may lower t h e  fresh water 

a l t i t u d e  t o  2976 a t  H-9. It i s  probable t h a t  t h e  f r a c t u r e d  nature o f  the  

dolomi te may be causing the  anomalous water leve ls .  The water l eve l  a t  

H-5 appears t o  be associated w i t h  a s t r u c t u r a l  anomaly o f  t h e  Culebra 

0 o l o m ~ t e  (see attached Figures 1 and 2 and comment regarding page 44 and 

45). 

DOE Response: 

P-18 and W-30 seem anomalously low, and both  w e l l s  have very low 

t ransmiss i v i t y .  They w i l l  be monitored t o  see i f  they have truly 



regained S t a t i c  equi l ibr ium. I f  they have not, then the use o f  these 

nonrecovered water l e v e l s  makes the water leva1 a t  H-5 seem anomalously 
h igh  and may lead t o  erroneous conclusions about the formation around 

H-5. I n  add i t i on ,  we are i n  the process o f  double checking those 

e levat ions  a t  a l l  H- and U- s i t e s  where hydro-data have been co l lec ted .  
r 

EEG Evaluat ion:  

The response i s  adequate. 

EEG Comment: (Page 11. 1s t  para., p.5) 

References f o r  t r a n s m i s s i v i t y  value shoul rided. 

DOE Response: 

References w i l l  be given as appropr iate.  

EEG Evaluat ion:  

The response j s  adequate. 

EEG Comnent: (Page 14, 2 bottom l ines ,  p. 5) 

It would be n i c e  i f  the  reference were a1 ready publ ished t o  check t h e  

theory  and t o  see the  repo r t  contents. 

DOE Response: 

Agreed. See prev ious comment. 

EEG Eva1 u a t i o n  : 

The response i s  adequate. 

EEG Comnent: (Page 15. 1 s t  para., p. 6) 

The d e s c r i p t i o n  o f  t e s t  procedures i nd i ca tes  t h a t  the  "aU we l l  a t  each 

pad was pumped. However, t h e  an iso t ropy  r e s u l t s  o f  Table 2, Table 3 and 

Table 4 pFovide no r e s u l t s  f rom pumping t h e  "a" well. Why are t h e  

r e s u l t s  from pumpinq t h e  *aU w e l l  no t  presented? Was t h e  "a" w e l l  pumped 

a t  a l l ?  

DOE Response: 

The "a" w e l l s  cou ld  no t  be pumped, though the  repo r t  imp l i ed  they were. 

The t e s t s  f o r  an iso t ropy  r e q u i r e  on ly  two w e l l s  be pumped w i t h i n  a 



three-wel l  ar ray;  however, a t  each pad the "a" wel ls  developed downhole 

or  pump complicat ions which proh ib i ted  t h e i r  pumping. C l a r i f i c a t i o n  w i l l  

be m d e  i n  the i n t e r i m  repor t .  

EEG Evaluat ion:  

The response i s  adequate. 

EEG Comment: (?age 15, l a s t  para.. p. 6) 

I f  t h e  t r a c e r  curves are i n s e n s i t i v e  t o  disgersion (d i spe rs i v i t y ) ,  how 

can it be estimated? 

D M  2esoonse: 

The f a c t  t h a t  t h e  Grove and Beetum breakthrough curves are r e l a t i v e l y  

i n s e n s i t i v e  t o  d i s p e r s i v i t y  means only t ha t  they do not  g ive prec ise  

values o f  d i s p e r s i v i t y  . Single we l l  "pump-back" and two-we1 1 convergent 

f l o w  t e s t s  a re  the best method t o  determine d i s p e r s i v i t y  and these t e s t s  

a r e  be ing  pursued; 

EEG Eva lua t ion :  

The response i s  adequate. C l a r i f i c a t i o n  regarding th2 statement should 

be made i n  t h e  tex t .  

EEG Comment: (Page 19, Table 2, p. 6) 

According t o  the  theory o f  an iso t rop ic  aqu i fe rs  developed by Papadopulos 

(1965), t h e  response o f  we l l  H-4C from pumping H-4B should produce the  

same T and S values as the  response o f  we l l  H-4B fra pumping we1 1 H-4C. 

The T est imates f o r  these we l l s  d i f f e r  by a f a c t o r  o f  two fo r  t e s t s  one 

and two. The range o f  T (not i nc lud ing  pumping we l l s )  f o r  a l l  three 

t e s t s  i s  0.8 f e e t  squared per day t o  1.7 f e e t  squared per day. What i s  

the  cause o f  t h i s  discrepancy? 

- 
DOE Response: 

I n  theory, t h e  same e f f e c t i v e  t ransmiss i v i t y  should be observed i n  t h e  

observa t ion  we l ls  i n  an an i so t rop i c  aqu i fe r ,  but  not  the  storage 

c o e f f i c i e n t .  Obviously if t h e  observat ion wel l  data y i e l d  t h e  same T and 

S and i f  t h e  we1 1 s are t h e  same dis tance from the  pumped wel l  then t h e  



a q u i f e r  i s  i so t rop ic .  Also, only  i n  an ideal  aqu i fe r  w i l l  the  same 

values be obtained from observat ion wells. However, the s e n s i t i v i t y  o f  
the  anisotropy r e s u l t s  t o  e r ro rs  i n  t n e  drawdown i n t e r p r e t a t i o n  should be 

A 

invest igated,  and s e n s i t i v i t y  t es t s  are included i n  our f i n a l  product. 

EEG Evaluat ion: 

It appears the k t  the transmi s s i v i t y  p r  ente n  Table 2 (ant d Tab 

Table 4) i s  the e f f e c t i v e  t ransmiss i v i t y  as used i n  t h e  d r a f t  repo r t  

i s  t h e  determinate o f  the  t r a n s m i s s i v i t y  tensor. It f u r t h e r  appears 

t h e  storage c o e f f i c i e n t  presented i n  Table 2  i s  r e a l l y  t h e  q u a n t i t y :  

S(tab1e) S Txx y2 - 2Txy xy + Tyy xZ 
a -;I Txx Tyy - TxyL 

where S i s  the a q u i f e r  storage c o e f f i c i e n t ;  Txx, Txy, and Tyy are  t h  

and 

and 

t h a t  

var ious components o f  the  t r a n s m i s s i v i t y  tensor;  x  and y  are  t h e  

coordinates o f  t h e  observat ion we l l  i f  the  pumping we l l  i s  a t  t h e  o r i g i n  

o f  t h e  axes; and r i s  the d is tance between the  pumping we l l  and t h e  

observat ion we l l  (r2 = x2 + y2). 

I f  t h e  aqu i fe r  i s  homogeneous bu t  not i so t rop i c ,  then t h e  drawdown 

response a t  H-4C caused by pumping H-48 should be the same as t h e  

drawdown response a t  H-4B caused by pumping H-4C. The observa t ion  we l l  

drawdown i n  a  homogeneous an i so t rop i c  aqu i fe r  i s  

where 

Q S = 
4n(Txx Tyy - TxyL) 

u (UXY) 

5 Txy x2 - ZTxy xy + ~~~y~ Uxy = - - 4t (Txx Tyy - TxyL) 

and $ i s  the  observat ion we l l  drawdown, Q i s  t h e  pumping ra te ,  S i s  t h e  

a q u i f e r  storage c o e f f i c i e n t ,  W (Uxy) i s  t h e  we l l  f u n c t i o n  w i t h  t h e  



argument Uxy and x  and y are the  coordinates o f  the observat ion wel l  i f  

the pumping wel l  i s  a t  the o r i g i n  of the axes. If the H-48 we l l  i s  the  
pumping wel l  as i n  Test 1, then the  observation wel l  H-4C has t h e  

coordinates x and y. If the r o l e  of each we l l  i s  reversed as i n  Test 2 

the coordinates of the H-4C we l l ,  now the observat ion we l l ,  a re  now -x  

and -y, which, when entered i n t o  the above Uxy equation, produce the same 

Uxy values as p o s i t i v e  x  and y. Therefore, the  dravdown response a t  the 

H-48 wel l  caused by puinping the H-4C wel l  i s  the  same as the drawdown a t  

the  H-4C wel l  caused by pumping the  H-48 wel l .  This i s  the  only wel l  

p a i r  where t h i s  i s  true. The respect ive e f f e c t i v e  t r a n s m i s s i v i t y  and 

storage coe f f i c i en t  ( t ab le )  f o r  the two we l l s  should be equal. However, 

the e f f e c t i v e  t r a n s m i s s i v i t y  d i f f e r s  by a  fac to r  o f  2 and the storage 

c o e f f i c i e n t  ( t ab le )  d i f f e r s  by a  f a c t o r  o f  1.5. These are  l a r g e  

d i f fe rences and should be explained. 

The s e n s i t i v i t y  analyses proposed are a  good idea. 

EEG Comment: (Page 23, 1st  para., pp. 6-7) 

Were any methods, such as images, t r i e d  i n  o rder  t o  l o c a t e  any o f  the 

b a r r i e r  boundaries? What could these boundaries be a t t r i b u t e d  t o ?  For  

instance, could t h e  boundaries be due t o  v e r t i c a l  f r a c t u r e s  f i l l e d  w i t h  

an impermeable mater ia l  o r  t o  a l ess  f rac tu red  nearby reg ion  o f  dolomite? 

The shape of the curve on F igu re  7 i s  i n te res t i ng .  The e a r l y  p a r t  o f  t h e  

curve ( p r i o r  t o  t h e  format ion of the  s t r a i g h t  l i n e )  my be a  r e s u l t  o f  no 

storage of water i n  the f rac tu red  pa r t  o f  t h e  a q u i f e r  o r  p o s s i b l y  a  

ho r i zon ta l  f r a c t u r e  o v e r l a i n  by a  porous block (see %el l  Hydrau l ics  i n  

Heterogeneous Aqu i fe r  Formations" by T.D. Stre l tsova-Adam i n  Advances i n  

Hydroscience, Vol. 11, Academic Press, 1978. I n  add i t f on ,  i t appears 

quest ionable t h a t  the f l a t  p a r t  o f  the curve i s  a t t r i b u t a b l e  t o  f l w  from 

t h e  b locks t o  t h e  f ractures.  According t o  Streltsova-Adams (see - 
Proceedings, Second I n v i t a t i o n a l  Well-Testing Symposium h e l d  by Ear th  

Sciences D iv i s ion .  Lawrence Berkeley Laboratory. on October 25-27. 1978) 

t h e  f l a t  pa r t  of t h e  data should not show i f  t h e  r a t i o  (Sf + h ) / S p  

(Sf and Sm are storage c o e f f i c i e n t s  o f  the  f r a c t u r e s  and t h e  porous 

mat r ix ,  respec t i ve l y )  i s  l e s s  than about 5 t o  11. In o the r  words, if the 



st ra ight  l i nes  on Figure 7 are less than about 0.7 t o  1.0 l og  cycles 

apart, which they are on Figure 7, then the f l a t  part of the curve should 

not show. This brings several questions t o  mind: - 
1. I s  it possible that  the s t ra igh t  l i n e  shows up between.200 minutes 

and 2000 minutes on Figure 7? I f  t h i s  i s  the case, then the data 

a f t e r  2000 minutes including the f l a t  part  may be a t t r ibu tab le  t o  the 

t r a n s i t i o n  period between flow i n  f ractures and "induced response." 

2. I f  the s t ra ight  l i n e  i s  correct and there i s  no double porosi ty 

system, i s  the f l a t  par t  of the data and the "induced response" 

caused 5y a highly permeable f racture or karst  channel near the well  

t e s t ?  

3. I s  the anisotropy observed i n  these tests due t o  recharge i n t o  the 

rocks from a h igh ly  permeable f racture or karst channel? Such a 

response.would cause the l i nes  o f  equal drawdown t o  have oval shapes 

rather than the e l l i p t i c a l  ones caused by anisotropy. Unless there 

r e  data from m r e  than three observation wells, i t  may be very 

i f f i c u l t  t o  t e l l  the di f ference between an anisotropic aquifer and - 
an aqui fer  wi th  a recharge boundary. 

Figure 7 o f  the report shows the response of the H-4a and H-4b wells due 

t o  pumping the H-4c well. Was the response o f  H-4a and H-4c due t o  

pumping H-4b s im i l a r  t o  the  data shown o Figure 7 such that  a double 

porosi ty system was indicated? 

DM Response: 

Image-well theory was applied t o  drawdown data i n  an e f f o r t  t o  locate 

groundwater "barriers." which could be a t t r ibu ted  t o  skin effects, 

well  bore storage, pumping variat ions, e las t i c  deformation, and formation 

barriers: A formation ba r r l e r  may consist  o f  abrupt changes i n  aqui fer  

properties, such as porosity, conduct i r i  ty, f racture density or 

or ientat ion,  recharge and discharge zones, t ransient o r  steady-state 

flow, ver t i ca l /hor izon ta l  penneabi l i t y .  Barr iers may be the resu l t  of 

one o r  a combination of geologic o r  hydrologic parameters. Vert ical  

communication wi th  known over ly ing and underlying aquifers i s  p rac t i ca l l y  

neg l ig ib le  throughout the WIPP f a c i  1 i t y  on the basis of observed 



d i f fe rences i n  hydrau l ic  p o t e n t i a l  and conduct iv i t ies  and general 

chemistry. 

We be l i eve  t h a t  the reviewer means tha t  the slope o f  the t r a n s i t i o n a l  

curve should not be zero, not t h a t  i t should not show. Also, 
Stre l tsova-Adam assumes i n  her repor t  t ha t  the matr ix  has zero 

permeab i l i t y .  If, i n  w r  case, the matr ix  has some permeabi l i ty ,  then 

the shape o f  the drawdown curve may be d i f f e r e n t  from her examples. 

I n  regards t o  the  th ree  quest ions ra ised by the reviewer: 

1. We t h i n k  t h a t  the curva ture  o f  the  ear ly- t ime data on F igure  7 i s  

pronounced. On log- log  paper, t h i s  po r t i on  o f  the curve i s  s t r a i g h t  

w i t h  nea r l y  u n i t  s lope i n d i c a t i n g  f u l l  f r a c t u r e  f low or  wel l -bore 

storage (probably t h e  l a t t e r ) .  It i s  e n t i r e l y  possib le t h a t  the  data 

a f t e r  2000 minutes i s  i n  a t r a n s i t i o n a l  period, bu t  we th ink  i t i s  

more cons is ten t  t o  t r e a t  t h e  data between 2000 and SO00 minutes as a 

good s t i a i g h t - l i n e  (Jacob approx.) so lut ion,  and between 5000 and 

8000 minutes as t r a n s i t i o n a l  (o r  induced response). Past 8000 - 
minutes the l i n e  becomes approximately p a r a l l e l  t o  the  e a r l i e r  data. 

(The "INDUCED RESPONSE" arrow on Figure 7 po in ts  t o  t h e  wrong p a r t  o f  

the  curve and w i l l  be corrected i n  t h e  i n t e r i m  report.) 

2. I f  the  f i r s t  break i n  the drawdown curve i s  a t t r i b u t e d  t o  h i t t i n g  a 

recharge boundary, then i t fo l l ows  t h a t  the second break must be due 

t o  a b a r r i e r  boundary. Furthermore, the  shapes and permeab i l i t ies  o f  

bo th  boundaries m s t  be such t h a t  the e f f e c t  o f  the  second boundary 

must complete ly  negate t h e  f i r s t  so drawdown may cont inue as i f  

e i t h e r  existed. We agree t h a t  several i n t e r p r e t a t i o n s  are  possible. 

ven t h a t  l i t t l e  i s  known about the  system, but we do no t  be l i eve  

a t  t h e  drawdown data alone support t h e  existence o f  a recharge 

W a r y .  I n  regards t o  "kars t  channel near the  we l l  ," please r e f e r  

t o  e a r l i e r  d iscussion about so-cal led karst.  

3 .  According t o  our d i c t i ona ry ,  the  d e f i n i t i o n s  o f  "oval" and 

" e l l i p t i c a l "  a re  t h e  same. The drawdown data we used f o r  an iso t ropy  

de terminat ions  was ear ly- t ime,  hopefu l l y  taken before any breaks, 



boundaries, o r  possib le induced response a f fec ted  the resu l ts .  The 

anisotropy r e s u l t s  Should be f r e e  from these effects. - 
Some of t h i s  discussion w i l l  be included i n  the rev i s ion  of the d r a f t .  

Well H-4a could not be pumped and the H-4b t e s t  was no t  run f o r  a 

s u f f i c i e n t  length of t ime t o  see the  second break i n  t h e  drawdown curve. 

EEG Evaluat ion:  

I f  possible, distances and d i r e c t i o n s  t o  ba r r i e rs ,  est imated fram t h e  

method o f  images should be provided. A desc r ip t i on  o f  poss ib le  b a r r i e r s  
mentioned here should a lso be inc luded i n  the t e x t .  

Stre l tsova-Adam does not assume t h a t  the  ma t r i x  has zero h y d r a u l i c  

conduc t i v i t y ;  she assumes t h a t  t h e  t r a n s m i s s i v i t y  o f  t h e  porous b locks  i s  

so small compared t o  the  t r a n s m i s s i v i t y  o f  the  f rac tu res  t h a t  t h e  

t ransmiss iv i t -y  o f  t h e  b locks can be neglected. I f  the  b locks  had zero 

h y d r a u l i c  conduct iv i ty ,  then a mechanism t o  t ranspor t  f l u i d  f ran  t h e  

b locks  t o  t h e  f rac tu res  would not e x i s t  and t h e r e  would be no t r a n s i t i o n  

curve. 

The response t o  quest ion 1 i s  adequate f o r  the  most par t .  The l o g - l o g  

p l o t  t h a t  shows t h e  u n i t  s lope should be inc luded and descr ibed i n  t h e  

repor t .  I n  addit ion, a USGS p u b l i c a t i o n  (Reed, J.E., "Type Curves f o r  

Selected Problems of Flow t o  We1 1s i n  Confined Aquifers.' Techniques o f  

Water-Resources Inves t i ga t i ons  o f  t h e  Uni ted States Geological Survey, 

Book 3, Chapter 83, 1980) i n d i c a t e s  t h a t  t h e  drawdom response a t  an 

observa t ion  wel l  f a r  f r a n  a pumping we l l  o f  f i n i t e  diameter i s  much 

steeper than u n i t  slope. Therefore, t h e  u n i t  s lope i s  no t  l i k e l y  t o  be 

caused by wel lbore storage ef fects,  but mare l i k e l y  t h e  f u l l  f r a c t u r e  

f l o w  m n t i o n e d  i n  t h e  DOE response. - 
The response t o  quest ion 2 i s  adequate. 

The response t o  quest ion 3 i s  adequate. However, t h e  EEG d i c t i o n a r y  

de f ines  oval  as an egg shape. Perhaps "egg shaped" i ns tead  of "oval"  

would have been a b e t t e r  t e n .  



The response t o  the  comment concerning the  H-4 pumping i s  adequate. 

- EEG Comment: (Page 23, l a s t  para., p. 7) 

I t  appears quest ionable t h a t  ch lo r i de  i s  the ideal  t r a c e r  t o  use t o  

determine i f  leakage i s  occur r ing  Jetween Rust le r  aqui fers a t  the  H-4 

s i t e .  Table 4 o f  Mercer, e t .  dl., ind ica tes  tha t  the ch lo r i de  

concentrat ion of both the Magenta and Culebra i s  7500 mg/l (Nercer, J.W., 

Paul Davis, Kevin F. Dennehy, and Carole L. Goetz. 'Results o f  Hydrologic 

Tests and Chemistry Analyses, Wells, H-4A. H-48, and H-4C a t  t h e  Proposed 

Haste I s o l a t i o n  P i l o t  P lan t  Si te,  Southeastern Nen Mexico." 

Water-Resources l n v e s t i q a t i o n s  81-36, U.S. Seolooical Survey, May, 1981. 

DOE Response: 

The o b j e c t i v e  was t o  determine i f  leakage d i d  occur dur ing  t h e  tests;  we 

had f e n  other  t o o l s  a t  our disposal (such as piezometers i n  con f i n ing  

zones o r  adjacent water-bearing u n i t s )  t o  assess leakage, so water 

chemist ry  (temperature, ph, conduct iv i ty ,  ch lo r i de )  was looked a t  du r ing  

these t e s t s  as an a l t e r n a t i v e  mans. The r e s u l t s  are no t  conclusive, b u t  

i n d i c a t e  t h a t  no leakage occurred. The t e s t  w i l l  be rev ised t o  i n d i c a t e  

t h e  unce r ta in t y  a t  H-4. 

EEG Evaluat ion:  

The response i s  adequate. 

EEG Coment: (Page 25, 2nd para., p. 8) 

The t r a n s m i s s i v i t i e s  as presented here are  extremely small f o r  a 

f 
f r a c t u r e d  rock and would tend t o  i n d i c a t e  t h a t  f rac tu re  f l ow  i s  not t h a t  

s i g n i f i c a n t ,  a t  l e a s t  i n  t h e  areas t h a t  were tested. Any rad ionuc l ide  

t r a n s p o r t  i n  t h e  Culebra would tend t o  be very slow because of the  low 

t ransmiss i v i t i es .  00 f r a c t u r e s  o r  ka rs t  channels capable o f  t r a n s m i t t i n g  

water e x i s t  near t h e  WIPP s i t e ?  

Table 9.2 o f  Walton ( W a l t o ~ .  W i l l i am C., Groundwater Resource Evaluat ion, 

McGraw-Hill, 1970) i n d i c a t e s  the.values o f  s p e c i f i c  s torage presented 

here a r e  those f o r  "sound rock." This  would tend t o  i n d i c a t e  t h a t  any 



fractures i n  the Culebra, a t  least  i n  the areas tested, are well  cemented 
or that  clean, open fractures are f a r  apart. This suggests tha t  f racture 

f low i s  not extensive over ~nuch of the Culebra but may be confined t o  - 
long channels or fractures outside the area of influence of the pump 

tests. Does flow i n  open fractures ex is t  i n  areas not tested by the pump 

or t racer tests? 

DOE Response: 

The hydraulic conduct iv i t ies observed a t  the WIPP are actua l ly  large 

compared t o  fractured c rys ta l l i ne  rock. For example, the lowest 

t ransmiss iv i ty  measured i n  our tests  was a t  the H-5 s i t e  (0.04 fee t  

squared per day), and corresponds t o  a hydraulic conduct iv i ty o f  2 x l 0 - ~  

feet  per day), which i s  an average for fractured c rys ta l l i ne  rocks 

(Str ipa Mine Project Report, 1980). It cannot be concluded tha t  f l u i d  

movement w i  11 be slow' because transmi s s i v i t i e s  are ma1 1. Solute 

transport may be qu i te  rapid i n  a f racture f l o w  s i tuat ion.  Determining 

so lu te  transport capabi l i ty  is ,  of course, a major reason t o  perform 

t racer  tests,  which w i l l  y i e l d  indications of f l u i d  ve loc i t ies  i n  the 

natural  f low system. 

The values of spec i f i c  storage measured a t  the WIPP are of the order of 

10-~/ft, which, using Walton (Table 9.2) i s  reasonable f o r  f issured and 

jo in ted  rock. Lohrnan (Ground-Water Hydraulics, USGS Prof. Paper 708) 

uses a value o f  10-~/f t  as a way t o  estimate storage coe f f i c ien ts  for  

confined aqui fors i n  general. A rock, such as a f a i r l y  r i g i d  dolomite, 

could have a very l o w  spec i f ic  storage and s t i l l  have measurable matr ix  

and f rac tu re  porosity. Low specif ic storage does not man tha t  f rac tu re  

flow i s  not extensive; it may only mean that  there i s  a lack o f  

s ign i f i can t  compressibi l i ty  i n  the system, both from fractures and 

matrix. For the reviewer t o  carry h i s  suggestion one step fu r the r  and 

imply that  low spec i f ic  storage w i th in  the area of pumping inf luence i s  

evidence-that open f racture o r  channel (karst?) flou ex i s t s  outside the  

area o f  pumping inf luence is, o f  course, unanswerable. 



EEG Evaluat ion:  

Co~nparisons of the t ransmiss i  v i t y  andlor hydraul ic  c o n d u c t i v i t i e s  w i t h  

o the r  f rac tured rocks should be mde  i n  the report. The comparison 
should be made t o  other  do lomi t i c  rocks not j u s t  f rac tured c r y s t a l l i n e  

rocks. 

The values of s p e c i f i c  storage presented i n  the  i n t e r i m  repor t  range from 

3.5 x 10-'/ft t o  8.3 x lo-'. The higher values seem t o  occur a t  H-5 and 

H-6 and the  low value a t  H-4. Perhaps f issures and j o i n t s  cou ld  e x i s t  a t  

H-5 and H-6. However, the  spec i f i c  storages calculated a t  these wel ls  

a r e  a t  the  upper l i m i t  o f  the "sound rock" values and s l i g h t l y  be'3w t h e  

lower l i m i t  f o r  " f i ssured and j o in ted  rock." The s p e c i f i c  s toraqe 

ca l cu la ted  a t  H-4 i s  i n  the  "sound rock" range. 

EEG C m e n t :  (Page 27, 3 r d  para., p.8) 

Was the  aqu i fe r  pumped c l e a r  p r i o r  t o  t r a c e r  i n j e c t i o n  f o r  t h e  second 

t e s t ?  I f  not, d i d  t h e  non-completion o f  the  f i r s t  t r a c e r  t e s t  a f f e c t  the  

r e s u l t s  o f  the  second t e s t ?  I s  i t possib le t h a t  Segments I and I1  o f  

F igu re  12 are  due t o  t h e  f i r s t  t e s t  and Segments 111 and I V  t o  the  second 

t e s t ?  I f  so, some type o f  deconvolution would be necessary t o  i n t e r p r e t  

t h e  r e s t u l t s .  

DOE Response: 

D i f f e r e n t  t r a c e r s  were used i n  each t e s t ;  thus, no in te r fe rence existed. 

EEG Evaluat ion: 

The response i s  adequate. Perhaps t h i s  should be brought out i n  the 

repor t .  

EEG Comments: (Page 28, 3rd paragraph, p. 8) 

The Grove and Beetem (1971) model needs t o  be corrected f o r  anisotropy. 

Was t h i s  done? What were the ranges o f  po ros i t i es  and d i s p e r s l v i t i e s  

used i n  t h e  Grove and Beetem (1971) ana lys is  and how d i d  they compare 

w i t h  the data? 



('Page 32, 3rd paragraph, pp. 8-9): 

The s ign i f i cance o f  the p o r o s i t i e s  o f  0.17 and 0.18 should be discussed here. 

These values are extremely high fo r  a f rac tured rock. A f rac tured rock 
-, 

t y p i c a l l y  has a f rac tu re  po ros i t y  of 0.01 - 0.02 and l ess  (S t re l tsova,  1976). 

The po ros i t y  values presented here are t y p i c a l  f o r  a porous media. I f  i t  i s  

assumed tha t  a f ractured system operates a t  the  H-2 wel l  s i t e s ,  then t r a c e r  

d i f f u s i o n  from t h e  f rac tu re  i n t o  t h e  porous m a t r i x  cou ld  account f o r  t h e  h igh  

po ros i t y .  The e f fec t  o f  t h i s  d i f f u s i v e  process has been shown t o  increase 

t r a v e l  times from one po in t  t o  another when compared t o  a process wi thout  

d i f f u s i o n  i n t o  t h e  matr ix.  (See Grisak and Pickens, 'Solute Transport Through 

Fractured Media I : The Effect of Ma t r i x  Di f fus ion,  Water Resources Research, 

vol. 6, no. 4, Aug., 1980, pp. 719-730 and Grisak, et  a l .  "Solute Transport  

through Fractured Media 2: Co lum Study of Fractured T i l l  ,"Water Resources 

Research, vol. 16, no. 4, Aug., 1980., pp. 731-739). The n e t  e f f e c t  o f  

i nc reas ing  the  t r a v e l  t ime would be a h igh  porosi ty .  Grisak and Pickens a l s o  

i nd i ca ted  t h a t  the  d i f f u s i o n  o f  Solute i n t o  t h e  ma t r i x  would be more 

s i g n i f i c a n t  f o r  low v e l o c i t i e s  o f  f l u i d  f l o w  i n  t h e  f r a c t u r e  than f o r  h igh  

ve loc i t i es .  With the  hydrau l ic  c o n d u c t i v i t y  o f  the  Culebra a t  about 0.032 

fee t  per  day, f l u i d  v e l o c i t i e s  are  probably small. 

The causes o f  the  var ious segments on F igure  12 should be explained. For 

instance, were they caused by d i f f u s i o n  i n t o  t h e  m a t r i x  a t  one t ime and out o f  

t h e  mat r ix  a t  another t ime? Are they caused by a convo lu t ion  o f  t h e  two 

t r a c e r  t e s t s ?  

Page 35, 2nd paragraph, pp. 9-10: 

Sauty's (1980) method should be modi f ied f o r  t h e  anisotropy determined from 

t h e  pump t e s t s  a t  t h e  H-6 s l t e .  Slnce t h e  p r i n c i p a l  axes of t h e  

t r a n s m i s s i v i t y  tensor  a re  kriown f o r  t h i s  s i t e ,  t h e  m d i f i c a t i o n  i s :  



TYY Txx 

Txx TYY 

where Q = pumping r a t e  

b = a q u i f e r  thickness 

t = t ime  of match po in t  

x . y  = coordinates of we l l  s l u g ~ e d  w i t h  t r a c e r  

Txx = major t ransrn iss iv i ty  component 

Tyy = minor t ransmiss i v i  t y  component 

n = p o r o s i t y  

I n  t h e  above equation, t h e  pumping wel l  i s  a t  the  o r i g i n  and t h e  major 

component o f  the  t rans rn i ss i v i t y  tensor runs between we l l s  H-6b and H-6c 

as i nd i ca ted  from the  we l l  t e s t  data. The corrected p o r o s i t i e s  are  9.1% 

f o r  t h e  H-6b t o  H-6c t e s t  and 0.97% f o r  the  H-6a t o  H-6c test .  

The Q.971 p o r o s i t y  appears reasonable f o r  a f rac tu red  rock and occurs 

a long t h e  major ax i s  o f  the t ransmiss i v i t y  tensor. The 9.1% appears 

reasonable f o r  a porous media. There is,  however, almost an order o f  

magnitude d i f f e r e n c e  between t h e  two. Since po ros i t y  i s  not an i s t rop i c .  

the  d i s p a r i t y  i s  probably caused by a heterogeneity i n  t h e  Culebra. The 

suggest ion o f  a d i s c r e t e  zone of flow, i.e., a  long h i g h l y  permeable 

f rac tu re ,  a set  of p a r a l l e l  f r ac tu res  or  a k a r s t  channel appears 

reasonable. Whether o r  not t h i s  d i sc re te  f l o w  can be modelled adequately 

appears quest ionable. The problem l i e s  i n  determining t h e  number o f  

d i s c r e t e  f r a c t u r e s  and t h e i r  locat ions. 

DOE Responses: 

Several good p o i n t s  a re  brought out  here. Ue do not  y e t  be l i eve  t h a t  we 

can d e f i n e  t h e  f l ow  system a t  t h e  H-2 s i t e .  A double po ros i t y  system i s  

appealing, bu t  an iso t ropy  needs t o  be determined and f u r t h e r  t r a c e r  t e s t s  

a long d i f f e r e n t  f l o w  paths need t o  be conducted a t  the s i t e  t o  d e f i n e  t h e  



f l o w  system. Again, we do not  be l ieve  t h a t  the hydrau l ic  conduc t i v i t y  a t  
t h e  H-2  s i t e  precludes the p o s s i b i l i t y  o r  rap id  f l u i d  movement. The 
f i n a l  r e p o r t  w i l l  include the  r e s u l t s  of add i t i ona l  t r a c e r  and anisotropy -. 

t e s t s  and respect ive mod i f i ca t i on  t o  the code developed by Grove and 

Beetem. 

Much discussion can be re la ted  t o  what value o f  po ros i t y  i s  t y p i c a l  of 

f r a c t u r e d  rock vs. porous media. A minimum of e f f o r t  has been spent on 

a c q u i r i n g  f i e l d  data through extended t r a c e r  and anisotropy t e s t s  t o  

eva lua te  and determine what these values are  and what they  mean. We hope 

t o  s o l i d i f y  our thoughts on double po ros i t y  media a f t e r  the  conclus ion o f  

our t e s t s  a t  H-6 and H-7. A t  t h i s  point ,  the number o f  d i s c r e t e  

f r a c t u r e s  and t h e i r  l oca t i ons  are not t h e  problem - n e i t h e r  i s  t h e  no t ion  

o f  k a r s t  channel domination. A macroscopic p o i n t  o f  view i s  t h e  

so lu t i on .  

The H-6 t r a c e t  r e s u l t s  c e r t a i n l y  imply t h e  ex is tence o f  both f r a c t u r e  and 

m a t r i x  f low,  a t  l e a s t  under the  f low regime se t  up by t h e  t e s t  i t s e l f .  

There i s  not necessarly a d i s p a r i t y  i n  t h e  po ros i t y  determinat ions, nor  

need t h e  d i f f e rence  be caused by l o c a l  heterogeni t ies.  

EEG Eva lua t ion :  

The response t o  t h e  anisotropy co r rec t i on  t o  t h e  Grove and Beetem model 

i s  adequate. T h e  comment regarding the ranges o f  p o r o s i t y  and 

d i s p e r s i v i t y  was not responded to. We were concerned about t h e  apparent 

efnpnasis on the l a t e  t ime data f o r  the  curve match and t h e  humps i n  t h e  

data. 

The response regarding t h e  t r a c e r  t e s t  a t  t h e  H-2 pad i s  adequate. 

Anisotropy and t r a c e r  t e s t s  should be run a t  t h e  H-2 pad. The EEG w i l l  

be w a i t i n g  f o r  r e s u l t s  from these tests.  - 
he response t o  t h e  H-6 comment i s  adequate. However, i t  should be 

po in ted  out  t h a t  zones o f  d i s c r e t e  f l o w  i t ?  a porous media i s  a 

heterogeni  ty. 

EEG Comment: (Page 38. 1 s t  para.. p. 10) 

The Safe ty  Analysis Report (page 2.6-35) i nd i ca ted  t h a t  tua  se ts  of 



j o i n t s  e x i s t  i n  the Delaware Basin. One of these sets s t r i k e s  t o  sE, 
i n  the same d i r e c t i o n  as the major component of the  t r a n s m i s s i v i t y  

tensor. Does t h i s  j o i n t  set have some re la t i onsh ip  t o  the p r i n c i p a l  axes 

o f  the t ransmiss i v i t y  tensor? What i s  the p o s s i b i l i t y  t ha t  v e r t i c a l  o r  

near v e r t i c a l  f ractures formed by the j o i n t  set could be missed by the  

d r i l l i n g  a c t i v i t i e s  and subsequently untested by the  pump t e s t i n g  

program? 

DOE Response: 

See previous discussion of p r i n c i p a l  tensor and f rac tu re  trends. The 

t e s t i n g  program would not t e s t  a set o f  non- intersect ing o r  

non-interconnected f rac tu res  by de f i n i t i on .  The fac t  t h a t  d i p p i n g  
f rac tu res  are i n te rsec ted  requi res in terconnect ion o f  even v e r t i c a l  

f r ac tu res  w i th  the borehole though the zone of in f luence has l i m i t s .  

EEG Evaluat ion: 

The f a c t  t h a t  the boreholes i n t e r s e c t  d ipping f rac tu res  should be brought 

out b e t t e r  ;n th? .report .  

EEG Comments : 

(Page 38, 2nd para. t o  Page 39, 1 s t  para.. pp. 10-11) 

The physical  s ign i f i cance o f  the  range of p o r o s i t i e s  t o  the  f o l l o w i n g  

parameters should be discussed i n  more d e t a i l :  

o t r a v e l  t imes 

o f r a c t u r e  f l ow  o r  porous m d i a  f low 

o the d i r e c t i o n a l  c h a r a c t e r i s t i c s  o f  the  p o r o s i t y  

The hyd rau l i c  c o n d u c t i v i t i e s  should a lso be discussed i n  terms o f  

f r a c t u r e  f l ow  and porous media flow. The hyd rau l i c  c o n d u c t i v i t y  values 

quoted i n  t h i s  repor t  are averaged over t h e  th ickness o f  t h e  Culebra, 

i.e.. t h e  hydrau l ic  c o n d u c t i v i t y  i s  assumed t o  be un i fo rm throughout t h e  

thickness o f  the  Culebra. I n  a f rac tu red  media, the  h y d r a u l i c  

conduc t i v i t y  i s  no t  uniform. It i s  peaked i n  a f r a c t u r e  and near zero 

ou ts ide  a f rac ture .  How would t h e  hydrau l ic  c o n d u c t i v i t y  vary throughout 

the thickness o f  the Culebra? Uhat e f f e c t  would t h i s  v a r i a t i o n  have on 

t r a v e l  t imes? 



(Page 39, 1st  para., p. 10) 
Figure 16 indicates that  flow through the H-6 s i t e  i s  i n i t i a l l y  SSE. 

However, the flow path appears t o  curve to  the southeast away from Nasn -. 
Draw. What i s  the basis for  concluding that f l o w  throuqh H-6 

reaches Nash Draw? In addition, a flow t o  the south-southeast would 

eventually have t o  turn toward the southwest i n  order t o  reach Nash Draw. 

It fur ther  appears tha t  Figure 16 may need some refinement. The f igure 

does not appear t o  have contours based on the fresh water a l t i tudes a t  

H-8, H-9 and H-10. I n  addit ion, the fresh water elevation a t  P-18 i s  

extremely low compared t o  the elevations a t  the other wells. The 
v a l i d i t y  o f  the fresh water a l t i t u d e  i s  questionable because of the low 

hydraulic conduct iv i ty a t  that  well. How does the fresh water a l t i t ude  

map change i f  fresh water a l t i tudes  a t  H-8, H-9 and H-10 are included i n  

the map construction a t  P-18 i s  eliminated? 

DOE Response: 

How hydraulic conduct iv i ty varies w i th in  the Culebra, both ve r t i ca l l y  and 

hor izontal ly,  w i l l  be a very d i f f i c u l t  study. Cores taken from and 

measurements taken w i th in  the new ven t i l a t i on  shaft w i l l  help us. I n  our 
A 

f i n a l  analysis, a va r i a t i on  o f  parameters shal l  be input t o  the f i n a l  

regional model t o  simulate a var ia t ion o f  t rave l  times under d i f f e r i n g  

conditions. 

The p o t e n t i m e t r i c  surface as shown on Figure 16 t y p i f i e s  a very 

transmissive systen approaching the WIPP from the north-east but 

encountering, i n  e f fect ,  a leaky boundary defined by the decrease i n  

hydraulic conduct iv i ty from west t o  east and probably influenced by the  

presence o f  "sa l t "  w i t h i n  the Rust ler  and lower t ransmiss iv i t ies  i n  the 

Curebra Dolomite. As the f l u x  of groundwater encounters a - less permeable 

por t ion o f  the aquifer, it res is ts  f low and takes the more plausible - 
avenue - down Nash Draw where we f i n d  t ransrnissiv i t ies much greater i n  a 

number o f  wells. Figure 16 exemplif ies the s i t e  s p e i i f i c  information 

I 
col lected on and w i t h i n  the boundaries o f  the f a c i l i t y .  The f i n a l  report  

w i l l  include a refinement o f  the data, which w i l l  include t racer  and 

anisotropy tests  at  locat ions south-east and south of the s i te.  The 

v a l i d i t y  o f  the use of f resh water a l t i tudes  based on f l u i d  density 
-. 

influenced by low conduct iv i ty  i s  also our concern. A f i n a l  Suite of 



W.L. measurements and densi ty  determinat ions w i l l  be taken and evaluated 
f o r  i nc lus ion  i n  the f i n a l  repor t .  There are no b e t t e r  estimates f o r  

discharge areas other  than near Malaga Bend or  south of Lagune Grande de 

l a  Sal. 

EEG Evaluat ion: 

Changing the  values o f  parameters i n  the f i n a l  regional t ransport  model 

i s  good. However, the purpose of the comment was t o  get some f e e l  i f  t h e  

repor ted values o f  hydrau l ic  conduct iv i ty  and poros i ty  are t y p i c a l  o r  

a t yp i ca l  o f  f r ac tu red  rock. This  does not  appear t o  have been addressed 

i n  t h e  response. 

U n t i l  the- v e r t i c a l  v a r i a t i o n  i n  hydrau l ic  conduct iv i ty  can be answered, 

the  EEG suggests t h a t  references t o  hydrau l ic  conduct iv i ty  i n  t h e  r e p o r t  

be deleted. The hydrau l ic  conduc t i v i t i es  i n  the repor t  are ca lcu la ted  by 

d i v i d i n g  the  t r a n s m i s s i v i t y  by the  aqui fer  thickness. This imp l i es  t h a t  

t h e  t r a n s m i s s i v i t y  i s  uni form over the  aqu i fe r  thickness, when, i n  fac t ,  

t h e  t r a n s m i s s i v i t y  may be concentrated i n  one o r  two f ractures.  I n  

add i t ion ,  i t may be b e t t e r  t o  use the pros i ty- th ickness product, which i s  

the number r e a l l y  est imated from the  t r a c e r  tests,  ra ther  than t h e  

ca l cu la ted  poros i ty .  

The responses t o  t h e  F igure  16 and the  H-6 f l ow  path comnents are  

adequate. 

EEG Coment: (Page 41, bottom para., pp. 11-12) 

What i s  t h e  bas i s  f o r  assuming 10 m i les  t o  the  southeast? The data are 

a l l  w i t h i n  5 m i l e s  o f  t h e  WIPP s i t e .  Most o f  the "path which would 

exceed 10 m i les "  i s  loca ted  f n  an area o f  very low hydrau l ic  c o n d u c t i v i t y  

and i n  an area o f  unknown hyd rau l i c  qradient. I n  view o f  t h e  southeast 

g rad ien t  over t h e  study area (F igure 16 o f  t h e  d r a f t  repor t ) ,  how can t h e  

rad ionuc l ides  d ischarge a t  Malaqa Bend? The d i r e c t i o n  of the  hyd rau l i c  

g rad ien t  would have t o  t u r n  southwest i n  order f o r  a rad ionuc l ide  t o  

discharge a t  Halaga Bend. At present, there  are no data t o  support 

t h i s .  Are t h e r e  o ther  discharge areas f o r  t h e  Culebra? 



DOE Response : 

See previous comments. 

EEG Evaluation: 

It i s  hoped that  the refinement of the data used t o  construct Figure 16 

w i l l  support the previous responses. 

EEG Comment: (Page 43, 1st para., p.12) 

I f  t rave l  time f o r  a non-absorbing radionuclide i n  the Culebra becomes 

greater than 40,000 years. i t  i s  possible that  the Magenta's westward 

f low from the WIPP t o  Nash Draw would provide a quicker radioact ive 

release t o  the biosphere than f l o u  i n  the Culebra? I f  so, perhaps fu tu re  
studies should concentrate on flow i n  the Magenta rather than on the 

Culebra. 

DOE Response : 

See previous comments on kgenta.  

EEG Evaluation: 

See our evaluation of your previous response t o  Magenta comments. 

EEG Comment: (Pages 44 and 45, Continuing Investigations, pp. 12-13) 

The fo l lowing are suggestions that  should be useful i n  the  continuing 

study o f  f rac tu re  f lw  i n  the Rustler: 

1. A review of aer ia l  photographs through the area defined by UIPP-29, 

WIPP-25. UIPP-33, H-6 and H-5 should be made t o  see i f  any geomrphic 

features associated wi th  e i ther  kars t  hydrology o r  f rac tu re  hydrology 

e x i s t  there .  Thermal in f rared photographs may be useful i n  l oca t i ng  

spr ings o r  shallow ground water f lowing i n  subsurface channels. This 

suggestion i s  made f o r  several reasons: 

a. Larry Barrows, i n  a presentation t o  EEG, indicated t h a t  an 

i $levated gravi ty anomaly existed I n  t h i s  area. He a t t r i bu tes  i t  

t o  a possible kars t  channel i n  t he  Culebra. 

b. A structure contour map (see Figure 1) on top o f  the Culebra was 

generated from Table 1 o f  the report. It indicates a depression 



extending through the WIPP-25, H-6, H-5 area. This depression 

may be associated w i t h  a ka rs t  channel. 

c. A f r2sh  water a l t i t u d e  map (see Figure 2 )  f o r  the  Culebra was 

constructed from the data presented i n  Table 1 of the  repor t .  

The f i gu re  ind ica tes  tha t  a ground water high i s  associated w i t h  

the depression. The ground water h igh ind ica tes  a p o t e n t i a l  f o r  

some f low t o  the west. 

If possible, the review of the a e r i a l  photographs should extend f rom 

the northern par t  of Nash Draw t o  h l a g a  Bend. 

2. The app l i ca t i on  o f  inverse techniques t o  f low i n  t h e  R u s t l e r  should 

be i n te res t ing .  For the most par t ,  inverse techniques are  i n  t h + i r  

in fancy  and are designed f o r  porous media flow, not  d i s c r e t e  flow. 

I f  it i s  decided t h a t  f r a c t u r e  f l ow  can be modeled as a porous media, 

then the inverse technique developed by Neuman and Yakowitz ("A 

S t a t i s t i c a l  Approach t o  the  Inverse Problem o f  Aqu i fe r  Hydrology, 1: 

Theory,- "Water resources research, vol . 15, no. 4, pp. 845-850. 

1979), Neuman e t  al. ( "A S t a t i s t i c a l  Approach t o  the  Inverse  Problem 

o f  Aqui fer  Hydrology, 2: Cast Study, "Water Resources Research, 

vol. 16. no. 1, pp. 33-58, 1980) and Neuman ("A S t a t i s t i c a l  Approach 

t o  the Inverse Problem o f  Aqu i fe r  Hydrology, 3: Improved So lu t i on  

Method and Added Perspective, "Water Resources Research, vo l  . 16, 

no. 2, pp. 331-346, 1980) should be t r i ed .  It appears t h a t ,  a t  

present, t h i s  i s  the only technique t h a t  has been publ ished w i t h  an 

a p p l i c a t i o n  t o  a r e a l  problem. Before t h e  inverse techniques are  

appl ied t o  the Rust ler ,  i t  should be decided whether f l o w  i n  t h e  

Culebra i s  d i sc re te  o r  porous. 

3.. It appears t h a t  any contaminat ion from a repos i to ry  breach i n  Zone I 1  

would f l ow  t o  the southeast. This i s  based on the  f l o v  paths as 

determined from F igu re  15 and F igu re  1 6  o f  the  report. The area 

southeast o f  the UIPP should be s tud ied  f u r t h e r  i n  t e r n s  of 

p ie tomet r i c  head, f l o w  d i r e c t i o n  and discharge areas. 

4. The t r a c e r  t e s t  a t  H-7 should be run  s i m i l a r l y  t o  t h e  one a t  H-6. 

This should prov ide s o m  more i n s i g h t  i n t o  the  d i r e c t i o n a l  

c h a r a c t e r i s t i c s  o f  the  po ros i t y  and t h e  areal  extent  o f  t h i s  



phenomenon. Because the hydraulic conduct iv i t ies at  H-6 and H-7 are 

almost the same, the time required to  run a t s t  a t  H-7 should he 

about the same as a t  H-6. 

I f  possible, two two-well t racer tests should be run a t  H-4 i n  order 

to  determine the poros i ty  along the major and minor components of the 

t ransmissiv i ty tensor. 

5. If i t  has not been done, the Groe and Beetm (1971) model, the Sauty 

(1980) model and the SWIFT model, if it i s  used, should be modified 

t o  account for the anisotropy of the Rustler Formation. 

DOE Response: 

Item 1.a. Bachman (1980. 1981) examined karst features extensively 

through Nash draw, along the pecos, and i n  the s i t e  area. He at t r ibuted 

the f i l l  and depression a t  WIPP 33 t o  a karst-type process by which Nash 

Draw expands* I n  &is f i e l d  work and review of aer ia l  photos, he does not 

a t t r i b u t e  geomorphic features a t  the s i t e  t o  kars t  processes. Barrows 

found anomalously low grav i ty  which he in fe rs  as due t o  removal of mass - 
by disso lu t ion (=karst). Barrows does not r e s t r i c t  kars t  t o  the Culebra - 
- i t  i s  more l i k e l y  i n  t he  gypsum un i t s  by h i s  l og  correlations. 

Item 1.h. Whether the g rav i ty  anomaly and s t ructure contour maps show 

karst  channels o r  not i s  s t i l l  speculation. Perhaps comparing these naps 

wi th  s im i la r  ones i n  regions o f  known kars t  w i l l  help somewhat. I f  the 

structure contour map does del ineate a west-east kars t  channel, it cuts 

through some of the highest t ransmiss iv i t ies  tested a t  the WIPP (WIPP 25 

and H-6), as well  as the lowest (WIPP 30 and H-5). It also trends 

pa ra l l e l  t o  the minor component d i rec t ion  of the t ransmiss iv i ty  tensor 

determined a t  H-6 and H-5; that  is, the t ransmiss iv i ty  i s  l eas t  i n  the 

d i  rect  ion  o f  the channel. - 
Item 1.c. Figure 16 w i l l  be revised as previously stated. WIPP 30 i s  

s t i l l  being monitored, and a l l  potentiometric data w i l l  be revised t o  be 

curent f o r  the in te r im report. 



Item 2. Those suggestions are wel l  taken and sha l l  be considered. 

Inverse techniques are subject t o  c r i t i c i s m ;  however, s i g n i f i c a n t  s t r i d e s  

are  being made towards u t i l i z i n g  these techniques and determining whether 

f r a c t u r e  media can be t rea ted  as porous media (Neuman, U of Arizona); C. 

Wilson, and J.8. Long, L8L). We do have the  i n s i g h t  t o  perform these 

evaluat ions i n  determining whether we are deal ing w i th  f r a c t u r e  o r  porous 

- t h e  ob jec t i ve  o f  our s i t e  spec i f i c  studies. 

I tem 3. Locations f o r  t e s t i n g  i n  the southeastern p a r t  of the s i t e  have 

been o f  some i n t e r e s t .  DOE 1 was considered, but the operat ions may have 

been unsui table f o r  t h e  conversion o f  the  hole t o  hydro test ing.  

However, t h a t  pad and borehole cont inue t o  be candidates f o r  f u r t h e r  

tes t ing .  Anisotropy t e s t s  a t  i l -9  and H-10 a r e  a l so  being considered. 

I tem 4. See repor t ,  p. 7, l a s t  l i n e ;  a l s o  p. 45. 

I tem 5. See P. 44. 

EEG Evaluat ion: 

The responses t o  I tems lb ,  l c ,  2, 3 and 5 are adequate. The response t o  

l a  i nd i ca tes  t h a t  perhaps the  Rus t l e r  Formation gypsum u n i t s  should be 

studied i n  more d e t a i l  t o  determine i f  k a r s t  channels e x i s t  i n  those 

un i t s .  Channels i n  t h e  gypsum could be a pathway f o r  rad ionuc l ide  

t ranspor t .  The response t o  I tem 4 i nd i ca tes  only  t h a t  t e s t s  w i l l  be run, 

b u t  gives no in fo rmat ion  on how they w i l l  be run. 
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EEG Comments on the USGS Dra f t  Open F i l e  Report: E v a l m t i o n  o f  Breccia Pipes 

i n  Southeastern New Mexico and The i r  Re la t i on  t o  t h e  WIPP Si te.  by R. P. 
Snyder and L. M. Gard, Jr.. USGS 

These comments are based upon a c r i t i c a l  reading o f  the  r e p o r t  and many o f  the 

references c i t e d  i n  it. The repo r t  has achieved i n  most respects, the  purpose 

o f  presen:ing " a l l  a v a i l a b l e  p e r t i n e n t  up-to-date data and analyses concerning 

t h e  ex is tence o f  b recc ia  p ipes i n  t h e  bas in  and t h e  reef,  p o t e n t i a l  f o r  f u t u r e  

b r e c c i a  p ipe  development, and t h e i r  s i g n i f i c a n c e  t o  UIPP," as requ i red  by t h e  

S t i p u l a t e d  Agreeinont between t h e  Sta te  of N. M. and DOE. I n  f a c t ,  t h e  r e p o r t  

has exceeded the requirements and expectat ions i n  many respects. h few 

recommendations t o  improve t h e  q u a l i t y  o f  t h e  r e p o r t  are g iven below. 

GENERAL COHMENTS 

Mechanics and Age o f  Formation o f  Brecc ia  Pipes Over t h e  Reef: 

The authors o f  t h i s  repo r t  have done an exce l l en t  job. i n  s tudy ing  and 

r e p o r t i n g  t h e  c h a r a c t e r i s t i c s  o f  t h e  k n o w  brecc ia  p ipes viz.  a t  H i l l s  A and 

C. T h e i r  conclusions on t h e  mechanics and age o f  formation o f  b recc ia  p ipes 

(pp. 93-1 04) are  p r i m a r i l y  based on these d e t a i l e d  studies.  

The authors have hypothesized t h a t  t h e  i n i t i a l  co l l apse  took p lace i n  a Cav i t y  

i n  t h e  Capitan l imestone w i t h  t h e  T a n s i l l  and Yates format ions dropping i n t o  

t h e  c a v i t y  u n t i l  t h e  t h i c k  beam of t h e  F le t che r  Anhydr i te  was reached. I n  t h e  

second stage, t h e  n e t c h e r  beam fa i l ed ,  r e s u l t i n 9  i n  a ca tas t roph ic  co l l apse  

o f  a l l  t h e  ove r l y i ng  format ions i n  t h i s  cav i ty .  Subsequent removal of s a l t  

from t h e  Rus t l e r  and Salad0 formations around t h e  margins o f  t h e  p ipe  resu l ted  

i n  t h e  outward-dipping beds a t  t h e  surface. 



- 
Basical ly, t h i s  appears t o  be a sound hypothesis. However, a few d i f f i c u l t i e s  
wi th i t  are l i s t e d  below. 

Neither of the two exploratory boreholes (WIPP-31 and WIPP-16) d r i l l e d  i n  

the breccia pipe H i l l s  A and C was d r i l l e d  deep enough t o  encounter the 

Capitan Reef limestone. I n  fact. UIPP-16 was d r i l l e d  only t o  the middle 
o f  Salado and the anhydrite cored a t  the bottom (1903 t o  1981 fee t )  o f  

UIPP-31. " i s  t en ta t i ve l y  assigned t o  the Fletcher h h y d r i t e "  (p. 42). 

The p robab i l i t y  Of r i g h t  conditions ex is t ing  f o r  the proposed mechanism 

appear t o  be very high a l l  over the reef. Uhy then do the four known 

breccia pipes ( H i l l s  A, 8. C and Uil ls-Usavsr) l i e  wi th in  a f ive mi le  

radius? Such l oca l i za t i on  indicates addi t ional  r e s t r i c t i v e  conditions 

which are not included i n  t h i s  hypothesis. 

The outward d ip  o f  the k s c a l e r o  Caliche beds from the known pipes (e.g. 

a t  H i l l  A) has been in terpreted t o  ind ica te  "removal o f  h a l i t e  from around 

the pipe" (p. 100). m i s  removal of n a l i  t e  has bee3 ascribed t o  a 

d isso lu t ion f r o n t  which i s  very b r i e f l y  described on p. 31. I n  the pipes 

too, h a l i t e  i s  missing from the Rustler formation. kt UWIP-31 d r i l l e d  a: 

H i l l  A, the cores show a chaotic col lapse i nvo l v i ng  the Rustler formation. - 
whereas WIPP-16 (at  H i l l  C) encountered near ly  i n tac t  Rustler formation i n  

the pipe. And yet, the h a l i t e  i s  missing f r o n  the Forty-niner and 

Tamarisk members o f  Rust ler  as found ins ide the  pipe i n  UIPP-16. Did the 

col lap=e a t  H i l l  C occurred a f t e r  the regional removal o f  s a l t  from - 
Rustler formation a t  t h i s  point? If so, how does one explain the outward 

dipping o f  t he  T r i ass i c  and younger s t ra ta  a t  H i l l  C? 

The mechanism o f  removal o f  h a l i t e  and other soluble minerals from the 

fragments o f  Salado and Rustler formations found i n  the breccia pipe a t  

H i l l  A (UIPP-31) i s  hypothesized on p. 98. It states that, fo l lowing the 

col lapse of Fletcher Anhydrite "beam", the  unsaturated w a t e r  f i l l i n g  the  

cav i t y  G u l d  be forced upwards. Later, "much o f  the h a l i t e  would be 

dissolved by t h i s  water and eventual ly the  navr saturated water would move 

downward and out through the ex i s t i ng  paths i n  the reef." It i s  not c l ea t  

how t h i s  would have occurred since the standing water implies e i ther  an 

impermeable base or a high hydraul ic head and what would cause ei ther of 

the tw  condi t ions t o  change f o r  d i sso lu t i on  of  s a l t  and removal of the  

resu l t i ng  br ine? 



- 
P o s s i b i l i t y  o f  Breccia Pipes i n  t h e  Basin 

Tr: r e p o r t  has concluded tha t ,  "know l o c a t i o n s  where deep d i s s o l u t i o n  occurs 

a23 forms s t ruc tu res  ca l l ed  breccia p ipes are l i m i t e d  t o  areas over the  b u r i e d  

Capitan Reef." In  Support of t h i s  C O ~ C ~ U S ~ O ~ ,  the  repor t  has presented t h e  

r e s u l t s  of i n v e s t i g a t i o n  of suspected brecc ia  pipes i n  the Delaware Basin and 

has shown why those features are not b recc ia  pipes. Howwer, t h e  d e s c r i p t i o n  

o f  "Kars t  domes" (p. 14) needs t o  be improved t o  c l e a r l y  show how " the  

fo rmat ion  o f  these domes i s  re la ted  t o  d i s s o l u t i o n  o f  the  so lub le  po r t i ons  o f  

t h e  un i ts . "  S i m i l a r l y ,  t h e  idea o f  "b lanket  d i sso lu t i on "  (p. 84) t o  exp la in  

t h e  fea tu res  such as a t  UIPP-32 needs t o  be described more f u l l y .  

The r e p o r t  has not  considered t h e  p o s s i b i l i t y  c f  a breccia p ipe forming a t  

depth i n  t h e  basin. A descr ip t ion .  o f  Anderson's "b r ine  dens i ty  f low"  (e.g. 

Anderson. 1980) and a discussion o f  why t h i s  mechanism i s  not  expected t o  be  

fo rming a brecc ia  p i p e  a t  depth through upward stopping. a t  the  WIPP s i t e .  

should be inc luded i n  t h i s  repor t .  The quest ion  o f  occurrence o f  b recc ia  

p ipes  i n  t h e  Delaware Basin should be addressed from a genet ic  p o i n t  o f  view. - 
using t h e  i n fo rma t ion  from other  evapor i t e  basins and s p e c i f i c  s t r a t i g r a p h i c  

and h y d r o l o g i c  in fo rmat ion  from the Delaware Basin. Not having found o w  i s  

no t  an argument aga ins t  t h e  p o t e n t i a l  presence of one. 

SPECIFIC CORHENTS 

Page 1, l a s t  sentence: This sentence, obv ious ly  added as an a f te r though t .  

does n o t  belong i n  an otherwise e x c e l l e n t  and scho la r l y  repor t ,  and should 

t h e r e f o r e  be deleted. 

Page 3, f i r s t  paragraph: Quest ions 3. 4, 5 and 7 need more d e t a i l e d  t rea tment  

i n  t h e  repo r t .  

Tab le  1, p. 6: The t a b l e  should i n c l u d e  t h e  bas in  fac ies  of t h e  Guadalupian 

s e r i e s  v i z .  t h e  Delaware Mountain Group formation. 

Page 7: A d e s c r i p t i o n  o f  t h e  Delaware Mountain Group fo rmat ion  should b e  - 
i n c l u d e d  here. 



- 
Page 9, l i n e  5: Tne "d isso lu t ion"  should be described i n  some d e t a i l  and a 

f igure showing the d isso lu t ion fronts i n  Rustler and Salado should be included 

i n  the report. 

Page 11, l i n e  4: Add "and northeast" between "southwest" and 'of". 

Page 12, l a s t  sentence: Change to. * ... showed that  two o f  then ( H i l l s  A and 

C) are d e f i n i t e l y  breccia pipes. Geophysical and geological studies show tha t  

two others ( H i l l  B and Wills-Weaver) are also most l i k e l y  breccia pipes, 

although they have not been cored. On the basis o f  geophysical work (gravi ty 

and r e s i s t i v i t y ) ,  HI11 D i s  not thought t o  be a breccia pipe.' 

Page 21 : A l i n e  or two describing the in te rp re ta t ion  w i t h  the captions would 

be he lp fu l .  For example, add t o  the caption o f  Fig. 4 " the r e s i s t i v i t y  

p r o f i l e  indicates that  t h i s  i s  not a breccia pipe." 

Fig. 9, Page 29(a): A legend and a few cross-sections w i l l  make t h i s  f igure 
-, 

more useful.  

F& 10. Page 30(a): The bottom o f  the breccia pipe should be drawn wi th  

dotted l i n e s  and question marks. 

Page 31, l a s t  sentence: The d isso lu t ion  f ronts  and t h e i r  leading edges should 

'.be show on a map. 

Page 42, l a s t  sentence: Reasons for not d r i l l i n g  through a t  least  the 

Fletcher should be out1 fned. 

Page 43, l i i i e s  12-14: h e  statement regarding the  increase i n  weight and the 

stress exceeding the rock strength needs elaboration w i t h  assumptions f o r  un i t  

weight and strength (Shear? Tensile?) f o r  the anhydrfte. 

Page 44, l a s t  sentence: The mechanf sm o f  removal o f  s a l t  from h l a d o  needs t o  

be discussed here. - 



, .- F i g .  31, p .  90, 2nd l i n e  o f  Caption: Add before (A) ,  " i n  the h l i n e  basins of - 
western Canada". 

F iq .  32, p. 9 l (a ) :  Prov ide a s t r a t i g r a p h i c  legend f o r  t h i s  f i gu re .  

Paqe 54, l a s t  sentence: The sentence s ta tes  t h a t  the  pipes a t  H i l l s  A and c 
occurred a t  widely  spaced times. On page 103, l i n e  11, t h e  statement i s  mad. 

t h a t  t h e  two p ipes formed a t  nea r l y  the  sane time. Some c l a r i f i c a t i o n  i s  

des i rab le .  

P.',;;z 92, l a s t  sentence: Why i s  i t assumed t h a t  t h e  pipes g3 down only t o  -- 
Zecnstein format ion and n o t  even lower? I s  t he re  other  evidence o f  

p r e f e r e n t i a l ,  deep-seated d i s s o l u t i o n  of s a l t  from the  Zechstein formation? 

Page 93, l i n e  1s :  T n e - t i t l e  o f  t h i s  sec t ion  inc ludes t h e  age o f  t h e  breccia - - 
pipes. Tha sect ion.  however, i s  a summary o f  e a r l i e r  work and avoids 

ass ign ing  an age t o  t h e  pipes. The sec t ion  On page 105, which deals w i th  

- poss ib le  e f fec t  on t h e  WIPP s i t e ,  mentions an age o f  400.000 - 500,000 yeers 

ago. 

P ~ g e  105: The p o s s i b i l i t y  of occurrence o f  a b recc ia  p ipe  i n  the  Basin should - 
be ctiscuss?d here. 

d' 

/ Paue 105. Poss ib le  E f f e c t  on UIPP S i t e :  The paragraphs summarizes 
wh i l e  t h s  heading o f  t h e  sec t i on  demands explanations. 

EDITORIAL COMEENTS 

b 

Page 2, l i n e  15: " r e s p o s i t o r i e s "  should bemrepos i to r ies .  

Page 2, l a s t  l i n e :  It i s  no t  c l e a r  t o  whom " to  them" and * t h e i r n  r e f e r s  to .  

Page 80, l i n e  6: "does increase' '  should be changed t o  'increases*. 



EEG Comments on Dra f t  USGS report  by Snyder 8 Gard en t i t l ed  
"Evaluation o f  Breccia Pipes i n  Southeastern New Mexico 

and t h e i r  Relation t o  the WIPP Site" 

Comments Reflecting Alternate Interpretat ions 

General coment 5.--"The outward dip o f  the Mescalero Caliche beds from the 
known pi-g. a t  H i l l  A) has been interpreted to  ind icate "removal of 
h a l i t e  from around the  pipe" (p. 100). This removal o f  h a l i t e  has been 
ascribed t o  a d isso lu t ion f ron t  which i s  very b r i e f l y  described on p. 31. 
I n  the pipes too, h a l i t e  i s  missing from the Rustler formation. A t  WIPP-31 
d r i l l e d  a t  H i l l  A, the cores show a chaotic collapse invo lv ing the Rustler 
formation, whereas WIPP-16 (a t  H i l l  C )  encountered near ly i n t a c t  Rustler 
formation i n  the pioe. And yet, the h a l i t e  i s  missing from the Forty-niner 
and Tamarisk members o f  Rustler as found inside the p ipe i n  WIPP-16. Did the 
col lapse a t  H i l l  C occur - a f t e r  the regional removal of s a l t  from Rustler 
formation a t  t h i s  po in t?  I f  so, how does one explain the outward dipping o f  
the Tr iass ic  and younger s t ra ta  a t  H i l l  C ? "  

General coment d.--"The mechanism o f  removal o f  h a l i t e  and other soluble 
minerals from t h g  fragments o f  Salado and Rustler formations found i n  the 
breccia p ipe-a t  H i l l  A (WIPP-31) i s  hypothesized on p. 98. It states that .  
fo l lowing the  col lapse o f  Fletcher Anhydrite "beam", the  unsaturated water 
f i l l i n g  the cav i t y  would be forced upwards. Later, "much o f  the h a l i t e  would 
be dissolved by t h i s  water and eventually the now saturated water would 
move downward and o u t  through the ex is t ing  paths i n  t he  reef." It is n o t  
c lear  how t h i s  would have occurred since the standing water implies e i t he r  
an impermeable base m a  high hydrualic head and what would cause e i ther  o f  
the two condit ions t o  change fo r  d isso lu t ion o f  s a l t  and removal o f  the 
resu l t i ng  br ine?" 

P o s s i b i l i t y  o f  Breccia Pipes i n  the Basin 

"The repor t  has n o t  considered the p o s s i b i l i t y  o f  a breccia pipe forming a t  
depth i n  the  basin. A descr ipt ion of 'Anderson's "br ine density flow" 
(e.g. Anderson. 1980) and a discussion o f  why t h i s  mechanism i s  not  expected 
t o  be forming a breccia p ipe a t  depth through upward stopping, a t  the WlPP 
s i te ,  should be included i n  t h i s  report. The question o f  occurrence o f  breccia 
pipes i n  the Delaware Basin should be addressed from a genetic po in t  o f  view. 
using the  informat ion from other evaporite basins and spec i f ic  s t ra t ig raph ic  
and hydrologic informat ion from the Delaware Basin. Not having found one i s  
no t  an argument against t he  potent ia l  presence o f  one." 

RESPONSE.- he USGS has considered a wide range o f  in terpretat ions,  perhaps 
including the  above, w i t h i n  t h e i r  peer review and approval system. The 
in te rp re ta t ions  presented are the ones they feel best explain the mechanisms 
involved. They suggest t h a t  a1 ternates may be presented i n  technical journals 
w i t h  wide s c i e n t i f i c  forums, i f  s u f f i c i e n t  reasons ex is t .  



Comments which deal with previous work 

"Poss ib i l i ty  of Breccia Pipes in the Basin 

The report  has concluded that ,  "known locations where deep dissolution occurs 
and forms s t ructures  called breccia pipes are limited t o  areas over the buried 
Capitan Reef." In support of t h i s  conclusion, the report has presented the 
r e su l t s  of investigation of suspected breccia pipes in the Delaware Basin and 
has shown why those features are not breccia pipes. However, t he  description 
of "Karst domes" (p. 14) needs t o  be improved to clearly show how "the 
formation of these domes i s  related t o  dissolution of the soluble portions of 
the units." Similarly, the  idea of "blanket dissolution" (p. 84) t o  explain 
the  features  such as a t  WIPP-32 needs t o  be described more ful ly ."  

"Paqe 92, l a s t  sentence: Why i s  i t  assumed tha t  the pipes go down only t o  
Zechstein formation and not even lower? Is  there other evidence of preferential .  
deep-seated dissolution of s a l t  from the  Zechstein formation?" 

"Paqe 93, l i ne  15: The t i t l e  of t h i s  section includes the age of the  breccia 
pipes. The section,  however, is a summary of e a r l i e r  work and avoids assigning 
an age t o  the-pipes.  The section on page 105, which deals with possible e f f ec t  
on the  WIPP site,  mentions an age of 400,000 - 500,000 years ago." 

RESPONSE.--The comments are directed toward questions on previous work which 
is accepted and credited for  t h i s  report. This is not the proper forum for  
t h e i r  discussion. 



Comments which would require additional studies 

General comment b.--"The probabil i ty of r igh t  conditions exis t ing for the 
proposed mechanism appear t o  be very high a l l  over the reef .  Why then do 
the  four known breccia pipes (Hil ls  A. 8, C and wills-Weaver) l i e  within 
a f ive  mile radius? Such localization indicates addi t j  anal r e s t r i c t i ve  
conditions which are not included i n  this  hypothesis." 

"Paqe 42, l a s t  sentence: Reasons 
Fletcher should be outlined." 

fo r  no t  d r i l l i n g  through a t  l e a s t  the 

"Page 105. The poss ib i l i ty  of occurrence of a breccia pipe i n  the Basin 
should be discussed here." 

RESPONSE.--The above cornments a re  not central  t o  the question of f a c i l i t y  
in tegr i ty ,  nor t o  the  i n t en t  of the  report. Perhaps other  agencies or  
enti t i e s  would be i n t e r e s t e d  i n  funding t h e i r  pursuit. 



Comments which would r e q u i r e  a d d i t i o n a l  s t u d i e s  

Genera l  comment b.--"The p r o b a b i l i t y  o f  r i g h t  c o n d i t i o n s  e x i s t i n g  f o r  t h e  
p roposed  rnechaniFrn a p p e a r  t o  b e  v e r y  h i g h  a l l  o v e r  the  reef. Why t h e n  do 
t h e  f o u r  known b r e c c i a  p i p e s  ( H i l l s  A ,  B ,  C and Wil l s -Weaver)  l i e  w i t h i n  
a f i v e  mile r a d i u s ?  Such l o c a l i z a t i o n  i n d i c a t e s  a d d i t i o n a l  r e s t r i c t i v e  
c o n d i t i o n s  which a r e  n o t  i n c l u d e d  i n  t h i s  h y p o t h e s i s . "  

"Paqe  42, last  s e n t e n c e :  Reasons  f o r  n o t  d r i l l i n g  t h r o u g h  a t  l e a s t  t h e  
F l e t c h e r  s h o u l d  b e  o u t l i n e d . "  

"Page 105. The p o s s i b i l i t y  o f  o c c u r r e n c e  o f  a b r e c c i a  p i p e  i n  t h e  Bas in  
s h o u l d  b e  d i s c u s s e d  here ."  

RESPONSE.--The above  comnents  are n o t  c e n t r a l  t o  t h e  q u e s t i o n  o f  f a c i l i t y  
i n t e g r i t y ,  n o r  t o  t h e  i n t e n t  o f  t h e  r e p o r t .  P e r h a p s  o t h e r  a g e n c i e s  o r  
e n t i t i e s  would b e  i n t e r e s t e d  i n  f u n d i n g  t h e i r  p u r s u i t .  



Comments t o  be considered i n  l a t e r  USGS Publications 

Speci f i  c Comments 

"Paqe 3, f i r s t  paragraph: Questions 3, 4, 5 and 7 need more detai led 
treatment i n  the report." 

"Paqe 9, l i n e  5: The "dissolut ion" should be described i n  some de ta i l  
and a f i gu re  showing the d isso lu t ion f ronts  i n  Rustler and Salado should be 
included i n  the report." 

"Page 11, l i n e  4: Add "and northeast" between Ysouthwest" and "of"." 

"?aqe 12, l a s t  sentence: Change to, "...showed that  two o f  them 
( H i l l s  A and C) are d e f i n i t e l y  breccia pipes. Geophysical and geological 
studies show t h a t  two others ( H i l l  B and Wills-Ueaver) are also most l i k e l y  
breccia pipes, although they have not  been cored. on-the basis o f  geophys~cal 
work (g rav i t y  and r e s i s t i v i t y ) .  H i l l  D i s  not  thought t o  be a breccia pipe." 

"Paqe 31, l a s t  sentence: The d isso lu t ion f ronts  and t h e i r  leading edges 
should be shown on a map." 

"Paqe 43, l i n e s  12-14: The statement regarding the increase i n  weight and 
the s t ress exceeding the  rock strength needs elaboration w i th  assumptions 
for u n i t  weight and strength (Shear? Tensile?) f o r  the anhydrite." - 
"Paqe 44, l a s t  sentence: The mechanism o f  removal o f  s a l t  f r o m  Salado needs 
t o  be discussed here." 

"Paqe 54, l a s t  sentence: The sentence states t h a t  the pipes a t  H i l l s  
A and C occurred a t  widely spaced times. On page 103, l i n e  11, the statement 
i s  made t h a t  the  two formed a t  near ly the-same time. ~ o i e  c l a r i f i c a t i o n  
i s  desirable." 

RESPONSE.--A11 o f  these connents deal w i t h  a request f o r  more information, 
or, addi t ional  thoughts t o  consider which are no t  central  t o  the  purpose o f  
determining the  importance o f  breccia pipes t o  the i n t e g r i t y  o f  the f a c i l i t y .  
These inon proper ly belong i n  the  realm of s c i e n t i f i c  inqu i ry  and we 
understand the USGS i s  preparing a report  i n  t h e i r  C i rcu lar  ser ies which w i l l  
t r e a t  tkese questions. 



Comments which are p r i m a r i l y  e d i t o r i a l  i n  nature 

General comnent &.--"Neither o f  the  two exploratory boreholes (WIPP-31 and 
WIPP-16) d r i l l e d  i n  t h e  breccia p ipe H i l l s  A and C was d r i l l e d  deep enough 
t o  encounter the Capitan limestone. I n  f ac t ,  WIPP-16 was d r i l l e d  only t o  the  
middle o f  Salado and t h e  anydr i te  cored a t  the  bottom (1903 t o  1981 feet)  of 
WIPP-31, " i s  t e n t a t i v e l y  assigned t o  the  Fletcher  Anhydri te" (p. 42)." 

"Paqe 1, l a s t  sentence: This sentence, obviously added as an af ter thought .  
does n o t  belong i n  an otherwise exce l len t  and scho lar ly  repor t ,  and should 
t h e r e f o r e  be deleted." 

"Table 1, p. 6: The t a b l e  should inc lude the  basin fac ies  o f  the  Guadalupian 
s e r i e s  v iz .  t h e  Delaware Mountain Group formation." 

"Page 7: A desc r ip t i on  o f  t h e  Delaware biountain Group formation should be 
i nc luded  here. " 

"Paqe 21: A l i n e  o r  two descr ib ing  the  i n t e r p r e t a t i o n  w i t h  t h e  capt ions 
would be h e l p f u l .  For  example, add t o  the  capt ion o f  Fig. 4 " the r e s i s t i v i t y  
p r o f i l e  i n d i c a t e s  t h a t  t h i s  i s  n o t  a breccia pipe." 

"Fiq. 9, page 29(a'): A legend and a few cross-sect ions w i l l  make t h i s  
f i g u r e  more use fu l  ." 
"Fiq.  10, paqe 30(a): The bottom o f  t h e  breccia p ipe  should be drawn w i t h  
d o t t e d  l i n e s  and quest ion marks." 

"Fiq. 31, p. 90, 2nd l i n e  o f  capt ion:  Add before (A), " i n  t h e  Sal ine 
basins o f  western Canada"." 

'Fiq. 32, p. 91(21: Provide a s t r a t i g r a p h i c  legend fo r  t h i s  f igure."  

"Page 105: Possib le E f f e c t  on WIPP Si te:  The paragraphs summarizes observat ions 
w h i l e  t h e  heading o f  t h e  sec t i on  demands explanations." 

"EDITORIAL COMMENTS 

"Page 2, l i n e  15: " respos i to r ies"  should be " reposi tor ies."  

"Paqe 2, l a s t  l i n e :  It i s  n o t  c l e a r  t o  whom " t o  them" and " t h e i r "  r e f e r s  to." 

"Paqe 80, l i n e  6: "does increase" should be changed t o  "increases"." 

RESPONSE.--We be l i eve  you w i l l  ' f i n d  t h a t  most o f  these were c leared up 
i n  t h e  f i n a l ,  approved vers ion o f  t h e  repor t .  Those which were n o t  a re  
p r i n c i p a l l y  a mat te r  o f  e d i t o r i a l  s t y l e  o f  the  USGS. I n c i d e n t a l l y  UIPP-16 
was bottomed i n  t h e  Rust ler,  n o t  t h e  Salado. 
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Enclosed are our review comments on t h e  d r a f t  o f  "Br ine Reservoi rs  i n  t h e  
C a s t i l e  Formation, Southeastgrn New Mexico" (TIME-3153). Appropr iate personnel 
from EEG would be happy t o  meet again w i t h  t h e  authors o f  t h i s  repor t ,  i f  
f u r t h e r  c l a r i f i c a t i o n s  o f  our comments are desired. Ue h i l l  look forward t o  
hear ing you r  response t o  these comments. 
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EEG Review Comments on the d r a f t  o f  "Brine Reservoirs 

i n  the Cast i le  Formation, Southeastern New Mexico" (TME-31531 

INTRODUCTION 

These review comments are based upon a c r i t i c a l  reading o f  the report and 

many of the references c i t e d  i n  the report. The report was evaluated t o  

i 2e  whether i t  has achieved i t s  stated purpose OF determining "the 

character is t ics  and o r i g i n  of these reservoirs and evaluate t h e i r  poten- 

t i a l  impact on the i n t e g r i t y  and s t a b i l i t y  of the HIPP s i t e "  (Executive 

Summary, p. 2, TME-3153), and whether the conclusions are supported by 

observed facts, expe~iments and analyses. 

The comments are divided under the categories of Geology, Hydrology and 

Chemistry, fo l lowing the organization o f  the subject report. 

GENERAL COMMENTS 

1. GEOLOGY 

Location o f  the  Br ine 

It should be real ized a t  the outset tha t  each borehole which 

encountered b r ine  i n  the Cas t i le  formation d i d  not necessari ly 

encounter a separate "reservoir," unless i t can be so proven on the 

basis of geology, geohydrology o r  geochemistry. 

I t  i s  accepted that there are t h i r t een  reported encounters of pres- 

surized b r ine  i n  the Cas t i l e  formation i n  the northern Delaware Basin 

(12 shown on Fig. G-11 p lus  "H and W Danford Well No. 1" i n  Sec. 9, T 

225, R 2 9 5  see EEG-7, p. 66). I n  addition, there are "numerous re- 

por ts  o f  small b r ine  occurrences w i th  sub-artesian heads i n  other 

par ts  of the basin" which suggests " a f a i r l y  uniform d i s t r i b u t i o n  of 

f l u i d  throughout the Cast i le"  (subject Report, p. 6-41 ). 



Previous DOE documents (e.g. TME-3080) stated that brine i s  res t r i c ted  

ill a 6 m i le  wide "deformation f ront"  which borders the buried Capitan - 
Reef t o  the south. The subject document has extended t h i s  zone t o  

"s ix  t o  tve lve miles" (p. 6-37), presumably t o  include the 

Belco-Hudson and WIPP-12 encounters. There doesn't appear t o  be any 

s c i e n t i f i c  reason f o r  drawing these boundaries, because i f  a fu tu re  

wel l  encounters brine, say. 15 mi les way from the reef, the boundary 

would have t o  be extended further. I n  any case, the twelve mi le  zone 

covers the  e n t i r e  WIPP s i t e  and therefore i t i s  d i f f i c u l t  t o  see any 

s ign i f i cance  i n  t h i s  a r b i t r a r y  exclusion. 

Concerning the b r ine  encounters that  d id  not flow, t o  the surface, t h e  

report  states that .  "none are located i n  the area covered by Figure 

6-11'' (p. 6-37). It i s  impossible t o  make a statement l i k e  th is ,  

since m s t  ro tary  d r i l l i n g  operators f o r  deep hydrocarbon wells would 

not repor t  j r i n e  encount l r  i n  Cast i le  unless it created a problem f o r  

them. 

S t ra t ig raph ic  and S t ruc tu ra l  Control o f  Br ine Encounters - 
Pressurized b r i ne  has been found i n  Anhydrite-I11 u n i t  o f  Cas t i le  i n  

every reported case. There i s  sane question about ERDA-6 where R. Y. 

Anderson and C. L. Jones interpreted the upper Anhydrite layer  where 

b r ine  was found as A - I 1  on the basis of visual charcter is t ics .  It i s  

however, very l i k e l y ,  t h a t  t h i s  anhydrite was A - I 1 1  a lso (Powers, per-  

sonal communication). ~~ 

While i t i s  probably t r u e  t h a t  m s t  pressurized b r i ne  encounters are 

re la ted  t o  a t  l eas t  some st ructura l  disturbance. F igure 6-11 does n o t  

show it. Br ine occurrence numbers 1, 2,  3. 4. 5, 6 and 9 (Fig. 6-11) 

do not  -seem t o  be re la ted  t o  any s t r u c t w e  a t  a1 1. According t o  

Snyder (personal communication) t he  s t ructure contour map of Fig. 6-11 

was prepared by C. L. Jones as a very prel iminary map. EEG recomends 

t h a t  the  f i n a l  version o f  t h i s  report should have a map prepared by 

using the  up-to-date borehole information as wel l  as the seismic data 

such as shown i n  Barrows' map (Fig. 6-1 2). 



The statement, "Examination of structures i n  F ig .  G-6 reveals tha t  

deformation i s  mainly confined to  the Cast i le foraatiorl...the 

under ly ing Delaware Mountain Group does not appear t o  be widely 

involved i n  the structures under discussion" (p. 6-39) i s  based on a 

misleading drawing of WIPP-12, ERDA-6 and ERDA-9 boreholes i n  Fig. 

G-6. H o w  can one use a borehole t o  correlate horizons below i t s  t o t a l  

depth? Only UIPP-12, ERDA-6 and AEC-7 show structures ' in Castile. 

WIPP-12 and ERDA-6 stopped short o f  the Bel l  Canyon and AEC-7 d id  no t  

penetrate deep enough t o  show the structure i n  Bel l  Canyon. 

The Age o f  Oeiomation 

"Between l a t e  Permian and Pleistoceneu (p. 6-2) i s  indeed the widest 

poss ib le  "bracket" f o r  the age of deformation. Anderson and Powers 

(1978) concluded that  "the s a l t  structure ( i n  ERDA-6) i s  in fe r red  as 

post-microfolding." K i  rkland and Anderson (1 970) showed tha t  

microfo ld i r ig  i n  the basin fol lows Cenozoic structural  trends, which 

resu l ted  from the  u p l i f t  and t i l t i n g  of the basin i n  ear ly  t o  

mid-Cenozoic time (King, 1948), o r  i n  l a t e  Cenozoic (Pliocene) 

according t o  TME-3153 (p. 6-9). 

The subject  report concludes, "The most l i k e l y  mechanism i s  formation 

dur ing o r  immediately a f te r  deposition as a resu l t  of slumping and 

f low, although tectonic stresses cannot be m led  out." (p. 6-23). The 

only reference c i t e d  i n  support o f  t h i s  conclusion i s  a paper by R i l ey  

and Byrne (1961 )-p. 6-22. Enclosed i s  a copy of two f igures from t h i s  

paper showing photographs o f  structures created by p i l i n g  three layers 

o f  d i f f e r e n t  density materials (Fig. 1). O f  course some flowage and 

some deformation i s  seen, resu l t i ng  from density contrasts. Ramberg 

(1963, 1967, 1968) has developed an elaborate theory of 

gravi ty--control led tectonics based on such experiments. However, t he  

C a s t i l e  microstructures have resul ted from tectonic stresses during 

1 a te  Cenozoi c, because they are basin-wide, shw close re la t ionsh ip  

w i t h  mgafo lds  and the microfold axes generally para l le l  the  trend of 

Cenozoic tectonism Sn the area (Kirkland and Anderson, 1970). The 

repor t  almost cor rec t l y  summarizes the discussion on the age of 

defornation, "by concluding tha t  the deformation i s  probably Cenozoic, 



and could have occurred between 25 t o  1 m i l l i o n  years ago" (p. G-43). A 

t h i s  implies that  the postulat ion, "the s a l t  structures developed i n  

response t o  the l a tes t  stage'of basinal t i l t i n g  i n  l a t e  Pliocene t o  

ear ly  Pleistocene time" (p. 6-43) i s  accepted, Since the Pliocene 

began 7 m i l l i o n  years ago, the "bracket" should be 7 t o  1 m i l l i o n  

years. 

I n  t h i s  connection, Kirk land and Anderson (1970) i s  wrongly 

c i t e d  on p. G-48--this paper re jec ts  "syndepositional movement" as the  

cause o f  micraiolds. 

Br ine Reservoir Formation 

A mechanism f o r  the formation o f  b r ine  reservoirs i s  discussed on page 

6-44 t o  G-47 of the subject report. Conceptually, the postulated 

model o f  producing fractures i n  anhydrite by the upward movement o f  

the underlying sa l t ,  appears acceptable. However, the discussion 

should be expanded t o  explain the  fo l lowing points. 

1. How t h i s  would happen mechanically by using average reported 

values f o r  the  t ens i l o  strength o f  anhydrite and the  expected 

values o f  t ens i l e  stresses generated by underlying s a l t  f low. 

2. How were the " typ ica l  average elongations f o r  the s t ructures 

around WIPP-12 and ERDA-6" calculated (p. G-44). 

3. The postulated mechanism would open the f ractures i n  an anhydr i te 

a t  the upper surface. Almost a l l  the b r i ne  f i l l e d  f ractures have 

been encountered i n  t h e  lower p a r t  o f  anhydrite-XI1 layer. The 

explanation tha t  these holes are probably on the  f lanks  o f  

s t ructures (p. 6-46) does not s a t i s f a c t o r i l y  exp la in  t h i s  

cont rad ic t ion since both WIPP-12 (Fig. 6-12) and ERDA-6 (Fig. 

G-I?) appear t o  be i n  the c res t  area of the  domal structures. 

Pressur izat ion o f  Br ine Reservoirs 

The theory o f  df latancy (p. 6-47) does not  appear to provide a 

reasonable explanation f o r  the di f ferences i n  reservo i r  pressures i n  

ERDA-6 and WIPP-12. Using the t i d a l  e f f i c i e n c y  (T.E.) from 

groundwater hydrology (see Ualton, 1970), the  theore t i ca l  reservo i r  

pressures due t o  a thickness o f  overburden can be calculated. The 



t i d a l  ef f ic iency,  i n  general terms, i s  a measure of the a b i l i t y  of the 

reservoir  rock t o  transfer a pressure change outside the reservoir  t o  

the reservoir  f lu id .  The t i d a l  e f f ic iency can be defined by 

where u = compressibi l i ty  of the reservoir  rock 

B = compressibi l i ty o f  water 

+ = porosi ty 

B i s  4.4 x lo-'' pa-' and the range of a given i n  TME 31 53 i s  

2.9 x lo-' pa-' - < a - < 1.45 x lo-' pa-1. 

For a range of porosi ty of 0.1 t o  10 percent, the t i d a l  e f f i c i ency  

var ies from 1.000 t o  0.985. The calculated reservoir  pressures i n  a 

p a r t i c u l a r  reservoir  d i f f e r  by less than 50 psi  f o r  the  range of 

poros i ty  above. This indicates t ha t  increased porosi ty due t o  

f r ac tu r i ng  w i l l  have l i t t l e  e f f e c t  on the reservoir  pressure. W. 

Weart, a t  the February 15, 1983 quar ter ly  Meeting between DOE and EEG 

mentioned somo prel iminary m d e l  studies a t  Sandi a National Labs tha t  

i nd i ca te  rock movement and f rac tu re  closure as a possible 

r e ~ r e s s u r i z a t i o n  mechanism. 

The d i la tancy theory works wel l  i n  the f ractured metamorphic rocks 

c i t e d  i n  McNaughton (1953). I f  the rock compressibi l i ty  i s  1 x 10"' 

pa-' (w i th in  the range o f  sound rock and jo in ted rock as given i n  

Freeze and Cherry, 1979) the calculated pressure d i f ference a t  

WIPP-12, f o r  example, i s  850 ps i  f o r  a porosity va r i a t i on  of 0.1 t o  10 

percent. 

The anhydrite compressibi l i ty  i s  not i n  the range n e c e s s a j  t o  invoke 

the  d i la tancy theory. A much more l i k e l y  explanation f o r  t he  pressure 

di f ferences i s  b r ine  migration. The above connnents are presented i n  



greater d e t a i l  i n  an upcoming EEG report. 

Geoloqic Evidence o f  Br ine Origin 

The discussion under t h i s  heading i n  the subject report  (pp.  G-48, 49) 

can be summarized as follows. 

1. Small quant i t ies  o f  f l u i ds  which may have been present i n  the rock 

matr ix  may be trapped i n t e r s t i t i a l l y  or wi th in  grains. (No 

quan t i t a t i ve  values of assumed o r i g i na l  amount o f  f l u i d s  and loss 

dur ing compaction and diagenesis have been presented t o  reach t h i s  

conclusion). 

2. Gypsum dehydration would explain the o r i g i n  of water i n  the brine, 

but " the evidence f o r  primary gypsum i s  not compel l ing,  a1 though 

dehydration waters cannot be ru led out as a minor source o f  br ine - 
reservoi r  f 1 uid" (p. 6-49). 

3. "Groundwater o r  meteoric water does not appear t o  be a p laus ib le  

f l u i d  source a t  WIPP-12, based on the l a &  of evidence o f  

d i sso lu t i on  features and the t i g h t  contacts observed' (p. 6-49). 

This l i n e  o f  reasoning does not take i n t o  account the p o s s i b i l i t y  

o f  b r i ne  migrat ion t o  i t s  present locat ion a f t e r  i t s  formation 
- 

e l  sewhere. 

The "evidence" presented under t h i s  section i s  mostly negative. What 

i s  t h e  geologic evidence of b r ine  o r ig in?  - 
2. HYDROLOGY 

Reservoir Pressure 

The subject repor t  uses the " fac tu  o f  the reservo i r  pressures being 

d i f f e r e n t  from each other as a strong argument favor ing the lack o f  

interconnect ion b e t m m  d i f f e r e n t  encounters o f  b r i n e  i n  t he  Cas t i l e  

formation (pp. H-1 . H-36, H-55, H-56). Table H-1 l i s t s  12 pressurized 

b r ine  encounters w i th  measured o r  estimated "formation pressure." 

Only 4 o f  the 12 pressures (ERDA-6, WIPP-12. Belco and Gul f  Covington) 

were measured; the  r e s t  were estimated by using the  pressure o f  the 

d r i l l i n g  m d  necessary t o  stop :?e b r ine  f low i n  the  well. There are 

so many p o s s i b i l i t i e s  o f  e r ro rs  i n  the estimated pressures t h a t  these 



should be completely ignored. Among the 4 measured pressures, the 

dif ferences are not  significant--ERDA-6 and Belco had 2060 psig and 

2075 ps ig  respectively, Gulf Covington reported 1972 psig wi th  

con f l i c t i ng  data f o r  the i n i t i a l  f l ov  rate and UIPP-12 measured 1828 

ps ig  pressure. Using t h i s  data, i t  i s  d i f f i c u l t  t o  see how one can 

reach to  conclusions l i k e .  "The persistence of high and d i f f e ren t  

hydraul ic heads i n  the  Cast i le brine reservoirs over m i l l i ons  of years 

i s  the p r inc ipa l  evidence f o r  t he i r  isolation." (p. H-1 ). 

The maximum pressures f o r  wells ERDA-5 and UIPP-12 are given i n  t e r m  

o f  wellhead pressure and reservoir  pressure. Using the two pressures 

f o r  each well  and the depth t o  the reservoir,  (p. H-44, H-51) the  

f l u i d  pressure gradient i s  .calculated t o  be 0.537 p s i / f t .  f o r  each 

well  (p. H-39). The average f l u i d  pressure gradient f ra the  

D'Appo1oni.a Data .F i le  Report i s  0.533 p s i / f t  f o r  ERDA-6 and 0.538 

p s i / f t  f o r  WIPP-12. Why are the pressure gradients used i n  t h e  

analyses d i f f e ren t  from the measured data? 

I n  ERDA-6, the d i f f e r e n t  hydraulic pressure gradients a f f ec t  an 11 psi 

d i f ference i n  the  maximum wellhead pressure from 61 5 ps ig  a t  0.533 

p s i j f t  t o  604 ps ig  a t  0.537 ps i / f t .  

The t o t a l  reservo i r  volume estimates are dependent on the  t o t a l  

pressure deplet lon and as such are highly suspect. For example, the 

wel l  head pressure i n  ERDA-6 as of 1/5/83 was 552.5 ps ig  and i s  s t i l l  

r is ing.  A Horner p l o t  extrapolat ion (Fig. 3 attached) ind icates the 

pressure could go as h igh as 615 psig. I f  the f l u i d  pressure gradient 

were 0.533 ps i / f t ,  then the maximum wellhead pressure would be 615 

psig. The t o t a l  pressure depletion w u l d  then be zero and the  t o t a l  

reservo i r  volume i n f i n i t e !  

The use o f  the maximum reservo i r  pressure o f  604 psig versus 615 ps ig  

could make a large d i f ference i n  the t o t a l  reservoir  volume 

ca lcu la t ion  especia l ly  as the pressure i n  ERDA-6 continues t o  

increase. 



What i s  the basis for  the statement tha t  the Cast i le br ine reservoirs - 
have maintained t h e i r  hydraulic heads over m i l l i ons  o f  years (p. H-1, 
M-38, H-39)? The elevation of the reservo i r  r e l a t i ve  t o  sea leve l  has 

changed over "mi l l ions of years" and so has the hydrology o f  the area. 

Vol ume and Interconnection 

The volume of b r ine  reservoir encountered by WIPP-12 has been 

calculated t o  be 20 m i l l i o n  barre ls  (p. H-52). Even i f  the reservo i r  

i s  assumed t o  extend through one-half o f  the 31 7 f ee t  thickness of 

Anhydrite-111, the b r ine  would be found underlying an area o f  140 

m i l l i o n  square fee t  o r  more than 5 square mile. The actual extent of 

the b r ine  i s  probably several times t h i s  area, since it i s  u n r e a l i s t i c  

t o  assume tha t  the b r ine  f i l l s  the e n t i r e  lower-half of the anhydr i te 

layer  a t  a uniform porosi ty o f  0.5%. 

The volume o f  ERDA-6 b r ine  has been calculated t o  be a t  l e a s t  440.000 -- 
bbl. (p. H-46). Since t h i s  ca lcu la t ion  was based on a pressure 

deplet ion o f  75 psi and the pressure recovery through January 5, 1983 - 
reached 553 p s i g  (which i s  equal t o  51 ps i  pressure depletfon), the 

volume o f  the b r ine  reservoir  intercepted by ERDA-6 i s  most l i k e l y  

E ~ i h  larger. 

The attempts t o  corre la te  the volume calculated from f low t e s t s  w i th  

the "antiforms" presume the l o c a l i z a t i o n  o f .  b r ine  w i t h i n  such 

structures. This attempt i s  meaningless since the  s t ructures are not 

wel l  defined. I n  the case o f  ERDA-6, the s t ruc tu re  based on a very 

sparse borehole data (Fig. G-11) i s  used (p. H-47). I n  the  case o f  

WIPP-12 the  s t ruc tu re  interpreted from a seismic tine s t ruc tu re  map i s  

used (Dg. 6-12, p. H-53). The ERDA-6 s t ruc tu re  i s  t oo  l a rge  f o r  the  

ca lcu la ted b r i ne  volume (p. H-47) and the UIPP-12 s t ruc tu re  i s  too 

small (p. H-53). 

The resu l t s  of interference t e s t i n g  (p. H-37) are inconclusive because 

the time o f  t e s t i n g  and observation was not s u f f i c i e n t  for  the  

distance between wells. ERDA-6 i s  about 23,000 fee t  away from UIPP-12 - 
and the Dressure resDonse i n  the former due t o  pumping from the l a t t e r  



would take much longer than three weeks (Fig. H-13). Both ERDA-6 and 
WIPP-12 showed sustained recovery a f te r  one year of shut-in, and t h i s  

recovery i s  probably generated from wi th in  a radius of inf luence of 

less than 5000 f t .  

Simi lar ly,  AEC-7 i s  10,000 ft. from ERDA-6 and the pressure response 

i n  tha t  wel l  was monitored f o r  less than two months. Even i f  the 

tes t s  and the monitoring had continued f o r  a long time, the response 

due t o  interference would be extremely small considering the large 

distances. 

Analysis o f  Flow Tests 

A l l  the  known methods of analysis of flow t e s t  data are l i s t e d  on pp. 

H-18 and H-19, ye t  only t he  Horner s t ra ight  l i n e  method i s  ac tua l l y  

used. The explanation o f  why the other methods were unsuitable has 

been provided i n  10 pages (H-19 t o  H-28). The general explanation i s  

t h a t  one o r  more of the theoret ica l  assumptions were violated. The 

assumptions are no less v io la ted  i n  Horner's method than i n  others. 

A l l  t he  resu l ts  should be presented anyway--even i n  an appendix. 

I f  a l l  the data i s  not used, there i s  a p o s s i b i l i t y  o f  b iasing the 

resu l ts .  The expression "highest qua l i t y  data" i s  used on pages H-41, 

H-42 and H-43. It seems m r e  apmpriate t o  use a l l  t he  data and 

present the results. I f  the data i s  poor, the resu l t s  could be 

labeled as questionable. A range o f  values i s  more useful than a 

single, ca re fu l l y  chosen, value. 

Migrat ion o f  Br ine 

The conclusion (p. H-59) t h a t  present reservo i r  pressures are less 

than l i t h o s t a t i c  because o f  b r ine  f low i n t o  fractures, appears t o  be 

incorrect .  Calculat ions o f  the l i t h o s t a t i c  pressure by EEG i nd i ca te  a 

minimum depressurization o f  the  ERDA-6 b r lne  o f  500 ps i  and o f  t he  

WIPP-12 b r i ne  of 1000 psi .  These estimates are considered minimum 

because the present overburden thickness was used and not  a 

pre-erosional value. I n  addit ion, the  overburden was assumed t o  be 

pure ha1 i te .  U i  t h i n  the  range of formation compress1 b i l  i t i e s  measured 



f o r  the anhydrite, the var ia t ion  of porosity of 0.1 to  10 percent 

caused only a 50 psi dif ference i n  the calculated l i t h o s t a t i c  

pressure. 

Therefore i t  appears un l i ke l y  tha t  the reduction of ancient reservoir  

pressure t o  the present leve l  i s  due t o  increased porosi ty from 

f ractur ing.  A more reasonable explanation i s  that  some f l u i d  has 

migrated t o  an area of lower potent ia l .  As the calculated l i t h o s t a t i c  

pressure i n  UIPP-12 i s  greater than ERDA-6, the  WIPP-12 may be more 

mobile. This would appear t o  be supported by .the observation that  

UIPP-12 encountered b r i ne  i n  clean, smooth fractures while a 

recrysta l l ized,  brecciated zone held the b r ine  i n  EROA-6 (p. G-35). 

Other b r ine  occurrences o f  much lower pressure (p. G-37) may represent 

areas where the b r ine  migrat ion i s  a t  a more advanced stage. 

3. CHEMISTRY 

Samples (Page C-8, Sec. 3.1 

D'Appolonia describes the  ra t i ona le  and techniques for  b r ine  sampling 

very adequately and thoroughly. However, w i t h  the excetion o f  some 

data repor t ing  tab les and f igures (Table C-2, C-5, C-6, C-7 and 

a n c i l l a r y  Figures) which i nd i ca te  averages, and var iat ion,  there i s  a 

d i s t i n c t  absence of more r igorous s t a t i s t i c a l  evaluati.ons. Pnalysi s 

o f  variance (F-test) and student's t - tes ts  would provide a c learer  

i n d i c a t i o n  o f  the re l iance  which may be placed on cer ta in  sample 

populat ion sets (e.g., Flow Test-3 versus Flow Test-2, etc.) and t h e i r  

respect ive subsets (downhole versus flowed sample). Such addi t ional  

t e s t s  would appear t o  be eas i l y  performed, given the d e t a i l  w i th  which 

D'Appolonia has assembled t h e i r  basic data. - 
Evaluat ion o f  Mineral Saturat ion (§Page C-12/13; Sec. 3.3.2) 

The use o f  saturat ion ind ices as a means o f  p red ic t ing  the  dsgree t o  

which a so lu t ion  i s  a t  (or  near) thermodynamic equi l ibr ium w i t h  i t s  

host rock sol  i d  phase i s  a useful tool. Tables C.3 and C.4 provide a 

.summary o f  l o g  Ksp and l o g  IAP values f o r  f i v e  mineral phases. The 

discussion on page C-12 and C-13 po in t  out tha t  i f  the IAP i s  equal 
- 



or greater than the Ksp, then the solut ion i s  saturated w i t h  the phase. 

The data i n  Table C.3 and C.4 suggest that  ca l c i t e  as wel l  as h a l i t e  may 

not be saturated i n  ERDA-6 and UIPP-12. The m r e  deta i led data i n  Table 

C.2 were analyzed by an EEG consultant (Langmui r. 1983) and he concluded 

tha t  there i s  undersaturation w i th  respect t o  s y l v i t e  and po lyha l i te  as 

well .  We do agree, however, t ha t  the brines appear to be .at o r  very near 

equi l ibr ium wi tn  t h e i r  surroundings. 

Janecke Diagram (Page C-13; Section 3.3.2; Figure C-3) 

Further de ta i l s  are needed concerning the  Janecke diagram beginning i n  the  

l a s t  paragraph on p. C-13. This f igure appears t o  be iden t i ca l  t o  the 

f i gu re  on page 993 o f  the  paper by Harvie and Weare (1980), and shows 

zones which are saturated w i th  respect t o  hal i te. It i s  not c lear  how 

t h i s  f i gu re  provides informat ion relevant t o  ERDA-6 and WIPP-12. 

Isotope Chemistry (Page C-20, C-39 and C-40, Sections 3.3.4 and 5.1.3) 

The l i n e a r  regression l i nes  shown i n  Figures C-20 and C-21 using 6D versus 

TDS and 6180 versus TDS are in terest ing,  but wi th  only two points, the 

:onclusions are not convincing. It i s  reconmended that  data on Union also 

be p lo t t ed  w i th  t ha t  o f  ERDA-6 and UIPP-12. 

Sulfates (Page C-21; Section 3.3.4 , l a s t  paragraph) 

This paragraph sems t o  suggest that  the su l fa te  ("s) o f  the br ines i s  

not i n  equi l ibr ium w i th  the  3 4 ~  o f  the rock. If so, t h i s  i s  inconsistent 

w i th  the statement on p. C-22, 4 th  paragraph, which states tha t  the 6 3 4 ~  

i n  su l fa te  i s  equal t o  values character ists ic of sul fates i n  permian 

evaporites. Then on p C-41, the  l a s t  sentence o f  the f i r s t  paragraph 

concludes tha t  the 6 3 4 ~  values f o r  su l fa te  i n  br ine are cons is tent ly  less 

than the  6 3 4 ~  values o f  the rock, which therefqre precludes dissolut ion. 

Based on Tables C.5 and C.6, t h i s  l a t t w  statwWnt seet% t o  be correct. 

Sumnary o f  Findings (Page C-31, Section 4.4) 

Since the H2S, methane and heavier hydrocarbons i n  UIPP-12 b r i ne  appear t o  

have a thermogenic o r ig in ,  and since the  3 4 ~  o f  the b r ine  and anhydrite 

suggest tha t  the UIPP-12 br ines a t  t h e i r  present l oca t i on  have not been 

exposed t o  high temperatures, one might conclude that  t he  WIPP-12 br ine 
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- 
may have or ig inated a t  depths much greater than t h e i r  present locat ion.  
This would also point  toward a c loser association with the DMG. The data 

also s u ~ g e s t  an o r i g i n  f o r  EROA-6 b r ine  which is d i f f e ren t  from tha t  of 

UXPP-12. Other possible or ig ins of the thwmogenic H2S and hydrocarbons 

are discussed i n  Section 5.1..4, page C-$8. 

Seawater Evaporation Model (Page C-36, Section 5.1.2) 

The 2nd paragraph on p. C-36 states that  WIPP-12 b r ine  i s  "probably 

saturated" w i t h  glauberite, whereas ERDA-5 b r i n e  i s  not. The resu l ts  i n  

Table C - 3  suggest that EROA-6 br ine i s  more c lea r l y  saturated w i th  

g lauber i te  than i s  UIPP-12. This would tend t o  re fu te  the  discussion i n  

t h i s  paragraph, and the "Summary" on page C-38. 

Seawater Evaporation Model (Pages C-44-45, Section 5.1.3) 

Although the data i n  general seem t o  support a seawater evaporation nodel. 

s o m  o f  the  arguments used are not technica l ly  consistent wi th  the  

l i t e r a t u r e .  For example, suggesting on p. C-45 t h a t  react ion w i t h  marine 

c lays w i l l  increase the  6D and 6180 i s  contrary t o  the l i t e r a t u r e  (Savin A 

1980; Faure, 1977). As indicated i n  the Table below. the water would be 

depleted i n  180 and enriched i n  deuterium. 

Table 1 Isotope Fract ionat ion Factors f o r  

Clay-tlaterSystems a t  Earth-Surface Temperatures 

MINERAL OXYGEN HYDROGEN REFERENCE 

Montomoril l o n i  t e  1.027 0.94 1 

Kaol i n i t e  1.027 0.97 1 

- Glauconi t e  1.026 0.93 1 

Gibbsi te 1.018 0.984 2 

I l l i t e  1.0234 - 3 

1. Savin and Epstein (1970) 

2. Lawrence and Taylor (1972). 

3. James and Baker (1976). 



SPECIFIC COMMENTS 

P. G-9, 2nd para.: The a92 of t h e  d ike  has been measured as 30+1.5 m.y. - 
(Urry, 1936) and 34.8t0.8 - m.y. (GCR, p. 3-80). Therefore, the f i r s t  

episode o f  t i l t i n g  d i d  not  occur i n  "very ea r l y  T e r t i a r y  t ime" but  i n  

"mid-Ter t ia ry  t ime". 

P. G-10, 2nd para.: The apparent d i p  observed i n  the  d r i f t s  a t  t h e  s i t e  

i s  approximately 2O t o  t h e  south (Geotechnical F i e l d  Data Report no. 5, 

p. 3-3). 

P. 6-17, 1 s t  para.: It i s  poss ib le  t h a t  t h e  top  C a s t i l e  anhyd r i t e  

encountered i n  ERDA-6 may be A-111 r a t h e r  than A-11. I n  DOE-1 core, A-111 

showed t h i n  bedding laminat ions  s i m i l a r  t o  A-11. 

P. 6-29, F i r s t  ien tence:  Uhat i s  t h e  correspondence bebeen  the  f r a c t u r e  

o r i e n t a t i o n s  (F ig  G-10) and t h e  s t r u c t u r e  contour map o f  H a l i t e  I 1  (Fig. 

G-11) and t h e  seismic isochron map (Fig. 6-12)? 

1 - 
P. 6-32, 3 r d  para.: The equat ion f o r  compress ib i l i t y  i s  given as Cp= 41: 

where 4 i s  t h e  e f f e c t i v e  p o r o s i t y  and K i s  t h e  bu l k  modulus o f  the  rock 

mass. 

I n  t h i s  equation, i f  4 ---0, Cp-00 

and i f  4 -1. Cp-Cp o f  rock mass, ins tead o f  br ine. 

C lear ly ,  t h i s  equat ion i s  t n c o r r e c t  o r  c o r r e c t  over a l i m i t e d  p o r o s i t y  

i n t e r v a l  only. 

P. 6-37, 2nd para: Fig. G-11 should i nc lude  t h e  borehole "H and W Danford 

w e l l  no. lm i n  Sec t i on  9, township 22 South, Range 29 East  which 

encountered pressur ized b r i n e  i n  C a s t i l e  (see EEG-7, p. 66) 

P. 6-43. 4 t h  para.: The conclus ion about t h e  deformation having occurred 

between 25 t o  1 m i l l i o n  years ago does not  match w i t h . t h a  conclus ion about 

t h e  most l i k e l y  mechanism f o r  deformat ion being "slumping and f low 



immediately a f t e r  deposition" (p. 6-23, f i r s t  sentence), since the  deposi- - 
t i o n  occurred 225 m i l l i o n  years ago. 

P. H-1, 2nd para.: Only two br ine occurrences were tested, yet here and 

a t  other places i n  the report reference i; made t o  "other Cast i le  brine 

reservo i rs"  and conclusions are drawn concerning a1 1 the b r ine  occurren- 

ces. How are b r i ne  reservoirs iden t i f i ed?  Does each well that  encounters 

b r i ne  represent a separate reservoir? 

P. H-1. 3rd para.: Throughout the report, ages are suggested ( m i l l i o n  

years, m i l l i o n s  of years) wi thout any supporting evidence. Where do the 

ages come from? 

P. H-4 sect ion 2.2.2 Why doesn't the drainable volume have a d i r e c t  

bearing on the  i n t e g r i t y  of the WIPP s i t e  repository? 

tihat i s  meant by drainable volume? Does it include only t he  l a rge  f rac-  

tures o r  i s  the microfracture volume also included? 

P. H-10, H-11, sect ion 3.2.1, 2nd para .: HOW sensi t ive were the measured 

f low rates t o  these af fects? 

P. H-11, 1 s t  para.: Do the gas/ l iquid separators r e s t r i c t  f low? 

P. H-22, 1 s t  para.: The correct ion t o  Horners method f o r  f rac tu res  i s  

empir ical  and based on drainage area. The drainage area i s  very poor ly  

known. So how can t h i s  be j u s t i f i e d  over another method? 

P. H-35, 3rd para.: As the  heads i n  the  d i f f e r e n t  br ine occurrences 

d i f f e r ,  1 a te ra l  f low beMeen br ine  occurrences i s  also possible. 

P. H-36, 2nd para., l a s t  sentence: Substantial volumes o f  b r ine  w i l l  be 

produced only i f  la rger  f ractures are intersected. Brine i n  microfrac- 

tures o r  i n  i n t a c t  anhydrite would not enter  a borehole i n  la rge  enough 

volumes t o  cause a problem i n  normal d r i l l i n g .  Unless the b r ine  caused a 

roblem ( f low ing  a t  the  surface) the o i l  and gas d r i l l e r s  would no t  be 

te res ted  i n  it. 
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Granted tha t  no evidence ex is ts  to  suggest a regional, homoqeneous aquifer ~- 
i n  the Cas t i le  iormation. However, a regional heterogeneous aquifer nay 

exist .  This aqui fer  would be characterized by zones of f rac tu r ing  and 

high permeabil i ty (known br ine occurrences) and zones of i n tac t  anhydrite 

o r  microfractures and low permeability. Upon fractur ing,  a  high 

permeabil i ty br ine reservoir  could form as br ine from the lcr~ permeabil i ty 

zone entered the fractures. 

P. H-37, 1  i n e  17: "f racture-enhanced" should be "1 arge f racture 

enhanced." From Fig. H-8. H-9 there i s  no evidence that any kind o f  a  

boundary f o r  the micro-f ractures was encountered. 

P. H-37, l a s t  para.: Granted tha t  the fractures are not uniformly 

d is t r ibuted.  However i f  one assumes microfracture or porous media f low 

between the  large-fracture zones of WIPP-12 and ERDA-6, a  rad ia l  flow, or 

even a 1 - D  l i n e a r  f low model could be used. 

A l l  t he  Horner tests, i n  fact, assume rad ia l  f low and a l l  your resu l ts  are - based on Horner's method. Once you leave the large fractures, the rad ia l  

f low may not be a bad assumption. 

P. H-38, 1 s t  para.: Calculat ions by EEG ind icate t ha t  the transducer 

would need t o  ra ise  the water leve l  i n  AEC-7 by almost four feet  t o  cause 

the  2 p s i  increase i n  pressure. I s  that  reasonable? 

Page H-38, l a s t  para.: The ex is t ing  hydraulic gradient may not be 

i n d i c a t i v e  o f  the geologic past. Where do you get "mi l l ions o f  years"? 

Page H-39, l i n e  10: It i s  stated that the disposal f a c i l i t y  w i l l  be open 

f o r  a  few tens o f  years, a f t e r  which it w i l l  be sealed and the pressure 

w i l l  re tu rn  t o  i t s  present state. 

There i s  no r e l i a b l e  ca lcu la t ion on how fas t  the creep of s a l t  w i l l  

encapsulate and compact the  repository. TME-3153 suggests 300 years. 



Page H-41, bottom of paqe: The quantity F = cor rect ion f a to r  when - 
calcu la t ing  permeabi 1 i t y  for a ve r t i ca l l y  fractured well i s  presented. An 

accurate estimate of t h i s  correct ion factor requires a knowledge of 

xf/xC, the f racture penetration. See Figure 11.12, p. 153 o f  Advances 

i n  Well Test Analysis, R.C. Earlougher, SPE, 1977. 

Page H-43, l a s t  paraqraph: Why wasn't a log-log analysis attempted f o r  

t h i s  ear ly time data? 

Page H-43, oaraqraoh 3 and H-44, paragaoh 1: Why do you expect the  

pensab i  l i t y  of annydrite (core t e s t )  t o  be s imi la r  t o  t h a t  o f  h a l i t e  

(DST-2472-1/58U). 

Pages H-45 and H-46: Three volume estimates are presented. 

I n  using the equation V = A V / ( A ~ C ~ ) ,  i t  r u s t  be remembered t h a t  

Ap = p i -5  where p i  = reservo i r  pressure p r i o r  t o  any b r i n e  f l ow  and i s  

t he  average reservo i r  pressure a f t e r  a known amount o f  b r i n e  flow. 

The downhole pressure p r i o r  t o  any tes t ing  i s  a measure o f  pi. The 

downhole pressure fo l lowing flow tes t  1 i s  not a good measure o f  F. The 

surface shut-in pressure as o f  10/18/82 i s  a measure of i f  it can he 

demonstrated tha t  there i s  no gas bubble a t  the head of the  wel l .  A t  

best, only the second ca lcu la t ion  on page H-46 i s  trustworthy. 

Page H-46, bottom: I f  the la rges t  volume f igure,  2.2 x l o 6  bbl ,  i s  used, 

t h e  c i r c l e  radius i s  2,646 ft. Although 2.2 x lo6 bb l  was an upper bound 

using a reservoir  pressure o f  1985 ps ig  on October 18, 1982, it would n o t  

be an upper bound when ERDA-6 f i n a l l y  reaches e q u i l i  brium (which, because - 
k i s  so small, nay tako years). 

Page H-52: Two volume estimates f o r  WIPP-12 are presented. 

The downhole pressure fo l iow ing  f low t e s t  2 i s  not a good measure of 7. 
The surface shut-in pressure o f  168 ps ig  on 10/18/82 i s  a good measure of - 
p i f  it can be shorn tha t  the  wel l  does not have a gas cap. 



H-54, l i nes  17-19: Already 80,000 barrels of br ine have been prorll l~ed 

from I.IIP?-12 wi th  less than a 40 psi  reduction i n  pressure. 100,000 

barrels may be a reasonable volume for a s ingle event, but mul t ip le  events 

could produce much, much more. 

Page H-55, b u l l e t  one: Measurement i n  4 wells out of 12 does not 

cons t i tu te  most. - 
?age 55,  Observations 1) and 2): I f  t h i s  means that each encounter o f  

b r ine  represents a d i f f e r e n t  reservoir, then the observation i s  c lear ly  

incorrect .  

Page H-56, l i n e  18: I s  K G  x lo-' md obtained from a Salado sample a t  the  

WIPP s i te?  ~ a n d i a  (SAND 81-7073) obtained an i n  s i t u  permeability of the 

Salado s a l t  o f  about 1.0 x lo-' md. 

.- Page H-56, 3rd and 4th para.: The data i s  inconclusive about t h e  

interconnection between ERDA-6 and UIPP-12. Extending the conclusion 

derived from such data t o  other br ine encounters i s  unsc ient i f ic .  

Page H-57: The permeabi l i t ies estimated are dependent on the f ractures 

encountered. The high k a t  ERDA-6 i s  less than the. low k a t  WIPP-12. 

Does tha t  i nd i ca te  two d i s t i n c t  zones of hydraulic character is t ics  o r  

simply chance f rac tu re  encounters? 

Page H-58, 2nd para. : Storage capacity and permeabi li t y  are hydraul ical ly 

unrelated parameters. The re la t ionship i n  EROA-6 and WIPP-12 i s  

coincidental  . 
Figures 2 (Exec. Sum.). 6-6, H-14: Show the boreholes only down t o  the 

t o t a l  depths. Do no t  cor re la te  below T.D. Also, the  key map scale ( i n  

t he  upper r i g h t  hand corner) i s  incorrect. 

A. Figure H-12: Gonzales ( i n  SAND 82-1012) gave the fresh water head of well 

H-1 as 3012.5 ft. 



EDITORIAL COIINENTS 

P. 6-43. l i n e  14: The word "probably" i s  misspelled. 

P. 6-44, l i n e  10: "Figure 6-12" should be "Figure 6-13". 

P. 6-45, l i n e  7: "Figure 6-11'' should be "Figure 6-13". 

P. C-8, Section 3.0, t h i r d  l i ne :  The word "preceded" i s  misspelled. 

P. C-22, Section 4.0, t h i r d  l i n e :  The word "precededn i s  misspelled. 

P. C-26s. sect ion 4.3.2, f i r s t  l i n e :  The word "preceding" i s  misspelled. 

P. C-34, Section 5.1.2, 15th l ine :  "Figure C-29" should be "Figure C-28". 
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From Riley and Byrne (1961 ) 

FIGURE 1 
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F i g .  1 2  Microfolding in C a s t i l e  a t  the  S t a t e l i n e  outcrop,  
Stop 3-  5. Camera lens-cap i s  f o r  s c a l e .  

(photo:  Lokesh Chaturvedi) 

From EEG-7 

FIGURE 2 
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P A t  

FIGURE 3. Homer p l o t  o f  pressure buildup fol lowing the BOP change. 
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General Comment 

The desc r ip t i on  o f  the experiments of ten i s  too b r i e f  t o  permit a sa t is fac tory  
techn ica l  review. We would appreciate rece iv ing  a copy o f  the Test Plan fo r  
each experiment when tha t  becomes ava i lab le  i n  d r a f t  so tha t  we nay have an 
oppor tun i ty  t o  comment p r i o r  t o  i t s  f i n a l  preparat ion. 

S p e c i f i c  Comments 

Sect ion 2.2.2 (a),  page 8. EEG agrees tha t  waste form s t a b i l i t y  and leach- 
a b i l i t y  can be evaluated by i n  s i t u  t es t s ;  however, there appears t o  be very 
l i t t l e  a t t e n t i o n  given i n  the SWE plan t o  the i n  s i t u  evaluat ion o f  the  TRU 
waste form s t a b i l i t y  and l eachab i l i t y .  There i s  a need f o r  in format ion a t  
an ea r l y  stage t o  va l i da te  the TRU waste acceptance c r i t e r i a ,  t o  assure safe 
waste handl ing procedures, and t o  plan for  r e t r i e v a l  i f  deemed necessary. 
Therefore the  SWE should include experiments designed t o  provide i n  s i t u  
i n v e s t i g a t i o n s  of TRU waste form in te rac t ions .  O f  p a r t i c u l a r  concern i s  the 
r a d i o l y t i c  product ion o f  explosive gas mixtures i n  210L drums w i th in  three 
months t o  f i v e  years (Reference 4). It i s  recognized tha t  such i n  s i t u  
s tud ies  would requ i re  drums conta in ing actual  TRU wastes, however, because 
t h e  r e s u l t s  are essent ia l  t o  an assessment o f  r e t r i e v a b i l i t y ,  the 
experiments should be considered under the SUE program schedule. 

Sect ion 3.3, pages 20-24 - The "Overtest f o r  Simulated DHLW" experiment has 
two phases w i t h  the second phase being addressed t o  the e luc ida t i on  o f  the  
mechanics o f  rees tab l ish ing  a stable, impermeable b a c k f i l l  i n  OHLW 
r e p o s i t o r y  rooms. It i s  recomnended tha t  a s i m i l a r  experiment be planned 
f o r  the  TRU waste repos i to ry  room. The experiment should be addressed t o  
t h e  conso l ida t ion  o f  b a c k f i l l  and TRU-containing drums i n t o  a stable, 
impermeable layer .  It would provide data on the  t ime span fo l low ing c losure  
over  which a l i q u i d  breach scenario has v a l i d i t y .  

Sect ion 4.2, page 32-36 - This sect ion does not i n d i c a t e  plans f o r  
v e r i f i c a t i o n  o f  permeabi l i ty  studies f o r  gases produced i n  untreated 
wastes. E a r l i e r  labora tory  and borehole studies by Sandia (Reference 3) 
have shorn t h a t  gas pressures on the order o f  l i t h o s t a t i c  could be produced 
over a several hundred year period. There i s  quest ion concerning the 
v a l i d i t y  o f  these data under repos i to ry  condi t ions,  since the  e a r l i e r  t e s t s  
were conducted e i t h e r  under con t ro l l ed  labora tory  cond i t ions  or  a t  only two 
depths i n  one borehole (Reference 4). The studies proposed by BNL on page 
190 o f  Reference 4 should be considered. 

4. Sect ion 4.1.2(d), page 32 - Although there i s  considerable data ava i l ab le  on 
the  thermal n e a r - f i e l d  e f f e c t s  on rock s a l t ,  cons idera t ion  should be given 
t o  t h e  thermal e f f e c t  on p l a s t i c  f low under actual  repos i to ry  condit ions. 

5. Sect ion 4.2, pages 32-36 
a) Tests should be inc luded t o  demonstrate a b i l i t y  t o  handle explosions o r  
f i r e s  i n v o l v i n g  wastes. Such t e s t s  should be scheduled p r i o r  t o  the 
hand1 i n g  o f  rad ioac t i ve  wastes. 
b )  Experiments designed t o  v e r i f y  the rad ionuc l ide  leach and sorpt ion 
assumptions used i n  the long-term consequence modeling o f  Reference 5 should 
be i n i t i a t e d  a t  the e a r l i e s t  possib le time, s ince meaningful data would not 
be a v a i l a b l e  for  several years. 



- 
c )  This section does not i n d i c a t e  whether i n v e s t i g a t i o n s  o f  the d u r a b i l i t y  
of "TRU waste-drums" w i l l  inc lude studies o f  the  TRU waste "boxes," such as 
t h e  DOT-7A FRP coated plywood box, and the RH s tee l  drums. It i s  suggested 
t h a t  studies of  the d u r a b i l i t y  o f  these a d d i t i o n a l  waste containers be  
included. 
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Genera 1 Conment - 
Osr response to  the EEG reviebr coments corresponds to the EEG specific 
cements number. The general coment by EEG suggested that the 
dcscription of experiments was too brief fo r  satisfactory technical 
revieif. The descriptions of the Simulated Uaste Experiments (SUES.) were 
intentionally smmarized in the document. Nore emphasis was given t o  
objectives and technical issues. The descriptions provided, however, are 
nore than adequate to determine the purpose, scope, and physical 
corfiguration of the experiments. Further detai ls  will be developed 
prior t o  ini t iat ion of each experiment and the t e s t  plan for each 
experiment will be continually revised as the experiment progresses. 

Specific Comments 

I. Section 2.2.2 ( a ) ,  page 8: The EEG ccment concerned t h e  
requirement for  in situ evaluation of the TRU waste form s tabi l i ty  
and leachability. 

Based on the considerations which follow we consider i n  s i tu t e s t s  
to  evaluate degradation further as unjustified and not necessary. 

Previous laboratory and f ie ld  studies conducted by SNL on the TRU 
waste fom defined the limits of waste degradation, by-products and 
potential consequences on environmental safety of the UIPP 
(SMlD79-1305). These studies were conducted under accelerated 
conditions (higher levels of actinides, higher temperatures, etc.) 
t o  observe by-products of the degradation process. The gen~ration 
of gas mixtures was well characterized and i t s  impact on long-term 
storags was assessed. 

Drums of CH TRU wastes that  meet the UIPP waste acceptance c r i t e r ia  
on gas seneration will not generate explosive gas mixtures from 
radiolytic degradation. Their ra te  of hydrogen production i s  too 
low (reference: SAND79-1245, Chapter 2). Actual drums of such 
wzste have been i n  semi-enclosed temporary s t o r a ~ e  for years without 
significant operational problems associated w i t h  gas generation. 
T R U  wastes are, however, i n  existence which could potentially 
generate explosible concentrations of gases (reference: 
SAND79-1245, p- 16-17); these wastes, containing large 
concentrations of 2 3 8 ~ ~ ~  would not meet UIPP braste acceptance 
cr i ter ia .  

Storage roms i n  the UIPP will be ventilated and monitored, thereby 
preventing accurmlation of hazardous concentrations of gases. Gas 
monitoring is generally a routine procedure and not an experiment. 
As such, i t  was not described i n  the SUE document, particularly 
since actual (TRU-contaminated) wastes are not i n  place during th i s  
stage of the UIPP. 



2. Section 3.3, pa es 20-24: The EEG connent suggested addi t ional  
-testing o f  b a c k i f ~  1'RU wastes. Response o f  candidate b a c k f i l l  
w i l l  be exanined n o t  only i n  the DHLU Overtest Exoerinent but  also -_ 

. . 

i n  the Plugging and seal;ng Tests documented i n  S'hI81-2628. The 
cti:-ent R&D program i s  structured t o  address the sealing po ten t i a l  
o f  back f i l l s .  It includes not only the tes ts  out l ined i n  
Sfu'X181-2628, but  a lso  corresponding modeling and laboratory tests.  
B a c k f i l l  f o r  the TRU waste demonstration rooms i s  planned p r i m a r i l y  
fo r  f i r e  protect ion purposes and n o t  f o r  sealing. Sealing f o r  the 
TRU waste r o o m  w i l l  be accomplished i n  access d r i f t s  using 
techniques evaluated i n  the other planned tes ts  described i n  Section 
4.2, Plugging and Sealing, SAND81-2628. 

3. Section 4.2, pages 32-36: EEG c m e n t  concerned gas pressure 
bu i ldup  over a per iod o f  several hundred years. Ue bel ieve t h a t  f o r  
the exbected gas generation r a t e  and range o f  s a l t  permeabi l i t ies  
t h a t  gas pressur izat ion w i l l  be we l l .w i t h i n  acceptable l i m i t s .  A 
study o f  t h i s  subject  ('Potential f o r  Sal t  Fracturing Due t o  Gas 
Generation" (DRAFT), 1979, DIAppolonia), i n  addi t ion t o  the 
references c i t e d  by EEG, leads t o  t h i s  be l ie f .  The references show 
t h a t  s i g n i f i c a n t  f rac tu res  could on ly  occur a t  very low 
pwneab i l i t i es ,  lower than ant ic ipated a t  WIPP, and a t  gas 
seneration ra tes  higher than expected f o r  the UIPP storage horizon. 

Gas permeabi l i ty  i n  s i t u  tests, as addressed i n  Section 4.2.2.1 o f  
SAND81-2628 where a p lan f o r  permeabi l i ty  neasurements i s  described 
fo r  the  s a l t  format ion a t  the WIPP f a c i l i t y  horizon, w i l l  be 
performed f o r  ve r i f i ca t i on .  The r e s u l t s  o f  these t e s t s  w i l l  be 
u t i l i z e d ,  i f  needed, t o  support previous studies on t h i s  subject. 

4. Section 4.1.2 (dl ,  page 32: EEG c o m t  pertained t o  the thermal 
e f f ec t  on s a l t  creep r a t e  under actual  conditions. The e f f e c t  o f  
temperature on s a l t -  creep r a t e  w i l l  be evaluted i n  s i  u as planned i i n  the  heater t e s t s  described i n  Sections 3.2 (12-U/n mockup) and 
3.3 (Overtest f o r  S i m l a t e d  DHLW). 'Thermal 'very* nea r - f i e l d  
ef fects on rodc s a l t  w i l l  be exanined by measuring the  no& DHLU 
can is te r  borehole deformation throughout the  durat ion o f  t h e  tes t .  
De ta i led  lans fo r  obtaining near - f ie ld  (room) and UveryY near - f ie ld  
(around-t R e-canister) response data w i l l  be considered dur ing  
preparat ion o f  t h e  Test Plans. 

5. Section 4.2, pages 32-36: 

a) EEG c m e n t  r e l a t e d  t o  demonstrating the a b i l i t y  t o  handle 
exp los f ins  o r  f i r e s  invo lv ing  storage o f  waste. The WIPP design has 
attempted t o  mini latre f i r e  and explosion hazards and planned 
opera t i  ng procedures are expected t o  mini  mire these hazards both 
before and a f t e r  placement of rad ioact ive waste. Code o f  Federal 
Regulation (30 CFR P a r t  57.4-58) p roh ib i t s  bu i l d i ng  o f  f i r e s  
underground. Therefore, no underground tes ts  t o  demonstrate a b i l i t y  
t o  handle explosions o r  f i r e s  invo lv ing  waste are being planned as 
p a r t  o f  t h e  SWE o r  any other experimental program. 



b) EEG ccmen: sugsests initiating early tests designed to verify 
the radionuclide leach and sorption assumption used in long-term 
c?-:i?;qlence assessments for UIPP are best addressed by laboratory 
expzriments and hydrologic tests of the Xustler aquifer. The 
additional benefits of local backfills and the limited release rate 
and solubility of radionuclides will be addressed by experiments 
with radioactivity described in SAN081-2628. These will address 
primarily defense high level waste as the effects on TRU wastes are 
clearly bounded by the assumptions in the SAR. 

C) EEG conrient suggests studies of the durability of TRD waste 
"boxesu such as the DOT-7A FRP coated plywood box and the RH 
canisters be included in the SUE TRU drum durability tests. The 
planned SUE TRU drum durability tests are essentially demonstrations 
of adequacy as established from previous studies (S#lD79-1305, 
Chaptirr 7). This reference also provides adequate justification for 
the durability of the RH waste canisters. The TRU waste box 
containers will be overpacked in all cases, hence tests of bare 
boxes are unwarranted. 
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DOE, EEG, TSC and S:tLA met t o  discuss the reports e n t i t l e d  Simulated Waste Experiments 
Planned f o r  the WIPP (SAND82-0547) and Natural Resources S t a y .  WIPP (THE-3156). Both 
reports have gone t o  the p r i n t e r  w i th  only minor change t o  the resource study resu l t ing 
from the State's - f i n a l  review. 

Pr io r  t o  the morning meeting, the State was presented w i th  copies o f  both reports-Simulated 
Waste Experiments (SWE) and Natural Resources. Resolution of the State's comnents and 
incorporation o f  changes f e l t  t o  be necessary by the reports authors had occurred e a r l i e r  
and the State was provided w i th  the documents as they were t o  be printed. Although EEG 
reviewed the Natural Resources Report, they decl ined the opportunity t o  review the SUE 
report. 

The f i n a l  meeting concerned the SHE repor t  and the WE response t o  EEG's comnents. A f t e r  
some discussion between a l l  part ies, i t  becane obvious t h a t  there were three areas of 
concern by the State which were no t  addressed by SNLA i n  the WE report  but which are o r  
w i l l  be addressed inother  WIPP documents. These three areas include: 

1. items re la t i ng  t o  the WAC and waste ce r t i f i ca t i on ,  



2.  items requi r ing de ta i l s  of speci f ic  tes ts  which w i l l  not be avai lable u n t i l  
spec i f i c  plans are developed fo r  each test ,  and 

3. items not re la ted  t o  s imulat ing waste but which w i l l  be covered i n  the overa l l  
R&D In-Si tu  Test Program presently undergoing f i n a l  review by DOE. 

.fEG concerns r e l a t i n g  t o  i tem 1 w i l l  be addressed as par t  o f  the State 's  review of 
ather pro ject  documents. As such, no rev is ion  t o  the SWE i s  required. EEG concerns 
r e l a t i n g  t o  i tem 2 w i l l  be addressed i n  the detai led SNLA t e s t  plans which w i l l  be 
provided t o  DOE p r i o r  t o  each test .  DOE (Treadwell) observed tha t  these plans may be 
provided t o  the State i f  the  DOE Project  hnager  agrees w i th  the State 's need t o  
review each plan -- and fur ther  observed tha t  there was no apparent reason not t o  
relaase the plans t o  the  State. TSC ( L i t t l e )  pointed out tha t  the  EROA-6, WIPP-12 
and DOE-1 plans had no t  been released by DOE although the State had part ic ipated i n  
a deta i led review (through numerous meetings) and tha t  most o f  t h e i r  comnents had 
been incorporated i n  the  f i n a l  p lan fo r  each test .  EEG (Ne i l l )  ro i te ra ted  the State 's 
request t o  review each deta i led plan. This request has not  been resolved pending 
fu r the r  consideration by t h e  Project  Office. No change w i l l  be made i n  the f i n a l  SWE 
repor t  f o r  the second item. Relative t o  the t h i r d  item. EEG was informed t h a t  
SAN081-2628 should be issued i n  September o r  October and that  no changes i n  t h i s  
area were planned f o r  the  SWE report .  Except as noted re la t i ve  t o  EEG review o f  
the dc ta i led  t e s t  plans, EEG concurred w i t h  the DOE/SNLA plan t o  not  modify the SWE 
report. 

During the  deta i led SWE discussion, EEG requested two documents which TSC agreed t o  
check f o r  a v a i l a b i l i t y  f o r  release. These are: 

"Potential f o r  S a l t  Fractur ing Due t o  Gas Generation" 
(Draf t  D' Appolonia - 1979) 

and 

"Long-Range Master Plan f o r  Defense Transuranic Waste Management" 
(DOE-TRU 8201 Dra f t  1982) 

F ina l ly ,  dur ing t he  SUE discussion, EEG pointed out  a potent ia l  e r r o r  i n  t he  SAR 
Table 3.1-1 i n  t h a t  the  overpack described does not  f i t  over the  FRP box i t  appears 
t o  be intended t o  p ro tec t  f r o m  f i r es .  TSC ( L i t t l e )  agreed t o  review the  Table f o r  
a oossible error.  Subseauent review indicates t ha t  there i s  not an error,  but  t h a t  
t he  Table depicts containers and overpacks which cur ren t l y  e x i s t  i n  the waste manage- 
ment industry. P r i o r  t o  shipment o f  FRP boxes t o  UIPP, new overpacks w i l l  be constructed 
and placed over t h e  FRP box. 

The afternoon meeting consisted of a very b r i e f  discussion between EEG and TSC r e l a t i v e  
t o  the Natural Resources Study. Two e d i t o r i a l  problems were discussed and resolved. 
The only remaining EEG comnents w i l l  be discussed fu r the r  when the  revised " Inter im" 
DOE Pol icy  Statement i s  ready f o r  issuance. Only minor changes have been made t o  the 
f i na l  Natural Resources Study, and i t has been forwarded to the p r i n t e r  for  f i n a l  
pr in t ing.  

Both reports should be issued i n  f i n a l  f o m  during September, 1982. 

< 
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General Comments 
,- 1. The repor t  i s  considered t o  be much too general t o  comply wi th requirements 

o f  the S t i ~ u l a t e d  Agreement Appendix 6, between t h e  State and DOE, and the 

statement of work described by DOE i n  the l e t t e r  frm D.T. Schueler t o  G. 

5. Goldstein, "Costs and Mer i ts  Evaluat ion f o r  S t i p u l a t d  Agreement 

A c t i v i t i e s , "  August 31, 1981. It i s  recommended t h a t  the repor t  be 

ex tens ive ly  revised t o  inc lude a de ta i l ed  p lan w i t h  appropr iate technical 

ra t iona le ,  t o  construct  the t e s t  panel and t o  car ry  out the tes ts ,  and t o  

i n d i c a t e  how the r e s u l t s  w i l l  va l i da te  the  key assumptions f o r  design 

egarding rock mass behavior. It should inc lude (a) establishment o f  

r i o r i : i ? s  and schedule fa r  var ious components o f  the t e s t ;  ( 5 )  prepdrdt ion 

f the  steps i n  design, analys is ,  moni tor ing and review o f  the t e s t  

program; (c) and review of the  consistency o f  the proposed plan w i th  the 

ob jec t i ves  an r a t i o n a l e  f o r  t h e  t e s t .  

2. The repor t  r e l i e s  on references t h a t  are p a r t i a l l y  out o f  date. See 

f u r t h e r  discussion o f  references below under "Spec i f i c  Comments." 

S p e c i f i c  Comments 

Sect ion 1.1 

This sec t i on  should inc lude a reference t o  the  S t i pu la ted  Agreement and a 

restatement o f  the work proposed by DOE i n  the  l e t t e r  from D. T. Schueler t o  

G. S. Goldstein, "Cost and Mer i t  Evaluat ion f o r  S t i pu la ted  Agreement 

A c t i v i t i e s , "  8/31/1981. 

Sect ion 1.4 

The SPDV underground f a c i l i t i e s  a l so  inc lude an exp lora tory  d r i f t  i n t o  the  area 

o f  the repos i to ry .  This d r i f t  was recomnended by DOE i n  l i e u  o f  the hor izonta l  

cor ing  a c t i v i t i e s .  

Sect ion 1.6 

The layout  and con f i gu ra t i on  o f  the  underground openings are not  based on 

experience gained i n  e x i s t i n g  potash mines i n  the  Carlsbad area. I n  fac t ,  the 

f i r s t  underground design was by Serata Geomechanics. The design was re jec ted  



when the  room c losure  rates could not  be ve r i f i ed .  The present design has a 

slow room c losure  r a t e  t h a t  Permits r e t r i e v a l  o f  waste 5 t o  10 years f o l l o w i n g  

emplacement. Ret r ieva l  of waste and modular design of the reposi tory are 

important c r i t e r i a  i n  the  present underground design. The c r i t e r i a  requ i re  
t h a t  subs tan t i a l  b a r r i e r s  Of undisturbed s a l t  be l e f t  between modules t o  ensure 

i s o l a t i o n  o f  each module from other  modules. 

Sect ion 2.1 

The ob jec t i ves  o f  the  p re l im ina ry  design v a l i d a t i o n  p lan are t o  enhance the 

l eve l  o f  conf idence and c r e d i b i l i t y  of the cur ren t  design o f  haulageways and 

;torage rooms. To do t n i s ,  i t i s  necessary t o  have some pre l iminary datd tha t  

w i l l  show t h a t  the  haulageways and storage rooms w i l l  remain s tab le  dur ing t h e  

waste emplacement and r e t r i e v a l  period. The ob jec t ives  o f  the pre l im inary  

design v a l i d a t i o n  p lan have been succ inc t l y  s ta ted  i n  repo r t  SAND 81-25/628* as 

fo l lows:  

To v a l i d a t e  the  design f o r  the UIPP access sha f t s  and TRU waste disposal 

demonstrat ion rooms. 

To eva lua te  t h e  amount and r a t e  o f  sha f t  convergence and room creep - 
deformation and t o  c o r r e l a t e  these data w i t h  model p red ic t ions .  

,-.- - 
To per form a p re l im ina ry  eva lua t ion  o f  creep i n  s a l t  and o f  the - teady-state 

creep model. 

To eva lua te  ins t rumenta t ion  systems f o r  accuracy and the  r e l i a b i l i t y  o f  

measurements made w i t h  them i n  rock s a l t  and t o  document t h e  s u i t a b i l i t y  o f  

t h e  system f o r  f u t u r e  measurements. - To eva lua te  the  response o f  i n  s i t u  formations such as c lay  seams and o t h e r  

m a t e r i a l  l aye rs  i n  a d d i t i o n  t o  t h e  sal t .  

To c o l l e c t  l a r g e  nunben  o f  samples o f  rock s a l t  and other ma te r i a l s  and t o  

conduct l abo ra to ry  and bench-scale t e s t s  t o  determine the  mechanical 

p rope r t i es  o f  these samples. 

........................ 
*R. V. Matalucci ,  C. L. Christensen. T. 0. Hunter, M. A. Molecke, 0. E. Munson, 
Glaste I s o l a t i o n  P i l o t  P lan t  (WIPP) Research and Development Program: I n  S i t u  
Tes t ing  Plan. O r a f t  repo r t  SAND 81 -2628. 



3.0 p lan  

A 

This sect ion does not describe a plan, ra ther ,  i t  describes a pre l iminary 

proposal for  a plan. An exce l len t  desc r ip t i on  o f  the plan can be found i n  

repor t  SAND 81-2628,* sect ion 4.1.2.1, p re l im inary  Design Val idat ion,  contains 

much more spec i f i c  information than i s  inc luded i n  t h i s  d r a f t  and should be 

incorporated, a t  l eas t  i n  summary, i f  i t  i s  s t i l l  current.  

4.0 Documentation 

Sec:ion 3.2 

The sect ion should mention t h a t  as p a r t  Of t h e  St ipu la ted  Agreement, a document 

e n t i t l e d  "Results of SPDV S i t e  Va l ida t ion  Experiment" w i l l  be issued i n  March 

1983 ( l a t e s t  revised date frm DOE). 

5.0 WIPP Design Development 

Sect ion 5.1 

A statement should be made tha t  i nd i ca tes  t h a t  Ref. 5 i s  outdated due t o  - 
numerous recent design changes. This reference contains the  ea r l y  underground 

design by Serata Geomechanics. It was never rev ised because it was decided t o  

inc lude a l l  the  updating i n  the  T i t l e  I 1  design. The layout  and con f i gu ra t i on  

i s  not  based l a r g e l y  on the  experience gained from potash mining i n  the 

Carlsbad area (see comments f o r  Sect ion 1.6). 

The l a s t  sentence which s ta tes  t h a t  the  e x t r a c t i o n  r a t i o  f o r  WIPP i s  more 

conservat ive than the  ex t rac t i on  r a t i o  i n  c o m e r c i a l  s a l t  and potash mines i s  

mis leading s ince  the  two cases have opposi te goals. I n  c o m e r c i a l  potash 

min ing t h e  aim i s  t o  ex t rac t  as much ore  as poss ib le  and t o  have the rooms 

c lose as f a s t  as poss ib le  thereaf te r .  (No need f o r  empty d r i f t s  i n  which 

workers could get  los t . )  In WIPP the  aim i s  t o  have haulageways and storage 

rooms t h a t  w i l l  remain s tab le  dur ing  t h e  waste emplacement and r e t r i e v a l  

periods. 

........................ 
*R. V. Matalucci ,  C. L. Christensen, T. 0. Hunter, M. A. Molecke, D. E. Munson. 
Waste I s o l a t i o n  Pi l o t  Plant (WIPP) Research and Development Program: I n  S i t u  
Test ing Plan. D r a f t  repor t  SAND 81-2628. 



Section 5.5 

The l a s t  sentence, " the modeling techniques mentioned i n  para. 5.3 w i l l  at tempt 

t o  de f i ne  long term creep behavior" i s  incorrect .  The techniques have only 

been used t o  evaluate creep f o r  t h e  f i r s t  ten  years fo l l ow ing  room 

construct ion.  Long t e n  creep requ i res  terms tha t  describe the  i n e r t i a  o f  the  

b a c k f i l l i n g  and the waste cans t o  t h e  creep. The Thermal/Structural 

I n te rac t i ons  experiments of the  WIPP Research and Development Program w i l l  

prov ide data on long term creep. 
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NOV 2 4 1982 

M r .  R. H. N e i l l  
D i rector  
Stat2 o f  New Xexico 
Environmental Evaluation Group 
P. 0. Box 968 
Santa Fe, NM 87504 

Dear M r .  N e i l l :  

Design Val ida-tion Plan 

Enclosed f o r  your review i s  the f i n a l  d r a f t  o f  the Design Val idat ion Plan 

required by Item 8 o f  Appendix B o f  the Stipulated Agreement. This rev is ion  

incorporates the resu l ts  o f  our discussions o f  September 21, 1982 on t h i s  

document. Because o f  the extensive changes t o  the document resu l t ing  from 

your comnents, we are reissuing the report  f o r  your f i n a l  review. We would 

appreciate your comnents before December 10 since we would l f  ke t o  go t o  the 

p r i n t e r  on December 17. This schedule w i l l  al low us t o  issue the f ina l  

p r i n ted  repor t  before the end o f  1982. 

Sincerely, 

WIPP: JMM 82-0823 

Enclosure 

cc W/O enclosure: 
J. Treadwell, WIPP/PO, AL 
J. Smrha, B, AL 
C. C. ~ i t t T e ,  TSC, AL 

Project Manager 
WIPP Project Of f i ce  

cc w/enclosure: 
C&C F i le ,  IEA, TSC 
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Departmxt of Energy 
Alb~~querque Operations Office 
P.C. Box 5300 
Alouqcarque, New Mexico 87115 

Mr. Robert H. Neill 
Director 
S t a t e  of New Mexico 
Environmental Evaluation Group 
P.O. Box 968 
Santa Fe, NM 87503 

Dear Mr. Neill : 

Conference Report f o r  DOE/EEG 
- 

Enclosed f o r  your report  f o r  the subject  
meeting on the reports. I believe, 
based on my are i n  agreemention 
the planned pending decision 
r e l a t i v e  t o  

f.t t he  present time, we a r h a k i n g  arrangements for  an EEG tour of t he  
the complete south d r i f t  on February 16, 

opportunity under our present schedule 
wil l  be sui table  f o r  such a tour. We 
quarter ly  review i n  our Albuquerque 
have arranged f o r  a Ross f l i g h t  t o  

Carl sbad the morni 16. The f l i g h t  will re turn l a t e  t h a t  
afternoon. 

I f  there a r e  any questions on our plans, please contact me a t  your 
convenience. 

Sincerely, 

WIPP: JMM 83-01 11 

Enclosure 

CC : 
II See Page 2 

Project  ~ a n a g e r  

/.-" WIPP Project - Office 



REPoaT EA:83:0037 
DATE OF RSP0;IT January 28, 1983 

A~TTKXES (ti- and Organlzatfan) DISTRI?UTIO:i (Name and Organiz3tion) 

R. K. Brown, TSC 
G. L. Hohmann, TSE 
D. K. Shukla, TSC 

. '9 H. Taylor, 3 
J. Smha, a- 
W. Ueart, ~ N L A  
T. Hunter, SNLA 
J. H. McGough, DOE 
3. 5. Tro,aduell. DOE . --- 
T. Shea. DOE 

I .. - . - - -  
! R. Dintaman, DOE I 
i a SSYAR? of TRISICOGERENEE 
I 

The parties vet to discuss DOE'S response to EEG comments on the Cesign Validation i Plan and to discuss docunentation being prepared to support the April 1, 1983 DOE 
/ decision relative to the initiation of full facility construction. EEG agreed with 
I the resolution of connents and DOE'S planned documentation to support t h e ~ r  

i decisions. 

i 
i 

r DISCUSSION OF TRIPICONFERENX TlUnYCTXCIlS (Use Trlplbnf8rencc bntjnua:lon Shrct) 

The subject meeting was conducted in accordance vith the attached agenda (Attachcent 
I!. After a brief opening by DOE durfng ~ h i c h  i t  was ex?lained :hat the Project 
3ffic2 had reassigned certain functional resp~nsibili ties, TSi preszotad (Attachment 
111) a sunnary of the hierarchy of reports which have been and are being prepared to 
sugport the suitability of the site and preliminary design. The relationship of 
documentation to the Stipulated Agreement was discussed to ensure a mutual 
understanding of required submittals. The greater significance of docunentation 
supporting site zuitability was also discussed, and all parties agreed that 
y e 1  ininary design validation will be less inportant in the decis~on to voceed 
becausethe design is continually evolving over the life of the facility. It was 
pointed out that all supporting documents will be provided to EEG and the State 
reading rooms, but that DOE will print a larger number of the docunents responding 
to iten 2 of the Stipulated Agreenent to respond to public requests for 
infonation. At the conclusion of these discussions, all parties itere in a reenarlt 4 concerning the planned docunentation and schedules for review. EEG did fee that, 



although there was no requirenent to do so at this tine, DCE should address the 
draft EPA standard on Site suitability -- no cormitcent uas nade to do this until 
tr;! regulations are pronulgated and DOE has reviswed the final rules. 

Tile next agenda iten, discussion Of EEG comments or, the Design Validation Program 
?Ian, ,.AS led by B2chtel. EEG's connent had been ?t-ovided earlier in a letter to 
tk2 ?xject Office and the discussion concerned revisions to the locur~ent by 
'&ch:e7. EEG bias pleased with the revisions to the Design Yalidatioll Prograi,~ Plan. 
3tchtel indicated they wuld finalize the report for issuance as a D3E docuaent. 
aecbtel also pointed out that the Preliminary Ccsign Validatisn Zeport presently 
scheduled for llarch 31, 1983 would not include a coaparison of predictive 
calculations versus actual results in the nine since earlier predictions ctere :ot 
directly applicable to the final horizon. During the discussions, EEG questioned 
whether or not the project was continuing to Us2 rzdar to previeu conditions ahead 
o: t ha  continuous minor. DOE indicated that, as had been observed in potash nines, . . 
z . 7 2  3x2 o f  radar vas :ess efficient khan periodic ?robs hole dril?ing and that ti72 
use of radar had been discontinued. EEG also requested further details relative to 
th? northernnost location of TRU wastc! relative to !JIPP-12 under the present 
design. It was pointed out that this was related to the final decomissionlny plan 
which had not been developed, but that if no TRU uaste was pernanently disposed of 
in the ex9erinental area that th? northernmost xaste would be nore than 6000 feet 
horizontally from IlIPP-12. If during decomissioning TRU waste was placed in the 
ex?erinental area, this waste would be slightly less than one nile horizontally from 
::I??-12. 

The next agenda item, site suitability report contents, was directed by SNLA. 
Dwing this discussion, it was pointed out that the sunmary would include a 
discussion of the 21 site qualification criteria delineated in :lip?-DOE-116. The 
susnary report usuld not address the issues in detail, but would instead rely on the 
other documentation developed in support of this final decision on site suitability. 

Th? final agenda iten, contents of the report on results of SPD'I site validation 
expcrinents, was directed by TSC. A draft table of contents (Attachment IV) was 
provided and discussed. EEG felt that the report should contain inforoation on the 
petrography of the inner bedded materials and characterization of the individual 
aquifers in th? shaft napping report. TSC pointed out that neither of these itens 
were required by WIPP-DOE-116 and that the last item would be very difficult (maybe 
impossible) to obtain at this time. TSC/DOE aqreed to evaluate the possibility of 
prwiding the requeskd :etro~rmhic infomation. 



"Equal Opportunity Employer" 

STATE OF N E W  MLYICO 

ENVIRONMENTAL EVALUATION GROUP 
320 E Marcy S5-e.t 

P.O. Box 989 
Sanca Fe. NM 97503 

April 5, 1983 

:.I;. 2 a s s n  YcGouah 
Project ttanager on WIPP 
UIPP Pro~iect Office 
U.S. ~ejartment of - ~ n e r ~ ~  
P.O. Box 5400 
A1 buquerque, New Mexico 87115 

Subject: Design Validation Plan 

Dear Mr. McGough: 

The document Design Validation Plan (WIPP-DOE-160) Reference 9 attached t o  - your l e t t e r  of 3/24/83 i s  sufficiently responsive to  issues on questions 
raised i n  both correspondence and meetings on the attached reference l i s t .  

e document f u l f i l l s  item 8 of the Stipulated Agreement. 
1 

Director 

RHi4:ps 

Attachment 

27123AG-2-14-3-1 

CC: TSC, iE .4  
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FOREWORD 

The purpose of t h e  Environmental Evaluat ion Group (EEG) i s  t o  conduct an 

independent techn ica l  evaluat ion of t h e  p o t e n t i a l  r a d i a t i o n  exposure t o  people 

f r a n  t h e  proposed Federal rad ioac t ive  Waste I s o l a t i o n  P i l o t  P lan t  (WIPP) near 

Carlsbad, i n  order  t o  p ro tec t  the pub l i c  hea l th  and safety and ensure t h a t  

t h e r e  i s  minimal environmental degradation. The EEG i s  pa r t  o f  the  

Environmental Improvement D iv i s ion ,  a component o f  t h e  New Mexico Hea l th  and 

Environment Department -- t h e  agency charged w i t h  t h e  pr imary r e s p o n s i b i l i t y  

f o r  p r o t e c t i n g  t h e  hea l th  o f  tne  c i t i z e n s  o f  New Mexico. 

The Group i s  n e i t h e r  a proponent nor an opponent o f  WIPP. 

Analyses a r e  conducted o f  ava i l ab le  data concerning t h e  proposed s i t e ,  t h e  

design o f  t h e  repos i to ry ,  i t s  planned operat ion, and i t s  long-term s t a b i l i t y .  

These analyses inc-lude assessments o t  repo r t s  issued by t h e  U.S. Department o f  

Energy (DOE) and i t s  contractors,  other  Federal agencies and organizat ions,  as 

they r e l a t e  t o  the p o t e n t i a l  heal th,  sa fe ty  and environmental impacts from - WIPP. 

The p r o j e c t  i s  funded e f i t i r e l y  by the I.!.S. Department of Eneray through 

Sontract  ?~E-AZi;1-7G,AL10752 w i t h  :he New Mexico Heal th and Environment 

Department. 

Robert H. Nei 11 

D i r e c t o r  



EXECUTIVE SUMMARY 

The determinat ion  o f  the  s u i t a b i l i t y  of the  s i t e  fo r  WIPP i s  on ly  t h e  f i r s t  

major phase i n  t h e  evaluat ion of the  r a d i o l o g i c a l  impact o f  the  repos i to ry  on 

t h e  p u b l i c  h e a l t h  and safety. The Environmental Eva lua t ion  Group (EEG) w i l l  

cont inue t o  independently review the design o f  the f a c i l i t y ,  the  opera t iona l  

procedures ( i n c l u d i n g  safety c r i t e r i a  and q u a l i t y  assurance), the  c r i t e r i a  f o r  

packaging and shipment o f  t h e  waste, t h e  plans, procedures and r e s u l t s  o f  t h e  

WIPP experiments, emergency preparedness, adherence t o  EPA and p e r t i n e n t  NRC 

regu la t i ons ,  and o ther  important features o f  the  p ro jec t .  

EEG has concluded from e x i s t i n g  evidence t h a t  the  Los Medanos s i t e  f o r  the  WIPP 

p r o j e c t  has been character ized i n  s u f f i c i e n t  d e t a i l  t o  warrant conf idence i n  

t h e  v a l i d a t i o n  o f  t h e  s i t e  f o r  t h e  permanent emplacement o f  approximately 6 

m i l l i o n  cubic f e e t  o f  defense t rasu ran i c  waste. Th i s  conclus ion i s  based on 

t h e  assumption t h a t  t h e  maximum sur face dose r a t e  f o r  t h e  unshielded 

remote-handled t ransuran ic  waste (RH-TRU) can is te rs  w i l l  be 100 rem per  hour 

w i t h  a maximum rad ionuc l i de  concent ra t ion  o f  23 c u r i e s  per  l i t e r  as i nd i ca ted  

,- i n  Table E-3 o f  t h e  F ina l  Environmental Impact Statement f o r  WIPP. The S i t e  
and P re l im ina ry  Design Va l i da t i on  (SPDV) program, through t h e  d r i l l i n g  of two 

sha f t s  t o  t h e  se lec ted  repos i to ry  l e v e l  a t  2160 fee t  below t h e  sur face and 

excavat ion  o f  about 9000 f e e t  o f  tunnels, has conf irmed the  i n t e r p r e t a t i o n s  

made about t h e  subsurface geological  cond i t ions  a t  t h e  s i t e .  

For an assessment o f  the  p o t e n t i a l  r a d i a t i o n  e f f e c t s  o f  t h e  nuclear  waste 

r e p o s i t o r y  on t h e  p u b l i c  hea l th  and safety,  i t  i s  necessary t o  understand t h e  

reg iona l  geo log i ca l  and hydro log ica l  se t t ing .  A l a r g e  amount o f  work has been 

done t o  understand these cond i t ions  and t o  address several s p e c i f i c  issues 

which have a r i s e n  as a r e s u l t  o f  such studies. However, i n  an assessment 

e f f o r t  o f  t F i s  magnitude, i t  i s  almost i n e v i t a b l e  t h a t  sane quest ions remain 

unanswered a t  a g iven t ime i n  the  decision-making process. EEG has i d e n t i f i e d  

work which s t i l l  needs t o  be done a t  t h e  Los Medanos s i t e  i n  order  t o  improve 

conf idence i n  t h e  worst case scenario models o f  poss ib le  breaches of t h e  

repos i to ry .  Also, i t  i s  a n t i c i p a t e d  t h a t  sane o f  t h e  a d d i t i o n a l  i n fo rma t ion  

w i l l  be necessary t o  assure compliance w i t h  t h e  EPA standard when i t  i s  

promulgated. 



EEG s t rongly recommends t h a t  the fo l l ow ing  important commitments be obtained 

from DOE p r i o r  t o  beginning t h e  f u l l  f a c i l i t y  cons t ruc t ion .  

Recommended Commitments from DOE P r i o r  t o  Beginning t h e  Construct ion 

1. The WIPP w i l l  comply f u l l y  w i t h  t h e  U.S. Environmental P ro tec t i on  Agency 

standard f o r  the  disposal o f  t ransuran ic  wastes, when i t  i s  promulgated. 

WIPP does not appear t o  meet some p a r t s  of the  proposed standard. 

2. The maximum surface-dose r a t e  f o r  the  unshielded Remote Handled 

Transuranic Waste (RH-TRU) can is te rs  w i l l  be 100 rem per hour w i t h  a  

maximum rad ionuc l ide  concent ra t ion  o f  23 c u r i e s  per l i t e r  as i nd i ca ted  i n  

Table E-3 o f  the F ina l  Environmental I m ~ a c t  Statement f o r  WIPP. 

3. No potash mining w i l l  be al lowed i n  Zones I, I 1  and I 1 1  o f  t h e  WIPP s i t e .  

Deviated d r i l l i n g  f o r  o i l  and gas from outs ide  t h e  WIPP s i t e  t o  reach 

under t h e  WIPP s i t e  a t  depths greater  than 6000 f e e t  may be allowed. The 

federal government s h a l l  exerc ise  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  a t  t h e  s i t e  - 
f o r  t h i s  purpose f o r  a t  l e a s t  100 years a f t e r  r e p o s i t o r y  decanmissioning. 

4. DOE sha l l  p rov ide  t o  t h e  Sta te  c e r t i f i e d  data and f i n a l  repo r t s  as  

appropr ia te  f o r  t h e  s tud ies  and i n v e s t i g a t i o n s  l i s t e d  he re in  by J u l y  1, 

1985, and a l l ow  f o r  a  60 day review and comment pe r iod  by t h e  S ta te  and 

general pub l ic .  DOE s h a l l  consider  and respond t o  such comment w i t h i n  30 

days. 

The f o l l o w i n g  l i s t s  c e r t a i n  i n v e s t i g a t i o n s  c u r r e n t l y  i n  process o r  planned by 

DOE and a d d i t i o n a l  work which EEG recomnends t h a t  t h e  S ta te  should demand i f  

the  cons t ruc t i on  i s  al lowed t o  proceed. ., . .  
- 

Studies Recomnended by EEG 

1. Inves t i ga te  t h e  depression o f  t h e  marker beds i n  t h e  lower p a r t  of t h e  

Salado formation, centered two m i l e s  n o r t h  o f  t h e  WIPP shafts. 

2. Perfonn computer modeling o f  groundwater f l o w  i n  t h e  R u s t l e r  aqu i fe rs .  

iii 



3. Conduct the  fo l l ow ing  hydrology tes ts :  

a)  A long dura t ion  pumping t e s t  a t  the wel l  H-3. 

b )  Measure t h e  anisotropy o f  t h e  hydrau l ic  c o n d u c t i v i t y  a t  t e s t  pads H - I ,  

H-2, and H-3. 

c )  Perform convergence t r a c e r  t e s t s  a t  we l ls  H - I ,  H-3 and H-4. 

d) Perform convergence t r a c e r  t e s t s  a t  wel l  H-6 us ing sorbing t racers .  - . 
k" -. 

Cont inuing o r  Planned DOE Studies 

1. Evaluate m d  f i e l d  t e s t  non-invasive geophysical methods t o  i d e n t i f y  

poss ib le  occurrence o f  b r i n e  under t h e  repos i to ry .  

2. Analyze the  drawdown data i n  t e s t  holes H-I, H-2 and H-3 caused by t h e  

excavat ion o f  WIPP shafts.  

3. Pub l ish  the  r e s u l t s  o f  so lu te  t ranspor t  modeling i n  t h e  Rus t l e r  aqu i fe rs .  

- 4. Analyze t h e  Rust le r  aqu i fe r  waters f o r  environmental isotopes (Carbon-14, 
Chlorine-36, Uranium-234, Uranium-238) t o  a i d  i n  understanding t h e  

groundwater f low d i r e c t i o n  and r e l a t i v e  v e l o c i t y .  

5. D r i l l  the  planned add i t iona l  we l ls  f o r  hydro log ic  t e s t i n g ,  v iz .  H - 1 1  and 

H-12. Obtain t h e  cores wh i le  d r i l l i n g  these we l l s  t o  determine the  ex ten t  

o f  f r a c t u r i n g  and s o l u t i o n  residues throughout the  Rus t l e r  formation. 

6. Conduct a  water balance study f o r  t h e  WIPP s i t e .  

7. Study t h e  mechanics o f  removal o f  s a l t  from t h e  Rus t l e r  format ion a t  and 

near t h e  S i te .  

8. Dr i l l  a  shallow auger-hole i n  t h e  depression i n  t h e  SW corner  o f  Sec. 30, 

T225, R 31E i n  Zone 111 t o  address the  suspic ion o f  t h i s  depression being a  

do1 i ne. 

- 9 .  Fur tner  study marker bed 129 (MB139) under ly ing  t h e  repos i to ry  hor izon t o  

d e t e r ~ t ~ i n e  i t s  o r i g i n  anti i t s  e f f e c t  on t h e  repos i to ry .  
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INTRODUCTION 

On March 31, 1983, t h e  Department c f  Energy i ssued  t i l e  "Summary o f  t h e  R e s u l t s  

o f  t h e  E v a l a a t i o n  o f  t h e  JIFP S i t e  dnd P r e l i n i n a r y  Qes ign  V a i i d a t i o n  Program" 

(WIPP-ROE-161). T h i s  p u b l i c a t i o n  c o n r a i n s  a "Summary of t h e  E v a l u a t f o n  o f  t h e  

!AI?P S i t e  S u i t a b i l i t y "  by W. D. Weart o f  S ? ~ d i a  N a t i o n a ?  L ? b o r a t c r i e s  and an 

E x e c u i i v e  Summary o f  t h e  "re1 iminar: ges tyn  Val i d a t  i o n  ;<?por t  by b,?chtel 

N a t i o n a l ,  Inc .  T+e  r e r o r t  ;-ncludes t h a t  t h e  Los Fledanw r i '  e ? u i f i l : s  t h e  

i n t ? l t  \+ d l 1  :he s i t e  q u a i i f i c 3 t i o r  f a c i c r s  and shout:, t h e r e f o r e ,  be used f o r  

t h e  hasre !so:a;ior p i l o t  P13nt 7 ro . jec t .  I t  a l s o  ccnc'!ldes t h z t  " t h e  n a ~ ! o r  

UIPP des ign  e!ements qnd design bases have 3een v a l i d ? t e d  by o b s f - v a t i o ~  o r  

n e a s G r e m  c." 

The x v i  r r w e r - a 1  E.s'?l)tio.. Groi;? (TCGj i s  x a r g e d  w i t h  t h e  r e z ~ c ? s i b i l i t y  o f  

2 , ~ a l u a t i n q  t h e  ;u i iz5 i l i t :  ~f t h e  s i t e  f o r  c a r r y i n g  ?u* -be  m i s s i o n  o f  NIPP by 

ana!yz i r : j  a" t h e  r e p ; r t s  2nd o t h e r  i ~ f o :  : i c < i  i ~ h + c n  f o r 7  t h e  background t o  

t h e  GOE e v a ! u a t i o n  g f  tor? s i t e .  i n e  . e s l  i T r  o t h i s  e v a l u a t i o n  a r e  be ing 

conveyed t o  Ch? a p n - c j r i a t e  S t z t e  6 u t h o r : t i f s  t o  he1> them f o r m c l a t e  the  
.- S t a t e ' s  p o s ~ t i o n  on wheit ier t o  appcse t n e  b e g i n c i n c  o f  c o r % t :  c t i o n  o f  t n e  

Wa-.te I s o l a t i o n  P i l s :  P l a r i t  r ; r c j e c t .  

A sumrr!a;y ~i KG'S i r . ; ~ l v e m e n t  i i n c e  Xc:'rmber 1978 i s  p r c v i d e d  :n t%e P??endix 

t o  i r d ' c a t e  t h e  e x t e c t  o f  - i . ; l ~ ~ i i ~ n  p r . x e s s  ;or :he p a s t  3  i '2 yedrs. Dur ing  

t n e  p a s t  year  a l o v ,  EEG h ~ s  r e c e i ~ e d  appr-r irnate!y 40 m a j o r  and numerous 

s u p p o r t i n g  r e p o r t s  from DOE c o n c e r r ~ i n g  , f a r i c ~ s  ;;pect: of t 3 e  e v a l u a t i o n  of t h e  

s i t e .  

The "Summary o f  t h e  e v a l u a t i o n  o f  t h e  WI?P S i t t  h i t a b i l i t y "  by W. D. Weart o f  

Sand'a N a t i o n a l  L a b o r a t o r i e s ,  :cntained ir t h e  U. S. Department o f  Energy 

document (MIPP-DOE-161, March, 1983) i s  based on t h e  2 1  s i t e  q u a l i f i c a t i o n  

f a c t o r s  f o r m u l a t e d  i n  t b e  S i t e  V a l i d a t i o n  Program (WIPP-DOE-116, October 

1982). The s p e c i f i c  i s s u e s  on w h i c t ~  EEG has expressed i t s  concerns i n  t h e  p a s t  

(EEG-3, EEG-6, EEG-7, EEG-10, OOEfState S t i p u l a t e d  Agreement, 1981) a r e  

i n c l u d e d  i n  t h e  2 1  s i t e  q u a l i f i c a t i o n  fac to rs .  Ra ther  t h a n  comment on t h e  

adequacy o f  t h e  WIPP s i t e  w i t h  r e s p e c t  t o  each o f  t h e  2 1  f a c t o r s ,  t h e  - 
d i s c u s s i o n  i n  t h i s  r e p o r t  i s  ar ranged a c c o r d i n g  t o  i s s u e s  which EEG cons ide rs  



important  i n  eva lua t i ng  bo th  the  opera t iona l  and the  long-term i n t e g r i t y  of the  

s i t e .  The sec t i on  on Conclusions and Recanmendations provides a summary o f  EEG 

analyses o f  t h e  issues o f  s i t e  s u i t a b i l i t y .  

The Environmental Eva lua t ion  Group organized a meeting on "Evaluat ion o f  WIPP 

S i t e  S u i t a b i l i t y "  a t  Carlsbad on May 12 and 13, 1983. The purpose o f  t h e  

meeting was t o  present EEG's t e n t a t i v e  conclusions on the  issues of WIPP s i t e  

s u i t a b i l i t y  t o  a group o f  40 i n v i t e d  s c i e n t i s t s  and engineers which inc luded 

s c i e n t i s t s  from Sta te  agencies, members of the  National Academy o f  Sciences 

Panel on WIPP; several U n i v e r s i t y  professors from New Mexico and from Stanford,  

U n i v e r s i t y  o f  Arizona and Pennsylvania State; U. S. Geological Survey 

s c i e n t i s t s ;  s c i e n t i f i c  personnel from DOE and i t s  cont rac tors  e.g. Sandia, 

and D'Appolonia. While t h e  discussions, canments and recommendations made a t  

t h i s  meeting were considered i n  t h e  preparat ion o f  t h i s  repor t ,  t h e  conclus ions 

r e f l e c t  t h e  views o f  t h e  Environmental Evaluat ion Group and do not necessar i l y  

r e f l e c t  the  views 3f others. 

As the  t i t l e  o f  t h i s  r e p o r t  suggests, only t h e  issues d i r e c t l y  r e l a t e d  t o  t h e  

s u i t a b i l i t y  o f  t h e  s i t e  a r e  addressed here. M h e r  issues i n c l u d i n g  
-. 

t ranspor ta t i on ,  waste acceptance c r i t e r i a ,  t h e  absence o f  engineered b a r r i e r s ,  

and adherance t o  EPA and NRC regu la t i ons  w i l l  be d e a l t  w i t h  separately.  



RESOLUTION OF SPECIFIC ISSUES 



DISSOLUTION - 
1.0 Blanket D isso lu t i on  

Geologists who have studied the  Delaware Basin genera l l y  agree t h a t  the  Ochoan 

evapor i te  deposits of upper Permian age have undergone eros ion and shal low 

d i s s o l u t i o n  i n  the  Basin. Th is  regional  d i s s o l u t i o n  must have been i n i t i a t e d  

w i t h  the t i l t i n g  o f  the  basin and i n j e c t i o n  o f  water from t h e  Capitan aqu i fe r  

downdip t o  the  east i n t o  t h e  evapor i te  deposits.  Since h a l i t e  i s  the most 

so luble o f  the ochoan evapor i tes,  i t  has been d isso lved where the unsaturated 

waters have managed t o  a t tack  it. The sequence from the  o ldes t  t o  the  

youngest o f  the Delaware Basin evapor i tes i s  C a s t i l e ,  Salado and Rus t l e r  

formations, respect ive ly .  F igure  1 shows t h e  western edges o f  t h e  C a s t i l e  and 

Salado h a l i t e .  The edge o f  t h e  s a l t  i n  t h e  youngest, i.e., t h e  Rus t l e r  

formation, i s  f a r t h e r  east  and i t  cr iss-crosses t h e  WIPP s i t e  '7 a general 

nor th-south d i r e c t i o n  (Fig. 2). 

The e f fec ts  o f  t h e  regional  d i s s o l u t i o n  nearest t h e  WIPP s i t e  can be observed 
.- i n  Nash Draw, a dog bone shaped depression immediately west o f  t h e  WIPP s i te .  

Nash Draw i s  approximately 15 m i les  long i n  t h e  nor th-south d i r e c t i o n  and i t s  

w id th  ranges from approximately 5 m i l e s  t o  as much as 12 miles. Bachman 

(1980, 1981) s tudied and mapped t h i s  depression i n  d e t a i l  and concluded t h a t  

i t  has been formed by a process o f  " s o l u t i o n  and f i l l  ," which i s  a c t i v e  

today. Based upon t h e  da t i ng  o f  a vo lcan ic  ash l a y e r  associated w i t h  t h e  

Gatuna format ion which i s  exposed a t  t h e  r i d g e  on t h e  eastern margin o f  Nash 

Draw and us ing t h e  marker beds i n  Salado, Bachman (1980) concluded t h a t  about 

200 f e e t  o f  subsidence has occurred i n  t h i s  depression du r ing  t h e  past 600,000 

years. Using t h i s  observat ion, Bachman (1974) ca l cu la ted  an average r a t e  of 

330 f e e t  per  m i l l i o n  years f o r  t h e  v e r t i c a l  d i s s o l u t i o n .  Assuming t h a t  the  

edge o f  t h e  SaTado s a l t  has moved frm t h e  Capitan Reef f r o n t  t o  i t s  present 

l o c a t i o n  d u r i n g  t h e  past  7 t o  8 m i l l i o n  years (s ince  t h e  Oga l l a la  t ime),  

Bachman and Johnson (1973) concluded t h a t  t h e  h o r i z o n t a l  r a t e  o f  movement of 

t h e  b lanket  d i s s o l u t i o n  f r o n t  i s  about 6 t o  8 m i l e s  per m i l l i o n  years. It 

should, o f  course, be recognized t h a t  these a r e  very rough average r a t e s  o f  

movement o f  t h e  d i s s o l u t i o n  f ron t .  The f r o n t  i t s e l f  may be expected t o  rove 

f a s t e r  under l e s s  a r i d  c l i m a t i c  condi t ions.  Also, an advancing "tongue" of 

t h e  f r o n t  may reach a p o i n t  f a s t e r  than t h e  f r o n t  i t s e l f .  

4 



LEGEND 1 
I 

N 

;?- 
~ U l l O N  EOGE a*-% 

CQIOZOlC FILL @ 
ME? CEI102UC * 1 U  4 
LINE of f L C m N  ,/\,' 

Figure 1. Map o f  Delaware Basin showing l oca t i on  o f  Capitan reef. 
major d i sso lu t i on  depressions, and western d i sso lu t i on  o f  
evapor i tes and o f  major s a l t  u n i t s  (from Anderson, 1981) 



Figure 2. Extent of removal of sal t  from the Rustler formation 
at  the WIPP s i t e  (Modified from Snyder, 1 9 s  
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Usinq the  above ra tes  f o r  ho r i zon ta l  and v e r t i c a l  d i sso lu t i on ,  i t  can be shown 

tha t  i t  would take approximately 225,600 years f o r  the f r o n t  t o  t r a v e l  - 
approximately two m i les  t o  rnach the  westerr: edge of the WIPP repos i to ry  and 

would s t a r t  d i s s o l v i n g  s a l t  ::om upper Salado, about ;500 f e e t  above t h e  

repos i to ry  horizon. It w ? l l d  then requ i re  a t  l e a s t  2  t o  3  m i l i i o n  years f o r  

the  removal of 1500 feet  of s a l t  by d i s s o l u t i o n ,  a t  the r a t e  o f  330 t o  5CO 

f e e t  per  m i l l i o n  years. I n  s p i t e  of t h e  very approxinate nature of  the  

est imated ra tes  o f  advance of the  d i s s o l u t i c n  f ron t ,  and t h e  p o s s i b i l i t y  o f  a 

more rap id  advance of a s e g ~ w n t  of t > e  f ron t ,  these ca lcu la ted  rates prov ide 

s u f f i c i e n t  sa fe ty  from an advancing f r o n t  o f  b lanket  shallow d i s s o l u t i o n  o f  

s a l t  towards the  \U';PP : i te. 

2.0 Deep D i s s o l u t i o n  

The hypothesis of p r e f e r e n t i a l  removal c f  s a l t  from the  lowe; Salado an 

C a s t i l e  format ions has been c a l l e d  "Deep" d i sso l k t i on .  I n  at tempt ing t o  

c o r r e l a t e  t h e  varved evapor i t e  seq!;ence o f  t h e  C a s t i l e  format ion and t h e  

Over ly ing  Salado, Anderson e t  a1.:1972) concluded t h a t  l a r g e  q u a n t i t i e s  o f  

bedded s a l t  were miss ing from t h e  middle o f  the  evapor i te  sequence near the  -. 

center  o f  t h e  basin. Using the  c o r r e l a t i o n  o f  a c o ~ s t i c  l ogs  ?cross several 

l i n e s  i n  t h e  Delaware B a s i ~ ,  Anderson e t  a!. (1978) concluded t h a t  (a )  the  

p re fe r red  d i s s o l u t i c n  hor izons f r a n  which s a l t  has been removed by d i s s o l c t i o n  

occur between t h e  H a l i t e  111 s a l t  of t h e  C a s t i l e  format ion a ~ d  the  136 marker 

bed o f  the  Salado formst ion,  2nd (:;) the  l a r y  depressions i n  the  basin, f i r s t  

i d e n t i f i e d  by Mal ley and . ' u f f i ng ton  (1953), #ere the  r e s u l t  o f  s e l e c t i v e  

d i s s o l u t i o n  o f  lower Salado s a l t  beds. Anderson (1981) f u r t h e r  developed t h e  

idea o f  deep-seated d i s s o l u t i o n  and concluded t h a t  deep-seated d i s s o l u t i o n  has 

occurred around t h e  margin o f  t h e  basin where t h e  Capitan a q u i f e r  i s  i n  

contac t  w i t h  t h e  Permian evapor i t es  and w i t h i n  t h e  basin where s e l e c t i v e  

d i s s o l u t i o n - i n  t h e  lower Salado has undercut t h e  ove r l y i ng  s a l t  beds. He 

c a l c u l a t e d  t h a t  more than 70% o f  t h e  o r i g i n a l  s a l t  has a l ready been removed 

from the lower Salado ho r i zon  i n  the  basin. 

For t h e  mechanics s a l t  removal s a l t  through t h e  process of deep d i s s o l u t i o n ,  

Anderson (1981) invoked t h e  " b r i n e  dens i t y  f low"  which had been proposed - 
e a r l i e r  (Anderson and K i rk land.  1980) f o r  t h e  format ion o f  b recc ia  pipes. 

T h i s  mechanism requ i res  a  connect ion between t h e  lower Salado and t h e  



u n d e r l y i n g  Delaware Mounta in  Group a q u i f e r .  It was hypo thes ized  t h a t  t h i s  

a q u i f e r  s u p p l i e s  u n s a t u r a t e d  water t o  t h e  o v e r l y i n g  e v a p o r i t e s  through a  

f r a c t u r e  system and t h e  b r i n e  produced a f t e r  d i s s o l u t i o n  o f  t h e  s a l t  i s  a l s o  

removed through t h i s  a q u i f e r .  Us ing t h e  r e p o r t e d  (H iss ,  1975) values o f  

h y d r a u l i c  c o n d u c t i v i t y  o f  0.0049 m/day and a  c h l o r i n i t y  o f  150 g / L  f o r  t h e  OMG 

a q u i f e r ,  Anderson (1981) c a l c u l a t e d  t h a t  t h i s  a q u i f e r ,  where i t  i s  i n  c o n t a c t  

w i t h  t h e  r e e f ,  can remove t h e  volume of s a l t  m i s s i n q  from t h e  Salado i n  1.5 

m i l l i o n  years.' 

*There appears t o  be a  d i sc repency  i n  Anderson's c a l c u l a t i o n  here .  

Accord inq  t o  Anderson (1981) ,  F i g u r e  3, [ ( l o  - 49) + (13.9 - 3.8)] x 10" m 3  = 
7.11 x 10" m 3  o f  s a l t  has been removed f rom l o w e r  Salado. 

F o r  h y d r a u l i c  c o n d u c t i v i t y ,  K = 0.173 m/day (maximum measured v a l u e )  
h y d r a u l i c  g r a d i e n t ,  i = 0.0025 m/m 

C1 = 150 g m s / l i  t e r  = 247 q / e  o f  NaCl 
= 247 kg/m3 o f  NaCl 

NaCl d e n s i t y  = 2.2 g/ml 
= 2200 kg/m3 

247 kg/m3 - 
.- 

S a l t  removal i s  - --, - 0.112 m3 s a l t / m 3  w a t e r  
2200 kg/m 

I f  t h e  t h i c k n e s s  o f  t h e  OMG a q u i f e r  i s  100 m, t h e  v o l u m e t r i c  f l u x  o f  wa te r  p e r  
one meter  w i d t h  o f  a q u i f e r  i s  

I n  1.5 x  l o 6  years ,  t h e  f l w  i:, 
15.8 x  1.5 x l o 6  = 2.37 x 10 m  /m-width 

And t h e  amount of s a l t  removed i z  
0.112 x  2.37 x 10' = 2.65 x 1 0  m  s a l t / m  - w i d t h  

I n  1.5 x l o 6  y e a r s  

Width o f  Flow - 
50 km 

Volume o f  S a l t  Removed 
1.33 x 10" m" 

Even w i t h  c o n s e r v a t i v e  assumpt ions,  t h e  volume o f  s a l t  removed as c a l c u l a t e d  
by EEG i s  20 t o  50 t i m e s  l e s s  t h a n  t h a t  c a l c u l a t e d  by Anderson. 



Wood e t  a1  (1982) conducted a d e t a i l e d  study of the  p o t e n t i a l  of the DMG 

aqu i fe r  t o  remove t h e  d isso lved Sa l t  as hypothesized by Anderson (1981). Tney -_ 
studied the  p o t e n t i a l  d i s s o l u t i o n  mechanisms of d i f f u s i o n  and convect ion f ron 

the  h a l i t e  zones o f  C a s t i l e  and Salado t o  the Be l l  Canyon (DMG) and t h e  

Capitan Reef aqu i fe rs ,  and reached the fo l l ow ing  conc?usions. 

. The d i f f u s i o n  and poss ib l y  very weak convect ion r e s u l t  i n  removal of h a l i t e  

from the  Cast i le .  Convection may be s i g n i f i c a n t  a t  loca t ions  adjacent t o  

t h e  Capitan Reef aqui fer .  

. Sal t  removal by the  d i f f u s i o n  process would produce an advancement o f  the  

d i s s o l u t i o n  f r o n t  o f  on l y  0.3 cent imeter  i n  :0.000 years. 

EEG (1983, pp. 75-93) has quest ioned several assumptions and analyses 

contained i n  t h i s  study but  has accepted t h e  conclusioo t h a t  the known 

p rope r t i es  o f  the  DMG aqu i fe r  make i t  an u n l i k e l y  pathway f o r  supply and 

removal of water needed t o  c a r r y  out t h e  d i s s o l u t i o n  a t  a massive scale as 

asserted by Anderson ( 1981). 

- 
Anderson (1982) countered t h a t  t h e  i n t e r p r e t a t i o n  o f  geophysical l ogs  from 

hundreds of w l l s  i n  the  bas in  c l e a r l y  shows t h a t  the  upper C a s t i l e  and lower 

Salado s a l t  i s  miss ing under a l a rge  p a r t  o f  the  basin 2nd t h a i  i t  has been 

removed by d i s s o l u t i o n  du r ing  t h e  P le is tocene time. I f  t h e  DMG a q u i f e r  was 

not the  pathway f o r  the  b r i n e  movement, then an a l t e r n 3 t e  pathway must account 

f o r  t h e  miss ing s a l t .  Anderson (1982) developed a case f o r  the upper 

Anhydr i te  l a y e r  i n  t h e  C a s t i l e  format ion as the  condu i t  f o r  t h e  movement of 

unsaturated waters from west t o  east. The b r i n e  produced by such d i s s o l u t i o n  

would escape through t h e  Capitan Reef t o  t h e  east. Th i s  mechanism i s  

i l l u s t r a t e d  i n  F igure  3. 

There a r e  several  unresolved quest ions i n  t h i s  pos tu la ted  mechanism. Besides 

a very few i s o l a t e d  repo r t s  o f  minor q u a n t i t i e s  o f  water i n  t h e  upper Cas t i l e ,  

ma in ly  near t h e  Pecos r i v e r  southwest o f  t h e  WIPP s i t e ,  t h e  on ly  l i q u i d  found 

i n  t h e  C a s t i l e  anhyd r i t e  i s  i n  t h e  pressur ized b r i n e  reservo i rs .  I n  Sp i te  of 

a l a r g e  number o f  boreholes which have been d r i l l e d  through t h e  Cast i le ,  t h e r e  

i s  no i n d i c a t i o n  o f  t h e  ex i s tence  o f  unsaturated water f l ow ing  through t h i s  - 
zone. Therefore, t h e  upper C a s t i l e  i s  not  an aquifer.  Also, t h e  two 



Figure 3. Diagramnatic cross section through the northern Delaware Basin, New Mexico. 
showing possible pathways o f  movement o f  water and br ine  drainage i n t o  and 
through upper Cast i l e  br ine  acquifer  (from Anderson, 1982). 



pressur ized b r i n e  encounters which have been tested, d isp lay  var ied  chen is t r y  

and pressures which Suggests t h a t  t h e  two encounters are not connected. - 
F i n a l l y ,  t h e  s a l i n i t y  o f  the  Capitan Reef t o  the east i s  low i n d i c a t i n g  t h a t  

i f  b r ines  are being discharged i n t o  the  Reef aqu i fe r ,  the  volume must be very 

smal l  i n  comparison t o  the  t o t a l  volume of f lowing water i n  the Reef. 

I t appeared i n  1982 t h a t  the  only  way t o  address t h e  quest ion o f  deep 

d i s s o l u t i o n  was t o  reexamine t h e  geophysical logs i n  the basin and prov ide  

a l t e r n a t e  explanat ions, i f  any, f o r  t h e  missing s a l t .  A t  EEG's suqgestion, 

t h i s  work was done by Sandia Nat iona l  Laborator ies. Lambert (1983) has drawn 

two isopach maps, one f o r  t h e  composite th ickness o f  Anhydri te I ,  H a l i t e  I, 

Anhydr i te  I 1  and H a l i t e  I 1  o f  the  C a s t i l e  format ion and another f o r  t h e  

composite th ickness  o f  t h e  C a s t i l e  format ion and t h e  Salado format ion beneath 

marker bed 136. These isopach maps are inc luded here as Figures 4 and 5. 

Lambert (1983) has used these maps t o  argue t h a t  t h e  t o t a l  th ickness o f  

C a s t i l e  a n h y d r i t e l h a l i t e  pa i red  u n i t s  tend t o  remain t h e  same throughout much 

o f  t h e  Delaware Basin regardless o f  v a r i a t i o n s  i n  thicknesses o f  i n d i v i d u a l  

h a l i t e  o r  anhyd r i t e  beds; t h e  observed v a r i a t i o n s  i n  t h e  i n d i v i d u a l  beds a r e  

t h u s  syndeposi t i o n a l  o r  deformat ional  , not  d i  sso lu t i ona l  . Lambert (1983) 

f i n a l l y  concludes t h a t  t h e r e  i s  no p r e f e r e n t i a l  removal o f  any s a l t  hor izon i n  

t h e  post-Permian time, as ide from t h e  d i s s o l u t i o n  i n  the  Rus t l e r  and upper 

Sal ado. 

EEG requested Anderson t o  canment on t h e  Lambert (1983) work and i t s  

conclusions. I n  a r e p o r t  submit ted t o  EEG i n  A p r i l  1983, Anderson (1983, a)  

c la ims t h a t  "(Lambert ' s )  conclus ions r e l a t e d  t o  lower Sal ado d i s s o l u t i o n  are  

almost complete ly  wrong." The main reason f o r  t h e  confusion, according t o  

Anderson, i s  t h e  l ack  o f  understanding o f  t h e  nature o f  t h e  boundary between 

t h e  C a s t i l e  and Salado formations. I f  one does not  recognize t h e  unconformity 

between t h e  C a s t i l e  and t h e  Salado format ions and thus ignores t h e  episode of 

d i s s o l u t i o n  du r ing  t h e  pos t -Cast i le lp re-Sa lado time, o n e . i s  assuming t h e  lower 

Salado and upper C a s t i l e  t o  be a s i n g l e  u n i t .  When t h i s  i s  done, t h e  l a t e r a l  

t h i ckness  changes are  compensated and evidence f o r  l a t e r  s a l t  removal through 

d i s s o l u t i o n  disappears. Fur ther ,  accord ing t o  Anderson (1983, a), if t h e  

t runcated r e l a t i o n s h i p s  a t  t h e  unconformi ty  are recognized and used t o  

e s t a b l i s h  a datum, t h e  o r i g i n a l  f a c i e s  v a r i a t i o n  i s  ea 

l a t e r  d i s s o l u t i o n .  

11 
... 



Figure 4. Isopach map of Anhydrite I ,  Halite I ,  Anhydrite 11,  and Halite I1  
in the Castile Formation in the northern Delaware Basin (from 
Lambert, 1983) 



Figure 5 .  Isopach map o f  t h e  C a s t i l e  and lower Salado formation i n  
the  northern Delaware Basin (from Lambert, 1983) 
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I n  another repor t ,  Anderson (1983, b)  has used a nor th-south cross-sect ion i n  

the eastern pa r t  of t h e  basin t o  i l l u s t r a t e  a one by one t runca t i on  o f  the  

s a l t  beds i n  the  upper C a s t i l e  as one moves t o  t h e  north. This  l i n e  o f  

t runca t i on  i s  the  unconformity between the C a s t i l e  and t h e  Salado. Anderson 

(1983, b)  has used t h i s  unconformity as an evidence f o r  eros ion and 

d i s s o l u t i o n  during the post-Cast i le/pre-Salado time. By us ing two o ther  

cross-sect ions, Anderson shows h i s  evidence t h a t  the  miss ing s a l t  i s  i n  lower 

Salado and tha t  the  ef fects o f  f ac ies  change are separable from the  e f f e c t s  o f  

p r e f e r e n t i a l  removal o f  sa l t .  By c o r r e l a t i n g  t h e  area of the  bulk of the  

missing s a l t  w i th  the  Malley and Hu f f i ng ton  (1953) depressions, Anderson 

concludes t h a t  the  d i s s o l u t i o n  occurred dur ing  t h e  Ple is tocene t ime s ince the  

f i l l  i n  the upper p a r t  of t h e  depressions i s  Gatuna, i.e. P le is tocene i n  age. 

3.0 Conclusions 

Roger Anderson has-studied t h e  Ochoan evapor i te  sequence i n  t h e  Delaware Basin 

i n  g reat  d e t a i l  over a  pe r iod  o f  almost 20 years. He has advanced some very 

compel l ing evidence t h a t  a  l a r g e  amount o f  s a l t  from t h e  upper C a s t i l e  and 

- lower Salado u n i t s  i s  missing, t h a t  the  absence o f  s a l t  f o l l o w s  a  p a t t e r n  
which d i s t i ngu i shes  i t f r a n  fac ies  changes w i t h i n  i n d i v i d u a l  u n i t s  and t h a t  

t h e  removal o f  s a l t  i s  p r e f e r e n t i a l ,  stratawise. The weakest argument i n  t h e  

Anderson hypothesis i s  the t im ing  o f  deep d i sso lu t i on .  Since t h e  assumption 

o f  t im ing  o f  predaninant d i s s o l u t i o n  as l a t e  Cenozoic i s  based on an assumed 

age o f  t h e  Mal ley and Hu f f i ng ton  (1953) depressions and the  age o f  t h e  basin 

u p l i f t  and t i l t i n g ,  t h e r e  i s  room f o r  d i f f e r e n t  i n t e r p r e t a t i o n s  o f  t h e  t i m i n g  

o f  deep d i sso lu t i on .  

On the  other  hand, t h e  argument against  the  removal o f  s a l t ,  by assuming t h a t  

any absence o f  s a l t  i s  due t o  fac ies  change, i s  not  convincing. It i s  t r u e  

t h a t  t he re  does n o t  seen t o  be a  v i a b l e  mechanism f o r  p r e f e r e n t i a l  removal o f  

s a l t  a t  depth dur ing  g e o l o g i c a l l y  recent  t ime o r  f o r  t h i s  t o  be an a c t i v e  

process. However, t h e  lack  o f  understanding o f  a  mechanism should no t  be a  

reason t o  ignore  t h e  evidence f o r  a  phenomenon. EEG, there fore ,  accepts t h e  

ex is tence o f  deep-seated d i s s o l u t i o n  as a s t rong hypothesis  t o  e x p l a i n  t h e  

miss ing s a l t  a t  depth. 



Figure  1 shows the  deep d i s s o l u t i o n  edges fo r  the s a l t  un i ts ,  as i n t e r p r e t e d  

by Anderson (1981). It should be noted t h a t  the  WIPP s i t e  i s  s i t u a t e d  i n  t h e  

nor thern  p a r t  o f  t h e  basin, away from t h e  d i s s o l u t i o n  f ron ts ,  i n  a region - 
where deep d i s s o l u t i o n  has not ye t  reached. The nearest po in t  o f  t h e  

d i s s o l u t i o n  edge from t h e  WIPP s i t e  i s  about 15 m i les  away. It would seem 

i r o n i c  t o  worry about t h e  "deep d i s s o l u t i o n "  f r o n t  when the  f r o n t  o f  shal low 

"b lanket  d i s s o l u t i o n "  l i e s  only  2-3 m i l e s  west of the  s i t e  and i s  known t o  be 

moving towards the WIPP s i t e .  The reason f o r  t h i s  i r o n i c  concern i s ,  o f  

course, t h e  lack o f  understanding o f  t h e  deep d i s s o l u t i o n  process. According 

t o  Anderson, the  basin has reached an advanced stage o f  d i s s o l u t i o n  and 

should, there fore ,  be re jec ted  f o r  nuc lear  waste d isposal ,  as a whole. The 

EEG does not subscribe t o  t h i s  p o i n t  of. view. 

There are  f i v e  boreholes a t  t h e  WIPP s i t e  (WIPP-9, 11, 12, 13 and DOE-1) which 

have penetrated t h e  lowermost anhyd r i t e  bed (Anhydr i te - I )  i n  t h e  C a s t i l e  

formation. These holes have been cored a t  selected i n t e r v a l s  and geophysical 

logs f o r  t h e  e n t i r e  depths have been obtained. I n  a d d i t i o n  th ree  holes 

ou ts ide  t h e  WIPP boundary, AEC-7 and 8 t o  t h e  nor theast  and ERDA-10 t o  t h e  

southwest were d r i l l e d ,  cored and logged through t h e  C a s t i l e  formation. None 

o f  these seven boreholes (Fig. 6), not t o  mention several i ndus t r y  boreholes - 
around t h e  WIPP s i t e ,  show any evidence o f  extensive d i sso lu t i on .  This  po in t s  

t o  t h e  f a c t  t h a t  a t  l e a s t  t h e  immediate area surrounding t h e  WIPP s i t e  has no t  

been a f f e c t e d  by deep d i s s o l u t i o n  and i s  not expected t o  be af fected i n  t h e  

immediate geologic  fu tu re .  

Anderson (1983) has po in ted  out two fea tures ,  one on and t h e  o ther  near t h e  

WIPP s i t e ,  which may i n d i c a t e  t h e  p o s s i b i l i t y  o f  p o i n t  source d i sso lu t i on .  

One of these i s  t h e  encounter o f  the  lower  Salado marker beds e.g. MB 

124, 75 f e e t  below t h e i r  expected l e v e l  i n  an i n d u s t r y  potash hole (F-92) 2 

m i l es  n o r t h  - o f  t h e  center  o f  t h e  s i t e .  According t o  Davies (1983), t h i s  

anomaly extends t o  t h e  w e l l  WIPP-34. WIPP-14 was d r i l l e d  t o  exp lore  t h i s  area 

/-~~~:,., but was l oca ted  0.6 m i l e  t o  t h e  east o f  F-92 on t h e  bas is  o f  a marked low i n  

'%% \ t h e  g r a v i t y  da ta  which co inc ided w i t h  a seismic a n m a l y  as we l l  as a 

topographic low. WIPP-14 found t h e  beds i n  Rus t l e r  and upper Salado 

e s s e n t i a l l y  a t  t h e  expected depths and d i d  not  f i n d  any evidence o f  

b r e c c i a t i o n  o r  d i sso lu t i on .  However, i t  was d r i l l e d  on l y  50 f e e t  i n t o  t h e  

Salado and d i d  not  encounter any marker beds i n  t h e  Salado. The o ther  fea ture-  

i s  f i v e  m i l e s  southeast of t h e  center  o f  t h e  WIPP s i t e .  The acoust ic  109 of 



t h e  Perry Federal # 1-31 we l l  i n  t h a t  area (%C. 31, T225, R32E) shows, 

according t o  Anderson, t h a t  200 feet  o f  infracowden s a l t  i s  missing. - 
I n  EEG's view, a s i n g l e  ho le  anomaly out o f  hundreds o f  wel ls  d r i l l e d  through 

t h e  Salado hor izon i n  t h e  nor thern  Delaware Basin, espec ia l l y  when i t  i s  

ou ts ide  the  WIPP repos i to ry  area, may not be very s i g n i f i c a n t .  The sa fe ty  o f  

t h e  W I P P  s i t e  from deep d i s s o l u t i o n  can be assured on t h e  basis of t h e  deep 

d i s s o l u t i o n  f r o n t s  (Fig. 1) being a safe d is tance away fran WIPP and on t h e  

r e s u l t s  of excavations a t  t h e  repos i to ry  horizon already completed under the 

SPDV program. The 9000 ft. o f  d r i f t s  a1 ready completed inc lude a one-mile 

nor th-south d r i f t  (1 2 f e e t  high and 25 ft. wide), another north-south d r i f t  

(1840 ft. long, 8 ft. h igh  and 25 ft. wide), s i x  east-west d r i f t s  (each 140 

ft. l o :  :, 8 ft. high and 25 ft. wide) and four  rooms (each 13 ft. high, 33 

ft. wide and 300 ft. long).  The th ickness and c o n t i n u i t y  o f  s t r a t a  d isp layed 

i n  a l l  t h i s  excavat ion i s  d ramat i ca l l y  uniform, and there  i s  no evidence f o r  

d i s s o l u t i o n  a t  t h e - r e p o s i t o r y  hor izon as seen i n  SPDV excavations. 

The on ly  remaining anomaly w i t h i n  t h e  WIPP s i t e  i s  t h e  depression o f  lower 

Salado marker beds i n  t h e  we l l  F-92. Anderson (1983) and Davies (1983) - 
propose t h a t  t h i s  f e a t u r e  may have resu l ted  from p o i n t  source d i s s o l u t i o n  a t  

_,.'..---. 
depth. ". -.< 

4.0 Recotrmendations 

The Department o f  Energy should evaluate t h e  depression exh ib i t ed  by the  

s t u c t u r e  contours on lower Salado marker beds, centered t w  mi les  n o r t h  o f  t h e  

cen te r  o f  t h e  s i t e  and should f i r s t  at tempt t o  prov ide a reasonable 

exp lanat ion  f o r  t h i s  feature.  I f  the  p o s s i b i l i t y  o f  lower Salado d i s s o l u t i o n  

causing t h i s  f ea tu re  cannot be e l iminated,  then a d r i l l  ho le should be d r i l l e d  

through the  e n t i r e  Salado and selected horizons cored t o  i n v e s t i g a t e  t h e  cause - 
f o r  t h i s  anomaly. The f e a t u r e  appears t o  be conf ined t o  F-92 and WIPP-34 area 

and WIPP-14 i s  ou ts ide  o f  it. Therefore, a deepening o f  WIPP-14 w i l l  n o t  

answer t h e  question. 

R. Y. Anderson made four  o the r  recanmendations a t  t h e  May 12 and 13 meeting i n  

- Carlsbad, viz., core S l i c k  Sink, core one o f  the  Maley and Hu f f i ng ton  

depression, core  a deep d i s s o l u t i o n  margin and i n v e s t i g a t e  t h e  reg iona l  

hydrolow of deep d i sso lu t i on .  EEG has examined these Suggestions c a r e f u l l y  



and has determined t h a t  i n  view o f  our acceptance of the p o s s i b i l i t y  of deep 

d i s s o l u t i o n  i n  the Basin, away frm the WIPP s i t e ,  i t  i s  not  necessary t o  - 
f u r t h e r  prove o r  disprove the hypothesis. Only t h e  feature, c lose  t o  the  

repos i to ry ,  which may i n d i c a t e  a po in t  source deep d i s s o l u t i o n ,  should be 

i nves t i ga ted .  
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B R E C C I A  PIPES - 
1.0 D e f i n i t i o n  

Breccia pipes are v e r t i c a l  chimneys o f  b recc ia ted  rock which extend 

through several l aye rs  o f  i n t a c t  rock s t r a t a  t o  root  i n  a  col lapsed 

cav i ty .  These fea tures  are found i n  many evapor i te  basins of the  world. 

The diameter o f  a  breccia p ipe i s  genera l l y  less  than 1000 fee t .  ...--"7 

2.0 Confirmed Breccia Pipes 

Vine (1960) i d e n t i f i e d  several domal s t ruc tu res  i n  the  Delaware Basin 

which have been explored dur ing  t h e  i n v e s t i g a t i o n s  f o r  WIPP, as poss ib le  

breccia pipes. A f te r  ex tens ive  i n v e s t i g a t i o n ,  the  ex is tence o f  on l y  two 

p ipes ( H i l l s  A  and C) has been confirmed. Geophysical and geological  

s tudies show that-  two others ( H i l l s  B  and Wills-Weaver) are a lso  most 

l i k e l y  b recc ia  pipes, al though they have not  been cored. A l l  four  o f  

these fea tures  appear t o  be s i t u a t e d  over t h e  Capitan Reef l imestone, - which i s  a  p r o l i f i c  a q u i f e r  i n  t h e  area. These four  fea tures  as we l l  as 

o ther  features,  p rev ious l y  suspected t o  be breccia pipes i n  the  Basin, a r e  

shown i n  Fig. 6. Davies (1983) has po in ted  out t h a t  t h e  H i l l  ' C '  b recc ia  

p ipe  i s  loca ted  a t  t h e  southern edge o f  t h e  bur ied Capitan Reef and s ince 

t h e  borehole (WIPP-16), d r i l l e d  t o  exp lo re  t h i s  pipe, was d r i l l e d  only  t o  

the  l eve l  o f  t h e  McNutt Potash Zone o f  t h e  Salado formation, i t  i s  no t  

c l e a r  whether t h e  H i l l  ' C '  b recc ia  p i p e  r o o t s  i n  the  Capitan aquifer.  

Th i s  i s  a  v a l i d  argument, but al though it i s  t r u e  t h a t  t h e  borehole 

WIPP-16 was not  d r i l l e d  deep enough t o  answer t h i s  quest ion unequivocal ly,  

t h e  fea tu re  being a t  t h e  edge o f  t h e  r e e f  i s  s u f f i c i e n t  cause t o  be l i eve  

t h a t  t h e  Capitan Reef a q u i f e r  i s  respons ib le  i n  t h e  c rea t i on  o f  t h i s  

feature. - 

3.0 Suspected Breccia Pipes 

Besides boreholes WIPP-31 and WIPP-16 which were d r i l l e d  a t  h i l l s  A and C 

respec t i ve l y  t o  i n v e s t i g a t e  t h e  b recc ia  pipes, t h ree  o ther  boreholes were 

d r i l l e d  a t  suspected b recc ia  p ipe  l o c a t i o n s  i n  t h e  Basin. Borehole 



WIPP-32, 12 m i les  west of the  center o f  the  WIPP s i t e ,  was d r i l l e d  i n  a 

small topographic h igh which had been described by Vine (1963) as a domal 

k a r s t  feature.  These features (domal k a r s t )  have been ex tens ive ly  s tudied 

by Bachman (1982). The boreholes WIPP-13 and WIPP-33 were a l so  d r i l l e d  

t o  exp lore  t h e  presence of possib le b recc ia  pipes. There was a marked 

e l e c t r i c a l  r e s i s t i v i t y  anomaly a t  WIPP-13 and a prominent topographic 

depression e x i s t s  a t  the  l o c a t i o n  where WIPP-33 was d r i  1  led. Collapsed 

brecc ia  was not  found a t  e i t h e r  o f  the  wel ls.  

Anderson and K i  r k l  and (1980) have described the  occurrence o f  co l l apse  

brecc ia  i n  a borehole i n  Culberson County, Texas, about 55 m i l es  south o f  

t h e  WIPP s i t e  (see Fig. 6). Anderson ( i n  Chaturvedi, 1980) has descr ibed 

occurrences o f  "Cast i les"  which are  mounds of b recc ia ted  rock t h a t  outcrop 

a few m i l e s  south o f  t h e  New Mexico-Texas border, south o f  t h e  WIPP s i t e .  

Both these occurrences are  i n  t h e  exhumed western p a r t  o f  t h e  Delaware 

Basin which has a1 ready undergone extensive d i sso lu t i on .  These are n o t  

"ac t i ve "  features. 

4.0 Mechanics and Time o f  Formation 

Snyder and Gard (1982) have studied t h e  known occurrences o f  b recc ia  

pipes. The one s tud ied  i n  most d e t a i l  i s  t h e  H i l l  ' C '  b recc ia  p ipe  which 

i s  a l so  encountered a t  t h e  McNutt Potash Zone o f  t h e  Salado format ion i n  

t h e  M i s s i s s i p p i  Chemical Company potash mine, 1200 f e e t  below t h e  

surface. F r m  t h e  study o f  t h i s  exposure, t h e  core o f  WIPP-16 d r i l l e d  i n  

t h i s  p i p e  and t h e  core o f  WIPP-31 d r i l l e d  i n  t h e  H i l l  ' A '  brecc ia  pipe, 

Snyder and Gard (1982) have concluded t h a t  t h e  brecc ia  p ipes are  formed 

due t o  t h e  co l l apse  o f  ove r l y i ng  rocks i n  s o l u t i o n  c a v i t i e s  i n  the  Capi tan 

Reef aqu i fe r .  Th i s  appears t o  be a reasonable explanat ion. Bachman 

(1980) has bypothesized t h a t  t h e  l o c a t i o n  o f  a l l  t h e  knom brecc ia  p i p e s  

i n  a smal l  area over t h e  r e e f  i s  due t o  t h e  presence o f  an o l d  submarine 

canyon i n  t h e  ree f  i n  t h i s  area. On the  bas i s  o f  t h e  presence of 

Mescalero Ca l iche over t h e  brecc ia  pipes, Bachman (1980) a l s o  concluded 

t h a t  t h e  c o l l a p s e  occurred p r i o r  t o  t h e  depos i t i on  o f  t h i s  c a l i c h e  l a y e r ,  
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Figure 6. Map o f  the Delaware Basin showing features 
re la ted  t o  the Breccia Pipe issue. 
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5.0 EEG Conclusions 

A f t e r  consider ing a l l  the ava i l ab le  evidence on t h i s  quest ion. EEG has 

concluded t h a t  the breccia pipes, by themselves, do not pose a th rea t  t o  

t h e  WIPP repos i to ry .  This  conclusion i s  based on the  f o l l o w i n g  

observat ions. 

A f t e r  extensive i n v e s t i g a t i o n  i n  the  Delaware Basin area, t h e  

ex is tence o f  only two pipes ( H i l l s  A and C) has teen confirmed. 

Geophysical and geological  s tudies show t h a t  two o thers  ( H i l l  B and 

Wills-Weaver) are a l so  most l i k e l y  breccia pipes, al though they have 

not been cored. A l l  these pipes are loca ted over t h e  Capitan Reef 

l imestone, which i s  a p r o l i f i c  aqu i fe r  i n  the  area. The exhumed 

brecc ia  p ipes i n  t h e  basin, e.g. t h e  Cast i les ,  are no t  a c t i v e l y  

developing. 

Extensive potash mining operat ions i n  t h e  Delaware Basin have 

encountered on ly  one brecc ia  p ipe  ( H i l l  C) i n  t h e  subsurface, and i t  

a l so  i s  most l i k e l y  loca ted  over t h e  Reef; al though due t o  t h e  lack I.L- 

s u f f i c i e n t  borehole con t ro l  around H i l l  C, i t s  l o c a t i o n  over t h e  ree l  

i s  not  conf inned. 

Several f ea tu res  i n  t h e  Delaware Basin (Vine 's  Domes--Vine, 1960) a re  

c l e a r l y  the  r e s u l t  o f  e i t h e r  near-surface d i s s o l u t i o n  o r  s u r f  i c i a l  

e ros ion  (Karst  domes o r  mounds--Bachman, 1980). 

Three ho les  (WIPP-13 and 32 and 33) were s p e c i f i c a l l y  d r i l l e d  t o  

exp lore  suspected brecc ia  p ipes i n  t h e  basin but  d i d  no t  encounter 

b recc ia ted  s t r a t a  i n  t h e  subsurface. 

The exp lana t i on  (Bachman, 1980) t h a t  t h e  known brecc ia  p ipes were 

formed i n  the  area near an o l d  submarine canyon i n  t h e  Capitan Reef, 

about 500,000 years ago, seens t o  be a reasonable exp lanat ion  f o r  t h e  

fo rmat ion  o f  b recc ia  pipes. 



EEG has ca l cu la ted  the  e f fec t  o f  a  hypothet ica l  breccia p ipe 

developing under the  repos i to ry  and has concluded tha t  t h e  

r a d i o l o g i c a l  impact of such a  fea ture  re tu rn ing  rad ioac t ive  ma te r ia l s  

t o  the  biosphere would be i n s i g n i f i c a n t  (Spiegler ,  1982). 

The quest ion o f  b recc ia  p ipe format ion represent ing deep d i s s o l u t i o n  

through b r i n e  dens i ty  f low (Anderson and Ki rk land,  1980) i s  discussed i n  

the  sec t ion  on Deep D isso lu t ion .  
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BRINE RESERVOIRS 

1.0 In t roduc t i on  

Wi th in  a few m i les  of t h e  WIPP s i t e  t he re  have been t h i r t e e n  reported b r i n e  

encounters dur ing  d r i l l i n g  i n  the  upper anhydr i te  layer  o f  t h e  C a s t i l e  

Formation w i t h  s u f f i c i e n t  pressure t o  produce s i g n i f i c a n t  f low a t  the land 

surface (F igures 7 and 8). A d d i t i o n a l l y ,  Snyder (1983) documents b r i n e  

occurrences i n  t h e  upper anhydr i te  l a y e r  of t h e  C a s t i l e  formation wi thout  

s u f f i c i e n t  pressure t o  produce a s i g n i f i c a n t  surface b r i n e  flow. These 

nonf lowing a r tes ian  b r i nes  ( labe led  as sub-artesian on Figure 7) are general ly  

concentrated along and west o f  the  Pecos R iver ;  however, a few scat tered 

occurrences are  repor ted east o f  t h e  Pecos River. The f low ing a r tes ian  br ines  

are o f  most concern and w i l l  be discussed i n  d e t a i l .  

Dur ing t h e  c h a r a c t e r i z a t i o n  o f  t h e  WIPP s i t e ,  two we l l s  encountered pressur ized 

a r t e s i a n  b r i n e  which f lowed t o  t h e  sur face a t  t e s t  holes ERDA-6 and WIPP-12 

(F igure  8). A t  EEG's ins is tence,  DOE has tes ted  both  encounters t o  ob ta in  

hyd ro log i ca l  and geochemical data (D'Appolonia, 1982). Both DOE and EEG have 

independently analyzed these data. DOE has repor ted i t s  f i n d i n g s  i n  Popielak, 

e t  a l .  (1983) w h i l e  EEG has repor ted  i t s  f i nd ings  i n  Spiegler  (1982), Spiegler  

(1983) and F a i t h  e t  a l .  (1983). Although t h e  studies o f  these two encounters 

undoubtedly have improved t h e  s c i e n t i f i c  understanding o f  such phenomenon, 

conclus ions drawn f r a n  t h e  ERDA-6 and WIPP-12 t e s t i n g  are app l icab le  t o  on l y  

those two encounters. 

2.0 Occurrence 

From F igure  7, i t appears t h a t  t h e  b r i n e  encounters i n  boreholes do not  occur 

randomly. Two i a r g e  groups o f  encounters are  observed nor theast  and east  of 

t h e  WIPP s i t e .  The l o c a t i o n  o f  these two groups appears t o  i n d i c a t e  a 

r e l a t i o n s h i p  between t h e  pressur ized b r i n e s  and t h e  Capitan Reef. The WIPP-12. 

Belco, and Danford encounters a r e  i s o l a t e d  and away from t h e  Reef. Although 

non-random, t h e  occurrences do no t  f o l l o w  a cons is ten t  pa t te rn .  

- 
I n  each borehole t h a t  encountered pressur ized br ine ,  t h e  b r i n e  was loca ted i n  

t h e  upper anhyd r i t e  of t h e  C a s t i l e  Formation, genera l l y  anhydr i te  111. The 





- 

Figure 8. Location o f  brine encounters and deep boreh 
penetrating the Castile Formation. Figure obtained 
f r o m  reference 1 .  



occurrence appears t o  be associated w i t h  s t r u c t u r a l  fea tures  i n  the Cast i le.  

However, every d r i l l  ho le  i n t o  a s t r u c t u r e  has not  encountered br ine.  The 

general consensus i s  t h a t  the  b r i nes  occur w i t h i n  t h e  f r a c t u r e d  upper Cas t i l e  

anhydr i te  i n  areas o f  s t r u c t u r a l  deformation. 

3.0 Hydrau l ics  

Extensive d r i l l  stgn and f low t e s t i n g  of bo th  ERDA-5 and iJIPP-12 have y i e l d e d  

data on the  permeabi l l t y  o f  t h e  two reservo i rs .  I n  bo th  we1 1s heterogeneity of 

pzrmeab i l i t y  was observed. Short t e s t s  produced h igh  f lows o f  b r i n e  and 

associated high permeab i l i t ies .  The longer f low t e s t s  Mere character ized by 

smal ler f ! ovs  and smal ler pe rmeab i l i t i es .  

The representa t ive  ca lcu la ted  pe rmeab i l i t i es  (Popie lak e t  a l ,  1983; Spiegler,  

1982) f o r  the shor t  and l m g  t e s t s  i n  ERLA-6 and WIPP-12 are  l i s t e d  below. 

Long t e s t s  Short t e s t s  

1 - 3 m d  10 - 13 md 

6  - 17 qd 2000 - 5000 md 

I n  each wel l ,  the  b r i n e  was produced from f rac tu res .  The:efore, the  ca l cu la ted  

pe rmeab i l i t i es  based on porous w d i a  r a d i a l  f low theory are  rough 

apprcximations. IP addi t io r i ,  :':> p e r n e a b i l i t i e s  were c a l c l ~ i a t e d  from t h e  

pe rmeab i l i t y  - th ickness  product, where t h e  th ickness  no t  t h e  length  o f  a  

f r a c t u r e  encountered, but  rathe; t h e  i n t e r w !  i s s l a t e d  by the packers. 

4lthough approximate, tbe data c l e a r l y  i n d i c a t ?  t n e  greater  permeab i l i t y  

associated w i t h  the  WIPP-12 encounter. 

The hydrau l ic  t e s t i n g  showed t h a t  t h e  h igh  i n i t i a l  f lows from t h e  two tes ted  

rese rvo i r s  a re  susta ined f o r  only  a  shor t  time. 

The wel lhead pressures on March 19, 1983, a t  ERDA-6 and WIPP-12 were 552 and 

162 ps ig,  respect ive ly .  These pressures correspond t o  a  column of b r i n e  

extending above t h e  wel lhead f o r  1047 ft. and 307 ft., f o r  ERDA-6 and WIPP-12, 

respect ive ly .  



4.0 Size - 

DOE (Popielak, e t  d l . ,  1983) est imates the  representa t ive  volumes o f  the  ERDA-6 

and WIPP-12 br ines  as 630,000 bbl  and 17 x l o 6  bb l ,  respect ive ly .  Based on 

pre l im inary  data EEG est imated t h e  volumes t o  be between 60,000 bbl  and 120,000 

bbl  f o r  ERDA-6 and between 5 x l o 6  bb l  and 10 x l o 6  bbl  for  WIPP-12 (Spiegler ,  

1982). Using the  most recent  data prov ided by DOE, EEG ca lcu la tes  t h e  ERDA-6 

b r i n e  volume t o  be between 170,000 bbl  and 340,000 bbl.  The WIPP-12 volume 

remains unchanged. 

The volume i s  ca l cu la ted  by 

where AV = volume o f  f l u i d  discharged 

&P = r e s e r v o i r  pressure dep le t i on  

Ct = t o t j i  system compressibi; i t y  wnich i n  most s i t u a t i o n s  can be 

.- approximated t h e  pore-volume compress ib i l i t y  
( $ K ) - '  = inverse  poros i ty - rock  bulk  modulus product;  used by DOE t o  

c a l c u l a t e  t h e  pore-voluqe c ~ m p r e s s i b i l i t y  

The s n a l l e r  EEG est imdte f o r  t h?  ERDI-6 volume i s  due t o  the  assmpt ion  o f  a  

l a r g e r  compress ib i l i t y .  iompress ib l ; i t y  w i l  i be discussed l a t e r .  The smal ler  

EEG est imate o f  the  WIPP-12 volume i s  due t o  EEGts u t i l i z a t i o n  o f  a  subset o f  

t h e  WIPP-12 data a l d  a  l a r g e r  ~ o ~ n p r e s s i b i l i t y .  The volume <ischarged and 

pressure d e p l e t i o n  used by EEG were those as o f  January, 1982 whereas DOE iises 

the data through March, 1983. Since t h e  WIPP-12 b r i n e  encounter i s  c lose r  t o  

t h e  s i t e ,  l a r g e r  i n  volume, and Pas a  l a r g e r  pe rmeab i l i t y  than the ERDA-6 

encounter, subsequent d iscuss ion  w i l l  concentrate on WIPP-12. 

The co rnp ress ib i l i t i es  used by bo th  EEG and DOE are  l a r g e l y  crude est imates. 

F igu re  9  dep ic t s  t h e  v a r i a t i o n  i n  DOE'S c a l c u l a t e d  r e s e r v o i r  volume as a  

f u n c t i o n  o f  p o r o s i t y  (0) and rock bu lk  modulus (K),  where C t  = ( 4 ~ ) - ' .  The 

rep resen ta t i ve  volume presented by DOE f a l l s  near t h e  center  o f  t h e  regions. 

- 



, K = 2 x106  psi 
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Figure 9. Total reservoir fluid volume WIPP-12 
(from Popielak e t  a1 . , 1983) 



EEG has adopted the  l a r g e r  DOE est imates as reasonable, recogniz ing t h e  - approximate nature o f  the  volume estimates. 

Given an est imate of the b r i ne  volume, a l b e i t  a rough one, the next l o g i c a l  

step i s  t o  est imate an area over which the  b r i n e  i s  contained. The area i s  

obtained from Popielak, e t  a l .  (1983), as, 

where A = area 

V = volume o f  b r i n e  

H = th ickness o f  anhydr i te  t h a t  conta ins b r i n e  

$ = p o r o s i t y  

It i s  i n t e r e s t i n g  t o  note t h a t  because t h e  t o t a l  compress ib i l i t y  (Ct) i s  

c a l c u l a t e d  as the  p o r o s i t y  - rcck bulk modulus product, the  ca l cu la ted  area i s  

independent o f  poros i ty .  The only  va r i ab le  i n  the  area c a l c u l a t i o n  i s  t h e  

th ickness  o f  anhydr i te  t h a t  conta ins br ine. The area o f  the  WIPP-12 b r i n e  as a  - f u n c t i o n  o f  th ickness and rock bulk  modulus i s  presented i n  Figures 10. 

F igure  11 i s  a  map o f  the WIPP s i t e  showing the  area o f  t h e  WIPP-12 b r i n e  

assuming t h e  bulk modulus K = 2  x  l o 6  p s i  f o r  var ious r e s e r v o i r  thicknesses. 

Also inc luded on F igure  11 i s  t h e  seismic t ime s t r u c t u r e  on t h e  middle o f  t h e  

Cas t i l e .  The ca l cu la ted  areas f o r  WIPP-12 a l l  extend we l l  beyond t h e  l i m i t s  o f  

t h e  apparent domal s t ruc ture .  

I n  summary it i s  apparent t h a t  any volume o r  areal  ex ten t  est imate f o r  t h e  

b r i n e  encounters i s  o f  l i m i t e d  accuracy. However, these est imates i n d i c a t e  

t h a t  t h e  WIPP-12 b r i n e  could extend beneath t h e  repos i to ry .  - 

5.0 Geochemical Data 

Extensive chemical analyses (DIAppolonia, 1982) have produced a  wealth of 

data. I n  a d d i t i o n  t o  major and minor element chemical determinat ions, t r a c e  

and i s o t o p i c  chemical analyses were performed. 



RESERVOIR THlCKNESS.(teet)  

Figure 10. Reservoir area f o r  the WIPP-12 brine as a function 
o f  reservoir thickness and rock bulk modulus. 
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Figure  11. 
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Aereal extent  o f  the  brines assuming a c i r c l e  
centered a t  t h e  borehgle f o r  various reservoir  
thicknesses, K = 2x10 psi .  



I n t e r p r e t a t i o n  o f  t h e  major and minor element chemical data by EEG (Fai th,  e t  

dl. ,  1983) has l ed  t o  the  fo l l ow ing  conclusions. - 
Small, y e t  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rences i n  t h e  chemistry o f  t h e  

ERDA-6 and WIPP-12 b r i n e s  are  evident.  

. Wi th in  t h e  accuracy o f  thermodynamic equ i l i b r i um modeling, t h e  ERDA-6 and 

WIPP-12 b r i nes  are  saturated w i t h  c a l c i t e ,  anhydr i te ,  g l a u b e r i t e  and 

dolomite. The ERDA-6 b r i n e  i s  s l i g h t l y  undersaturated w i t h  h a l i t e  and the  

WIPP-12 b r i n e  i s  nea r l y  saturated w i t h  h a l i t e .  The p o t e n t i a l  f o r  

d i s s o l v i n g  a d d i t i o n a l  h a l i t e  o r  anhydr i te  i s  considered t o  be minimal. 

The r e l a t i o n s h i p  between t h e  branide content and t h e  t o t a l  d isso lved s o l i d s  

i n  t h e  b r i nes  i n d i c a t e s  t h e  b r i nes  are a t t r i b u t a b l e  t o  seawater evaporat ion 

and a d d i t i o n a l  h a l i t e  d i sso lu t i on .  The source o f  water f o r  t h e  h a l i t e  

d i s s o l u t i o o  i s  unclear.  

The ERDA-6 and WIPP-12 b r i nes  appear t o  be nea r l y  saturated w i t h  h a l i t e ,  

t he re fo re ,  t h e  need t o  d e t e n i n e  t h e  o r i g i n a l  mechanim o f  h a l i t e  d i s s o l u t i o n  

may be o f  academic i n t e r e s t  only. Suggested mechanisms f o r  a d d i t i o n a l  h a l i t e  -. 
d i s s o l u t i o n  inc lude:  (1) dehydrat ion o f  gypsum a t  depth, (2 )  i n t r o d u c t i o n  o f  

m e t e o r i c a l l y  der ived water dur ing  Permian exposure, (3)  mix ing o f  groundwater 

from t h e  under l y ing  B e l l  Canyon a q u i f e r  w i t h  subsequent i s o l a t i o n  by 

r e c r y s t a l l i z a t i o n  o r  hea l i ng  o f  f r a c t u r e  pathways, and (4) canbinat ions o f  t h e  

above. 

I n t e r p r e t a t i o n  o f  t h e  i s o t o p i c  data by EEG (Sp ieg ler  and Updegraff, 1983; 

Fa i th ,  e t  a1 ., 1983) suggests t h e  f o l l o w i n g  conclusions: 

Many o f  - t h e  s t a b l e  iso tope f r a c t i o n a t i o n s  i n d i c a t e  equ i l ib r ium.  However, 

t h e  c a l c i t e  water  f r a c t i o n a t i o n ,  which does not  i n d i c a t e  equ i l i b r i um,  

suggests t h a t  t h e  water was no t  enr iched i n  18-oxygen by exchange w i t h  

carbonates o f  t h e  C a s t i l e  formation. The f r a c t i o n a t i o n  o f  carbon between 

do lom i te  and c a l c i t e  f o r  UIPP-12 suggests t h a t  t h e  do lom i te  and c a l c i t e  a r e  

n o t  cogenet ic  i n  t h e  sense o f  having been p r e c i p i t a t e d  fran t h e  sane 

s o l u t i o n  under t h e  same condi t ions.  
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. The oxygen-18 and deuterium concentrat ion of the b r i nes  i s  unique cmpared 

t o  water i n  other  nearby aqu i fe rs  (F igure  12). A v a r i e t y  o f  source waters - 
r ? ?  i s o t m ,  a l t e r i ~ i o n  pathways were considered. The hypotheses tha t  the 

br ines could have o r i g ina ted  frm waters o f  the  B e l l  Canyon Formation or  

Capitan Reef i n  recent geologic  t ime d i d  not seem p laus ib le .  The ERDA-6 

and WIPP-12 br ines  were probably der ived from ancient  ocean waters t h a t  

have been i s o t o p i c a l l y  enriched i n  oxygen-18 by exchange i n t e r a c t i o n  w i t h  

rock. The dehydrat ion o f  gypsum as a  process o f  b r i n e  o r i g i n  cannot be 

ru led  out. 

. Analyses of uranium d i s e q u i l i b r i u m  data y i e l d  only general conclusions. 

.., The 2 3 4 ~  i n  the ERDA-6 and WIPP-12 b r i nes  i s  not i n  secu lar  e q u i l i b r i u m  

w i t h  2 3 8 ~ .  The d i s e q u i l i b r i u m  probably r e s u l t s  from the  p r e f e r e n t i a l  

leaching o f  2 3 4 ~  frm f rac tu res  i n  anhydri te.  Th i s  leach ing  may be an 

ongoing process. Ne i ther  t h e  t r u e  age o f  t h e  br ine ,  nor  t h e  age of 

f r a c t u r i n g -  i s  determinable w i t h  any degree o f  confidence. 

6.0 In te rconnect ion  o f  B r ine  Occurrences - 
Based on the  f o l l o w i n g  evidence, t h e  WIPP-12 and ERDA-6 b r i n e  occurrences a r e  

no t  l i k e l y  t o  be connected t o  each other. 

The pressure p o t e n t i a l s  o f  t h e  two encounters a r e  s i g n i f i c a n t l y  d i f f e r e n t .  

However, t h i s  i n  i t s e l f  does no t  c o n s t i t u t e  proof  o f  separat ion as pressure 

p o t e n t i a l  d i f f e rences  w i t h i n  r e s e r v o i r s  i s  an i n d i c a t i o n  o f  f l u i d  movement. 

The ca l cu la ted  areas, a l b e i t  approximate, f o r  WIPP-12 and ERDA-6 do not 

overlap. 

The geochemical data suggest a  l ack  o f  communication between t h e  ERDA-6 and 

WIPP-12 reservo i rs .  

The lack  o f  communication between t h e  ERDA-6 and WIPP-12 b r i n e s  does not imply 

t h a t  a l l  b r i n e  encounters represent  i s o l a t e d  b r i n e  pockets. 



7.0 O r i g i n  o f  Br ine  

.- 

The t e s t s  performed on t h e  b r i nes  o f  ERDA-6 and WIPP-12, which inc lude 

hydro log ica l  t e s t s ,  major and minor element chemistry analyses, i so tope 

geochemical analyses, uranium d i sequ i l i b r i um measurements, and helium 

concent ra t ion  i n  gases of b r ines ,  have y ie lded data which a l l ow  a  d iscussion o f  

t h e  f o l l o w i n g  p o s s i b i l i t i e s  o f  the  o r i g in .  

Ancient seawater. Major and minor element geochemical data and s tab le  

iso tope data favor  t h i s  hypothesis. 

Delaware Mountain Group aou i fe r  water. Not 1  i ke ly  because o f  geochemical 

and s t a b l e  i s o t o ~ e  data. 

Capitan Reef water. S t i l l  imp l ica ted  when es t imat ing  the  age o f  b r i nes  

us ing uranium d i s e q u i l i b r i u m  data. Also imp l ica ted  by p rox im i t y  t o  a  

m a j o r i t y  o f  b r i n e  encounters. Less l i k e l y  based on geochemical and s tab le  

iso tope data. 

.- 

Water from dehydrat ion o f  gypsum t o  anhydri te.  Stable iso tope composit ion 

o f  water i n  b r i nes  favors t h i s  hypothesis. 

Meteor ic  water. Not l i k e l y  because o f  geochemical and s tab le  iso tope data. 

7.1 Age o f  B r i n e  

There i s  no consensus on est imates o f  t h e  age o f  t h e  bnne.  The major and 
. ... . _ 

minor element chemist ry  da ta  and t h e  s tab le  iso tope data i n d i c a t e  anc ien t  

s.eawater. T h i s  hypothesis  i nd i ca tes  t h a t  the  water has been separated from t h e  

biosphere f o r  tens-of m i l l i o n s  o f  years. The uranium d i s e q u i l i b r i u m  age d a t i n g  

i s  very specu la t ive  s ince  i t requ i res  numerous assumptions. With a  range of 

parameters and i n i t i a l  cond i t ions ,  The ca lcu la ted  b r i n e  "age" range from a  

negat ive  age t o  2 m i l l i o n  years (Faith, e t  a l ,  1983). 



8.0 Br ine Reservoirs as a Threat t o  the  Proposed Repository 

The southern p a r t  of Zone I 1  of  the  W I P P  s i t e  appears t o  be more qeo loq i ca l l y  

p red i c tab le  based on seismic and core hole data than the  d is tu rbed zone t o  t h e  

north. As no s t ruc tu re  o ther  than the  WIPP-12 a n t i c l i n e  i s  seen i n  the  seismic 

p r o f i l e s  i n  zone 11, the  p r o b a b i l i t y  o f  t h e  presence o f  b r i n e  i n  the  southern 

p a r t  of Zone I 1  appears t o  be low. Estimates o f  the  area o f  b r i n e  i nc lude  the 

zone beneath the proposed repos i to ry .  Because there  i s  no c u r r e n t l y  

ava i l ab le  method t o  prove a b r i n e  r e s e r v o i r  does not  e x i s t  beneath t h e  

-eposi tory,  other  than by d r i l l i n g  boreholes i n t o  the  C a s t i l e  formation, E E G  

has taken the  p o s i t i o n  of assuming a b r i n e  r e s e r v o i r  does e x i s t  beneath the 

repos i to ry  and quan t i f y i ng  t h e  consequences (Bard, 1982; Channell, 1982). 

Human i n t r u s i o n  scenarios are be l ieved t o  be the l i m i t i n g  cases because no 

p l a u s i b l e  na tura l  causes t h a t  w i l l  a l l ow  b r i n e  t o  b r i n g  wastes t o  t h e  biosphere 

are envisioned. -From i t s  scenario analyses, EEG concludes t h a t  p l a u s i b l e  

r a d i a t i o n  doses t o  t h e  p u b l i c  (Bard, 1982; Channell, 1982) are below t h e  l i m i t s  

t h a t  P ro tec t i ve  Act ion Guides recommends f o r  low p r o b a b i l i t y  accidents. DOE 

 woolf folk, 1982) has reached s i m i l a r  conclusions. - 
9.0 Recommendations 

I n  order  t o  achieve more conf idence and understanding o f  the  subsurface below 

the  repos i to ry ,  a t  l e a s t  from an opera t iona l  viewpoint,  EEG recommends f u r t h e r  

eva lua t i on  and t e s t i n g  o f  t h e  geophysical methods such as c o n t r o l l e d  source 

audio Magneto-Tel lur ic (CSAMT) f o r  t h e  d e t e c t i o n  o f  b r i n e  i n  Zone 11. 
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REGIONAL HYDROLOGY 

1.0 In t roduc t i on  

Knowledge o f  the regional  hydrology near the  WIPP i s  c r u c i a l  because qroundwater 

i s  t h e  most l i k e l y  path fo r  radionucl ide migra t ion  t o  the biosphere. I n  

p a r t i c u l a r ,  modeling the solute t ranspor t  c h a r a c t e r i s t i c s  of t h e  water-bearing 

format ions requ i res  accurate determinat ion o f  the  d i r e c t i o n  ana v e l o c i t y  o f  t h e  

groundwater f low. 

The nearest perennial  water course i s  t h e  Pecos River,  which a t  i t s  nearest p o i n t  

i s  about 14 m i les  from the  proposed repos i to ry .  The only we l l  developed 

ephemeral drainage i s  located about 4 mi les  west o f  t h e  s i t e  a t  Nash Draw. The 

nearest  sur face water body, Laguna Grande de l a  Sal, i s  loca ted  w i t h i n  Nash Draw. 

about 10 m i les  southwest o f  the center o f  the s i t e .  The l ake  i s  fed  by 

groundwater d icharg ing through springs, by l o c a l  sur face r u n o f f  f o l l o w i n g  in tense 

r a i n f a l l ,  and by discharge water f r a n  nearby mining operat ions (Geohydrology 

Associates, 1978). 

Six  water-bearing u n i t s  have been i d e n t i f i e d  near t h e  proposed repos i to ry  

(F igures 13 and 14). Althouqh def ined as aqu i fe rs  i n  t h i s  repor t ,  t h e  u n i t s  do 

n o t  q u a l i f y  as aqu i fe rs  by s t r i c t  d e f i n i t i o n .  The t h r e e  a q u i f e r s  above t h e  

p-s,  proposed repos i to ry  (F igure 14) are contained i n  t h e  Rust ler-Salado contact ,  t h e  

R u s t l e r  Culebra Dolomite, and t h e  Rus t l e r  Magenta Dolomite. Water i s  observed i n  

) two u n i t s  under ly ing  t h e  l eve l  o f  t h e  proposed repos i to ry ;  (F igure  13) as 
9 i s o l a t e d  b r i n e  occurrences i n  t h e  upper anhydr i te  o f  t h e  C a s t i l e  Formation, 

probably anhydr i te  111, and i n  t h e  B e l l  Canyon format ion o f  t h e  Delaware Mountain 

Group. The Capitan Reef a q u i f e r  which surrounds nea r l y  t h e  e n t i r e  Delaware 

Basin, l i e s  about 10 m i les  northeast? of the  s i t e  a t  i t s  c loses t  po in t .  

2.0 Surface Water Hydrology 

The nearest surface water body, Laguna Brande de 9a SaTat i s  l o c a t e d  about 1 0  

m i l e s  southwest o f  t h e  center  of t h e  s i t e  (F igure 15). The l ake  i s  perennia l  and 

receives i t s  water from p r e c i p i t a t i o n ,  l o c a l  sur face r u n o f f  and from t h e  
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under ly ing  Rus t l e r  formation, which m y  inc lude discharge water from mining 

,--. operat ions. The groundwater source i s  e i t h e r  the Culebra Dolomite, o r  an 

o v e r l y i n g  m h y d r i t e  un i t .  The source i s  indeterminate a t  t h i s  t ime based on the  

l i m i t e d  chemical data avai lab le.  However, on a p ipe r  diagram (F igure  16) two 

separate chemical analyses o f  water a t t r i b u t e d  t o  Surpr ise Spring are compared t o  

Culebra water f r a  selected surrounding we l ls  (Mercer, 1983). One ana lys i s  

(Geohydrology Associates, 1978) i s  s i m i l a r  t o  Culebra we l ls  WIPP-27, WIPP 28, 

WIPP-29, WIPP-30, and P-17 wh i le  the  second analys is  (Lambert, 1983) i s  s i m i l a r  

t o  we l ls  P-14, WIPP-25, and WIPP-26. 

The f i r s t  chemical ana lys is  o f  Surpr ise Spring (Geohydrology Associates, 1978) 

had a t o t a l  d isso lved so l i ds  content h igher  than any Culebra water sample. T h i s  

may i n d i c a t e  t h a t  t h e  sample was r e a l l y  from the  lake  2nd was not a 

rep resen ta t i ve  sample o f  Surpr ise Spring. The second chemical ana lys is  (Lambert , 
1983), al though s i m i l a r  t o  t h e  Culebra waters, i s  d i s s i m i l a r  enough t o  make a 

pos tu la ted  connect ion between the  Culebra and Surpr ise Spring tenuous w i thout  

f u r t h e r  study. Surpr ise  Spring i s  obviously  not t h e  only  source o f  water t o  

Laguna Grande de l a  Sal, but other  spec i f i c  l oca t i ons  o f  i n f l o w  t o  the  l a k e  a r e  

P 
no t  i d e n t i f i e d .  

Mercer (1983) s t a t e s  t h a t  a t  a d r i l l  ho le i n  Laguna Grande de l a  Sal, t h e  

hyd rau l i c  head i n  t h e  Culebra was 21 feet  above t h e  l ake  l eve l .  The Culebra was 

o v e r l a i n  by 40 f e e t  o f  gypsum mud a t  t h a t  loca t ion .  These data are an i n d i c a t i o n  

t h a t  some leakage o f  Culebra water i n t o  t h e  Laguna Grande de l a  Sal i s  occurr ing,  

b u t  t h e  leakage r a t e s  are  unknown. I n  any event, t h e  l a k e  i s  a p o t e n t i a l  

discharge p o i n t  o f  t h e  Culebra Dolomite. 

The o ther  c u r r e n t l y  recognized surface discharge p o i n t  f o r  t h e  Culebra, o r  

R u s t l e r  water i n  general, i s  t h e  Pecos River. The l a r g e  b r i n e  springs 

near Malaga Bend a r e  t h e  l i k e l y  Pecos discharge l o c a t i o n s  nearest t h e  WIPP s i t e .  

3.0 Groundwater Flow i n  t h e B e l l  Canyon Aqui fer  

The B e l l  Canyon Formation i s  o f  i n t e r e s t  i n  r e l a t i o n  t o  deep d i s s o l u t i o n  and as a 

t r a n s p o r t  mode f o r  b r i n g i n g  rad ioac t i ve  waste t o  t h e  biosphere. 





The quest ion of d i s s o l u t i o n  has been addressed elsewhere i n  t h i s  repor t .  Studies - by EEG and Wood e t  a l .  (1982) i n d i c a t e  t h a t  groundwater f low i n  the  Bell-Canyon 

i s  i n s u f f i c i e n t  t o  remove enough s a l t  t o  pose a t h r e a t  t o  the  reposi tory.  I n  the  

u n l i k e l y  event t ha t  a l oca l  d i s s o l u t i o n  feature (sucn as a brecc ia  p ipe)  rooted 

i n  the  B e l l  Canyon below the  s i t e  were t o  form, Spiegler  (1982) has shown t h e  

rad io log i ca l  consequences t o  not be s i g n i f i c a n t .  Add i t iona l  analyses by EEG 

i n d i c a t e  t h a t  the  representa t ive  so lu te  t ranspor t  c h a r a c t e r i s t i c s  o f  the  B e l l  

Canyon are such t h a t  water t ranspor t  t imes t o  the  accessib le environment, assumed 

t o  be the Capitan Reef, are i n  excess o f  165,000 years. I f  the  most conservat ive 

parameters (Williamson, 1979) are used, then t r a v e l  t ime could be as low as 9000 

years. Solute t ranspor t  t imes would l i k e l y  be much longer due t o  so lu te  

re tardat ion .  

A s i g n i f i c a n t  po in t  i s  t h e  hyd rau l i c  head (uncorrected f o r  s a l i n i t y )  o f  the  B e l l  

Canyon. Mercer (1983) and Gonzalez (1983) present ex i rapo la ted  s t a t i c  bottom 

hole pressures and f l u i d  dens i t i es  f o r  petroleum d r i l l  t e s t s  corducted over 

var ious  i n t e r v a l s  i n  t h ree  t e s t  holes (Table 1). Mercer (1983) and Weart (1983) 

s ta te  tha t  t h e  hezd c f  the  B e l l  Canyon i s  i n s u f f i c i e n t  t o  cause an upward f low o f  - water i n t o  t h e  ove r l y i ng  Culebra Dolomite aqu i fe r ,  should such a connection 

occured, based p r i m a r i l y  on the  data o f  the  th ree  deep t e s t  holes (AEC-7, AEC-8, 

ERDh-10). EEG quest ions the  content ion  o f  i n s u f f i c i e n t  head i n  the  Be l l  Canyon 

based on t h e  l i m i t e d  borehole t e s t  data f o r  t h e  f o l l o w i n g  s i x  reasons. 

1. Measured hydrau l ic  head i s  only  a v a i l a b l e  f o r  t e s t  ho le  AEC-8. For t e s t  

holes AEC-7 and iRDA-10 on ly  downhole pressure and f l u i d  dens i ty  are 

a v a i l a b l e  from which hydrau l ic  head can be calculated.  

2. When c a l c u l a t i n g  t h e  hydrau l ic  head based on bo t tan  ho le  pressure and f l u i d  

densi ty ,  t h e  r e s u l t i n g  heads a r e  very s e n s i t i v e  t o  changes i n  densi ty  o r  

pressure. At t e s t  ho le  ERDA-10, t e s t  number 10, a change i n  f l u i d  s p e c i f i c  

g r a v i t y  fran 1.165 t o  1.164 r e s u l t s  i n  a 3 f o o t  ca l cu la ted  head increase. A 

change i n  s t a t i c  downhole pressure f r a n  1820 p s i g  t o  1821 p s i g  y i e l d s  an 

increase i n  ca l cu la ted  head o f  two feet.  Therefore, i f  t h e  me: ured f l u i d  

d e n s i t i e s  and pressures a r e  no t  an accurate representa t ion  o f  t h e  i n - s i t u  

cond i t ions ,  subs tan t i a l  e r r o r s  i n  c a l c u l a t e d  hyd rau l i c  head m y  resu l t .  



T a b l e  1. Summary o f  d r i l l - s t e m  t e s t s  a t  t e s t  holes AEC-7, AEC-8, and ERDA-10, 
upper Bell Canyon Formation, i n  t h e  v i c i n i t y  o f  the  WIPP s i t e  ( f r o m  
Mercer ,  1983). 
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3. Large v a r i a t i o n s  i n  repor ted f l u i d  dens i t i es  are observed. For t e s t  hole - AEC-8, t e s t  number 1, two d i f f e r e n t  f l u i d  dens i t i es  are reported; 1.147 

g/cm3 (Mercer, 1983) and 1.11 g/cm3 (Mercer and Orr, 1979). For t e s t  number 

2, the  d e n s i t i e s  are  1.060 g/cm3 (Mercer, 1983) and 1.12 g /c rn3(~ercer  and 

Orr, 1979). The measured hydrau l ic  head f o r  t e s t  number 1  i s  2979 f e e t  

(Mercer, 1983); the  ca lcu la ted  heads are 2807 f e e t  and 2944 feet., f o r  

d e n s i t i e s  1.147 g/cm3 and 1.11 g/crn3, respect ive ly .  For t e s t  number 2  the  

measured head i s  2964 fee t  (Mercer, 1983). The ca lcu la ted  heads are  3186 

f e e t  and 2948 f e e t  f o r  dens i t i es  1.060 g/cm3 and 1.12, q/cm3, respect ive ly .  

4. There are  l a r g e  v a r i a t i o n s  reported f o r  s t a t i c  bottom hole pressure. For 

t e s t  hole AEC-8, t e s t  number 7, ext rapolated s t a t i c  bottom hole pressures o f  

1813 p s i g  and 1962 ps ig  are presented i n  the  Basic Data Report f o r  AEC-8 

(SAND 79-0269). For t e s t  hole ERDA-10, t e s t  number 9  ex t rapo la ted  s t a t i c  

bottom hole pressures o f  1783 ps ig and 1816 ps ig  are recorded i n  t h e  Basic 

Data Report f o r  ERDA-10 (SAND 79-0271). For both t e s t  holes, only  t h e  lower 

pressure i s  presented by Mercer (1983) and Gonzalez (1983). F l u i d  dens i t i es  

are  no t  ava i l ab le ,  so hydrau l ic  heads cannot be calculated.  

5. The c a l c u l a t e d  f reshwater  head i n  ERDA-10 i s  not cons is ten t  w i t h  prev ious 

s tud ies  (Hiss, 1976; McNeal, 1965). The freshwater head r e l a t i v e  t o  mean sea 

where hf = f reshwater  head ( f e e t  above sea l e v e l  datum) 

es = e l e v a t i o n  o f  t h e  pressure measurement ( f e e t )  

sg = f l u i d  s p e c i f i c  g r a v i t y ;  assumed numer ica l ly  equal t o  f l u i d  densi ty  

P  = measured pressure ( l b / i n 2 )  

yw = t h e  weight dens i ty  o f  the  water ( l b / f t 3 )  

y f  = 62.4 l b / f t 3  f o r  f r e s h  water 

The c a l c u i a t e d  f r e s h  water hydrau l ic  head, pressure measurement e leva t i on ,  

pressure, and s p e c i f i c  g r a v i t y  f o r  we l l  t e s t s  i n  t h e  B e l l  Canyon sandstones i n  

t h e  t h r e e  t e s t  holes are  presented i n  Table 2. 



Test  
Hole 

e 2. Calculated Fresh Water Hydraul ic  Head i n  t h e  B e l l  Canyon Sandstones - 
a t  Test Wells AEC-7, AEC-8 and EROA-10 Using Published S t a t i c  Bottom 
Hole Pressures and Densit ies. 

Pressure S t a t i c  Fresh water head 
Measurement bottom F l u i d  ( f e e t  above msl 1 

Test  E leva t i on  ho le  s p e c i f i c  
Number (msl datum) pressure g r a v i t y  Ca lcu la ted  Ref. 11 

( f e e t )  (ps i  g) 

AEC-7 2 -941.6* 1883 1.130 3281 3280 

AEC-7 3 -827 6* 1811 1.130 3244 

-. 
*Pressure measurement e leva t i on  i s  assumed t o  be t h e  top o f  t h e  tes ted  i n t e r v a '  

given i n  Table 1. 

'from Mercer and Orr (1979) 

'from Table 1 

3 i n t e r p o l a t e d  from Figure  22 o f  H iss  (1976) 

The ca l cu la ted  f r e s h  water heads f o r  AEC-7 and AEC-8 a r e  genera l l y  cons i s ten t  

w i t h  the  work o f  H iss  (1976). The c a l c u l a t e d  f r e s h  water head f o r  t e s t  ho le  

ERDA-10 appears t o  be t o o  low canpared t o  H iss  (1976). E r r o r s  i n  f l u i d  dens i t y  

o r  b o t t a n  ho le  pressure o f  t h e  magnitude observed i n  reasons 3 and 4 cou ld  e a s i l y  

account f o r  t h e  unusual ly  low f reshwater  head i n  t e s t  ho le  ERDA-10. 

6. The i n t e r v a l s  t e s t e d  i n  t e s t  ho le  AEC-8 appear t o  completely bypass t h e  

Ramsey sandstone member. Geophysical l ogs  o f  t h e  upper B e l l  Canyon i n c l u d i n g  

t h e  2 tes ted  i n t e r v a l s  a r e  presented i n  F igu re  17. The two sand u n i t s  were 

chosen f o r  t e s t i n g  because "The n a t u r a l  ganma l o g  i n d i c a t e d  t h a t  t h e  two 

u n i t s  were predan inant ly  sandstone and t h e  p o r o s i t y  l o g  i n d i c a t e d  t h a t  they - 



Figure 17a. Geophysical logs o f  borehole AEC-8 and in terva ls  t h a t  EEG 
contends should have been tested (logs adapted from SAND79-0269, 1983) 

( r e 1 1  tested - -- - 1 - in;*n;ssk:Eld ------ been tested 





had g r e a t e r  P o r o s i t i e s  than  o t h e r  B e l l  Canyon sand u n i t s . "  (Mercer and Orr, 

1979, p. 127). Four o t h e r  sand u n i t s ,  n o t  t e s t e d ,  vihich possess v e r y  s i m i l a r  - 
geophys ica l  l o g  s i g n a t u r e s  as t h e  i n t e r v a l s  t e s t e d  a r e  i n d i c a t e d  on F i g u r e  

17. These o t h e r  un tes ted  sand u n i t s  w i t h  a  combined t h i c k n e s s  o f  150 f e e t ,  

a r e  s t r a t i g r a p h i c a l l y  c l o s e r  t o  t h e  r e p o s i t o r y  and would have been l o g i c a l  

i n t e r v a l s  t o  t e s t .  

The c a l c u l a t e d  h y d r a u l i c  head da ta  f o r  AEC-7 and ERDA-10 appear u n r e l i a b l e .  From 

reason 2, 3 5 f o o t  e r r o r  i n  h y d r a u l i c  head r e s u l t s  f rom a  1 p s i g  e r r o r  i n  

p ressure  and a  0.001 q/cm3 e r r o r  i n  f l u i d  d e n s i t y .  Froln r c  jons 2 and 4, 

i n c o n s i s t e n c i e s  i n  b o t h  f l u i d  d e n s i t y  and p r e s s u r e  can be q u i t e  l a rge .  In 

s d d i t i o n ,  t h e  ' n t e r v a l s  t e i t e d  i n  AEC-8 do n o t  appear t o  be r e p r e s e n t a t i v e  o f  t h e  

upper  B e l l  Canyon because from reason 5  i t  appears t h a t  150 ft. o f  

s t r d t i g r a p h i c a l l y  h i g h e r  sar~ds should have been t e s t e d .  

I n  summary a l t h o u g b  EEG d j sagrees  w i t h  :one d e t a i  : s  p resen ted  by DOE c o n c e r n i n g  

t h e  c a l t  - m o v a l  and t r a n s p o r t  c h a r a c t e r i s t i c s  o f  t h e  B e l l  Canyon, i t  does no t  

appear t o  pose a  th -ea t  t o  t h e  r e p o z i t o r y  e i t h e r  t h r o u g h  t h e  d i s s o l u t i o n  o f  s a l t  

o r  as a medium o f  r j d i o n u c l i d e  t r a n s ~ o r t  t o  t h e  a c c e s s i b l e  env i ronment .  - 
Knowledge o f  :he t r u e  h y d r a u l i c  head i n  t h e  Be'! 1  Canyon i s  e s s e n t i a l  t o  

d e t e r m i n i n g  t h e  , ! i r ec t i on  o f  groundwater f l o w  between t h e  Culebra  Co lomi te  and 

t h e  B e l l  Canyon shou ld  such a  connec t ion  occur  i n  t h e  f ~ C u r e .  I f  t h e  f l o w  i s  

downward i n t o  t h e  Be1 i Canyon, t h e  r a d i o l o g i c a l  consequences of a  r e p o s i t o r y  

b r e a c h  would p robab ly  be much l e s s  t h a n  i f  t h e  f l o w  i~ upward i n t o  t h e  Culebra. 

The most c o n s e r v a t i v e  s c e n a r i o  mode l ing  o f  a  c o n n e c t i o n  between t h e  B e l l  Canyon 

and Culebra  a q u i f e r s  assumes t h e  f l o w  t o  be f rom t h e  B e l l  Canyon t o  t h e  Culebra. 

I f  DOE i n s i s t s  on e s t a b l i s h i n g  a  downward f l o w  frm t h e  C u l e b r a  t o  t h e  B e l l  

Canyon, t h e  wa te r  l e v e l  i n  a t  l e a s t  one o t h e r  well i n  a d d i t i o n  t o  AEC-8 s h o u l d  b e  

moni tored.  The wel l  c o u l d  be any b o r e h o l e  o f  o p p o r t u n i t y  l o c a t e d  southwest, 

south,  o r  southeast  o f  t h e  proposed r e p o s i t o r y .  I n  a d d i t i o n ,  AEC-8 shou ld  b e  

p e r f o r a t e d  i n  sandstones above t h e  c u r r e n t l y  m o n i t o r e d  i n t e r v a l s .  



4.0 C a s t i l e  Formation 

-. 

Scat tered occurrences o f  a r tes ian  and f l o w i n g  a r tes ian  b r i nes  i n  the  upper 

anhydr i te  l aye r  o f  t h e  C a s t i l e  format ion are recorded i n  t h e  Northern Delaware 

Basin (see t h e  sec t ion  on B r ine  Reservoirs f o r  more d e t a i l ) .  To date, there  i s  

no evidence t o  suggest t h a t  a  b r i n e  aqu i fe r  e x i s t s  i n  the  C a s t i l e  Formation east  

o f  t h e  Pecos River. I n  f ac t ,  t h e  ex is tence o f  h igh l y  pressur ized br ines  provides 

evidence t h a t  an a q u i f e r  does not  e x i s t  because the hydrau l ic  head associated 

w i t h  such an aqu i fe r  should be cons is ten t  w i t h  t h e  hydrau l ic  head i n  the  o ther  

aqu i fe rs ,  namely t h e  B e l l  Canyon and t h e  Capitan Reef. The observed hydrau l ic  

heads o f  t h e  h i g h l y  p ressur ized b r i nes  are much above the hydrau l ic  heads i n  

e i t h e r  the Capitan Reef o r  the  B e l l  Canyon. Also, the  geochemical data o f  t h e  

ERDA-6 and WIPP-12 b r i n e s  i n d i c a t e  t h a t  t h e  b r i nes  are immobile and not p a r t  of 

an a q u i f e r  system. 

I n  the  outcrop-area west o f  t h e  Pecos River ,  l o c a l i z e d  f low systems conta in ing  

r e l a t i v e l y  f r e s h  water a re  observed i n  t h e  C a s t i l e  Formation. The eastern 

extension o f  these f r e s h  water systems i s  unknown, but i t  i s  assumed t o  be 

l i m i t e d  t o  t h e  area west o f  t h e  Pecos River. -. 

Aqui fers have not been observed near t h e  WIPP s i t e  i n  the  C a s t i l e  Formation and 

consequently i t  i s  not considered a  v i a b l e  mode o f  rad ionuc l ide  t ranspor t .  The 

observa t ion  o f  only  b r i nes  i n  t h e  C a s t i l e  near t h e  WIPP would i n d i c a t e  t h a t  s a l t  
~,/.. '... - 

d i s s o l u t i o n  by t h e  water i n  t h e  C a s t i l e  i s  not  l i k e l y .  

5.0 Groundwater Flow i n  t h e  R u s t l e r  Formation 

Groundwater i n  t h e  R u s t l e r  Formation i s  observed i n  3 d i s t i n c t  un i t s :  t h e  Rus t l e r  

Salado contact,  t h e  Culebra Dolomite, and t h e  Magenta Dolomite (F igure  14). A t  

t h e  s i t e  t h e  th ree  a q u i f e r s  a r e  d i s t i n c t  and separate, but  i n  Nash Draw, the 

d i s t i n c t i o n  i s  l e s s  apparent t o  t h e  southwest toward t h e  Pecos River. Table 3 

conta ins  measured t r a n s m i s s i v i t i e s  f o r  t h e  Rus t l e r  aqu i fe rs .  

5.1 Rust ler-Salado Contact 

The Rust ler-Salado contac t  a q u i f e r  e x i s t s  i n  s o l u t i o n  residuum a t  t h e  t o p  o f  t h e -  

Salado formation. Fran t h e  s i t e ,  t h e  groundwater i n  t h e  Rust ler-Salado residuun 



Table 3 .  Values of transmissivity and storage coef f ic ien t  fo r  water- 
bearing zones in the Rustler Formation penetrated by selected 
t e s t  holes a t  and near the WIPP s i t e  (from Mercer, 1983) - 
(Tansmissivity i s  expressed in f e e t  squared per day) 

Uagenta Dolcauite Chlebra blonLte RustlerSaiado -- W r  Ccntact 

Test 
hale Tramdssivity Storqe Txansnissivlty Storage Trmsdssivity Storage 

E-1 0.05 - 0.07 lcr* O.OC03 - 
R2a .01 I&+ 
R2b 0.4 lo-9 
E-2c o.OC01 - 
E-3 .1 19.0 - 0.W3 ;$ H4a -06 

10-4 

H b  0.9 
H4c 

lf+ 
O.OC06 

H-5a .1 10-5 
10-4 

H-5b 0.2 103 
H-5c - .e. 1r-3 
Hda .3 10-5 
E4b 73.0 - 
E-62 .a3 - 1cr6 
E-7a W 
If-7% 1030t - 
E-7c 0.73 - 
E-ea .a lcrs 
E-8b 16.0 - 
%8c 0.003 - 
It4a 1.0 1 ~ 9  
E-9b 231 - 
!3-9c 0.m2 - 
~ 1 0 a  0.01 10-3 
RlOb 0.07 1 d  
E-lk 0.03009 - 
P.14 140 - 0.05 - 
P-15 0.07 1& 0.0306 - 
P-17 1.0 1 6  0.0002 - ld 
P-18 0.001 0.00003 - - lcrs 
U-25 375 270 5.0 1r3 
U-26 my - 1250 - 0.4 - 
U-27 53 - 650 - 0.0002 - 
V28 m' - 18 - 0.87 - 
I?-29 present loo0 - 8 - 
W-30 0.004 - - 0.3 I+ 0.2 1tr4 



f lows genera l l y  southwest w i t h  a  possib le discharge a t  Laguna Grande de l a  Sal, 

but t h e  major discharge po in t  nearest the  WIPP s i t e  i s  t h e  Pecos R iver  near - 
Malaga Bend. I n  Nash Draw, t h e  Rustler-Salado contact  i s  an aqu i fe r  w i t h  a  

t r a n s m i s s i v i t y  as h igh as 8000 f t2/day. The t r a n s m i s s i v i t y  o f  t h e  aqu i fe r  i s  

very m a l l  ( l e s s  than 3  x  10-l* f t2/day) w i t h i n  2 m i l es  o f  the center  o f  t h e  s i t e .  

The water i n  t h e  a q u i f e r  i s  character ized by extremely high t o t a l  d issolved 

so l i ds ,  the  lowest being around 70,000 mg/l. In ,  and near Nash Draw the  TDS i s  

dominated by NaCl i n d i c a t i n g  f l ow ing  groundwater and ac t i ve  d i sso lu t i on .  Wi th in 

zone I1 and most o f  zone 111, t h e  Rustler-Salado aqu i fe r  i s  very t h i n ,  has an 

extremely high TDS concent ra t ion  and a d i sp ropo r t i ona te l y  high potassium and 

magnesium concent ra t ion  (Mercer, 1983). The extremely small t r ansmiss i v i  t y  east 

o f  t h e  western edge of zone 11, i n  con junc t ion  w i t h  t h e  high magnesium and 

potassium concent ra t ion  i n d i c a t e s  a  very r e s t r i c t e d  f low system a t  t h e  

Rust ler-Salado contact  a t  t h e  s i t e .  Therefore, the  Rust ler-Salado contact  

residuum aqu i fe r  d o e s n o t  appear t o  be an important cons idera t ion  f o r  waste 

t r a n s p o r t  f o l l ow inq  a  r e p o s i t o r y  breach. "-. - , . .- 

5.2 Cul ebra Dolomite Aqu i fe r  

The Culebra Dolomite a q u i f e r  i s  the  most h y d r a u l i c a l l y  conduct ive o  

Rust ler-water  bear ing un i t s .  As such, t h e  Culebra may represent t h e  bounding 

t r a n s p o r t  mode f o r  contaminated water f o l l ow ing  a  repos i to ry  breach and 

subsequent water movement upward i n t o  the  Rust ler.  In t h i s  sect ion,  t h e  general 

hydrogeological  c h a r a c t e r i s t i c s  o f  t h e  Culebra are  presented. Maps o f  t h e  

Culebra po ten t i ome t r i c  sur face and major chemical cons t i t uen ts  are presented i n  

F igures 18 and 19. The i n f e r r e d  d i r e c t i o n  o f  f low from t h e  center  o f  t h e  s i t e  i s  

from n o r t h  t o  south and then west t o  Malaga Bend passinq somewhere near t o  t h e  

P r o j e c t  Gnome s i t e .  D e t e n i  na t ions  o f  anisotropy o f  hyd rau l i c  c o n d u c t i v i t y  a t  

H-4, H-5, and H-6 by Gonzalez (1983), when incorporated i n t o  t h e  f low ana lys is ,  

i n d i c a t e  an i n i t i a l  southeaster ly  d i r e c t i o n  o f  f low from the  WIPP s i t e  center  

be fore  t u r n i n g  west t o  Malaga Bend. No data on an iso t ropy  a r e  a v a i l a b l e  a t  t h e  

cen te r  o f  t h e  s i t e  o r  t o  t h e  southeast. I n  any event, t h e  discharge p o i n t  of 

Culebra water a t  t h e  s i t e  would appear t o  be Malaga Bend. 

The above p i c t u r e  o f  f l o w  from t h e  s i t e  passing i n  t h e  v i c i n i t y  o f  t h e  P r o j e c t  - 
Gnome s i t e  and d ischarq inq  i n t o  t h e  Pecos R ive r  i s  i ncons i s ten t  wi th  t h e  observeo 



Culebra 

0 1 2  3 4 Miles 
w 
0 1 2 3 4 Kilometers 

Figure 18. Adjusted potentiometric surface of the Culebra Dolomite 
Member of the Rustler Formation (1982) a t  and near the 
proposed WIPP s i t e  (from Mercer, 1983) 





water chemistry i n  the Culebra. Figure 20 i s  a modif ied Piper T r i l i n e a r  p l o t  o f  

a l l  the  Culebra water chemistry data. From the  p l o t ,  the  chemical cons t i t uen ts  

o f  we l ls  a t  t h e  center  o f  t h e  s i t e  H-1, H-2, H-3 are predominantly Na and C1 and 

have t o t a l  d isso lved sol i d s  concentrat ions (TDS) o f  30,100 mg/l , 9700 mg/l and 

62.000 mg/l respect ive ly .  The chemical cons t i tuents  of we1 1s down flow, H-7, 

H-8, H-9 are predominantly Ca, Mg and SO and have t o t a l  d issolved s o l i d s  

concentrat ions o f  3610 mg/l , 3200 mg/l and 3590 mg/l respect ive ly .  There i s  no 

c r e d i b l e  mechanism, other  than mixing, t o  account f o r  a  decrease i n  TDS and a 

change i n  chemical cons t i t uen ts  from Na and C1 t o  Mg, Ca and SO i n  the  d i r e c t i o n  

o f  apparent flow. Mixing w i t h  the over ly ing  Magenta aqu i fe r  appears u n l i k e l y  

\-, because t h e  TDS i n  t h e  Magenta i s  everywhere greater  than t h e  TDS i n  H-7, H-8 and 

H-9 o f  t h e  Culebra. Continued i n v e s t i g a t i o n  i n t o  the hydroloqy o f  t h e  Culebra 

Dolani t e  by Sandia Nat ional  Laborator ies w i l l  hopefu l l y  c l a r i f y  t h e  cu r ren t  

incons is tency  between t h e  apparent water f low d i r e c t i o n  and water chemistry. 

EEG's t e n t a t i v e  conclus ion i s  t ha t  there  i s  i n s u f f i c i e n t  wel l  data south and 

southeast o f  t h e  s i t e  t o  accura te ly  est imate t h e  d i r e c t i o n  o f  groundwater f low 

f r a n  t h e  s i t e .  As a d d i t i o n a l  in fo rmat ion  i s  made ava i lab le ,  EEG w i l l  modify i t s  - 
conclus ions accordingly .  

5.3 Magenta Dolomite Aqu i fe r  

The Magenta Dolomi t e  a q u i f e r  l i e s  s t r a t i g r a p h i c a l l y  above t h e  Culebra Dolomite. 

F igures 21 and 22 show t h e  po tent iomet r ic  surface and major chemical c o n s t i t u e n t s  

f o r  t h e  Magenta. I n  general,  water i n  t h e  Magenta a t  t h e  center  o f  t h e  WIPP s i t e  

w i l l  f l o w  westward t o  Nash Draw where i t  l i k e l y  discharges i n t o  under ly ing  

un i ts .  The Magenta has been l a r g e l y  ignored by DOE f o r  s o l u t e  t ranspor t  

scenar ios because o f  t h e  smal l  t r a n s m i s s i v i t i e s  associated w i t h  t h a t  aqu i fe r .  

However, due t o  t h e  unce r ta in t y  associated w i t h  the  d i r e c t i o n  o f  f l ow  i n  t h e  

Culebra, t h e  po;sible t r a n s p o r t  o f  contaminants i n  t h e  Magenta should be g iven 

considerat ion.  Th i s  w i l l  be discussed i n  d e t a i l  i n  t h e  sec t ion  on "Hydrologic 

Transport  C h a r a c t e r i s t i c s  i n  the  Rust le r  Formation." 

6.0 Capitan Reef Aqu i fe r  

-C-- 

The Capitan ree f  aqu i fe r ,  one o f  t h e  most p roduct ive  f reshwater  aqu i fe rs  i n  

southeastern SE New Mexico, extends i n  an arcuate band around most o f  t h e  
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Figure 21. Adjusted putentionmetric surface of the Magenta Dolomite 
Member of the Rustler Formation (19821, at  and near the 
proposed Waste Isolation Pilot Plant (WIPP) s i t e  (from 
Mercer,' 1983) 





Delaware Basin and l i e s  a t  i t s  c loses t  p o i n t  about 10 mi les  no r th  o f  the  WIPP. - The hydrau l ic  head i n  the  Capitan Reef aqu i fe r  i s  l ess  than t h a t  i n  the  Be l l  

Canyon (Hiss, 1976) i n d i c a t i n g  a f low i n t o  the reef i f  the two aqu i fe rs  are 

connected. The r e l a t i v e l y  impermeable anhydr i tes of the  C a s t i l e  Formation 

r e s t r i c t  t h e  l a t e r a l  movement o f  f reshwater away from the  reef  (Mercer, 1983). 

Numerous co l lapse phenomena are associated w i th  the  Capitan Reef and some near 

ree f  s a l t  d i s s o l u t i o n  i s  probably a t t r i b u t a b l e  t o  the  Capitan Reef aqu i fe r  (see 

the sec t ion  on D isso lu t i on ) .  However, s a l t  d i s s o l u t i o n  associated w i th  the  ree f  

does not appear t o  pose a t h r e a t  t o  t h e  reposi tory.  The so lu te  t ranspor t  

c h a r a c t e r i s t i c s  o f  t h e  B e l l  Canyon are such t h a t  a minimal rad io log i ca l  hazard 

would r e s u l t  from a repos i to ry  breach and subsequent t ranspor t  o f  radionucl ides 

'I t o  the  Capitan Reef by the  B e l l  Canyon aqui fer .  
1 

/ 7.0 Summary o f  Conclusions 

The degree o f  ;nderstanding o f  the  regional  hydrology, al though f a r  from 

complete, i s  s u f f i c i e n t  t o  reach some general conclusions. 

-. 7.1 Waters i n  t h e  B e l l  Canyon format ion and t h e  C a s t i l e  format ion do not pose a 

s i g n i f i c a n t  t h r e a t  t o  t h e  reposi tory.  The s a l t  removal p o t e n t i a l  i s  too  low 

and t h e  rad ionuc l i de  t r a n s p o r t  t ime i s  too  long. 

However, both f o r m t i o n s  may be a source o f  water f o r  some breach scenarios 

t h a t  r e s u l t  i n  t h e  i n j e c t i o n  o f  rad ionuc l ides  i n t o  the  Rust ler.  

7.2 The Capitan Reef Aqu i fe r  i s  a t  i t s  nearest po in t  about 10 m i les  from t h e  

s i t e .  Water i n  t h e  a q u i f e r  i s  l a r g e l y  prevented from moving l a t e r a l l y  i n t o  

t h e  basin. Although t h e r e  i s  sane l o c a l i z e d  d i s s o l u t i o n  associated w i t h  t h e  

ree f ,  t h e  basinward d i s s o l u t i o n  n o r t h  o f  t h e  s i t e  appears small. Therefore. 

t h e  Capitan Reef Aqu i fe r  poses a minimal t h r e a t  t o  t h e  repos i to ry .  

7.3 The groundwater i n  t h e  R u s t l e r  Formation i s  t h e  l i k e l y  bounding condui t  

f o l l  owing a repos i to ry  breach f o r  radionucl  ides t o  reach t h e  accessib le 

environment. Wi th in  t h e  Rust le r ,  t h e  Culebra a q u i f e r  i s  o f  most concern, 

because o f  h igher  t r a n s m i s s i v i t i e s .  However, t he re  are i n s u f f i c i e n t  data t o  

cha rac te r i ze  t h e  f l ow  system i n  t h e  Culebra south o f  t h e  s i t e  and hence 



a d d i t i o n a l  experiments are needed. EEG hopes t h e  s o l u t i o n  w i l l  come from 

ongoing hydro logic  s tud ies  concentrated i n  t h e  Culebra. - 
7.4 The var ious nuclear waste repos i to ry  c r i t e r i a  t h a t  r e l a t e  t o  groundwater 

genera l l y  a re  d i rec ted  toward s o l u t e  t ranspor t  c h a r a c t e r i s t i c s  o f  t h e  

aqu i fe rs .  How wel l  WIPP meets these c r i t e r i a  i s  discussed i n  the  sec t ion  on 

hyd ro log i c  t ranspor t  i n  the  Rust ler.  
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THE DISTURBED ZONE 

1.0 D e f i n i t i o n  

The nor thern p a r t  o f  the  WIPP s i t e  i s  an area of poor seismic r e f l e c t i o n s .  The 

f i r s t  d i r e c t  evidence o f  t h e  s t r u c t u r a l  complexity of t h i s  area was obtained i n  

1975 when ERDA-6 encountered very h igh d ips  of the upper C a s t i l e  anhydr i te  beds 

and pressur ized br ine. On t h e  basis  o f  seismic r e f l e c t i o n  data then ava i lab le ,  

Long and Associates (1977), showed a "h igh l y  d is turbed area ( C a s t i l e ) "  i n  t h e  

nor thern  p a r t  o f  t h e  WIPP s i t e  (Fig. 23). Several more seismic r e f l e c t i o n  

surveys were conducted i n  1978 and 1979 and the boundary o f  t h e  d is turbed zone 

was broadened t o  inc lude t h e  nor thern  p a r t  of Zone I 1 1  i n  a "zone o f  Anomalous 

Seismic R e f l e c t i o n  Data" (SAR, 1980, Fig. 2.7-23). The same f i g u r e  (Fig. 23) 

a l s o  shows a "L ine  i n d i c a t i n g  steepening o f  d i p  o f  C a s t i l e  s t r a t a  t o  the  nor th"  

More recent ly ,  B&S e t  a l ,  (1983) have de l ineated t h e  "Disturbed Zone" (DZ) on 

t h e  "combined bas i s  o f  s t r u c t u r e  e x h i b i t e d  i n  boreholes and by t h e  chaot ic  

seismic r e f l e c t i o n  data i n  t h e  nor thern  p a r t  o f  the  s i t e "  (p. 10). This  

f i g u r e ,  reproduced here as Fig. 24, shows a band o f  DZ border ing the  Capitan 

Reef and passing through t h e  nor thern  p a r t  o f  the  WIPP s i te .  Since the  zone o f  

WIPP i s  not  i d e n t i f i e d  i n  t h i s  f i g u r e  and the re  i s  no scale, i t  i s  d i f f i c u l t  t o  

est imate the  p a r t  o f  WIPP covered by t h i s  band o f  DZ. The t e x t  o f  Borns e t  

al., (1983, p. 11) however, exp la ins  t h a t  t h e  southern boundary o f  DZ 

approximately co inc ides  w i t h  t h e  " l i n e  i n d i c a t i n g  steepening o f  d i p  o f  C a s t i l e  

s t r a t a  t o  t h e  north," which i s  about 213 m i l e  n o r t h  o f  ERDA-9. O f  more 

i n t e r e s t  are t h e  two o ther  areas i d e n t i f i e d  as DZ i n  t h i s  f igure;  The c i r c u l a r  

area t o  t h e  southwest appears t o  be based on t h e  s t r u c t u r e  observed i n  the  

Belco-Hudson Well. The o the r  oblong area, south o f  the  highway, appears t o  

i nc lude  t h e  Poker Lake a n t i c l i n e .  The r e p o r t  (Borns e t  a1 1983) does not 

conta in  an exp lanat ion  f o r  t h e  i n c l u s i o n  o f  these two areas i n  the  "Disturbed 

Zone." 

Other than being an area o f  poor  seismic r e f l e c t i o n s ,  t h e  Disturbed Zone has 

never been p rope r l y  def ined. Borns e t  a1 (1983) have var ious ly  def ined i t  
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Figure 23. WIPP S i te  and the southern l imi ts  o f  the "Highly 
Disturbed Area" (GCR), the "Zone o f  Anomalous 
Seismic ~ e f l e c t i o n  ~ a t a "  and the 'Steepening o f  
Dip o f  Casti le Strata" (SAR) . 



Figure 24. Aereal extent o f  the disturbed zone, northern 
Delaware Basin (from Borns e t  a1 . , 1983) 



as, " t h e  area dhere the  Cast i le / lower  Salado departs from genera l l y  p a r a l l e l  A 

beds w i t h  s l  i qn t  d ip "  (p. 11) and "The outer  edge of the  mapped f l ow  s t ruc tu res  

i s  here taken as t h e  l i m i t  of the  DZ. This  d e f i n i t i o n  i s  necessar i ly  

ambiguous. It inc ludes  t h e  a n t i c l i n e  a t  WIPP-12, and may o r  may not i nc lude  

t h e  a n t i c l i n e  i n  Sec. 19" (p. 69). 

2.0 Areal Ex ten t  

I n  e a r l i e r  DOE pub l i ca t i ons ,  e.g. Powers e t  a1 (1978) and Register  (1981)*, t h e  

d is tu rbed zone was presented as a zone border ing t h e  Capitan Reef. Borns e t  

a1 (1983) have widened t h i s  zone t o  inc lude the  WIPP-12 s t r u c t u r e  where b r i n e  

was encountered. I n  add i t ion ,  they have shown two more areas, t o  the  southwest 

and south o f  t h e  WIPP s i t e  (Fig. 23), as p a r t  o f  DZ. No r a t i o n a l  explanat ion 

has been provided f o r  separat ing these two areas from t h e  band border ing t h e  

reef. The se i  &i c p r o f i l e s  do show s t ruc tu res  between WIPP-12 and Belco-Hudcn-. 

we l l ,  but  t h e r e  a r e  no we l l s  penet ra t ing  the  C a s t i l e  format ion between these 

two and, there fore ,  the  boundary o f  t h e  c i r c u l a r  DZ shown southwest of the  s i t e  

i n  F igure  23 i s  a r b i t r a r y .  

Concerning t h e  exp lanat ion  f o r  the  l i m i t e d  areal  d i s t r i b u t i o n  o f  t h e  d i s tu rbed  

zone, Borns e t  a1 (1983) s tate,  "no hypothesis adequately answers why t h e  

deformation has a l i m i t e d  areal  d i s t r i b u t i o n "  (p. 4). However, a hypothesis 

has been o f f e r e d  by then (on p. 87-88) t o  exp la in  t h i s  phenomenon. It concerns 

t h e  d i f l e r e n c e  i n  t h e  y i e l d  s t rength  o f  t h e  rock due t o  anomalously h igh  water 

content  which would f a c i l i t a t e  g r a i n  boundary pressure so lu t ion .  

*Register  (1981) showed t h e  DZ as a 6 m i l e  wide "Deformation Front"  border ing  

t h e  reef .  Popielak e t  a1 (1983) simply r e f e r  t o  i t  as, ' ' t h i s  band o r  b e l t  

extends underneath t h e  WIPP s i t e "  (p. 6-38) and avoid ass igning a southern 

l i m i t  t o  it. 



Because of t h e  absence o f  i d e n t i f i a b l e  boundaries o f  DZ and the  lack of an 

- adequate exp lanat ion  f o r  a  l i m i t e d  areal extent,  i t  seems l o g i c a l  t o  conclude 
t h a t  some s t r u c t u r a l  complexity i n  the  C a s t i l e  formation may e x i s t  t o  vary ing 

degrees anywhere i n  the nor thern  Delaware Basin i nc lud ing  t h e  WIPP s i t e .  

3.0 Geophysical Data 

3.1 Seismic R e f l e c t i o n  

The d is tu rbed zone has been de l ineated p r i m a r i l y  on t h e  basis o f  seismic 

r e f l e c t i o n  data. The seismic data i n d i c a t e  a  "blocky s t ruc tu re  w i t h  abrupt d i p  

changes and o f f s e t s  ( f a u l t s )  between u n i t s "  and "the seismic character  (wiggle 

shape) changes, which i n d i c a t e s  v a r i a t i o n s  i n  thicknesses and/or acoust ic  

propert ies." (Borns, e t  a l ,  1983, P. 69). The seismic data a t  t h e  d i s tu rbed  

zone shows t h a t  t h e  geologic  s t ruc tu res  w i t h i n  the  C a s t i l e  format ion are too  

complex t o  map k i t h  the  seismic technique. It i s  t h i s  complexity o f  geo log ic  

s t r u c t u r e s  w i t h i n  t h e  C a s t i l e  t h a t  i d e n t i f i e s  t h e  DZ from the  "undisturbed" 

s t ra ta .  The i n t e r p r e t a t i o n s  from the seismic p r o f i l e  are supported by " the  - steep lam ina t i on  d ips,  v a r i a b l e  s t r a t i g r a p h i c  thicknesses and petrographic 

fea tures  (e.g. recumbent fo lds,  shear zones) exh ib i t ed  by core" (Borns, e t  a1 

1983). 

Since most o f  t h e  deformation i n  t h e  d is tu rbed zone i s  r e s t r i c t e d  t o  t h e  

C a s t i l e  fo rmat ion  and i nvo l ves  a  r e d i s t r i b u t i o n  o f  t h e  massive anhydr i te  and 

a l i t e  beds w i t h i n  t h i s  formation, i t  was thought t h a t  the  g r a v i t y  survey 

hould p i c k  out t h e  l a t e r a l  dens i t y  v a r i a t i o n s  r e s u l t i n g  from t h e  deformation. 

he i n t e r p r e t a t i o n  o f  t h e  g r a v i t y  survey i s  described i n  Chapter 3  o f  Borns, e t  

',.. -.-- ,." a1 (1983). According t o  t h i s  i n t e r p r e t a t i o n ,  " t he  ( g r a v i t y )  anomalies are  much 

t o o  sharp ( s h o r t e r  double h a l f  -width)  t o  o r i g i n a t e  w i t h i n  t h e  C a s t i l e  

formation. They extend i n t o  areas t h a t  are i nd i ca ted  by t h e  seismic p r o f i l e s  

as undeformed. The negat ive  g r a v i t y  anomalies were es tab l ished by d r i l l i n g  t o  

o r i g i n a t e  from l a t e r a l  d e n s i t y  v a r i a t i o n s  w i t h i n  r e l a t i v e l y  f l a t  strata." 

(p.73). 



- The only explanat ion o f  l a t e r a l  dens i ty  v a r i a t i o n s  w i t h i n  a shallow zone as 

i n t e r p r e t e d  from the  g r a v i t y  survey, provided by Borns e t  a1 (1983) i s  t h a t  t h e  

neaat ive anomalies represent, "decreased rock d e n s i t i e s  near k a r s t  channels, 

p r i m a r i l y  i n  the  Rust le r  formation" (p. 73). The quest ion o f  k a r s t  hydrology 

i n  t h e  R u s t l ~ r  formation i s  discussed i n  the  sec t ion  on "Rus t l e r  Hydrology". 

4.0 The O r i g i n  o f  t h e  Disturbed Zone 

Borns e t  a1 (1983) discusses t h e  fo l l ow ing  hypotheses o f  o r i g i n  f o r  the  

d i s tu rbed  zone: 

Grav i t y  Foundering 

D i s s o l u t i o n  

Grav i t y  S l i des  - 
Gypsum Dehydrat ion 

Deposi t ional  Processes 

Out o f  these, they appear t o  favo r  t h e  g r a v i t y  founder ing and, t o  a  l e s s e r  - 
extent ,  g r a v i t y  s l i d i n g ,  as t h e  mechanisms which are most cons i s ten t  w i t h  t h e  

a v a i l a b l e  observat ions. As f a r  as t h e  movement o f  s a l t  w i t h i n  t h e  C a s t i l e  

f o rma t ion  i s  concerned, q r a v i t y  foundering appears t o  be a  reasonable 

hypothesis t o  exp la in  t h e  phenomenon. The d i f f i c u l t y  w i t h  t h i s  hypothesis i s ,  

o f  course, i n  exp la in ing  t h e  areas which remained undeformed, adjacent t o  t h e  

deformed o r  "d is tu rbed"  areas. 

5.0 The Age o f  Deformation 

The geo log ica l  t ime dur ing  which t h e  deformation i n  t h e  DZ occurred has been a  

ques t i on  o f  debate i n  t h e  l i t e r a t u r e .  The f o l l o w i n g  account p rov ides  a  summary 

o f  var ious  approaches t o  answer t h i s  quest ion. 

K i r k l a n d  and Anderson (1970) s tud ied  t h e  m i c r o f o l d i n g  i n  t h e  C a s t i l e  s t r a t a  

exposed i n  t h e  western p a r t  of t h e  basin. By n o t i c i n g  t h e  r e l a t i o n s h i p  between 

t h e  o r i e n t a t i o n  o f  m ic ro fo lds  and t h e  l a r g e r  f o l d s ,  which i n  t u r n  correspond - 
w i t h  t h e  bas ic  Cenozoic s t r u c t u r a l  g r a i n  o f  t h e  basin, they concluded t h a t  t h e  

C a s t i l e  m ic ro fo lds  postdate t h e  l a t e  Cenozoic reg iona l  t i l t i n g .  Anderson ( i n  



Chaturvedi, 1980) showed t h a t  the  ERDA-6 core has a s i m i l a r  s t re t ch ing  o f  
,- micro fo lds  as seen a t  t h e  s t a t e l i n e  C a s t i l e  outcrop, and i n f e r r e d  from t h i s ,  

t h a t  t h e  deformation i n  t h e  02 would a l so  be post Cenozo ic - t i l t i ng  o f  the  

basin. 

Borns e t  a1 (1983) have examined the  p o s s i b i l i t y  o f  da t ing  t h e  deformation by 

apply ing t h e  axiom t h a t  the  deformation must predate deposi t ion o f  the  o ldes t  

underformed s t ra ta .  However, t h i s  axiom cannot be appl ied t o  a s i t u a t i o n  where 

t h e  d e f o n a t i o n  i s  c l e a r l y  stratabound i n  C a s t i l e  and becomes dampened upward 

and downward i n  t h e  sect ion.  

Considerat ion o f  t h e  mechanism o f  g r a v i t y  foundering, the  p re fe r red  hypothesis 

f o r  t h e  deformat ion i n  t h e  02, l e d  Barrows (1983) t o  t h e  conclus ion t h a t  the  

deformation would remain a c t i v e  u n t i l  a l l  the  anhydr i te  has s e t t l e d  beneath t h e  

h a l i t e .  Since t h i s  has not  y e t  happened i n  t h e  DZ, t h e  i m p l i c a t i o n  i s  t h a t  t h e  

deformation i n  t h e  OZ ii an ac t ive ,  ongoing process. 

6.0 The Rate o f  Deformation 

I 

Barrows (1983) has ca l cu la ted  t h a t  t h e  t ime requ i red  f o r  t h e  deformation i n  t h e  

C a s t i l e  through t h e  process o f  i s o s t a t i c  movement o f  s a l t  would range f r a n  10' 

t o  l o 7  years. Borns e t  a1 (1983) have ca l cu la ted  tha t ,  by t h i s  mechanism, a 

s t r u c t u r e  o f  t h e  s i z e  o f  WIPP-12 a n t i c l i n e  cou ld  develop a t  the  WIPP s i t e  i n  a 

t ime frame o f  approximately 10,000 years t o  250,000 years. Such a s t ruc ture ,  

developing i n  t h e  C a s t i l e  anhydri te,  would produce f r a c t u r e s  and may r e s u l t  i n  

t h e  development o f  a b r i n e  reservo i r .  Although t h e o r e t i c a l l y  possible, Borns 

e t  a1 (1983) argue t h a t  t h e  development o f  a s t r u c t u r e  d i r e c t l y  under t h e  s i t e  

would be a randan event and g iven t h a t  t h e  cond i t i ons  f o r  such an event have 

e x i s t e d  f o r  t h e  pas t  several m i l l i o n s  o f  years, i t  would be very u n l i k e l y  f o r  a 

s t r u c t u r e  t o  develop d i r e c t l y  under t h e  s i t e  dur ing  t h e  nex t  250,000 years. 

Borns e t  a1 (1983) have ca l cu la ted  t h e  e f f e c t  o f  t h e  "deformation f r o n t "  

progressing toward t h e  s i t e .  By assuning an average width o f  10 km o f  t h e  DZ 

adjacent t o  t h e  r e e f  and 30 m.y. as t h e  t ime s ince basin t i l t e d  and t h e  

deformat ion began, they c a l c u l a t e  t h a t  t h e  b e l t  has grown a t  a r a t e  o f  0.3 
rcr mnlyr  and "At t h i s  r a t e  4.6 m.y. would be requ i red  f o r  t h e  deformation f r o n t  t o  

progress over t h e  s i te . "  



The assunptions made i n  t h i s  c a l c u l a t i o n  may not be va l i d .  Fig. 1 o f  Borns e t  

a1 shows t h e  width o f  OZ bordering the  reef ,  near the  WIPP s i t e ,  t o  be about 16 

km (110 m i l e s ) .  The main phase o f  the  u p l i f t  occurred i n  l a t e  Pl iocene t o  

e a r l y  P le is tocene t ime (King, 1948; Hayes, 1964) o r  about 2 t o  6 m.y. ago. 

Therefore, a more r e a l i s t i c  assumption would be t h a t  the  deformation has 

progressed 16 km i n  2 t o  6 m.y., o r  2.7 t o  8 Km per m i l l i o n  years. The edge o f  

t h e  WIPP-12 s t r u c t u r e  i s  about 1 Km no r th  o f  t h e  center  o f  the  s i t e .  Using 

these assumptions, t h e  deformation f r o n t  would reach the  center  o f  t h e  s i t e  i n  

125,000 years t o  375,000 years. 

7.0 Conclusions 

It i s  c l e a r  t h a t  t h e  s t r u c t u r a l  deformation i s  most pronounced w i t h i n  t 

C a s t i l e  fo rmat ion  and near t h e  Capitan Reef. However, t h e r e  i s  no r a t i o n a l  

bas i s  t o  assume a 10 km band o f  deformation border ing  t h e  Capitan Reef. 

The WIPP-12 s t r u c t u r e  c l e a r l y  shows t h a t  t h e  " f r o n t "  extends t o  a t  l e a s t  t h e  

no r the rn  p a r t  o f  t h e  WIPP Zone 11. A more conservat ive approach would be t o  

assume t h a t  t h e  e n t i r e  WIPP s i t e  i s  w i t h i n  t h e  zone where t h e  C a s t i l e  beds have - 
been deformed t o  vary ing degrees and i nc lude  t h e  Belco-Hudson s t r u c t u r e  w i t h i n  

t h i s  zone. Further,  t h e  i n t e r p r e t a t i o n  o f  t h e  s t r u c t u r e  a t  WIPP-11 shows t h a t  

t h e  involvement o f  t h e  Delaware Mountain Group format i on  w i t h  t h e  deformat i o n  

i n  Cas t i l e ,  a t  l e a s t  l o c a l l y ,  i s  possible, and a t  t h i s  d r i l l  ho le  t h e  C a s t i l e  

s t r u c t u r a l  deformations appear t o  extend i n t o  t h e  lower Salado as we l l .  

The g r a v i t y  founder ing hypothesis prov ides a reasonable exp lanat ion  f o r  t h e  

s t y l e  o f  deformat ion present  i n  t h e  C a s t i l e  format ion i n  t h e  no r the rn  Delaware 

Basin. By us ing  t h i  s hypothesis, Borns e t  a1 (1983) have ca l cu la ted  t h a t  if 

t h e  deformat ion i s  progressing towards t h e  WIPP repos i to ry  area, i t would t a k e  

4.6 m.y. f o r  t h e  deformat ion f r o n t  t o  reach t h e  area d i r e c t l y  under t h e  WIPP 

repos i to ry .  EEG's c a l c u l a t i o n s  show t h a t  t h i s  may happen i n  125,000 t o  375,000 

years. The progression o f  a s t r u c t u r e  such as t h a t  l oca ted  a t  WIPP-12, 

however, r e q u i r e s  cond i t i ons  which f a c i l i t a t e  t h e  g r a v i t y  foundering mechanism 

and these cond i t i ons  (e.g. h igh trapped f l u i d  i n  rock, low y i e l d  strength, 

etc.) may no t  e x i s t  under t h e  southern p a r t  o f  Zone I 1  o f  t h e  WIPP s i t e .  The 

boreho le  DOE-1 d r i l l e d  j u s t  ou ts ide  t h e  Zone 11, t o  t h e  southeast, c e r t a i n l y  

does no t  e x h i b i t  t h e  C a s t i l e  deformation s t ruc tu res  except some minor l a t e r a l  



f l ow  tex tures  i n  the  C a s t i l e  ha l i t es .  Fur ther ,  w i t h  the  r e o r i e n t a t i o n  o f  the  
-. WIPP repos i to ry  t o  the south w i t h i n  Zone 11, the  repos i to ry  would now be i n  a 

r e l a t i v e l y  undeformed region as i n te rp re ted  from the seismic r e f l e c t i o n  data. 

EEG, there fore ,  concludes t h a t  the proposed WIPP repos i to ry  i n  t h e  southern 

p a r t  of Zone I 1  i s  located i n  a r e l a t i v e l y  undeformed area. 

8.0 References C i ted  

jarrows, L., 1983, Ha lok ine t ic  development of t h e  Oisturbed Zone, Appendix, 

i n  Bcrns, e t  a i  Deformation o f  Evapor i tes Near t h e  W I P P  S i te ,  SAND 82-1069 

( D r a f t )  

Borns, D. J., i.J. Barrows, D. W. Powers, R. P. Snyder, 1983, Deformation 

o f  Evapor i tes Near the WIPP S i te ,  Report SAND 82-1069 ( D r a f t )  

Chaturvedi, L., 1980, WIPP S i t e  and V i c i n i t y  Geological F i e l d  T r i p ,  EEG-7 

Hayes, P. T., 1964, Geology o f  the  Guadalupe Mountains, N.M., USGS Prof .  

Paper 446 

King, P. B., 1948, Geology o f  t h e  Southern Guadalupe Mountains, Texas, USGS 

Prof. Paper 214 

Ki rk land,  D. W. and R. Y. Anderson, 1970, M ic ro fo ld ing  i n  t h e  C a s t i l e  and 

T o d i l t o  evapori tes, Texas and New Mexico, GSA B u l l  81, pp. 3259-3282 

Long, G. J. and Associates, 1977, I n t e r p r e t a t i o n  o f  geophysical data, Los 

Medanos and v i c i n i t y ,  Lea and Eddy Counties, N.M., Report t o  Sandia 

Labora tor ies  

Popielak, R. S., R. L. Beauheim, S. R. Black, W. E. Coons, C. T. E l l i n g s o n  

and R. L. Olsen, 1983, B r ine  r e s e r v o i r s  i n  t h e  C a s t i l e  formation, S.E. New 

Mexico, TM 3153, D'Appolonia Counsult ing Engineers 



I 

Powers, D. J . ,  S. J. Lambert, S-E. S h a f f e r ,  L. R .  H i l l  and W. 0. Weart 

( E d . ) ,  1978, Geological C h a r a c t e r i z a t i o n  Report ,  WIPP s i t e ,  S.E. New 

Mexico, SAND 78-1596, Vols. I and 11. - 
R e g i s t e r ,  J. K . ,  1981, Br ine  Pocket Occurrences i n  the  C a s t i l e  Formation, 

S.E. New Mexico, TME 3080, U.S. Department of  Energy 



HYDROLOGIC TRANSPORT CHARACTERISTICS OF THE RUSTLER AQUIFERS 

The s i t e  v a l i d a t i o n  repo r t  (DOE, 1983) concluded t h a t  t h e  Culebra and Magenta 

D o l m i  t e  aqu i fe rs  o f  the  Rus t l e r  Formation are  t h e  only aqu i fe rs  o f  s i gn i f i cance  

a t  the  WIPP s i t e .  O f  the  two, t h e  Culebra i s  considered t h e  most important and 

i s  t h e  t a r g e t  of D O E ' S  d e t a i l e d  hydro log ic  t ranspor t  studies. Recent modeling 

studies (Bar r  e t  al., 1983), c i t e d  by Weart (1983) i n d i c a t e  t h a t  water w i l l  move 

l ess  thdn 2 m i les  i n  1000 years i n  t h e  reg ion  near t h e  s i t e  but the  document 

(Barr e t  a l ,  1983) was unava i lab le  f o r  review by EEG on May 25, 1983. 

While the  general hydrogeoloqy o f  the Rus t l e r  aqu i fe rs  has been presented i n  t h e  

sec t i on  on Regional Hydrology, s p e c i f i c  aspects r e l a t i n g  t o  a repos i to ry  breach 

and the  t ranspor t  o f  rad ionuc l ides  t o  t h e  biosphere are discussed i n  t h i s  

section. Ne i ther  t h e  breach mechanism nor  t h e  mechanism t o  move rad ioac t ive  

mater ia l  1400 fee t  f r a n  t h e  repos i to ry  t o  t h e  Rust le r  a re  addressed i n  the  

f o l l o w i n g  discussion. 

F igure  25 shows t h e  WIPP s i t e ,  t h e  p e r t i n e n t  t e s t  holes, t h e  l o c a t i o n  o f  Laguna - 
Grande de l a  Sal, t h e  Pecos R iver  a t  Malaga Bend, and t h e  approximate boundaries 

o f  Nash Draw. The t h r e e  Rus t l e r  a q u i f e r s  i n  ascending order  are t h e  

Rust ler-Salado i n t e r f a c e  residuum, t h e  Culebra Dolomite, and the  Magenta 

Do1 omi te. 

1.0 Rust1 er-Sal ado Residuun 

Groundwater i n  t h e  Rust ler-Salado residuum f l ows  southwest from t h e  s i t e  w i t h  a 

poss ib le  d ischarge a t  Laguna Grande de l a  Sat, but  t h e  major discharge po in t  i s  

t h e  Pecos R ive r  near Malaga Bend. I n  Nash Draw t h e  t r a n s m i s s i v i t y  i s  as high as 

8000 ft /day (Hale e t  a l ,  1958), but  i t i s  l ess  than 3 x 10- f t  /day w i t h i n  2 

m i l e s  o f  t h e  center  of t h e  s i t e .  I n  add i t i on ,  t h e  h igh  magnesium and potassium 

concent ra t ion  o f  the  water (Mercer, 1983) i n  zone I 1  would i n d i c a t e  a very 

r e s t r i c t e d  f l ow  system. Therefore, t h e  Rust ler-Salado contact  residuum i s  not 

considered t o  be a major avenue f o r  t h e  t r a n s p o r t  o f  rad ionuc l ides  t o  t h e  

accessib le envi rorment. 



2.0 Culebra Dolomite 
I 

Where hyd rau l i c  conduc t i v i t y  has been measured i n  the Rust le r ,  the  Culebra has 

been t h e  most conduct ive layer .  Hence DOE has concluded t h a t  t h e  Culebra i s  t h e  

l i m i t i n g  aqu i fe r  f o r  modeling studies. 

The po ten t i ome t r i c  surface map o f  the  Culebra i s  presented i n  Figure 18. From 

these data one might conclude tha t  the  d i r e c t i o n  o f  f l ow  from the s i t e  i s  due 

south t o  about t h e  center of T 235, R. 31E, and then southwest t o  a  discharge 

po in t  a t  Malaga Bend. Recent work by Gonzalez (1983) t o  d e f i n e  t h e  an iso t ropy  o f  

h y d r a u l i c  c o n d u c t i v i t y  (F igure 25) has l e d  t o  the  conclus ion by DOE t h a t  t h e  f low 

from t h e  s i t e  w i l l  be southeast and then wester ly  t o  Malaga Bend. The decrease 

i n  TDS and t h e  change i n  water chemistry from sodium and c h l o r i d e  t o  calcium, 

magnesium and s u l f a t e  south of the  s i t e  has been discussed i n  t h e  Regional 

Hydrology sect ion.  U n t i l  t h e  chemical incons is tenc ies  are  explained, t h e  

h y d r a u l i c  h e a d - d i s t r i b u t i o n  shown i n  F igure  18 does not d e f i n i t i v e l y  show t h a t  

t h e  d i r e c t i o n  o f  groundwater f low i s  o the r  than along a  s t r a i g h t  l i n e  t o  Malaga 

Bend. To date, t h e  anisotropy o f  c o n d u c t i v i t y  has been determined a t  on l y  t h r e e  

l o c a t i o n s ;  H-4, H-5, and H-6. The d i r e c t i o n  o f  the  p r i n c i p a l  component o f  t h e  - 
t r a n s m i s s i v i t y  tensor  i s  nea r l y  i d e n t i c a l  a t  t e s t  pads H-5 and H-6. A t  H-4, t h e  

d i r e c t i o n  o f  t h e  p r i n c i p a l  component o f  the  t r a n s m i s s i v i t y  tensor  i s  r o t a t e d  

about 50° counterc lockwise i n  r e l a t i o n  t o  H-5 and H-6. No data on an iso t ropy  a r e  

a v a i l a b l e  a t  t h e  center  o f  t h e  s i t e  o r  t o  the  southeast. Add i t i ona l  an iso t ropy  

t e s t s  a r e  needed t o  accurate ly  p r e d i c t  the  d i r e c t i o n  o f  groundwater f l o w  i n  t h e  

f r a c t u r e d  Cul ebra Dolomite. 

When t h e  d i r e c t i o n  o f  groundwater f low and s p e c i f i c  d ischarge are  f i r m l y  

es tab l ished,  t h e  speed a t  which the  so lu tes  w i l l  t r a v e l  i s  dependent on t h e  

e f f e c t i v e  p o r o s i t y  and t h e  d i s t r i b u t i o n  c o e f f i c i e n t .  Gonzalez (1983) has 

performed a  number o f  t r a c e r  t e s t s  t o  est imate e f f e c t i v e  poros i ty .  The r e s u l t s  

o f  two t r a c e r  t es t s ,  a t  t e s t  pads H-2 and H-6 y i e l d  d i k f e r e n t  resu l ts .  

The r e c i r c u l a t i n g  t r a c e r  t e s t  a t  t e s t  pad H-2 y i e l d e d  an e f f e c t i v e  p o r o s i t y  o f  18 

percent. The convergent t r a c e r  t e s t  a t  t e s t  pad H-6 y i e l d s  e f f e c t i v e  p o r o s i t i e s  

o f  0.7 and 11 percent. These r e s u l t s  p o i n t  out sane very i n t e r e s t i n g  aspects of 

s o l u t e  t r a n s p o r t  i n  the  Culebra. 



0 - Approximate boundary between 
chemically d iss imi lar  waters 
i n  the Culebra 
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Figure 25. P a r t i c l e  f low path estimates 1983 i n  the v i c i n i t y  o f  the  
WIPP s i t e .  Major chemical constituents o f  the  Culebra 
water are  indicated (based on Gonzalez, 1983) 



Groundwater f low i n  t h e  Culebra through f rac tu res  (Gonzalez, 1983; M a r t ,  1983; 

Mercer, 1983) i s  d ramat i ca l l y  d isp layed by the  H-6 t r a c e r  t e s t .  The th ree  wel l  - 
conf igu ra t i on  ( l abe led  a, b  and c )  was an e q u i l a t e r a l  t r i a n g l e ,  100 f e e t  on each 

side, w i t h  pumping from wel l  " c "  and t r a c e r  i n j e c t i o n  i n t o  t h e  other  two. The 

peak concent ra t ion  i n  t h e  b-c d i r e c t i o n  was 10 t imes g rea te r  and a r r i v e d  30 t imes 

f a s t e r  than the  peak concent ra t ion  i n  t h e  a-c d i rec t i on .  As the  hydrau l ic  

conduc t i v i t y  i n  t h e  b-c d i r e c t i o n  i s  a t  most 2.1 t imes g rea te r  than t h e  hydrau l ic  

conduc t i v i t y  i n  the  a-c d i r e c t i o n ,  t h e  t r a v e l  t ime d i f f e r e n c e s  were a t t r i b u t e d  t o  

d i f f e rences  i n  e f f e c t i v e  poros i ty .  Th is  assumption imp1 i e s  an equal f low path 

length, but t h i s  may be a  poor assumption i n  f rac tu red  media. 

While the  b-c we l l  p a i r  may have i n te rsec ted  t h e  same f r a c t u r e ,  t h e  a-c wel l  p a i r  

may not. The b-c f l ow  path  would have been near ly  a  s t r a i g h t  l i n e  whereas the  

a-c path could have been extremely to r tuous  thereby causing a  long f l ow  path. 

Th is  i n t e r p r e t a t i o n  would not be i n c o n s i s t e n t  w i t h  t h e  h y d r a u l i c  conduc t i v i t y  

data. The water l e v e l  response i n  we l l  "a" due t o  pumping i n  "c" i s  a  pressure 

response i n  t h e  conf ined Culebra a q u i f e r  and does not  s i g n i f y  t h e  movement o f  

l a r g e  amounts o f  water. - 
Because t h e  t r a c e r  t e s t s  fo rce  t h e  groundwater and t r a c e r  t o  f l ow  i n  a  spec i f i c  

d i r e c t i o n ,  t h e  f l ow  may o r  may not  co inc ide  w i t h  t h e  p r e f e r r e d  na tu ra l  f l ow  

d i r e c t i o n .  Parameters de r i ved  frcm an a r t i f i c i a l  f l o w  t e s t  may no t  be t h e  

appropr ia te  parameters t o  use i n  a  n a t u r a l  f low s i t u a t i o n .  The apparent 

v a r i a b i  1  i t y  o f  e f f e c t i v e  po ros i t y  i n  t h e  H-6 t r a c e r  experiments i s  s i g n i f i c a n t  

because e f f e c t i v e  p o r o s i t y  e x h i b i t s  such a  s t rong i n f l u e n c e  on ca l cu la ted  water 

v e l o c i t i e s .  

Although water t r a n s i t  t imes i n  Nash Draw are rap id ,  t h e  c o n t r o l l i n g  t imes a r e  

associated w i t h  t h e  r e l a t i v e l y  smal l  p e r m e a b i l i t i e s  observed near t h e  center  of 

the  s i t e .  I f  t h e  h y d r a u l i c  c o n d u c t i v i t y  a t  H-1 (0.003 f t / d )  and an e f f e c t i v e  

p o r o s i t y  o f  0.18 (from t h e  H-2 t r a c e r  t e s t )  a re  rep resen ta t i ve  o f  t h e  s i t e ,  then 

t r a n s i t  t imes are long. I f  the  h y d r a u l i c  c o n d u c t i v i t y  a t  H-3 (0.86 f t / d )  and an 

e f f e c t i v e  p o r o s i t y  o f  0.007 ( f r m  t h e  H-6 t r a c e r  t e s t )  a r e  representa t ive ,  

t r a n s i t  t imes are shor t .  



The lack o f  anisotropy data a t  the  s i t e  severely l i m i t s  the  confidence one can - 
place i n  any model resu l t s .  I n  f rac tured media, such as the  Culebra, t h e  

hydrau l ic  g rad ien t  does not necessar i ly  i n d i c a t e  the  d i r e c t i o n  o f  groundwater 

f low. I n  f ac t ,  the  f low d i r e c t i o n  could be near ly  p a r a l l e l  t o  the  hydraul ic  head 

contours. The unexplained decrease i n  TOS and a  change i n  t h e  general chemical 

nature o f  the  Culebra water from soditan and c h l o r i d e  a t  t h e  s i t e  t o  magnesium, 

calcium, and s u l f a t e  south of the  s i t e  i nd i ca tes  t h a t  i n s u f f i c i e n t  data are 

present ly  a v a i l a b l e  t o  adequately charac ter ize  t h e  f l o w  system south o f  the  

s i t e .  The anisotropy o f  hyd rau l i c  conduc t i v i t y  a t  t h e  s i t e  must be determined 

before the f low d i r e c t i o n  can be postulated. The t r a c e r  t e s t s  prov ide 

i n fo rma t ion  on t h e  t ranspor t  of conservat ive solutes, but  these t e s t s  generate 

a r t i f i c i a l  f low systems. I n  f rac tured media, these t r a c e r  t e s t s  may not prov ide 

t h e  proper data t o  use i n  modeling t h e  t ranspor t  o f  water and solutes i n  a  

na tura l  f low system. However, t h e  t r a c e r  t e s t s  are t h e  on l y  means c u r r e n t l y  

a v a i l a b l e  t o  estimat-e t h e  s o l u t e  t ranspor t  parameters i n  a  reasonable amount of 

time. 

The hydologic t e s t i n g  program conducted by Sandia Nat ional  Laborator ies i s  
6 

ongoing. Future t e s t i n g  i s  planned a t  t h e  s i t e  and t o  t h e  south and southeast. 

These add i t i ona l  t e s t s  w i l l  hope fu l l y  p rov ide  adequate data t o  con f i den t l y  model 

t h e  groundwater f low d i r e c t i o n  and v e l o c i t y  a t  t h e  s i t e .  

U n t i l  the  Culebra groundwater f low system i s  adequately understood, consequence 

ana lys is  scenarios t h a t  assume e s s e n t i a l l y  a  s t r a i g h t  l i n e  connect ion between t h e  

s i t e  and t h e  nearest  probable discharge po in t ,  Malaga Bend are  val id .  EEG has 

modeled t h e  consequences o f  3 scenarios i n  which a  r e p o s i t o r y  breach i n j e c t s  

r a d i o a c t i v i t y  i n t o  t h e  Culebra a q u i f e r  (Greenf ie ld,  1979; Wof sy, 1980; Spiegl 

1981). I n  two scenarios t r a n s p o r t  i s  assumed t o  be s t r a i g h t  from t h e  s i t e  t 

Malaga Bend w i t h  discharge i n t o  t h e  Pecos River. Both analyses are conservat i  

but may not  be bounding. The l a r g e s t  c a l c u l a t e d  one yea r  exposure f o r  an adu 

d r i n k i n g  Pecos R ive r  water conta in ing  rad ionuc l ides  i s  l e s s  than 10 mrem t o  t h e  

bone (Greenf ie ld,  1979). Th i s  scenario i s  conserva t ive  i n  t h a t  a l a r g e  r a t e  of 

waste d i s s o l u t i o n  was assumed, but  i t  i s  not  conserva t ive  i n  terms o f  groundwater 

ve loc i t y .  The second scenar io (Wofsy, 1980) i s  a  s e n s i t i v i t y  ana lys i s  which 

,- 
examined t h e  consequences o f  p lutonium t r a n s p o r t  only. The maximum exposure f o r  

t h e  adu l t  whole body 50-year dose commitment from drinking,Pecos R iver  water i s  
r 



l e s s  than 1 mrem. Ne i ther  scenario uses concentrat ion ( p C i / t )  as an i npu t  

i n i t i a l  cond i t i on ,  but ra the r  uses rates (pCi/sec). Concentrat ion scenarios m:"' 

be more appropr ia te  f o r  some scenario analyses. 

The t h i r d  scenario examined the  consequences o f  using contaminated water from a 

wel l  loca ted  th ree  m i l e s  from the  s i t e .  Accounting f o r  d e s a l i n i z a t i o n ,  

r a d i o a c t i v e  decay, secondary water treatment,  and so lu te  r e t a r d a t i o n  i n  the  

aqu i fe r ,  t h e  50-year bone dose commitments from one year o f  d r i n k i n g  t r e a t e d  

water contaminated w i t h  U-233 o r  Pu-239 and Pu-240 were found t o  be 132 mrem f o r  

an a d u l t  and 217 mrem f o r  a ch i l d .  

These doses are not  s i g n i f i c a n t  when one considers t h a t  doses from n a t u r a l  

background r a d i a t i o n  a r e  between 60 and 100 mrem per year. The dose ca l cu la ted  

f r a n  scenar io 1 (Greenf ie ld,  1979) could be s l i g h t l y  h igher  than 10 mrem i f  

f a s t e r  t r a v e l  t imes a r e  used. I n  any event, p rec ise  knowledge o f  t h e  groundwater 

f l ow  regime i n  t h e  Culebra Dolomite i s  needed t o  i nsu re  t h a t  t h e  scenarios are  

bounding. I f t h e  f l o w  fran the s i t e  i s  t o  t h e  southeast then t h e  consequences 

a t  a Pecos R ive r  d ischarge po in t  should be l ess  than those obta ined from t h e  

above scenarios. If, however, t h e  f r a c t u r e  network a t  t h e  s i t e  d i r e c t s  f low tn 

the southwest i n t o  Nash Draw, rap id  t ranspor t  t imes could r e s u l t  i n  l a r g e r  dosea 

than i n d i c a t e d  by t h e  scenarios. 

3.0 Magenta Dolomite 

The p o t e n t i m e t r i c  sur face map f o r  t h e  Magenta i s  presented i n  F igure  21. Th is  

a q u i f e r  has not been considered as a major veh i c le  f o r  s o l u t e  t r a n s p o r t  by DOE 

1 a rge l y  because o f  i t s  r e l a t i v e l y  low hyd rau l i c  c o n d u c t i v i t y  (Gonzalez, 1983). 

There a r e  no data  f o r  t h e  Magenta on e f f e c t i v e  po ros i t y ,  an iso t ropy  o f  hyd rau l i c  

conduc t i v i t y ,  o r  d i s p e r s i v i t y  near t h e  s i t e .  It appears t h a t  f r a c t u r e  f low i n  

t h e  Magenta i s  l e s s  pran inant  than i n  t h e  Culebra ( M r c e r ,  1983). Therefore, t h e  

Magenta may be best  represented by porous media f l ow  analyses. Magenta water a t  

t h e  s i t e  appears t o  d ischarge i n t o  under ly ing  u n i t s  near Nash Draw (Mercer, 

1983), however, t h e r e  a r e  no d i r e c t  observat ions o f  such discharge. 



The Magenta i s  not t h e  major avenue fo r  rad ionuc l ide  t ranspor t  i n  the  Rust le r  - 
based on the c u r r e n t l y  ava i l ab le  data. However, i f  ongoing studies o f  the 

Culebra lead t o  extremely long radionucl ide t rave l  t imes t o  the  accessib le 

environment then hydro log ic  t ranspor t  i n  the  Magenta should be considered. 

4.0 Solute Retardat ion 

Many radionucl ides do not  t r a v e l  a t  t h e  same v e l o c i t y  as t h e  water, but move a t  a  

slower, retarded ve loc i t y .  The low r a d i a t i o n  doses ca lcu la ted  f o r  t h e  hydro logic  

breach scenarios ( r e f .  Greenfield, 1979; Spiegler, 1981) r e s u l t  i n  p a r t  from t h e  

f a c t  t h a t  the  Kd value g r e a t l y  re ta rds  the r a t e  a t  which plutonium t rave ls .  A 

s e n s i t i v i t y  ana lys is  (Wofsy, 1980) showed t h a t  i f  Kd of plutonium were greater  

than 10, t h e  e f f e c t i v e  po ros i t y  had l i t t l e  e f f e c t  on t h e  r a d i a t i o n  doses a t  t h e  

Pecos River.  

The l abo ra to ry  measurements are general ly  performed on powdered rock samples 

thereby g r e a t l y  inceasing the  rock sur face area (Dosch and Lynch, 1978; Dosch, 

1980; Lynch and Dosch, 1980)). Kd i s  general ly  repor ted as t h e  mass o f  s o l u t e  - 
on t h e  s o l i d  phase per  u n i t  mass o f  s o l i d  phase d i v ided  by t h e  concent ra t ion  o f  

s o l u t e  i n  so lu t i on .  I n  f rac tu red  media i t  i s  b e t t e r  t o  repo r t  t h e  d i s t r i b u t i o n  

c o e f f i c i e n t  on a  per-uni t -sur face-area basis  (Freeze and Cherry, 1979). Porous 

secondary ma te r ia l  f i l l i n g  some f rac tu res  i n  the  Culebra may j u s t i f y  t h e  use of 

Kd on a  per-unit-mass-basis. Laboratory measurements o f  Kd values may not 

r e f l e c t  f i e l d  condi t ions.  For example, small mounts  o f  p lutonium o r  o ther  

elements w i l l  decrease t h e  capaci ty  o f  t h e  rocks t o  adsorb more plutonium; thus a  

" l oad ing  e f f e c t "  can reduce Kd values. Chelat ing agents l i k e  EDTA can a lso  

reduce Kd values, as can temperature, pH and o ther  phys ica l  and chemical 

f ac to rs .  The app rop r ia te  Kd t o  use f o r  scenario analyses i s  not  establ ished. 

Therefore, u n t i l  i n - s i t u  data a r e  ava i lab le ,  t h e  smal lest  repor ted Kd 

va lue  should be used t o  have truly conservat ive scenarios. , ,.,- .. .. . 

5.0 P o s s i b i l i t y  o f  Kars t  Hydrology i n  Rus t l e r  
i 

r' 

A g r a v i t y  survey was c a r r i e d  out a t  t h e  WIPP s i t e  by Sandia Nat ional  

Laborator ies,  du r ing  1981-82, w i t h  a  pr imary purpose o f  d e l i n e a t i n g  t h e  - 
"Dis turbed Zone" s t r u c t u r e s  w i t h i n  t h e  C a s t i l e  formation. The f i e l d  parameters 



fo r  t h i s  study were selected t o  resolve low-amplitude, broad-wavelength anomalies 

o r i g i n a t i n g  f r a n  s t ruc tu res  w i t h i n  the C a s t i l e  formation, more than 3000 ft. - 
below t h e  sur face a t  WIPP (Barrows, 1982). Instead o f  the  a n t i c i p a t e d  signals, 

the survey revealed a complex pa t te rn  of high-ampli tude and short-wavelength 

negat ive anomalies. Barrows (1982) i n t e r p r e t e d  these anomalies as r e s u l t i n g  from 

dens i ty  (and acoust ic  v e l o c i t y )  a l t e r a t i o n s  i n  the  v i c i n i t y  o f  k a r s t  channels. 

Borns e t  al. (1983) have presented t h i s  as t h e  only i n t e r p r e t a t i o n  of the  g r a v i t y  

data w i t h  a d isc la imer  t h a t  t h e  other  authors o f  t h a t  repor t  do no t  necessar i l y  

agree w i t h  i t  and i t  a lso  does not  imply endorsement by Sandia Nat ional  

Laborator ies. The d iscussion presented i n  Borns. e t  a l .  (1983, p. 3-9) ru les  out  

t h e  p o s s i b i l i t y  t h a t  t h e  l a t e r a l  dens i ty  v a r i a t i o n s  i n t e r p r e t e d  from t h e  g r a v i t y  

data are  caused by fac ies  var ia t ions .  Weart (1983) s t a t e s  t h a t  t h e  negat ive 

g r a v i t y  anomalies might be caused by low-density channel f i l l i n g s  i n  t h e  Dewey 

Lake Redbeds. 

5.1 ~ b s e r v a ~ i o n s  .Supporting t h e  Presence o f  Ka rs t  

Barrows (1983) compiled o the r  observat ions besides t h e  negat ive  g r a v i t y  anomalies 
t o  support h i s  conclus ion t h a t  k a r s t  channels e x i s t  i n  the  R u s t l e r  formation., --' 

His  observat ions are summarized be1 ow. 

5.1.1 Rus t l e r  Thinning: The R u s t l e r  format ion i s  about 475 f e e t  t h i c k  i n  t h e  

southeast corner  and about 300 f e e t  t h i c k  i n  t h e  northwest corner  o f  the  WIPP 

s i t e  (GCR, Fig. 4.3-8 and Snyder 1983, Fig. 2.25). Barrows c i t e s  t h i s  " th inn ing"  

o f  Rus t l e r  as an example of,  "a complex i n t e r s t r a t a l  b lanket  k a r s t  i n v o l v i n g  

h a l i t e ,  anhydrite-gypsum, and, t o  a l e s s e r  extent ,  dolomite." According t o  him, 

i f  t h e  t h i n n i n g  were caused by d i s s o l u t i o n  by conf ined water, i t  should have 

proceeded i n  the  d i r e c t i o n  o f  f l ow  o f  t h e  aqu i fe rs ,  which i s  t o  t h e  southwest. 

Therefore, he argues, t h a t  "a more l i k e l y  process i nvo l ves  e a s t e r l y  progressing 

k a r s t  development w i t h  downward i n f i l t r a t i o n  o f  f r e s h  water th rough feeders i n  

t h e  ove r l y i ng  Dewey Lake fo rmat ion  t o  k a r s t  channels i n  t h e  R u s t l e r  formation. 

5.1.2 Closed Depressions: There a r e  a l a r g e  number o f  depressions a t  t h e  WIPP 

s i t e .  The smal le r  ones may be due t o  wind d e f l a t i o n  but  t h e  l a r g e r  ones can o n l y  

be reasonably a t t r i b u t e d  t o  a1 l u v i a l  dol ines,  which form when loose su r f  i c i a l  

ma te r i a l  i s  washed i n t o  s o l u t i o n  c a v i t i e s  i n  t h e  under l y ing  rocks. The WIPP-3- 

depression i s  a good example o f  such a dol ine.  
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5.1.3 The WIPP 33 Cav i t i es :  The borehole WIPP 33, located i n  Zone I V  i n  the 

"-. northwest p a r t  o f  the WIPP s i t e ,  encountered four c a v i t i e s  t o t a l i n g  s l i g h t l y  

over 20 f e e t  i n  the  f o r t y - n i n e r  and Magenta Dolomite members o f  t h e  Rust le r  

formation. According t o  Barrows, these c a v i t i e s  are d i r e c t  evidence of k a r s t  

and they demonstrate t h e  r e l a t i o n  between a l l u v i a l  dol ines,  negat ive g r a v i t y  

anomalies and ka rs t  channels i n  the Rust le r  formation. 

5.1.4 Lack of Surface Runoff and t h e  Water Balance: Barrows po in t s  out t h a t  

t h e r e  are  about 12 inches o f  annual r a i n f a l l  a t  the  WIPP s i t e ,  most o f  which 

f a l l s  between May and October. Since t h e  WIPP s i t e  has almost no v i s i b l e  

sur face runo f f ,  Barrows claims t h a t  the  p r e c i p i t a t i o n  c o l l e c t s  i n  t h e  small 

topographic depressions and r a p i d l y  soaks i n t o  the  ground. 
.+- 

5.2 Observations Doubting t h e  Presence o f  Kars t  

Weart (1983, p.20)-gives several reasons t o  doubt t h e  ex is tence o f  k a r s t  

cond i t i ons  over t h e  WIPP s i t e .  These are  b r i e f l y  discussed below. 

5.2.1 La te ra l  Movement o f  Water: The a l t e r a t i o n  i n  t h e  Rus t l e r  format ion i s  

c a r r i e d  out by l a t e r a l  movement o f  water along beds o f  f rac tu red  (permeable) 

anhyd r i t e  and should not  be ascribed t o  v e r t i c a l l y  downward moving waters. 

5.2.2 The WIPP-33 Cav i t i es :  Features such as WIPP-33 s ink i s  a mani festat ion 

o f  t h e  eastward growth o f  d i s s o l u t i o n  along f ingers  extending from Nash Draw. 

5.2.3 Closed Depressions: The depressions i n t e r p r e t e d  as d o l i n e s  by Barrows 

(1982) may have r e s u l t e d  by wind def la t ion.  

5.2.4 Hydrologic  Tests:. The data from punp t e s t s  shows no i n d i c a t i o n  o f  k a r s t  

channels u n d e r l y i n ~  t h e  s i t e .  

5.2.5 Water Table: There i s  no f r e e  water- table a t  WIPP and ka rs t  development 

u s u a l l v  reau i res  t h i s  condi t ion.  

5.2.6 Grav i t y  Anomalies: The negat ive g r a v i t y  anomalies might be caused by 

low-densi ty  channel f i  11 ings  i n  the  Dewey Lake Redbeds. 



5.3 Imp l ica t ions  o f  Karst  Hydrology 

-. 

Ca lcu la t ions  based on the hydro log ic  parameters measured i n  boreholes and 

t r a c e r  t e s t s  y i e l d  extremely long (5000 years t o  40,000 years)  t r a v e l  t imes o f  

water through the  Rust le r  format ion a t  t h e  WIPP s i t e  t o  the  Pecos R ive r  a t  

Malaga Bend (Gonzalez, 1983). If k a r s t  channels e x i s t  i n  t h e  Rus t l e r  

formation, the  t r a v e l  t ime f o r  t h e  t r a n p o r t  o f  rad ionuc l ides  i n  the  R u s t l e r  

formation might be d r a s t i c a l l y  reduced i f  a  breach occurred t h a t  would b r i n g  

rad ioac t i ve  ma te r ia l  up i n t o  t h e  Rust ler.  

5.4 Discussion 

EEG organized a  f i e l d  t r i p  on May 11, 1983 t o  a f f o r d  La r ry  Barrows an 

oppor tun i ty  t o  po in t  out the f i e l d  evidence fo r  the  presence of ka rs t  a t  t h e  

W I P P  s i t e .  The f i e l d  t r i p  was attended by 20 geo log i s t s  and geohydrologis ts  

i nc lud ing  some of the -wel l  known experts  i n  t h i s  area. I n  add i t i on ,  Harry 

Legrand has w r i t t e n  two b r i e f  repo r t s  f o r  EEG on t h i s  question. The fo ' ' sw ing  

d iscussion i s  based on the  views expressed by LeGrand and o thers  i n  w r i t i n g ,  

d u r i n g  t h e  f i e l d  t r i p  on May 11 and du r ing  t h e  d iscussions a t  t h e  meeting i n  

Carlsbad on May 12 and 13, 1983. 

The most d i r e c t  evidence f o r  k a r s t  fea tures  near t h e  WIPP s i t e  i s  the  s ink  ho le  

a t  WIPP-33, approximately 3  m i l es  northwest o f  t h e  c e n t e r o f  t h e  s i te .  The few 

closed depressions near t h e  s i t e  seen t o  be too  conspicuous t o  have been caused 

by wind d e f l a t i o n ,  y e t  do not  show fea tures  o f  t y p i c a l  s inkholes. The 

hydro log ic  t e s t s  may not  de tec t  the  presence o f  f i n e  kars t .  Even though t h e  

R u s t l e r  aqu i fe rs  are under a r t e s i a n  cond i t ions ,  t h e r e  are  examples a t  several 

l o c a t i o n s  worldwide where k a r s t  can develop under such condi t ions.  The g r a v i t y  

ananal ies a t  the  s i t e  can be i n t e r p r e t e d  i n  more than one way. There i s  

s u f f i c i e n t  sand- and vegetat ion a t  t h e  s i t e  t h a t  very l i t t l e ,  i f  any, water  may 

pe rco la te  down i n t o  t h e  f r a c t u r e d  rock, a l though c a r e f u l  water balance s tud ies  

have not  ye t  been conducted. The unconsol idated sand depos i ts  a t  the  sur face 

o f  t h e  s i t e  would f a c i l i t a t e  r a p i d  i n f i l t r a t i o n  o f  p r e c i p i t a t i o n .  The depth o f  

i n f i l t r a t i o n  w i l l  determine whether t h e  water re tu rns  t o  t h e  atmosphere by 

evaporat ion o r  recharges t h e  groundwater. Most o f  t h e  hydro log ic  t e s t i n g  i n  

Zones I 1 1  and IY o f  the  WIPP s i t e  shows t h e  R u s t l e r  a q u i f e r s  t o  be extremely ,-, 



t i g h t  w i t h  very low hydrau l ic  conduc t i v i t i es ,  but the Well H-3, i n  Zone I1 

shows an anomalously high hydrau l ic  conduc t i v i t y  compared t o  H - l  and H-2. 

However, p re l im ina ry  f low net  analyses by EEG i n d i c a t e  tha t  the  H-3 hyd rau l i c  

c o n d u c t i v i t y  i s  consis tent  w i th  the  po tent iomet r ic  surface and t h a t  t h e  H - 1  and 

H-2 data  are anomalous. F i n a l l y ,  the  mechanics of removal o f  h a l i t e  from the  

Rust le r  formation, without invoking v e r t i c a l  i n f i l t r a t i o n  o f  water a t  t h e  WIPP 

s i t e ,  should be understood. 

E E G  concludes t h a t  although there  i s  very l i t t l e  evidence f o r  the  presence o f  

ka rs t  cond i t i ons  east o f  the western margin o f  Zone I11 o f  t h e  WIPP s i t e ,  some 

a d d i t i o n a l  work should be done t o  ccmpletely s e t t l e  t h i s  issue. 

Recommendations f o r  the add i t iona l  work inc lude the  water balance study, t h e  

understanding o f  the  mechanics o f  s a l t  removal from the  Rus t l e r  formation, 

exp lo ra t i on  o f  a t  l eas t  one depression e.g. i n  Sec. 30, about two m i les  SW o f  

t h e  center  o f  t h e  s i t e  and cont inued eva lua t ion  o f  t h e  Rus t l e r  a q u i f e r  

hydrology. These recommendations are o u t l i n e d  i n  more d e t a i l  a t  t h e  end o f  

t h i s  chapter. 

- 6.0 D ispers ion  

D ispe rs ion  i n  groundwater f l ow  i s  a spreading phenomenon t h a t  leads t o  a 

d i l u t i o n  o f  t h e  solute. Th is  genera l l y  leads t o  reduc t ion  o f  t h e  peak 

concen t ra t i on  i n  comparison t o  models where d ispers ion  i s  ignored. An 

a d d i t i o n a l  phenomenon o f  d ispers ion  i s  t h a t  a p o r t i o n  o f  t h e  s o l u t e  t r a v e l s  

f a s t e r  than t h e  mean ve loc i t y .  T h i s  may be important  i n  s i t u a t i o n s  where f i r s t  

a r r i v a l s ,  r a t h e r  than peak concentrat ions, are o f  paramount concern. 

D ispers ion  i s  genera l l y  ignored i n  scenario analyses as a means o f  making t h e  

analyses more conservative. If more r e a l i s t i c  r e s u l t s  a re  desired, t h e  

d i s p e r s i v i t y  i s  required. It i s  no t  c lea r ,  however, t h a t  d i s p e r s i v i t i e s  

ob ta ined fran t r a c e r  t e s t s  which c rea te  an a r t i f i c i a l  f l ow  system a r e  accurate 

est imates o f  t h e  parameters app l i cab le  t o  na tu ra l  f l o w  systems. 



7.0 S i t e  Q u a l i f i c a t i o n  C r i t e r i a ,  

It i s  important f o r  EEG t o  evaluate how we l l  t h e  WIPP s a t i s f i e s  proposed 

c r i t e r i a  f o r  nuclear Waste repos i to r i es .  O f  concern i n  t h i s  d iscussion are t h e  

c r i t e r i a  t h a t  s p e c i f i c a l l y  r e l a t e  t o  groundwater. 

DOE W I P P  S i t e  Q u a l i f i c a t i o n  Factors ( C r i t e r i a )  

Weart (1982) l i s t s  four  S i t e  V u a l i f i c t i o n  C r i t e r i a  p e r t a i n i n g  t o  groundwater. 

The c r i t e r i a  and EEG's determinat ion o f  how wel l  t h e  WIPP s a t i s f i e d  t h e  

c r i t e r i a  are presented below. 

C r i t e r i o n  11.1: 

" F a c i l i t y  and r e l a t e d  shaf ts  must no t  adversely  a f f e c t  e x i s t i n g  aqu i fe rs  

which are, o r  cou ld  be, sources o f  water supply f o r  humans o r  animals." 

Only two aqui fers could be a f f e c t e d  by t h e  sha f t s ;  t h e  Culebra and t h e  

Magenta. Perched groundwater, al though present i n  sca t te red  l oca t i ons  near t h e  

s i t e ,  was not encountered dur ing  t h e  s ink ing  o f  e i t h e r  shaft .  A t  the  s i t e ,  -, 

n e i t h e r  t h e  Culebra nor the  Magenta a r e  l i k e l y  t o  be sources o f  water t o  humans 

o r  animals. I r r e s p e c t i v e  o f  tha t ,  t h e  sea l i ng  o f  t h e  Rus t l e r  i n  the  12 foo t  

exp lo ra to ry  shaf t  suggests t h a t  i n  t h e  shor t  term t h e  a q u i f e r s  w i l l  be 

unaffected. The WIPP appears t o  s a t i s f y  c r i t e r i o n  11.1. 

C r i t e r i o n  11.2: 

"The underground f a c i l i t y  must be ab le  t o  be i s o l a t e d  f r a n  waterbearing 

s t r a t a  and must not, i t s e l f ,  be l oca ted  i n  a  water-bearing stratum (stratum 

which w i l l  y i e l d  water t o  a  d r i l l h o l e  under the  i n f l u e n c e  o f  g r a v i t y  

alone)." 

The repos i to ry  l e v e l  i s  separated by about 1300 ft. o f  bedded h a l i t e  from t h e  

ove r l y i ng  Rus t l e r  Formation. There i s  about 1900 f e e t  o f  interbedded h a l i t e  

and anhydr i te  between t h e  r e p o s i t o r y  hor izon and t h e  top o f  t h e  B e l l  Canyon 

Formation. I f  the  borehole and s h a f t  p lugg ing  programs are  successful, the  

respos i to ry  w i l l  be i s o l a t e d  from t h e  water-bearing s t ra ta .  



Potash mining operat ions have encountered r e l a t i v e l y  small pockets o f  b r i n e  i n  
t h e  Salado formation approximately 400 ft. above the  l eve l  o f  the repos i to ry .  

These pockets would y i e l d  water t o  a  d r i l l  ho le  under t h e  in f luence o f  g r a v i t y ,  

but t o  date no b r i n e  pockets are observed a t  the repos i to ry  leve l .  I n  any 
event, a  small b r i n e  pocket o r  two would not de f i ne  the  repos i to ry  hor izon as 

water-bearing. The WIPP appears t o  s a t i s f y  c r i t e r i o n  11.2. 

C r i t e r i o n  11.3: 

"The h y d r a u l i c  conduc t i v i t y  of t h e  f a c i l i t y  stratum must be s u f f i c i e n t l y  

low cm/sec or  l ess )  t o  prevent t h e  f low o f  water through t h a t  s t ratum 

from any source which could develop a f t e r  f a c i l i t y  construct ion."  

Some o f  t h e  l a y e r s  i n  the repos i to ry  horizon e x h i b i t  hyd rau l i c  c o n d u c t i v i t i e s  

o f  near crn/sec under l i g h t  loading (Black e t  al., 1983). Under loadings 

cons i s ten t  w i t h  i n  s i t u  condi t ions,  t h e  hyd rau l i c  c o n d u c t i v i t i e s  were much less  

than cm/sec.. The WIPP appears t o  s a t i s f y  C r i t e r i o n  11.3. 

C r i t e r i o n  11.4: 

"Ca lcu la ted  hydro logic  t ranspor t  o f  rad ionuc l ides  through t h e  waste 

d isposal  f a c i l i t y  and over ly ing  s t r a t a  must be slow enough t h a t  a  

s i g n i f i c a n t  hazard t o  humans would not e x i s t  even if t h e  disposal stratum 

were breached." 

Under some reposi tory-breach scenarios, the  t ranspor t  o f  waste from t h e  

r e p o s i t o r y  t o  t h e  Rus t l e r  i s  rapid. Therefore, rad ionuc l i de  t ranspor t  i n  t h e  

R u s t l e r  a q u i f e r s  i s  the  c r i t i c a l  f a c t o r  t o  consider i n  determining whether a  

s i g n i f i c a n t  hazard t o  humans would e x i s t  i f  t h e  d isposal  s t ratum were breached. 

To adequately p r e d i c t  t h e  r a d i o l o g i c a l  hazard t o  hunans f o l l o w i n g  a  breach and 

t r a n s p o r t  o f  rad ionuc l ides  i n  the Rust ler ,  knowledge o f  t h e  groundwater f low 

d i r e c t i o n ,  an iso t ropy  of hyd rau l i c  conduc t i v i t y ,  e f f e c t i v e  po ros i t y ,  and so lu te  

d i s t r i b u t i o n  c o e f f i c i e n t s  are required. 

There are  no data on t h e  anisotropy o f  hyd rau l i c  c o n d u c t i v i t y  w i t h i n  2 mi les  of  

t h e  center  o f  t h e  s i t e .  These data are  c r i t i c a l  t o  determin ing t h e  d i r e c t i o n  

o f  groundwater f l o w  i n  t h e  f rac tu red  Culebra Dolomite. At present, t h e  nearest 



observat ion we l l  southeast o f  the s i t e  (H-10) i s  8  m i l e s  away. Add i t iona l  

observat ion we l l s  are planned. The proposed f low path  i n  the  Culebra southeast - 
o f  the s i t e  and then west t o  Malaqa Bend (Gonzalez, 1983) i s  based on 

i n s u f f i c i e n t  data. Therefore, the WIPP has not  ye t  been shown t o  s a t i s f y  

c r i t e r i o n  11.4. 

7.2 NRC C r i t e r i o n  on Travel Time t o  t h e  Accessible Environment 

The NRC i s  proposing c r i t e r i a  f o r  the  Disposal o f  High-Level Radioact ive Wastes 

i n  Geological Reposi tor ies (10 CFR Part  60). One of t h e i r  requirements 

concerns water t r a v e l  t ime from a  repos i to ry  t o  the  accessib le environment. 

The proposed wording i n  a  l a t e  d r a f t  (December 1982) o f  t h i s  r e g u l a t i o n  i s :  

"The geologic repos i to ry  sha l l  be loca ted so t h a t  pre-waste emplacement 

groundwater t r a v e l  t ime along t h e  f a s t e s t  path o f  l i k e l y  rad ionuc l i de  

t r a v e l  from .the d i s tu rbed  zone t o  the  access ib le  environment s h a l l  be a t  

l e a s t  1,000 years o r  such t r a v e l  t ime as may be approved o r  spec i f i ed  by 

the  Commission." 

D e f i n i t i o n s  p e r t i n e n t  t o  an understanding of t h e  above requirement are: 

1) The "d is tu rbed zone means t h a t  p o r t i o n  o f  the  c o n t r o l l e d  area whose 

phys ica l  o r  chemical p rope r t i es  have changed as a  r e s u l t  o f  underground 

f a c i l i t y  cons t ruc t i on  o r  heat generated by t h e  emplaced r a d i o a c t i v e  

wastes.. .." 
2)  "Accessible environment means (1)  t h e  atmosphere, ( 2 )  t h e  l a n d  surface. 

sur face water, (4) oceans, and (5)  t h e  p o r t i o n  o f  t h e  l i t h o s p h e r e  t h a t  i s  

ou ts ide  t h e  c o n t r o l l e d  area." 

3) "Cont ro l led  area means a  su r f  ace l oca t i on ,  t o  be  marked by s u i t a b l e  

monuments, extending h o r i z o n t a l l y  no more than 10 k i l ome te rs  i n  any 

d i r e c t i o n  from t h e  underground f a c i l i t y ,  and t h e  under ly ing  subsurface, 

which area has been committed t o  use as a  geo log ic  r e p o s i t o r y  and from 

which incompat ib le a c t i v i t i e s  would be r e s t r i c t e d  f o l l o w i n g  permanent 

closure." 



The i n t e n t  o f  t h i s  requirement i s  t o  have groundwater f low time as one of the 

- m u l t i p l e  b a r r i e r s  t o  "ac t  independent of ove ra l l  r epos i to ry  performance t o  

prov ide conf idence t h a t  the  wastes w i l l  be i s o l a t e d  a t  l e a s t  f o r  as long a s  

they are most hazardous" (preamble t o  proposed ru le ,  Ju ly  8, 1981). It i s  

recognzied there  are unce r ta in t i es  concerning t h i s  proposed NRC requirement. 

For example: (1) i t  may be changed before promulgat ion o f  10CFR60; (2) the 

manner i n  which d ispers ion  should be inc luded i n  t h e  t r a v e l  t ime; (3) the 

i n t e r p r e t a t i o n  o f  the requirement t ha t  should be app l ied  t o  a bedded s a l t  

repos i to ry  where c i r c u l a t i n g  groundwater i s  not expected i n  the host rock; and 

( 4 )  t o  what ex ten t  i t  should be app l icab le  t o  a  t ransu ran i c  waste reposi tory.  

However, i t  i s  worthwhi le  consider ing whether aqu i fe rs  a t  the  WIPP s i t e  would 

meet t h i s  c r i t e r i a .  

F i r s t  i t  i s  apparent from the  d e f i n i t i o n  t h a t  t r a v e l  t ime from the  re posit or.^ 

t o  t h e  Rus t l e r  a q u i f e r  would be inc luded i n  t h e  1,000 year  t ranspor t  t ime 

unless i t  i s  i n t e r p r e t e d  t h a t  the  d is tu rbed zone inc ludes  shaf ts  t h a t  pene t r -+e  

t h e  aqu i fe r .  The t r a v e l  t ime from breach t o  a r r i v a l  a t  t h e  Rust le r  aqu i fe r  

would be greater  than 1,000 years i t s e l f  i n  several o f  t h e  scenarios tha t  hav.2 

- been considered. However, w i t h  a  d i  r e c t  hyd rau l i c  connect ion such as Scenario 

#2 i n  the  FEIS, t h e  t r a v e l  t ime t o  t h e  Rus t l e r  a q u i f e r  would be minimal. 

Weart (1983) s ta tes  t h a t  recent  modeling r e s u l t s  i n d i c a t e  t h a t  water w i l l  move 

l ess  than 2 m i l es  i n  1000 years. The minimal d is tance from waste enplacement 

t o  the  edge o f  Zone 111 i s  now est imated t o  be about 6900 fee t  due south o r  

9700 f e e t  i n  a  southeaster ly  d i rec t i on .  WIPP may not  meet the  proposed NRC 

c r i t e r i a .  

8.0 Conclusions 

The regional  hydrology appears t o  be adequately understood except f o r  t h e  

Rus t l e r  Formation aqu i fe rs .  O f  t h e  t h r e e  aqu i fe rs  recognized i n  t h e  Rus t l e r  

formation, t h e  Culebra represents the  bounding t r a n s p o r t  mode t o  t h e  

accessib le environment should t h e  repos i to ry  be breached and rad ioac t i ve  

mater ia l  brought i n t o  t h e  Rus t l e r  aqui fers.  

,- The work done so f a r  i n d i c a t e s  a  lack  o f  a  c l e a r  understanding concerning t h e  

d i r e c t i o n  o f  flow and t h e  v e l o c i t y  o f  groundwater i n  t h e  Culebra a q u i f e r  a t  



t h e  s i t e .  Add i t iona l  work i s  recommended t o  b e t t e r  de f ine  groundwater f low i n  

the Culebra Dolomite aqui fer .  The quest ion o f  ka rs t  i s  enbodied i n  the need 

t o  b e t t e r  d e f i n e  t h e  groundwater system. The ka rs t  phenomenon o f  concern i s  - 
the development of open channels i n  the  Culebra aquifer.  The channels would 

g r e a t l y  increase the  groundwater v e l o c i t y  and hence reduce the  groundwater 

t r a v e l  time. Groundwater t r a v e l  t ime refers t o  the t ime requi red f o r  water t o  

f l ow  from t h e  s i t e  t o  a discharge po in t  a t  Malaga Bend. The t ime f o l l o w i n g  

emplacement t h a t  waste enters the groundwater system i s  t h e  breach time. 

The quest ion  o f  breach and rad ionuc l i de  t r a v e l  t ime i s  important because o f  

t h e  presence o f  s h o r t - l i v e d  rad ionuc l ides  i n  the  WIPP repos i to ry .  The 

r e l a t i v e  r a d i o l o g i c a l  i nges t i on  t o x i c i t y  hazard o f  t h e  inventory  decreases 

'rom approximately 1.00 a t  100 years t o  0.023 a t  1000 years, and t o  0.014 a t  

10,000 years. Therefore if breach and t r a v e l  times t o  the accessib le 

environment were only  a few hundred years there  would be a need t o  c a l c u l a t e  

the  e f f e c t  o f  the  s h o r t - l i v e d  rad ionuc l ides  on the  dose received i n  t h e  water 

t r a n s p o r t  scenarios. 

The p r o b a b i l i t y  o f  human i n t r u s i o n  w i t h i n  250 years a f t e r  c losu re  i s  low. !- 

add i t i on ,  groundwater t r a v e l  t imes are c u r r e n t l y  est imated t o  be greater  than - 
5000 years. However, t h e  ex is tence o f  k a r s t  channels could reduce groundwater 

t r a v e l  t imes t o  less  than 500 years. The p r o b a b i l i t y  o f  channel ing a t  t h e  

W:PP s i t e  i s  a l so  low, bu t  t h e r e  i s  s t i l l  enough doubt t o  warrant a d d i t i o n a l  

t e s t i n g  as o u t l i n e d  below. The expected r e s u l t  o f  t h i s  t e s t i n g  w i l l  be t o  

p rov ide  g rea te r  assurance t h a t  channel ing does not  e x i s t  i n  Zone I 1  and, 

thereby, improve t h e  conf idence t h a t  t h e  present scenarios are  conservat ive. 

9.0 RECOMMENDATIONS 

9.1 Ana lys is  o f  drawdorm data i n  t e s t  holes H-1, H-2, H-3 caused by t h e  open 

vent  s h a f t .  These da ta  can be i n t e r p r e t e d  as a l a r g e  scale pumping t e s t  

and may y i e l d  est imates o f  average aqu i fe r  parameters. I n  add i t i on ,  t h e  

presence o f  l a r g e  k a r s t  channels should be de tec tab le  from t h e  data. 

Small channels, however, w i l l  l i k e l y  no t  be detected. 

9.2 Computer model ing of groundwater f l o w  i n  t h e  Rus t l e r  Aquifers. Th i s  w i l l  

he lp  determine i f  t h e  measured a q u i f e r  paraneters through we l l  t e s t i n g  A 



represent the  l a r g e r  area. I n  add i t ion ,  the  model w i l l  help i d e n t i f y  

recharge t o  and discharge from aqui fers,  and leakage between aqu i fe rs .  

9.3 Publ ish the r e s u l t s  of t ranspor t  modeling using concentrat ion as an input .  

9.4 Lonq dura t ion  pumping a t  t e s t  well H-3, i n  con junc t ion  w i t h  c a r e f u l  

mon i to r ing  o f  groundwater leve ls  i n  H-3 and surrounding wells. This  w i l l  

i n d i c a t e  whether the r e l a t i v e l y  high hydrau l ic  conduc t i v i t y  a t  H-3 i s  o f  

l i m i t e d  area l  ex ten t  o r  whether i t  represents a  zone o f  h igh  hyd rau l i c  

conduc t i v i t y  extending over a  large area. 

9.5 Measure the an iso t ropy  of the hydrau l ic  conduc t i v i t y  a t  t e s t  pads H - I ,  H-2 

and H-3. 

9.6 Perform convergence. t racer  t es t s  a t  H-1, H-3 and H-4. Items 9.4 and 9.5 

w i l l  y i e l d  va luab le  data f o r  the rad ionuc l ide  t ranspor t  modeling. I n  t h e  

March, 1983, P ro jec t  progress Report (WIPP-DOE-156). DOE s ta tes  t h a t  a  

t r a c e r  t e s t  a t  H-4 i s  i n  progress, but no data are ye t  ava i lab le .  

9.7 Perform t r a c e r  t e s t  (convergence) a t  H-6 us ing sorbing t racers .  The Kd 

o f  such t r a c e r s  from t h e  H-6 f i e l d  t e s t  w i l l  then be compared t o  l a b o r a t o r  

de r i ved  Kd us ing  t h e  sme t r a c e r  and Culebra rock t o  determine i f  

l abo ra to ry  de r i ved  values are app l icab le  t o  t h e  f i e l d  s i t ua t i on .  

9.8 Analyze f o r  environmental isotopes (Carbon-14, Chlorine-36, Uranium-234, 

a n d  Uranium-238) t o  a i d  i n  understanding the  groundwater flow d i r e c t i o n  an 

r e l a t i v e  v e l o c i t y .  

9.9 D r i l l  t h e  planned a d d i t i o n a l  hydro logic  t e s t i n g  wel ls ,  v iz .  H-11  and H-12. 

Obtain t h e  cores wh i l e  d r i l l i n g  these we l l s  and examine t h e  cores t o  

determine t h e  ex ten t  o f  f r a c t u r i n g  and s o l u t i o n  residues, which my 
i n d i c a t e  poss ib le  movement o f  water through zones o ther  than t h e  two 

do lomi te  aqu i fe rs .  

9.10 Conduct a  water  balance study f o r  t h e  WIPP s i t e .  ,- ( 



9.11 Study the mechanics o f  removal of s a l t  from the  R u s t l e r  format ion a t  and 

near the s i t e .  - 
9.12 D r i l l  a shallow hole i n  t h e  depression i n  Sec. 30 (SW 1/4) us ing  an auger 

t o  determine t h e  depth o f  s o i l  and t h e  presence of t h e  c a l i c h e  layer .  This  

would help answer whether i t  i s  a s ink hole o r  a wind d e f l a t i o n  feature. 
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NATURAL RESOURCES AT WIPP 

1.0 I n t r o d u c t i o n  

T h i s  rev iew d iscusses  t h e  e x t e n t  o f  n a t u r a l  resources a t  t h e  WIPP s i t e ,  aqd t h e  

r e s u l t s  o f  EEG's a n a l y s i s  o f  t h e  p o t e n t i a l  e f f e c t  o f  removal o f  c e r t a i n  o f  

these  resources on t h e  i n t e g r i t y  o f  t h e  r e p o s i t o r y .  To ensure c o n s i d e r a t i o n  o f  

a l l  i m p o r t d n t  asptcLs of t h e  q u e s t i o n  of resources,  t h e  s u b j e c t  w i l l  be d i v i d e d  

3s f o l l o w s :  

The n a t u r e  and e x t e r t  o f  resources a t  WIPP; 

P r o v i s i o n s  o f  i m p o r t a n t  c r i t e r i a  and standards which r e l d t e  t o  

resources ;  

The C.S. Department o f  Energy 's  (COE) I n t e r i m  P ~ l i c y  on Resource 

Recovery a t  WIPP; 

Thy & e n t i a l  e f f e c t  o f  explor2: ion f o r  o r  w n o v a l  o f  resources on 

t h e  i r t e g r i t y  o f  t i l e  r e p c s i t c r y ;  

S~~mmary and conc lus ions.  

The presence o f  sca rce  o r  e a s i l y  a c c e s s i b l e  resources a: a  s i t e  under 

c o n s i d e r a t i o n  for- a  n u c l e a r  waste r e p o s i t o r y  i s  u n d e s i r a b l e  f o r  two reasons: 

a)  e f f o r t s  a t  e x p l o r a t i o n  o r  removal o f  t h e  resources co1.11d lead  t o  s t r u c t u r a l  

a l t e r a t i o n s  o f  t h e  s i t e  which over  t h e  1 m g  term would i q c r e a s e  t h e  p o t e n t i a l  

f o r  breach and r e l e a s e  o f  t h e  r a d i o a c t i v e  n u c l i d e s  t o  t h e  b iosphere;  o r  b)  

t h e r e  i s  a  p o s s i b i l i t y  t h a t  i t would be necessary t o  permanent ly p r o h i b i t  

access zhrough i n s t i t u t i o n a l  c o n t r o l s  an4 t h e r e f o r e  they  r e p r e s e n t  an 

a d d i t i o n a l  c o s t  c o n s i d e r a t i o n .  The q u e s t i o n  o f  resources i s  f r a u a h t  w i t h  

g n c e r t a i n t y  because o f  t h e  d i f f i c u : t y  o f  a s s i g n i n g  va lues  t o  t b e  resources and 

deqree o f  t e c h n i c a l  s o p h i s t i c a t i o n  t o  p o p u l a t i o n s  thousands o f  y e a r s  i n t o  t h e  

f u t u r e .  Indeed, it may w e l l  be  t h a t  t h e  waste i t s e l f  w i l l  p r s v e  t o  b e  a  

resource  o f  t h e  f , ~ t u r e .  F o r  t h i s  reason, it. i s  n o t  reasonable  t o  conc lude t h a t  

any s i t e  i s  w i t h o u t  resources  o r  i s  f r e e  f rom t h e  p o t e n t i a l  f o r  human i n t r u s i o n  

o r  damage. 



2.0 Nature and Extent o f  Resources a t  W I P P  

- 
The known resources a t  WIPP inc lude ca l i che,  gypsum, h a l i t e ,  potash, poss ib ly  

l i t h i u m ,  and hydrocarbons. (Most o f  the  hydrocarbons are  na tura l  gas and 

d i s t i l  l a t e ) .  Several cont rac tors ,  both p r i v a t e  and government, were invo lved 

i n  the evaluat ion of resources a t  the s i t e .  These are  l i s t e d  i n  Table 4, and 

t h e  repo r t s  are f u r t h e r  described i n  the  references. Table 5 prov ides a 

summary o f  the known resources and the estimated q u a n t i t i e s .  

2.1 Cal iche 

Large q u a n t i t i e s  o f  c a . i c h e  are used i n  New Mexico f o r  road sur fac ing ,  

however because o f  ex tens ive  depos i ts  i n  t h e  region, and s ince  i t  i s  near 

the  surface and about 2000 f e e t  from the  repos i to ry  horizon, i t  i s  not  

considered t o  be o f  p o t e n t i a l  consequence t o  t h e  repos i to ry .  

2.2 Gypsum 

Gypsun i s  found most ly i n  t h e  R u s t l e r  formation, but  t h e  q u a l i t y  and bed 
A 

th ickness i s  i n f e r i o r  t o  those depos i ts  found west o f  t h e  s i t e ,  where i t  

i s  r e a d i l y  mined by open p i t  methods. Very l a r g e  depos i ts  o f  gypsum a r e  

a l so  found i n  C a l i f o r n i a ,  Michigan, Iowa, and Oklahoma. These sources 

account f o r  62% o f  t h e  U.S. product ion. Most o f  New Mexico's gypsum 

product ion i s  fran mines loca ted i n  Sandoval and Santa Fe count ies  (about 

250,000 tons ly r . ) .  Therefore, i t  i s  not l i k e l y  t h a t  gypsum from t h e  WIPP 

:' area w i l l  ever be o f  commercial i n t e r e s t ,  and because o f  i t s  l o c a t i o n  i n  

t h e  Rust ler,  i t  cou ld  be removed w i thout  imposing a t h r e a t  t o  t h e  

repos i to ry  horizon. 

2.3 H a l i t e  

H a l i t e  i n  t h e  Salado u n d e r l i e s  t h e  e n t i r e  area o f  t h e  WIPP s i t e  from about 

170 meters down t o  870 meters below t h e  surface. It i s  from 90 t o  98% 

pure sodium ch lo r i de ,  but  an even pu re r  grade i s  found i n  p o r t i o n s  o f  t h e  

C a s t i l e  formation. The Salado s a l t  i s  interbedded w i t h  anhydr i te ,  

p o l y h a l i t e ,  sandstone and c lays tone i n  a r e g u l a r  succession, and i n  



d i s c r e t e  layers  t h a t  range from 2 cm. t o  several meters i n  thickness. 

The Salado a t  the  WIPP s i t e  a lso  inc ludes a zone o f  potassium minerals ,  

s y l v i t e  and l angbe in i t e  as discussed below. The t o t a l  th ickness  of the 

C a s t i l e  s a l t  i s  about 170 meters a t  t h e  WIPP s i t e .  The lead ing  producers 
o f  s a l t  are i n  Louisiana, Texas, New York, Ohio, and Indiana. About 80% 

o f  the annual product ion i s  used i n  chemical manufacturing, and from 12 

t o  25% f o r  highway deicing. It has been est imated t h a t  as much as 61  

t r i l l i o n  tons (Klingman, 1975) e x i s t  underground i n  the U.S. as rock s a l t  

o r  as br ine. Also, sea water represents an almost i nexhaus t i b le  source 

o f  sa l t .  The U.S., there fore ,  has un l im i ted  s a l t  resources. There i s  

some s a l t  product ion i n  southeastern New Mexico, most ly from t h e  Sal t  

Lake Mine (about 108,000 tons ly r . ) .  S a l t  i s  a l so  produced from t h e  Zuni 

S a l t  Lake i n  west cen t ra l  New Mexico. It i s  l i k e l y  t h a t  b r i n e  lakes and 

potash t a i l i n g  p i l e s  could meet New Mexico's s a l t  needs i n d e f i n i t e l y ,  and 

t h a t  bedded s a l t  a t  t h e  WIPP s i t e  probably w i l l  not  become economically 

a t t r a c t i v e  f o r  several reasons: 

These resources are more than 165 meters below t h e  sur face;  

There are  p l e n t i f u l  sur face  supp l ies  o f  s a l t  i n  New Mexico; 

A t  the  regional  and na t i ona l  l e v e l  t h e r e  a r e  v i r t u a l l y  un l im i ted  s a l t  

reserves which are  more economically a t t r a c t i v e ;  

. Water suppl ies fo r  processing t h e  rock s a l t  a re  not r e a d i l y  a v a i l a b l e  

i n  t h e  area. 

2.4 Potash 

The potash resources w i t h i n  t h e  WIPP s i t e  a r e  summarized i n  Table 6 and 

Fig. 26. Reserves are those resources which are  economical ly recoverable 

a t  cu r ren t  p r i c e s  and renovable w i t h  e x i s t i n g  technology. Most o f  t h e  

potassiun ore a t  t h e  WIPP s i t e  l i e s  between 420 and 550 meters below t h e  

surface. The est imates o f  these resources have been repor ted  by John, e t  

a l ,  (1978) o f  t h e  U.S. Geological Survey (USGS) and are  based on a t o t a l  

o f  61 holes d r i l l e d  by i n d u s t r y  and 21 by DOE i n  t h e  v i c i n i t y  o f  the  

s i t e .  The U.S. Bureau o f  Mines (1977) evaluated t h e  ex ten t  t o  which t h e  

resources de f ined by USGS cou ld  be c l a s s i f i e d  as reserves. 



Resources were considered t o  be ore  zones of a t  l eas t  4 ' f e e t  and w i t h  

s y l v i t e  ( K C L )  and l angbe in i t e  (K,Mg2(S0,)3) o f  a t  l e a s t  8% and 3% 

r ichness respec t i ve l y  i n  K20 equivalent.  Reserves are those deposi ts  

having a t  l e a s t  14 and 8% r ichness i n  K20 equivalent.  On t h i s  basis ,  t h e  - 
t o t a l  potash resources w i t h i n  t h e  four  zones of W I P P  was est imated t o  be 

484 m i l l i o n  tons. O f  these resources, 132 m i l l i o n  tons were considered 

reserves. Sixty-seven percent of the  potash resources are w i t h i n  Zone 

I V .  S i x t y -e igh t  percent of t h e  l a n g b e i n i t e  and 82% of the  s y l v i t e  

reserves are recoverable from Zone I V .  Because o f  l i m i t e d  water i n  t h e  

area, and s c l u b i l i t y  considerat ions,  t h e  more l i k e l y  method o f  removal 

would be by underground (room and p i l l a r )  mining. 

I n  sunmary, t h e  non re t r i evab le  potash resources w i t h i n  Zones I, I 1  and 

111 i s  est imated as 38 m i l l i o n  tons  of s y l v i t e  and 122 m i l l i o n  tons o f  

langbe in i te .  The non - re t r i evab le  l a n g b e i n i t e  represents 7% of  t h e  known 

U.S. resources o f  t h i s  mineral .  

2.5. L i t h i u m  

Powers, e t  a l ,  (1978), i n  t h e  WIPP Geological Charac ter iza t ion  Report 

(GCR), recognized t h e  ex is tence o f  b r i n e  rese rvo i r s  conta in ing  - 
",". 

p o t e n t i a l l y  economic concent ra t ions  o f  l i t h i u m  (a t  t h a t  t ime thought t o  .. 
. ~ ,  
.!- ' s  be 140 mg/l a t  ERDA-6 wel l ,  6  m i l e s  nor theast  of t h e  center  o f  t h e  

s i t e ) .  B r i ne  r e s e r v o i r s  have been encountered i n  t h e  C a s t i l e  format ion 
1 
'. 

on several occasions around t h e  WIPP s i t e  (DOE, 1983). The DOE i n  t h e  

GCR concluded on t h e  bas is  o f  seismic data t h a t  no b r i n e  pockets e x i s t e d  

w i t h i n  t h e  WIPP s i t e ,  and t h e r e f o r e  s ta ted  t h a t  l i t h i u m  i s  not a  

p o t e n t i a l  resource a t  WIPP. I n  1981, however, a b r i n e  r e s e r v o i r  was 

encountered a t  t h e  no r the rn  boundary o f  Zone I 1  and f o l l o w i n g  extensive 

s tud ies  o f  the rese rvo i r ,  i t  was est imated t o  conta in  17 m i l l i o n  b a r r e l s  

o f  sa tura ted  b r i n e  having a  l i t h i u m  content  o f  280 mg/l. ERDA-6 b r i n e  

pocket was reassayed and found t o  con ta in  240 mg/l, and t h e  b r i n e  pocket 

a t  Union Well (about 314 m i l e  northwest o f  ERDA-6) contained 360 mg/l 

(DOE, 1983). On t h i s  basis,  one might conclude t h a t  l i t h i u n  i s  a  

p o t e n t i a l  resource and cons ide r ing  only  t h e  WIPP-12 rese rvo i r ,  t h e  ex ten t  

o f  t h e  l i t h i u m  resources may be as h igh  as 800 tons. It i s  a l so  of 



i n t e r e s t  t o  note t h a t  the l i t h i u m  contents of the  b r i n e  are not near ly  as 

h igh as i n  Searles Lake and other  non-marine evapor i te  areas. The Un i ted  

States has reserves i n  excess o f  400 t imes the amount consumed (as of 

1975), much of t h i s  L i  i s  from b r ines  i n  which the average L i  content i s  

we l l  over 0.1 percent (as compared t o  the  0.03% i n  Delaware Basin 

br ines) .  The U.S. a lso suppl ies about 6056 of t h e  World Common Market 

l i t h i u m  as wel l .  It i s  u n l i k e l y  t h a t  t h e  L i  content  of the  Delaware 

Basin b r i nes  w i l l  be able t o  compete w i th  o ther  reserves. It a lso  i s  

l i k e l y  t n d t  removal of the  b r i n e  a t  WIPP-12 would not lead t o  a breach o f  

the  WIPP repos i to ry  w i t h  t ranspor t  of the  waste t o  t h e  accessib le 

environment a t  a s u b s t a n t i a l l y  accelerated rate.  Therefore, t h e  

,/ consequences o f  t h i s  resource recovery are bounded by scenarios a l ready 
i' 

, , 

.. . considered. 
1 .,. '., ::< $ a:.. ., . ; t *$.g 3 '.. :"A I. 
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Because o f  r e s t r i c t i o n s  on deep d r i l l  holes w i t h i n  t h e  s i t e  t o  preserve a 

b u f f e r  zone around t h e  repos i to ry ,  t h e  eva lua t i on  o f  t h e  p o t e n t i a l  

hydrocarbon resources was based on a s t a t i s t i c a l  area survey around t h e  

s i t e  (Foster,  1974). The economic eva lua t ion  o f  these p o t e n t i a l  

resources was then conducted by Keesy (1976). He concluded t h a t  t h e r e  i s  

a h igh  p o t e n t i a l  f o r  na tura l  gas i n  the  Morrow u n i t ,  but too  much o f  an 

economic r i s k  f o r  o ther  hydrocarbons. These r e s u l t s  are summarized i n  

Table 7. O f  course, s ince Fos te r ' s  study used a reg iona l  s t a t i s t i c a l  

approach, t he re  may be considerably more o r  l e s s  than t h e  average 

q u a n t i t y  o f  hydrocarbons i f  the  s i t e  were a c t u a l l y  d r i l l e d .  Therefore, 

i t  i s  poss ib le  t h a t  s i g n i f i c a n t  reserves o f  o i l  a l s o  e x i s t  w i t h i n  t h e  

s i t e .  

3.0 C r i t e r i a  and-Standards 

Although the re  are numerous c r i t e r i a ,  regu la t i ons  and gu ide l i nes  which bear on 

t h e  subject o f  s i t e  s u i t a b i l i t y ,  t h i s  r e p o r t  w i l l  examine only  those which 

r e l a t e  t o  t h e  quest ion o f  na tu ra l  resources a t  a s i t e  under cons idera t ion  f o r  

h igh - leve l  o r  t ransuran ic  waste. 



3.1 EPA Proposed Standards 

On December 29, 1982, the Environmental P ro tec t i on  Agency (EPA) publ ished 

proposed "Environmental Standards f o r  t h e  Management and Disposal o f  

Nuclear Fuel, High-Level and Transuranic Radioact ive Wastes" (47 FR 

58196). These standards apply " t o  r a d i a t i o n  doses recelved t y  members o f  

t h e  p u b l i c  as a  r e s u l t  of the  manage:ent (except f o r  t r a r s p o r t a t i o n )  and 

storaqe o f  spe7t nuclear  f ue l ,  h igh - leve l ,  o r  tadnsuranic rad ioac t i ve  

wastes t o  the ex ten t  t h a t  these operat ions are not subject t o  the 

p r o v i s i o n  o f  Par t  190 o f  T i t l e  40." (Pa r t  130 of T i t l e  40 appl ies t o  

environmenial p r o t e c t i o n  f o r  nuclear  poker operat ions.) Sect ion 

!31.14jf) o f  these s:andards s ta tos  t h a t .  

"Disnosal systems s h a l l  no t  be l x a t e d  where ths re  has been mining 

f;r resources c r  iJhere t h e r e  i s  d reasmtable exoectat ion o f  

exp lo ra t i on  f o r  scarce o r  e a s i l y  dcce rs ib le  resources i n  t h e  

f ~ t u r e .  Furthermore, d i + p ? s i l  systans sha l l  not  be located where 

there  i s  a  s i g n i f i c a n t  c o i ~ i e i t r a t i o n  of any mater ia l  .ihi:h i s  not  - 
widely a v a i l a b l e  from o the r  su~ rces . "  

Furthermore, t he re  i s  no p r o v i s i o n  f o r  1 var iance f:m t h i s  h p a r t  o f  

the  proposed regu la t ion .  The above p r o v i s i o n  ~ l s o  i s  not  as e x p l i c i t  as 

one n i g h t  l i k e ,  c e r t a i n  pissages f-on che publ ished preamble add t o  the  

u n c e r t t i n t y  o f  t h e  intended mean L1g: 

"This  requ i  renent ( s e c t i o n  1.3 . i s ( f ) )  would discourage the  use o f  

geo log ic  format ions which are o f t e n  associated w i t h  resources o r  

mining a c t i v i t y .  For exampie, t h e  frequent mining o f  s a l t  domes 

e i t h e r  f o r  t h e i r  r e l a t i v e l y  pure s a l t  o r  f o r  use a j  storage 

caverns would argue aga ins t  l o c a t i n g  a repos i t c r y  i n  t h i s  t y p e  o f  

s t ruc tu re .  However, t h i ;  same concern would genera l l y  not  apply 

t o  bedded s a l t  dapos i ts  bec:use xhey are much more C O F ~ ~ O ~ . "  - 
(Cer ta in  words are  under l ined f o r  emphasis.) 



Thus, one would conclude t h a t  EPA d i d  not i n tend  t o  p r o h i b i t  use of 

geologic formations which are associated w i th  resources, but only  

discourage such use. Also, t h e  E?A e i t h e r  was not aware of the resources 

f requent ly  associated w i t h  bedded s a l t  (potash, hydrocarbons, etc.) o r  

d i d  not  consider these resources t o  be as th rea ten ing  t o  a  repos i to ry  as 

the commercial a c t i v i t i e s  associated w i th  s a l t  domes. 

NRC Proposed HLW Regulations. 

The Nuclear Regulatory Commission (NRC) publ ished on J u l y  8, 1981 i t s  

proposed regu:at ions f o r  "Disposal of High-Level Radioact ive Wastes i n  

Geologic Reposi tor ies"  (48 FR 35280). Subsection 60.122 (c)(18)  o f  

S i t i n g  C r i t e r i a  of a  d r a f t  o f  t h e  f i n a l  NRC r e g u l a t i o n  de f ines  as one of 

several " p o t e n t i a l l y  adverse cond i t ions" :  

" (18)  The presence of n a t u r a l l y  occu r r i ng  mater ia ls .  whether 

.' i d e n t i f i e d  o r  undiscovered, w i t h i n  t h e  s i t e ,  i n  such form tha t :  ( i )  

economic e x t r a c t i o n  i s  c u r r e n t l y  f eas ib le  o r  p o t e n t i a l l y  f eas ib le  

,-. du r inq  t h e  foreseeable fu tu re ;  o r  ( i i )  such m a t e r i a l s  have greater  

gross value, o r  net value, than t h e  average f o r  o the r  areas o f  

s i m i l a r  s ize  t h a t  a re  representa t ive  o f  and l oca ted  i n  the  geologic 

set t ing."  

Although WIPP i s  exempt from NRC l i censu re  and the  NRC regulat ions,  i f  

t h e  s i t e  were evaluated aga ins t  these c r i t e r i a ,  one would conclude t h a t  

the  WIPP s i t e  has adverse cond i t i ons  as described w i t h  respect t o  na tu ra l  

resources and when adverse cond i t i ons  ex i s t ,  t h e  NRC regu la t i ons  would 

r e q u i r e  a d d i t i o n a l  analys is ,  s p e c i f i c  s i t e  c h a r a c t e r i z a t i o n  o r  

i d e n t i f i c a t i o n  o f  compensating o r  m i t i g a t i n g  f a c t o r s  be fore  q u a l i f y i n g  

the  s i t e .  

A comparison o f  t h e  WIPP s i t e  t o  t h e  two standards discussed above i s  

sunmarized i n  Table 8. I n  conclusion, t h e  WIPP s i t e  appears t o  have adverse 

cond i t ions  by v i r t u e  o f  t h e  o f  t h e  na tu ra l  resources. It was on t h i s  basis  

t h a t  EEG recommended t h a t  DOE i n d i c a t e  i t s  p lans f o r  c o n t r o l  o f  exp lo ra t i on  and 
--. recovery o f  t h e  resources, and analyze t h e  consequences o f  such exp lo ra t i on  and 

recovery. 



4.0 DOE In te r im  Pol i c y  on Resource Recovery a t  W I P P  - 
By l e t t e r  o f  January 6, 1983, from the  Pro jec t  Manager, kIPP Pro jec t  O f f i ce ,  

DOE provided EEG i t s  rev ised I n t e r i m  Po l i cy  Statement. This p o l i c y  au thor izes  

resource recovery from Zone I V  (see F igure  26), but  would p r o h i b i t  min ing o r  

d r i l l i n g  w i t h i n  Zones I, 11, o r  111. The p o l i c y  a lso  a l lows hydrocarbon 

recovery from Zone I, 11, o r  111 by deviated d r i l l i n g  from Zone I V  prov ided the  

planes formed by t h e  downwara v e r t i c a l  p ro jec t i ons  o f  the  Control  Zone I 1 1  

boundary are  not penetrated above 6000 feet.  

The p o l i c y  would a l so  a l l ow  s o l u t i o n  mining f o r  potash i n  Zone I V ,  bu t  i s  

s i l e n t  on whether c a s t i l e  b r i n e  rese rvo i r s  under Zone I, 11, o r  I 1 1  cou ld  be 

accessed from outs ide  o f  Zone I 1 1  (eg. t o  ob ta in  b r i n e  f o r  e x t r a c t i o n  o f  

l i t h i u m ) .  One would i n f e r  t h a t  t h e  6000 foo t  r e s t r i c t i o n  would p r o h i b i t  

removal o f  b r i n e  f rom Zones I, 11 o r  111, bu t  i f  the  b r i n e  extends i n t o  Zone 

I V ,  i t  may be ac-cessible w i thout  v i o l a t i n g  t h a t  r e s t r i c t i o n .  

The EEG asked DOE t o  n o t i f y  EEG of any requests f o r  mining w i t h i n  one m i l e  o f  

t h e  zone I 1 1  boundary, but  DOE r e p l i e d  t h a t  they would n o t i f y  EEG o f  any .- 
unusual o r  advance technology planned resource recovery a c t i v i t i e s  which are  

made known t o  them by Bureau of Land Management, Department o f  I n t e r i o r  (BLM). 

For  t h i s  reason, t h e  Sta te  in tends  t o  negot ia te  w i t h  BLM t o  ob ta in  n o t i f i c a t i o n  

fran BLM o f  any a p p l i c a t i o n s  f o r  mining a c t i v i t y  w i t h i n  1  m i l e  o f  t h e  Zone 111 

boundary. Upon n o t i f i c a t i o n ,  EEG plans t o  evaluate such proposals and prov ide  

appropr ia te  comments, i f  any, t o  BLM and DOE, concerning t h e  p o t e n t i a l  e f f e c t s  

on t h e  repos i to ry  horizon. 

C 

: ...... ' . ,  . 5.0 The p o t e n t i a l  e f f e c t s  o f  e x p l o r a t i o n  f o r  o r  removal o f  resources on t h e  
f, . , . . & :., 71 \ 

s-fl:~ y ,, ~ 
i n t e g r i t y  o f  t h e  repos i to ry .  " *g ." , ,, ,, 

\ f$p& 
. ,  ,* . . "  The DOE has considered t h e  consequences o f  several breach and re lease events . .. 

i n c l u d i n g  sane which may occur l ong  a f t e r  t h e  repos i to ry  i s  sealed and c o n t r o l s  

a re  d iscont inued and records l o s t  (DOE, 1980, Woolfolk, 1982). Several o f  

these scenarios cou ld  occur as a  r e s u l t  o f  d r i l l i n g  a c t i v i t i e s  associated w i t h  

e x p l o r a t i o n  o r  min ing  o f  resources. I n  a l l  cases, i t  was concluded t h a t  t h e  

r e s u l t a n t  r a d i a t i o n  doses would be only  a  m a l l  f r a c t i o n  o f  t h a t  fran na tu ra l  



Economic L a n g b e i n i t e  
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Figure  26. Potash deposi ts  a t  t h e  WIPP s i t e .  
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background rad ia t i on .  The proposed permanent TRU waste inventory (w i th  no high - 
l e v e l  waste) was used f o r  a l l  such ca lcu la t ions .  The EEG has evaluated c e r t a i n  

o f  the  models used i n  these scenarios (EEG-3), and independently considered 

several o ther  hypo the t i ca l  breach events associated w i t h  human i n t r u s i o n  

(EEG-11, 12, 15, and 16). A l l  of these i nvo l ve  low p r o b a b i l i t y  events, each 

associated w i t h  considerable uncer ta in ty .  Because o f  t h e  d i f f e r i n g  assumptions 

used, t h e  doses are  not  comparable, bu t  they do suggest t h a t  even w i t h  

conservat ive assumptions t h e  associated long-term r a d i a t i o n  r i s k s  o f  re leases 

associated w i t h  n a t u r a l  resource recovery are  general ly  only a  small f r a c t i o n  

o f  normal background rad ia t i on .  

I n  compliance w i t h  one o f  t h e  terms of t h e  S t i pu la ted  Agreement between t h e  DOE 

and New Mexico ( C i v i l  Ac t i on  of t h e  U. S. D i s t r i c t  Court f o r  the  D i s t r i c t  o f  

New Mexico, 81-0363, J u l y  1, 1981), t h e  DOE has provided an ana lys is  o f  t h e  

e f f e c t s  o f  resource recovery if c a r r i e d  out  i n  accordance w i t h  the  DOE I n t e r i m  

P o l i c y  (DOE, 1982). An e a r l i e r  d r a f t  o f  t h i s  repor t  was reviewed by EEG and 

t h e  rev ised r e p o r t  (DOE, 1982) was responsive t o  t h e  EEG comments and 

recommended changes. The r e p o r t  d i d  no t  address t h e  e f f e c t s  o f  b r i n e  removal 

from t h e  WIPP-12 r e s e r v o i r  because a t  t h e  t ime o f  t h i s  repor t ,  l i t h i u m  was not  

recognized as a  p o t e n t i a l  resource. It i s  l i k e l y ,  however, t h a t  such resource 

recovery i s  bounded by events a l ready considered. The repo r t  a l so  f a i l e d  t o  

consider  bedded s a l t  as a  resource. Although EEG agrees t h a t  t h e  p r o b a b i l i t y  

o f  s o l u t i o n  min ing  o f  h a l i t e  from t h e  WIPP s i t e  i s  u n l i k e l y ,  f o r  reasons 

p rev ious l y  discussed, t h e  p o t e n t i a l  consequences o f  such a  conservat ive 

scenar io  were considered (EEG-12), and i t was concluded t h a t  t h e  associated 

r i s k  i s  q u i t e  small. 





Table 5. Tota l  Mineral  Resources a t  t h e  WIPP S i te*  
h 

Resource Quanti ty Depth ( f t )  Richness 

Ca 1 i chea 185 m i  11 i o n  tons A t  sur face 21-693 i nso lub le  

Gypsuma 1.3 b i i l i o n  tons 300-1500 Pure t o  mixed 

S a l t a  198 b i  11 i o n  tons 500-4000 Pure t o  mixed 

S y l v i t e  oreb 133.2 m i  11 i o n  tons 1600 8% K20, 4 - f t  

th ickness 

Langbe in i te  oreb 351.0 mi1 l i o n  tons 1800 3% K20, 4 - f t  

th ickness  

L i  thiume 800 tons 3050 240 mg/ i  b r i n e  

Crude o i l C  37.50 m i l l i o n  bbl  4000-20,000 31-46' A P I ~  

Natura l  gasc 490.12 b i l l i o n  f t3 4000-20,000 1100 ~ t u / f t ~  

D i s t i l  l a t e c  3.72 m i l l i o n  bb l  4000-20,000 530 A P I ~  

aData from Siemers e t  a l .  (1978). 

blow-grade resource and bet te r .  Data from John e t  a l .  (1 978). 

CData f ran  Foster  (1 974). 

d ~ h e  degrees API u n i t  has been adopted 

a measure o f  the  s p e c i f i c  g r a v i t y  o f  

eThis resource i s  based on DOE (1 983). 

*DOE, 1980. 

by t h e  American Petroleum I n s t i t u t e  as 

hydrocarbons. 

Table 6. Potash Wi th in  WIPP S i t e *  

o f  Resources % o f  Reserves 

Resources Reserves recoverab le  i n  .-.coverabl e 

Deposi t  ( m i l  l i o n  tons )  ( m i l l  i o n  tons)  Zone I V  i n  zone I V  

Syl v i t e  133 

Langbe in i te  351 

*This t a b l e  was prepared from data i n  Johns (1978) 
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Table 7.* Po ten t i a l  Na tura l  Gas Wi th in  WIPP S i t e  

T o t a l  I n  Zones I,II,III I n  Zone I V  

BCF** BCF** BCF** 

Resources 490 (100%) 211 (43%) 279 (57%) 

100% 

Reserves 44.6 21 (47%) 23.6 (53%) 

* Based on data from U. S. DOE (1980) 

**BCF = b i l l i o n  cubic f e e t  

A t  a value o f  $4.40/1000 cubic  f e e t ,  t h e  t o t a l  sur face  va lue o f  t h e  n a t u r a l  

gas reserves i s  about $200 m i l l i o n .  



Standard 

DOE - 
a) S i t e  c r i t e r i a  

b) NRC proposed regula-  - 
t ions (IOCFRCO) 

c )  - EPA proposed 

standard (40CFR191) 

Table 8 

The WIPP S i t e  Natura l  Resources and 

Federal Standards and C r i t e r i a  

IOE Conclusior 

S i t e  meets. 

No op in ion  

expressed. 

No op in ion  

ex~ressed.  

EEG Conclusion 

Natura l  resources a t  

s i t e  c r e a t e  adverse 

condi t ion.  

Natura l  resources a t  

s i t e  c r e a t e  adverse 

cond i t ion .  

Natura l  resources 

would render s i t e  

unqua l i f i ed .  

Remaining Quest ion 

L i t h lum not  considered. 

L i th ium not considered. 

Language o f  standard no t  

cons is ten t  w i t h  preamblq. 

C l a r i f i c a t i o n  needed. 
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SPDV RESULTS 

1.0 In t roduc t i on  

The S i t e  and Pre l im inary  Design Va l i da t i on  (SPDV) program cons i s t s  o f  two 

phases: S i t e  Va l i da t i on  and pre l im inary  design va l i da t i on .  

The r e s u l t s  o f  the s i t e  v a l i d a t i o n  phase were released on 3/31/83 i n  TME 3177, 

Resul ts  o f  S i t e  Va l ida t ion  Experiments ( re f .  1) which has been reviewed by t h e  

Enviromnental Evaluat ion Group (EEG) s ince  i t canprises i tem 7 o f  Appendix B 01 

t h e  S t i pu la ted  Agreement. The ob jec t i ves  and a c t i v i t i e s  o f  t h e  s i t e  v a l i d a t i o n  

phase are  summarized i n  Table 9 and were in tended by DOE t o  r a i s e  t h e  l e v e l  o f  

s a t i s f a c t i o n  f r a n  " p a r t i a l l y "  o r  "adequately" t o  "complete" o f  n ine  WIPP s i t e  

q u a l i f i c a t i o n  c r i t e r i a .  The WIPP s i t e  q u a l i f i c a t i o n  c r i t e r i a  a re  described i n  

WIPP-DOE-116 Rev. 1 ( re f .  2). 

The r e s u l t s  of t h e  pre l im inary  design v a l i d a t i o n  phase were a l so  re leased on - 
3/31 /83 i n  a repo r t  e n t i t l e d  Pre l  im lnary  Design Val i d a t i o n  Report. Waste 

I s o l a t i o n  P i l o t  P lan t  '(WIPP) ( re f .  3). The document has been reviewed by EEG 

s i n c e  i t  canprises i tem 9 o f  Appendix B o f  t h e  S t i pu la ted  Agreement. The 

o b j e c t i v e s  o f  the  pre l im inary  design v a l i d a t i o n  phase a r e  sunmarized i n  Tab1 e 

10. They are  intended t o  demonstrate t h a t  t h e  WIPP can be operated sa fe l y  over 

i t s  p ro jec ted  l i f e t i m e  o f  25 years and t o  i n s u r e  t h a t  t h e  waste can be 

r e t r i e v e d  should such a step be necessary. 

2.0 Background o f  SPDV Progran, 

The f i r s t  j u s t i f i c a t i o n  f o r  t h e  SPDV program i s  contained i n  WIPP-DOE-049 

( re f .  4) 3s fo l lows:  

"During t h e  T i t l e  I design e f f o r t s  on WIPP (1979), i t  has become i n c r e a s i n g l y  

obvious t h a t  t h e  e a r l i e r  research and development a c t i v i t i e s  performed 

p r i m a r i l y  by Sandia Laborator ies, which were l i m i t e d  by t h e  p r o h i b i t i o n  of 

p e n e t r a t i n g  t h e  s a l t  w i t h  d r i l l  holes, must be extended t o  i nc lude  a d d i t i o n a l  

s i t e  v e r i f i c a t i o n  s tud ies  and s tud ies  t o  support c r i t i c a l  design assumptions 



Table g SPDV S i t e  V a l i d a t i o n  A c t i v i t i e s  

Ob jec t ive  
(To Determine:) 

-. 

A c t i v i t y  

Thickness o f  F a c i l i t y  Map and Log Shafts,  Excavations, Hor i zon ta l  and 
Horizon V e r t i c a l  D r i l l  ho les  

La te ra l  Extent, Con t i nu i t y ,  992-m Exp lo ra to ry  D r i f t  t o  the South 
I n c l i n a t i o n  o f  F a c i l i t y  Visual and Geophysical Logs, Map Excavations, 

High-Resolut ion Grav i t y  Surveys, Cor re la t i on  With 
D r i l l  ho le  Logs 

Br ine  and Gas Content TGA, Miscel laneous Analys is  o f  Samples F l u i d  
Probe 

Minera log ica l  Content X-Ray Fluorescence and D i f f r a c t i o n  and Microprobe 
Analys is  o f  Samples 

In te rbed Charac te r i za t i on  Const i tuent  Analysis,  Mechanical Tests,  
Peneab i  1 i ty 

A q u i f e r  Charac te r i za t i on  F l u i d  I n f l o w  t o  Shaft, Piezometers i n  Shaft, 
Water Samples 

F l u i d  Po ten t i a l  o f  F a c i i i t y  I n f l o w  o f  Exc i va t i on ,  So lu t i on  Composit ion 
Level 

Peneab i  1 i ty o f  Faci 1 i t y  Tes ts  on Laboratory Samples 
Level 

6 .... Table 10 P re l im ina ry  Design V a l i d a t i o n  Ob jec t ives  / . .  . 
.f 
i, ; . To v a l i d a t e  t h e  design f o r  t h e  WIPP access sha f t s  and TRU waste d isposal  
i , . 
I ,'> demonstrat ion roans. 

q % , , .  

'. .." 
.. >,  . To evaluate t h e  amount and r a t e  o f  sha f t  convergence and room creep 

. . deformation and t o  c o r r e l a t e  these data w i t h  model p red ic t ions .  

. To perform a p r e l i m i n a r y  eva lua t ion  o f  creep i n  s a l t  and o f  t h e  s teady-s ta te  
creep model. 

To eva lua te  i ns t rumen ta t i on  systems f o r  accuracy and the  r e l i a b i l i t y  of 
measurements made w i t h  then  i n  rock s a l t  and t o  document t h e  s u i t a b i l i t y  of 
t h e  system f o r  f u t u r e  measurements. 

To eva lua te  t h e  response o f  i n  s i t u  f o n a t i o n s  such as c lay  seams and other  
ma te r i a l  l a y e r s  i n  a d d i t i o n  t o  t h e  s a l t .  

To c o l l e c t  l a r g e  numbers o f  samples o f  rock s a l t  and o ther  m a t e r i a l s  and t o  
conduct l abo ra to ry  and bench-scale t e s t s  t o  determine the  mechanical - 
proper t i es  o f  these samples. 



associated w i t h  the  s t a b i l i t y  of the  underground openings. The ra t i ona le  and 
.- support f o r  the  proposed DOE ac t i ons  has come from th ree  primary sources: 

The Nuclear Regulatory Commission, i n  test imony before t h e  Runnels 

Oversight Committee, s ta ted  t h a t  t h e i r  new proposed l i cens ing  process f o r  

HLW r e p o s i t o r i e s  w i l l  i nc lude  the  necess i ty  of any repos i to ry  app l icant  f o r  

l i c e n s e  t o  have conducted e a r l y ,  d e t a i l e d  s i t e  exp lo ra t i on  and eva lua t ion  

a t  depth (i.e., exp lo ra to ry  sha f t ) .  

The Panel on t h e  WIPP of t h e  Canmittee on Radioact ive Waste Manaqement o f  

t h e  Nat ional  Academy o f  Science advised t h a t  cont inuing e f f o r t s  t o  acquire 

t h e  necessary a d d i t i o n a l  i n fo rma t ion  s o l e l y  by means o f  surface 

exp lora t ion ,  i n c l u d i n g  boreholes, have reached t h e  p o i n t  o f  d imin ish ing  

re tu rns  and recommended t h a t :  

a. An exp lo ra to ry  sha f t  be sunk a t  t h e  s i t e  o f  one o f  t h e  proposed s h a f t s  

as soon as prac t icab le ,  t o  t h e  dept t h e  proposed repos i to ry  

horizon, 

a n 6 t h a t  

b. D r i l l i n g  be done, and tunne ls  developed i n  t h e  s a l t  as necessary t o  

conduct t h e  measurements and observat ions needed t o  resolve remaining 

s i t e - s p e c i f i c  geotechnical  u n c e r t a i n t i e s  and t o  asce r ta in  t h e  degree t o  

which t h e  s i t e  i s  s u i t a b l e  f o r  t h e  excavat ion o f  a reposi tory.  

The USGS, i n  test imony be fo re  t h e  Runnels Oversight Comnittee, s ta ted  t h a t  

t h e i r  p o s i t i o n  on t h e  s u i t a b i l i t y  o f  t h e  proposed s i t e  f o r  WIPP could no t  

be prov ided u n t i l  observat ions taken d u r i n g  sha f t  s inking, and t h e  r e s u l t s  

o f  i n  s i t u  t e s t s  a t  t h e  candidate horizon, were available." 

The SPDV program was designed by Sandia Na t iona l  Laborator ies (SNL) t o  s a t i s f y  

t h e  above demands. It was ca tegor ized i n t o  t h r e e  general areas w i t h  t h e  

f o l l o w i n g  headings: 1) S i t e  A c c e p t a b i l i t y  Program; 2) Measurement f o r  Design 

V e r i f i c a t i o n  and Reposi tory Boundary D e t e n i  na t ion ;  3) Ea r l y  Non-Waste - Experimental Program. Although t h e r e  have been changes i n  t h e  experiments, t h e  



t h r e e  ca tegor ies  have remained and are  known today as: 1) S i t e  Va l i da t i on  
Program; 2) Pre l im inary  Design Va l i da t i on  Program, and 3) WIPP Research and -_ 
Development Program (R & 0). However, only  items 1 and 2 have been re ta ined 

t h e  c u r r e n t  SPOV program; t h e  WIPP R & 0 program has become a separate program. 

An environmental assessment ( re f .  5) and a t e r s e  d e s c r i p t i o n  o f  the  SPDV 

program ( r e f .  6) were publ ished i n  October 1980. The WIPP R & 0 program, which 

had a l ready become a separate program was not inc luded i n  the  descr ip t ion .  

A d e t a i l e d  d e s c r i p t i o n  of t h e  S i t e  Va l i da t i on  Program, TME 2975, was pub l ished 

i n  A p r i l  1981 (ref. 7). It l i n k e d  t h e  experiments o f  t h e  SPDV program w i t h  t h e  

WIPP s i t e  q u a l i f i c a t i o n  c r i t e r i a  d r a f t e d  by SNL and publ ished i n  the  Geological 

Charac te r i za t i on  Report (GCR) ( r e f .  8). TME 2975 cross-referenced t h e  WIPP 

s i t e  q u a l i f i c a t i o n  c r i t e r i a  w i t h  t h e  O f f i c e  o f  Nuclear Waste (0NWI)'s c r i t e r i a  

f o r  h igh  l e v e l  waste (HLW) r e p o s i t o r i e s  ( re f .  9). EEG commented on TME 2975, 

and these comments l e d  t o  t h e  issuance o f  a rev ised document ( re f .  10). 

Another r e v i s i o n  was publ ished i n  October 1982 ( re f .  2). Th i s  r e v i s i o n  

inc luded t h e  s tud ies  requ i red  under t h e  S t i p u l a t e d  Agreement and t h e  

replacement o f  f i v e  proposed ho r i zon ta l  core holes a t  t h e  r e p o s i t o r y  ho r i zon  by 

an exp lo ra to ry  d r i f t .  EEG had taken t h e  p o s i t i o n  t h a t  t h e  h o r i z o n t a l  core 
A 

holes should be replaced by d r i f t s  i n  order t o  o b t a i n  more i n f o r m a t i o n  than  

cou ld  be obta ined from coreholes. The suggest ion had f i r s t  been mzde i n  t h e  

Go1 der Associates Report ( re f .  ll), an independent review o f  WIPP-DOE-049 

commi ssioned by t h e  Nuclear Regulatory Commission. 

A d e t a i l e d  d e s c r i p t i o n  o f  t h e  Pre l im inary  Design V a l i d a t i o n  Program f i r s t  

,- - became a v a i l a b l e  w i t h  t h e  pub l i sh ing  o f  t h e  d r a f t  r e p o r t  SAND 81-2628 (ref.  

2) i n  March 1982. A repo r t  e n t i t l e d  Pre l im inary  Desiqn V a l i d a t i o n  Plan (ref. 

3 was issued i n  January 1983; i t  was requ i red  as i t e n  8 o f  t h e  S t i p u l a t e d  

*;Agreement. EEG commented on t h e  d r a f t s  o f  t h i s  repor t .  
/ 

3.0 SPDV Con f igu ra t i on  and I n s t r u n e n t a t i o n  

Two s h a f t s  have been d r i l l e d  and an underground experimental  area has been 

mined. The layout  o f  t h e  experimental f a c i l i t y  and t h e  boundaries of zone 2 

a r e  shown i n  F igure  27. The 3.66-m i n  diameter shaf t ,  t h e  exp lo ra to ry  shaft, 

which was d r i l l e d  t o  a depth of 7 0 2 4  (2300 ft.), was o u t f i t t e d  t o  p rov ide  t h e  - 
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Figure 27. The SPDV layout. 

114 



main access t o  t h e  underground and t o  b r i ng  the  mined s a l t  t o  t h e  surface . - 
The exp lo ra to ry  sha f t  has three t e s t i n g  areas: the  upper p a r t ,  which has a 

grouted s tee l  l i n e r  from the  surface down t o  t h e  Salado format ion (247-m, 850 

f t . )  i s  instrumented w i t h  piezometers f o r  gather ing hydro log ica l  data from t h e  

Rust ler format ion,  and w i t h  s t r a i n  gages f o r  ga ther ing  data on l i n e r  

deformation; the  sha f t  l i n e r  key, which seals the l i n e r  bottom from seapage, i s  

instrumented w i t h  piezometers f o r  ob ta in ing  hydro log ica l  data and w i t h  s t r a i n  

gages f o r  ob ta in ing  s t r a i n  data; the unl ined p o r t i o n  o f  the  sha f t  i s  

instrumented f o r  ob ta in ing  data on sha f t  c losure and s a l t  deformation. F igure 

28 shows t h e  ins t rumenta t ion  l oca t i ons  i n  the  exp lora tory  shaft .  The 1.83-m 

diameter  v e n t i l a t i o n  s h a f t  i s  un l ined except f o r  about 100 ft. o f  surface 

conductor. It provides an o u t l e t  f o r  the  v e n t i l a t i o n  system and an escape 

way. It w i l l  be transformed i n t o  t h e  20 f t -d iameter  waste sha f t  l a t e r .  The 

two shaf ts  a lso  prov ided mappings o f  the  s t r a t a  from the  sur face down t o  t h e  

r e p o s i t o r y  horizon. 

The underground f a c i l i t y  cons is ts  o f  a 995-m (3264 f t . )  d r i f t  t o  t h e  south and 

a network o f  d r i f t s  t o  a design v a l i d a t i o n  t e s t  panel i n  t h e  nor th.  The d r i f t  

t o  t h e  south was excavated t o  ob ta in  data on t h e  s a l t  and t o  map t h e  qeology i- 

t h e  area o f  t h e  repos i to ry .  The design v a l i d a t i o n  t e s t  panel cons is ts  o f  f ou r  

1 0  x 3.96-m rooms separated by 30.48-111 p i l l a r s .  The d r i f t s  and t h e  t e s t  panel 

a re  instrumented t o  o b t a i n  data on room s t a b i l i t y  and roan closure. F igure  29 

shows t h e  i ns t rumen ta t i on  o f  t h e  underground f a c i l i t y .  

For  cunpleteness, F igure  30 shows t h e  e n t i r e  WIPP underground layout.  

4.0 Resul ts  o f  S i t e  V a l i d a t i o n  Program 

The r e s u l t s  o f  t h e  S i t e  V a l i d a t i o n  Program are  sunmarized below. 
.\. 

The host  rock i n t e r v a l  e x h i b i t s  acceptable th ickness  and l i t h o l o g i c  

c h a r a c t e r i s t i c s  as p ro jec ted  f r a n  surface-based studies. A l l  p r i n c i p a l  marker 

beds and i n t e r v e n i n g  s t r a t a  a r e  cons is ten t  i n  th ickness  w i t h i n  t h e  host rock 

i n t e r v a l  throughout  t h e  ex ten t  o f  p o t e n t i a l  underground workings. The average 

apparent d i p  o f  rock s t r a t a  i s  l ess  than one degree. These statements are  

based on geo log ic  p r o f i l e s  f ran deep boreholes, i n - d r i f t  coreholes, geologic  
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mapping o f  t h e  shaf ts  and of the  d r i f t s .  Figures 3 1  and 32 summarize t h e  

geologic  p r o f i l e  o f  t h e  WIPP s i t e .  - 
The mean f l u i d  content o f  the f a c i l i t y  i n t e r v a l  s t r a t a  i s  0.5% by weight. The 

p r i n c i p a l  minera l  o f  t h e  f a c i l i t y  i n t e r v a l  i s  h a l i t e  w i t h  minor i m p u r i t i e s  

cons i s t i ng  o f  p o l y h a l i t e ,  quartz,  magnesite, c lay,  anhydr i te  and gypsum. Th is  

statement i s  based on t h e  ana lys is  o f  20 grab samples and 6 core samples. The 

l oca t i ons  from where t h e  samples were obtained are  shown i n  F iqure  33. 

The in te rbeds o f  the  host rock i n t e r v a l  are anhydr i te  and t h i n  c l a y  seams. 

T h e i r  phys ica l  p rope r t i es  do not  pose an unmanageable problem on s t a b i l i t y  o f  

the  excavat ion. Based on labora tory  tes t i ng ,  pe rmeab i l i t i es  o f  t h e  in te rbeds 

measured under approximate l i t h o s t a t i c  pressure were l ess '  than seven 

microdarcies. Test inc luded At te rberg  1  i m i t s ,  d i r e c t  shear, i n d i r e c t  tens ion ,  

x-ray d i f f r a c t i o n ,  and permeabi l i ty .  The sampling l oca t i ons  o f  interbedded 

m a t r i i a l s  i s  shown i n  F igure  34. 

The observed i n f l o w  f r a n  t h e  Rus t l e r  was approximately 1.5 gpn i n  t h e  

exp lo ra to ry  sha f t  and approximately 1 gpm i n  t h e  v e n t i l a t i o n  shaf t .  The ac tua l  

i n f l o w  may be l a rge r ,  s ince a l l  the  water could no t  be c o l l e c t e d  dur ing  t h e  

i n f l o w  t e s t s  ( re f .  14, p. 5-3). 

No water i n f l o w s  were encountered dur ing  excavat ions o f  t h e  f a c i l i t y  i n t e r v a l .  

Permeabi 1  i t y  o f  f a c i l i t y  i n t e r v a l  sanples tes ted  under c o n f i n i n g  pressures 

approximating i n  s i t u  cond i t i ons  was l e s s  than 0.01 microdarcy. Th i s  statement 

i s  based on l abo ra to ry  t e s t s  o f  6 samples. 

Sandia Nat iona l  Laboratory has performed c a l c u l a t i o n s  t o  p r e d i c t  t h e  mechanical 

response o f  t h e  shaf ts ,  t h e  passageways, and t h e  TRU demonstrat ion rooms. 

- 
Figure  35 shows nominal ca lcu la ted  c losures  i n  t h e  un l i ned  sha f t  a t  t h r e e  

depths(ref .  15). These c a l c u l a t i o n s  are  sub jec t  t o  cons iderab le  u n c e r t a i n t y  

and w i l l  have t o  be r e f i n e d  as more data a r e  accumulated. 
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Figure 36. Preliminary calculations of storage rom closure for 
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Figure  36 shows t y p i c a l  c a l c u l a t i o n  r e s u l t s  f o r  v e r t i c a l  and h o r i z o n t a l  room - 
closures. F igure  37 shows a tw  dimensional c losu re  pat tern.  The c a l c u l a t i o n s  

were made using soph is t i ca ted  rock mechanics codes, t h e  re ference WIPP 

s t ra t ig raphy,  and cu r ren t  s teady-state c o n s t i t u t i v e  models ( r e f .  16, 17). 

Again, t h e  c a l c u l a t i o n s  w i l l  have t o  be r e f i n e d  as data are accumulated. 

5.2 Ea r l y  Design V a l i d a t i o n  Data 

Most o f  t h e  inst rumentat ion,  i n  p a r t i c u l a r  t h a t  i n  t h e  d r i f t  and i n  t h e  t e s t  

panel, has been on ly  r e c e n t l y  i n s t a l l e d .  A data gather ing pe r iod  o f  one year  

w i l l  probably be requ i red  be fore  a t tempt ing  any c o r r e l a t i o n  between 

measurements and p red i c t i on .  Th is  i s  e s p e c i a l l y  t r u e  o f  room and d r i f t  

convergence. Hence on l y  t h e  sanp l ing  data i s  presented below and no a t tenp t  i s  

made t o  c o r r e l a t e  t h e  observat ions w i t h  t h e  ca l cu la ted  p red i c t i ons .  

F igure  38 shows t h e  s t a b i l i z e d  readings from t h e  piezometers i n s t a l l e d  behind 

t h e  s t e e l  l i n i n g  i n  t h e  exp lo ra to ry  shaft .  A lso shown i s  t h e  design 

hyd ros ta t i c  pressure. There i s  no c o r r e l a t i o n  o f  pressure w i t h  depth; hence, 

more data w i l l  be necessary be fo re  drawing any conclus ions on these pressure 

readings. 

The piezometers i n s t a l l e d  i n  t h e  s a l t  format ion behind t h e  s h a f t  key so f a r  

have shown a nominal reading o f  6 psi. T h i s  i n d i c a t e s  t h a t  t h e r e  i s  no water 

pressure bu i ldup behind t h e  key. 

Four e a r t h  pressure c e l l s  i n s t a l l e d  behind t h e  sha f t  key do n o t  i n d i c a t e  any 

pressure bu i l dup  between t h e  s a l t  format ion and t h e  concre te  key. Th i s  

conf i rms t h e  p r e d i c t i o n  t h a t  t h e  i n i t i a l  shr inkage r a t e  o f  concre te  i s  g rea ter  

than t h e  r a d i a l  creep r a t e  o f  t h e  s a l t .  An i n t e r a c t i v e  pressure i s  not  

expected f o r  two years. The s t r a i n  gages i n  t h e  concre te  do n o t  i n d i c a t e  

s i g n i f i c a n t  s t ra ins .  

L im i ted  water leakage observed through t e l l t a l e s  i n  t h e  s h a f t  key i n d i c a t e  t h a t  

t h e  chemical seal r i n g  p laced near t h e  t o p  o f  t h e  s h a f t  key i s  f a i r l y  e f f e c t i v e  

i n  p revent ing  t h e  m i g r a t i o n  o f  water  f r a n  t h e  upper a q u i f e r s  down t o  t h e  sha f t  - 
key and t h e  s a l t  formation. 



Figure 37. Two dimensions i room closure calculations. Comparison 
of undeformed room and deformed room after 10 years (ref. 16 ). 
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Figure 38. Stabilized piezometer readings and design pressure 
envelope of 1 iner for exploratory shaft. (ref. 2 ) .  
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Radial convergence of the  un l ined shaft has been monitorea since Ju ly  1982. - 
For t h e  th ree  extensometers a t  the leve l  of 2057 ft., the  seven month average 

r a d i a l  convergence i s  0.081 in. The ca lcu la ted  value i s  0.087 i n .  For the  

th ree  extensometers a t  the  l eve l  of 1564 ft., the average r a d i a l  convergence i s  

0.030 in. The ca l cu la ted  value i s  0.027 in.  For the  th ree  extensometers a t  

the l eve l  o f  1073 ft., the  average reading i s  0.002 in .  The ca l cu la ted  value 

i s  0.008 in.  

The extensometer data thus i n d i c a t e  shaf t  c losure  ra tes  ranging from 0.001 

in./year a t  t h e  t o p  of t h e  Salado format ion t o  0.10 in./year a t  t h e  l e v e l  o f  

t h e  repos i to ry  horizon. 

Six  rock b o l t  load c e l l s  were i n s t a l l e d  i n  the exp lora tory  sha f t  s t a t i o n  i n  May 

1982. Some showed a l a r g e  increase i n  rock b o l t  load i n  t h e  months fo l l ow ing  

t h e i r  i n s t a l l a t i o n .  .However, two c e l l s  i n d i c a t e  a s i g n i f i c a n t  decrease i n  rock 

b o l t  load s ince  January 1983. Based on seven extensometers i n  t h e  exp lora tory  

s h a f t  s t a t i o n  t h a t  were i n s t a l l e d  i n  Ju ly ,  September, and October, t h e  t o t a l  

roo f  movement has been est imated a t  1 112 t o  2 112 i n .  up t o  t h e  end of 

February. The roo f  movement appears t o  be decreasing. Figures 39 and 40 a r e  

samples of data obta ined by extensometers i n  the  exp lora tory  sha f t  s ta t ion .  

The f i g u r e s  suggest t h a t  t h e  extensometers w i l l  p rov ide data necessary t o  

v e r i f y  two dimensional roan c losure  ca lcu la t ions .  

Three extensometers i n s t a l l e d  since mid November i n  the  v e n t i l a t i o n  sha f t  

i n d i c a t e  t h a t  roo f  and wa l l  movement i s  occur r ing  a t  a decreasing rate. 

Accumulated roo f  movement sharn by t h e  extensometers i s  l e s s  than 2 in .  

Only minimal measurements a r e  a v a i l a b l e  f o r  t h e  3256 ft. d r i f t  south, t h e  

ins t rumenta t ion  having been i n s t a l l e d  a f t e r  Januam 1, 1983. However, a l l  t h e  

room c l o s u r e  r a t e  data show a gradual decrease. 



6.0 Assessment o f  SPDV Program 

-. 

General c r i t e r i a  f o r  nuclear  waste emplacement i n  geo log ica l  r e p o s i t o r i e s  are 

i n  the process o f  being f i n a l i z e d .  The Environmental P ro tec t i on  Agency (EPA) 

has publ ished standards f o r  comments under 40 CFR 191 ( r e f .  19) and t h e  DOE has 

publ ished general gu ide l ines  f o r  c m e n t s  under 10 CFR 960 ( re f .  20). These 

c r i t e r i a  a re  s i m i l a r  t o  those publ ished i n  NWTS-33 ( re f .  9). For WIPP, 

c r i t e r i a  were f i r s t  publ ished i n  t h e  GCR ( re f .  8) and l a t e r  i n  documents 

e n t i t l e d  S i t e  Va l i da t i on  Program ( re fs .  7, 10, 2). I n  t h e  s i t e  v a l i d a t i o n  

documents, t h e  WIPP s i t e  c r i t e r i a  a re  cross-referenced w i t h  t h e  NUS-33 

c r i t e r i a .  EEG a l so  gave cons idera t ion  t o  s i t e  c r i t e r i a  i n  i t s  f i r s t  repo r t  

(ref.  21). 

EEG concludes t h a t  the  d e t a i l e d  geologic  mapping a t  t h e  repos i to ry  hor izons and 

a l i m i t e d  number o f  rock mechanics experiments conducted i n  t h e  d r i f t s  and t h e  

shaf ts  show no adve rsecond i t i ons  a t  t h e  proposed r e p o s i t o r y  l eve l .  However, 

t h e  marker bed 139 (MB 139), which l i e s  l e s s  than 10 f e e t  below t h e  repos i to ry  

hor izon and cons i s t s  o f  "mounds caused by growth o f  gypsun c r y s t a l  c l u s t e r s  

which were l a t e r  s l i g h t l y  crushed by overburden pressure" (p. 6-4, re f .  22) may 

not  s a t i s f y  DOE C r i t e r i o n  13.2 (p. 12, re f .  22). EEG has recarmended a 

d e t a i l e d  study o f  t h i s  l a y e r  t o  DOE. 

No comprehensive s e t  o f  c r i t e r i a  p e r t a i n i n g  t o  t h e  v e r i f i c a t i o n  o f  design 

v a l i d a t i o n  e x i s t s  a t  present s ince  an NRC l i censed mined geo log ica l  r e p o s i t o r y  

w i l l  no t  be b u i l t  be fore  1990. 

The excavat ions t o  date, t h e  s h a f t  and t h e  underground f a c i l i t i e s ,  c l e a r l y  

v e r i f y  t h e  f i r s t  o b j e c t i v e  i n  Table 10. The piezometer readings i n  t h e  Rus t l e r  

f o rma t ion  (Fig. 38) show h igh  h y d r o s t a t i c  pressures away from t h e  Magenta and 

Culebra aqui fers.  Assuming t h a t  t h e  P i  ezometers a r e  f u n c t i o n i n g  proper ly ,  t h i s  

r a i s e s  quest ions concerning t h e  R u s t l e r  hydrology, which' are r a i s e d  i n  t h e  

Regional Hydrology sect ion. Several years o f  data ga the r ing  w i l l  be necessary 

t o  v e r i f y  t h e  remaining ob jec t ives .  EEG w i l l  eva lua te  t h i s  data as i t  becomes 

a v a i l a b l e  and w i l l  make app rop r ia te  recomnendations a p p l i c a b l e  t o  t h e  design of 

t h e  f a c i l i t y .  
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Add i t i ona l l y ,  EEG must a lso  keep abreast o f  the WIPP R and D program because 

many o f  the experiments, notably  the Plugging and sea l i ng  of boreholes and 

shaf ts ,  and demonstration of Waste emplacement, w i l l  prov ide important data 
A. 

app l i cab le  t o  design and operat ion of the  f a c i l i t y .  

7.0 References C i ted  

U.S. Department o f  Energy, Results o f  S i t e  Va l i da t i on  Experiments Waste 

I s o l a t i o n  P i l o t  Plant (WIPP) Pro jec t  Southeastern New Mexico, 2 Volume, TME 

3177, March 1983. 

U.S. Department o f  Energy, S i t e  Va l ida t ion  Program, WIPP-DOE-116, Rev. 1. 

October 1982. 

U.S. Department o f  Energy, Waste I s o l a t i o n  P i l o t  Plant.  Pre l im inary  Design 

V a l i d a t i o n  Report, Job 12484 performed by Bechtel Nat iona l ,  Inc., March 30, 

1983. 

U.S. Department o f  Energy, SPDV ( S i t e  Pre l im inary  Design V e r i f i c a t i o n 1  

P ro jec t  Plan Sumnary, WIPP-DOE-49, November 1979. 

U.S. Department o f  Energy, Technical and Environmental Analyses Development 

o f  t h e  S i t e  and Pre l im inary  Design V a l i d a t i o n  Program Los Medanos S i te .  

Southeastern New Mexico, Report TME-3058, October 1980. 

~. . U.S. Department o f  Energy, A Desc r ip t i on  o f  t h e  S i t e  and Pre l im inary  Design 
Ti 

; Y7. ,' 
% . . : a  ~. . V a l i d a t i o n  Program f o r  t h e  WIPP Site, Report TFE-3063, October 1980. 

i q ,  : L 
i +# .+> ;; i:! 
!., @ ?@ $ 
. i;. -!: ... U.S. Department o f  Energy, S i t e  Va l i da t i on  Program, A p r i l  1981, Report 

..., .,".+@ 
TME-2975, A p r i l  1981. 

Powers, D.W., Lambert, S.J., Shaffer,  S.E., H i l l ,  L.R., Weart, D.W., 

Geological Charac ter iza t ion  Report Waste I s o l a t i o n  P i l o t  P lan t  IWIPP) Si te,  

Southeastern New Mexico, Volume I, SAND 78-1596, August 1978. 

N U S  Program O f f i c e  U.S. Department o f  Energy, NWTS Program C r i t e r i a  for_, 

- Mined Geologic Disposal o f  Nuclear Waste, DOE/NKTS-33(2), Februar j  MI. 



U.S. Department o f  Energy, S i te  V a l i d a t i o n  Program, Report WIPP-DOE-115, 

January 1982. 

Golder Associates, F ina l  Report. Review o f  S i t e  Pre l im inary  Design 

V e r i f i c a t i o n  P ro jec t  Plan, August 1980. 

Matalucci ,  R. V., Christensen, C.L., Hunter, T.O., Molecke, M. A., Munson, 

D. E., Waste I s o l a t i o n  P i l o t  P lant  (WIPP) Research and Development 

Program: i n  S i t u  Tes t ing  Plan, D r a f t  Report SAND 81-2628. March 1982. 

U.S. Department o f  Energy, Design V a l i d a t i o n  Plan, Wi?P-DOE-160, January 

1983. 

WIPP-SPDV, Geotechnical F i e l d  Data Report No. 4, Geologic Mapping and Water 

I n f l o w  Test ing  on t h e  SPDV V e n t i l a t i o n  Shaft ,  1983. 

Matalucci ,  R.V., Christensen, C.L., Hunter, T.D., Molecke, M.A., and 

Munson, D.E., Waste I s o l a t i o n  P i l o t  P lan t  (WIPP) Research and Development 

Program: I n  S i t u  Tes t ing  Plan, March 1982, SAND 81-2628 (December 1982) - 
Brandste t te r ,  L.J., Stone, C.M., and Kr ieg,  R.D., WIPP Benchmark I 1  r e s u l t s  

Using SANCHO, SAND 81-0853 (A1 buquerque, NM, November 1981). 

Morgan, H.S., Kr ieg, R.D., and Matalucc i ,  R.V., Comparative Analys is  o f  

Nine S t r u c t u r a l  Codes Used I n  t h e  Second WIPP Benchmark Problem, SAND 

81-1389 (November 1981). 

WIPP-SPDV, Geotechnical F i e l d  Data Report No. 6, Underground Excavat ion 

F i e l d  Ins t rumenta t ion  Data, January 17, 1983. 

40 CFR Part  191, Environmental Standards f o r  t h e  Management and Disposal of 

Spent Nuclear Fuel, High Level and Transuranic Rad ioac t ive  Wastes, Federal 

Register ,  Vol. 47, No 250, December 29, 1982, Proposed Rule, p. 58196. 

10 CFR 960 - General Guidel ines f o r  t h e  Recarmendation o f  S i t e s  f o r  Nuclear 

Waste Reposi tor ies,  Federal Reg is te r ,  Vol. 48, No 26, February 7, 1983, 
6. 

Proposed Rules, p. 5676. 



Goad, D., A C a p i l a t i o n  o f  S i t e  Select ion C r i t e r i a ,  Considerations and 

Concerns Appearing i n  t h e  L i t e r a t u r e  on t h e  Deep Disposal o f  Rad ioact ive  

Wastes, Report EEG-1, June 1979. 

U. S. DOE, C o r r e l a t i o n  o f  D r i l l  ho le  and Shaft  Logs, WIPP, S. 

Mexico, TME-3179, March 1983. 

New 



CONCLUSIONS AND RECOMMENDATIONS 

The Environmental Eva lua t ion  Group (EEG) has concluded t h a t  the  Los Medanos 

s i t e  f o r  t h e  WIFP p r o j e c t  has been character ized i n  s u f f i c i e n t  d e t a i l  t o  

warrant confidence i n  the  safety of the  s i t e  f o r  t h e  permanent emplacement o f  

approximately 6 m i l l i o n  cubic f e e t  of defense t ransu ran i c  waste. This  

conclusion i s  based on t h e  assumption t h a t  t h e  maximum surface dose r a t e  f o r  

t h e  unshielded remote-handled t ransuran ic  waste (RH-TRU) can is te rs  w i l l  be 100 

rem per hour w i t h  a maximum rad ionuc l i de  concentrat ion o f  23 cu r ies  per l i t e r  

as i nd i ca ted  i n  Table E-3 o f  t h e  F ina l  Environmental Impact Statement f o r  

WIPP. The S i t e  and Pre l im inary  Design Va l i da t i on  (SPDV) program, through the  

d r i l l i n g  o f  two sha f t s  t o  t h e  selected repos i to ry  l e v e l  a t  2160 f e e t  below the  

surface and excava t i on -o f  about 9000 fee t  o f  tunnels, has conf inned t h e  

i n t e r p r e t a t i o n s  made about t h e  subsurface geo log ica l  cond i t i ons  a t  the  center  

o f  the  s i t e .  

- 
For an assessment o f  t h e  p o t e n t i a l  r a d i a t i o n  e f f e c t s  o f  t h e  nuclear waste 

repos i to ry  on t h e  p u b l i c  h e a l t h  and safety,  i t  i s  necessary t o  understand t h e  

regional  geological  and hydro log ica l  se t t i ng .  A l a r g e  amount o f  work has been 

done t o  understand these cond i t i ons  and t o  address several spec i f i c  issues 

which have a r i sen  as a r e s u l t  o f  such studies. However, i n  an assessment 

e f f o r t  o f  t h i s  magnitude, i t  i s  almost i n e v i t a b l e  t h a t  sane quest ions remain 

unanswered a t  a g iven t ime i n  t h e  decision-making process. EEG has i d e n t i f i e d  

work which s t i l l  needs t o  be done a t  t h e  Los Medanos s i t e  i n  order  t o  improve 

conf idence i n  t h e  worst case scenar io models o f  poss ib le  breaches o f  t h e  

repos i to ry .  Also, i t  i s  a n t i c i p a t e d  t h a t  sane o f  t h e  a d d i t i o n a l  i n f o n a t i o n  

w i l l  be necessary t o  assure compliance w i t h  the  EPA standard when i t  i s  

pranul gated. 

The f o l l o w i n g  i s  a sunmary o f  EEG conclus ions on each o f  t h e  major issues o f  

s u i t a b i l i t y  o f  t h e  WIPP s i t e  and a l i s t  o f  recomnendations f o r  add i t i ona l  work 

f o r  f u r t h e r  c h a r a c t e r i z a t i o n  o f  t h e  s i t e .  



CONCLUSIONS 

D i s s o l u t i o n  

There i s  no doubt t h a t  a  l a r g e  amount of s a l t  has been moved from t h e  Rust le r  

and Salado formations i n  t h e  Delaware Basin througn the  process o f  shal low 

b lanket  d i sso lu t i on .  Th is  process has rmoved the  s a l r  from these two 

formations i n  the  western p a r t  o f  the basin and only ti 'c co l lapsed i n s o l u b l e  

res idue o f  the  Rus t l e r  and Salado remain i n  t h a t  area. The two dolomi te 

aqu i fe rs  i n  the  Rust le r  format ion prov ide the  unsaturat I water necessary f o r  

t h i s  shal low d i sso lu t i on .  The e x i t  po in t  f o r  the b r i n c -  produced by such 

d i s s o l u t i o n  near the  WIPP s i t e  a t  the present t ime i s  t':? Pecos R ive r  a t  Malaga 

Bend and several po in t s  downstream. Piper  (1973) ca l cu l . l t ed  t h a t  t h e  s a l t s  

discharged i n t o  the  Pecos R ive r  a t  Malaga Bend amount t o  310,000 tons o f  N a C l  

and 170 tons  o f  CaSo, each year. On t h e  bas is  of an e r L  mate of 955 tons per  

square m i l e  per year o f  s a l t  discharged by the springs - d  streams i n t o  t h e  

Pecos River ,  Bachman and Johnson (1973) ca l cu la ted  a  p re ren t  

v e r t i c a l  - d i s s o l u t i o n  r a t e  o f  about 500 f e e t  o f  s a l t  per % i l l i o n  years. Using 

two d i f f e r e n t  approaches f o r  c a l c u l a t i n g  t h e  r a t e  of adv:nce of t h e  "shal low" 

d i s s o l u t i o n  f r o n t  towards t h e  WIPP s i t e ,  i t has been s r : .  i t h a t  i t  would take  - 
a t  l e a s t  2 t o  3 m i l l i o n  years f o r  such d i s s o l u t i o n  t o  ' i t h r e a t  t o  the  

repos i to ry .  

The quest ion  o f  deep-seated d i s s o l u t i o n ,  which has been = # ~ s t u l a t e d  t o  be  

respons ib le  f o r  removing up t o  70X o f  t h e  lower Salado s- . t (Anderson, 1981) i s  

o f  more concern t o  EEG. T h i s  concern a r i s e s  fran the fac :  t h a t  t h e  

s t r a t i g r a p h i c  l e v e l  from which t h e  s a l t  i s  pos tu la ted  t o  'lave been rmoved i s  

t h a t  o f  the  proposed repos i to ry .  EEG has examined t h e  ?~, .dence f o r  and aga ins t  

"deep d i s s o l u t i o n "  and concludes t h a t  t he re  i s  su f f i c i e l r *  evidence t o  accept 

the  ex is tence o f  deep-seated d i s s o l u t i o n  as a  strong hyr,. heses t o  exp la in  t h e  

miss ing  s a l t  from t h e  lower  Salado and C a s t i l e  formaticn; The mechanism f o r  

such a  d i s s o l u t i o n  process, i.e., the source and t h e  s i w  f o r  t h e  unsaturated 

water  and t h e  sa tura ted  b r i n e  respect ive ly ,  s t i l l  r ena in -  unexplained. 

Anderson (1983) has argued t h a t  t h e  lack  o f  understandin; 3 f  t h e  mechanics of 

deep d i s s o l u t i o n  throws susp ic ion  on t h e  i n t e g r i t y  o f  t h -  lelaware Basin as a  



whole. However, a d e t a i l e d  examination o f  hundreds o f  logs i n  the  Basin has 

resu l ted  i n  the  drawing of "d i sso lu t i on  edges" by Anderson (1981). These 

d i s s o l u t i o n  edges are  a t  l e a s t  15 m i les  t o  the  south and f a r t h e r  t o  t h e  east of 

the  WIPP s i t e .  Therefore, EEG views the  WIPP s i t e  t o  be s i t ua ted  i n  an area 

which i s  safe from t h e  e f f e c t s  of any deep-seated d i s s o l u t i o n  process, now o r  

dur ing  the i s o l a t i o n  t ime of the  proposed reposi tory.  Th is  conclus ion i s  

strengthened by the  study of cores from deep boreholes a t  and around the  WIPP 

s i t e  and the  r e s u l t s  of t h e  excavation a t  the  repos i to ry  l e v e l  unde- the  SPDV 

program. 

There i s  one area, two m i l e s  n o r t h  o f  the  center  o f  the s i t e ,  where t h e  lower 

Salado marker beds show a depression. EEG recomnends t h a t  t h e  l ogs  o f  

boreholes i n  t h i s  area be reexamined and a modeling o f  the  anomaly be 

conducted. A f t e r  t h i s  work, a dec is ion  can be made whether t o  d r i l l  a new 

borehole t o  t e s t  t h e  p o s s i b i l i t y  o f  t h i s  anomaly having been caused by t h e  

process o f  p o i n t  source deep d i sso lu t i on .  

Breccia Pipes 

- 
A chimney o f  b recc ia ted  rock represents co l lapse o f  t h e  ove r l y i ng  rock i n t o  a 

c a v i t y  formed a t  some l o c a t i o n  a t  depth. Vine (1960) i d e n t i f i e d  several danal 

s t r u c t u r e s  i n  the  Delaware Basin which have been explored du r ing  t h e  

i n v e s t i g a t i o n s  f o r  WIPP, as poss ib le  b recc ia  pipes. Anderson and K i  r k land  

(1980) proposed t h e  mechanism o f  b r i n e  dens i ty  f l ow  f o r  t h e  formation of 

b recc ia  pipes. Th i s  mechanism requ i res  an a c t i v e  p a r t i c i p a t i o n  o f  t h e  DMG 

a q u i f e r  i n  supply ing t h e  unsaturated water and i n  removing t h e  saturated 

br ine.  The c h a r a c t e r i s t i c s  o f  t h e  WG a q u i f e r  (Wood e t  al., 1982) do not  

appear t o  support t h i s  ro le .  

D e t a i l e d  i n v e s t i g a t i o n s  and analyses o f  t h e  brecc ia  p ipes i n  t h e  Delaware Basin 

have shown t h a t  t h e  b r e c c i a  p ipes appear t o  form on ly  over t h e  b u r i e d  Capitan 

Reef which borders t h e  Delaware Basin. The domes i n  t h e  bas in  show 

c h a r a c t e r i s t i c s  which i d e n t i f y  then as having resu l ted  fran near sur face 

phenomena. The " C a s t i l e "  domes which are  comnonly found i n  t h e  west-central  

p a r t  o f  t h e  bas in  may have resu l ted  fran an in te rconnect ion  between t h e  DMG 

- a q u i f e r  (which i s  a t  a shal low depth i n  t h e  western p a r t  o f  t h e  Basin) and t h e  



over ly ing  evaporites. However, these are not  "ac t i ve "  features. On the  basis -, 

o f  a d r i l l  ho le core, Anderson (personal canmunication) has i d e n t i f i e d  a 

brecc ia  p i p e  i n  the  Basin, about 60 mi les  south o f  t h e  WIPP s i te .  Several 

mi les  o f  mining a c t i v i t y  f o r  potash i n  the  upper Salado format ion has not  found 

a breccia p ipe  near the  WIPP s i t e .  EEG, there fore ,  concludes t h a t  b recc ia  

pipes are not  present a t  the  WIPP s i t e ,  and t h e r e f o r e  do not  pose a t h r e a t  t o  

t h e  WIPP. 

Spiegler,  1982 ca lcu la ted  the  e f fec t  o f  a hypothet ica l  b recc ia  p ipe developing 

under the repos i to ry  and concluded t h a t  the  r a d i o l o g i c a l  impact of such a 

fea tu re  re tu rn ing  rad ioac t ive  ma te r ia l s  t o  t h e  biosphere would be 

i n s i g n i f i c a n t .  

Br ine  Reservoi rs  

Pressurized br ine ,  a t  pressures between hyd ros ta t i c  and l i t h o s t a t i c ,  have been 

encountered i n  t h e  upper anhydr i te  l a y e r  o f  t h e  C a s t i l e  formation. Th i r teen  

such encounters have been reported w i t h i n  e i g h t  m i les  o f  t h e  proposed - 
repos i to ry  s i t e .  A l l  except two o f  these were encounters i n  canmercial o i l  and 

gas exp lora tory  holes. ERDA-6 and WIPP-12 were WIPP p r o j e c t  boreholes. 

WIPP-12 i s  s i t u a t e d  a t  t he  nor thern  edge o f  Zone I 1  o f  WIPP. I n  a d d i t i o n  t o  

the  pressur ized encounters, b r i nes  a t  sub-artesian heads have a lso been found 

i n  the  C a s t i l e  formation, main ly  along t h e  Pecos R ive r  (Snyder, 1983, Personal 

C m u n i c a t i o n ) .  

It should be rea l i zed  t h a t  on l y  t h e  encounters a t  WIPP-12 and ERDA-6 were 

s tud ied i n  d e t a i l .  Varying degrees o f  d e t a i l  a re  a v a i l a b l e  on t h e  o t h e r  

encounters. 

Based on a study o f  a l l  t he  data ava i lab le ,  EEG has reached t h e  f o l l o w i n g  

t e n t a t i v e  conclusions. 

The C a s t i l e  b r i n e  i s  not  conf ined t o  a zone border ing  t h e  Capitan Reef. If 

one wishes t o  draw a zone, i t  would i n c l u d e  t h e  e n t i r e  WIPP s l t e .  - 
Each encounter o f  b r i n e  may n o t  represent  a d i s t i n c t  b r i n e  rese rvo i r .  



Most of the br ine encounters appear t o  be related t o  a structure i n  the 

Casti le. 

- 
Hydrologic test ing and geochemical analyses of WIPP-12 and ERDA-6 brines 

indicate that  the two are not connected. 

. Geochemical data ind icate that  the brines may have been produced f ran water 

trapped i n  the rock at  the time of deposition and l a t e r  squeezed out a t  the 

time of structural  deformation. However, the Capitan aqui fer  cannot be 

ruled out as a source. 

. The brine, a t  least  i n  WIPP-12 and ERDA-6, i s  not. connected t o  any act ive 

aquifer a t  present. 

The presence of b r ine  i n  the Cast i le  formation underlying the WIPP s i t e  

cannot be ruled out. 

To provide an estimate o f  r i s k  associated wi th  a possible presence o f  b r ine  

under the repository, EEG modeled the case of a man-made fu tu re  d r i l l i n g  

in t rus ion  125 years hence. The resul ts  o f  EEG's two analyses (Channell, 1982; - 
Bard, 1982) produce a maximum radiat ion dose t o  the bone o f  a nearby resident 

o f  3.4 re. ,  less than the  5 rm permitted f o r  a l o w  p robab i l i t y  accident. The 

man-made in t rus ion  has been assuned t o  be a l i m i t i n g  case since a plausible 

scenario i n  which natural causes w i l l  al low brfne t o  be brought t o  the  

biosphere more rap id ly  has not been ident i f ied.  A recent EEG consultant 's 

report (Logan, 1983) concludes tha t  an unexpected c m u n i c a t i o n  between the  

b r ine  reservoir  i n  the Cas t i le  and the reposi tory leve l ,  during excavation, 

w i l l  have serious consequences. DOE takes precautions f o r  such a p o s s i b i l i t y  

although the chances o f  t h i s  occurrence are rmote.  To provide addi t ional  

assurance and knowledge, EEG recarmends fu r ther  evaluation and f i e l d  test ing o f  

geophysical methods such as CSAMT t o  i d e n t i f y  possible occurrence of br ine 

under the reposi tory level. 

Regional Hydrology 

The only perennial surface water i n  the v i c i n i t y  o f  the WIPP i s  located a t  

- least  10 mi les f ran  the center o f  the  site. The surface water bodies are 



discharge p o i n t s  f o r  l o c a l  groundwaters beneath the  s i t e .  There i s  no 

d i r e c t  t h r e a t  t o  the  repos i to ry  f ran  these surface water bodies. 

The groundwater i n  t h e  B e l l  Canyon a q u i f e r  does not  appear t o  pose a 

s i g n i f i c a n t  t h r e a t  t o  t h e  repos i to ry  based on previous EEG scenario 

consequence ca l cu la t i ons .  Some recent  data i nd i ca tes  t h a t  some parameters 

i n  t h e  prev ious  c a l c u l a t i o n s  were not  conservat ive. Eva lua t ion  o f  the  

prev ious c a l c u l a t i o n s  i s  under way, but the  r e s u l t s  are not expected t o  

y i e l d  s i g n i f i c a n t l y  d i f f e r e n t  consequences than the  previous ca lcu la t ions .  

The C a s t i l e  fo rmat ion  conta ins pressur ized br ines  near the W I P P  s i te .  These 

b r i nes  are discussed i n  d e t a i l  i n  t h e  sec t i on  on Br ine  Reservoirs. 

The Capitan Reef Aqu i fe r  i s  a t  i t s  nearest po in t  about 10 mi les  from t h e  

s i te .  Since t h e  basinward d i s s o l u t i o n  f r a n  the  n o r t h  has not progressed 

towards t h e  s i t e ,  t h e  Capitan Reef Aqu i fe r  does not  pose a th rea t  t o  t h e  

repos i to ry .  - 

The c h a r a c t e r i s t i c s  of t h e  R u s t l e r  a q u i f e r s  a re  discussed i n  a separate 

sect ion.  , .c-- - .s . 
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The Disturbed Zone was i n i t i a l l y  de f i ned  (e.g. i n  Powers, e t  al., 1978) as t h e  

area where seismic r e f l e c t i o n  s i g n a l s  were uninterpretable.  The cause f o r  t h i s  

was l a t e r  determined t o  be t h e  s t r u c t u r a l  complexity w i t h i n  t h e  C a s t i l e  

fo rmat ion  (Borns e t  al.. 1983). Since t h e  C a s t i l e  format ion shows ex tens ive  

t h i n n i n g  and t h i c k e n i n g  o f  t h e  s a l t  layers ,  even w i t h i n  t h e  WIPP s i t e  boundary. 

a conserva t ive  approach would be t o  assume t h a t  t h e  so-cal led "Disturbed Zone" 

extends underneath t h e  WIPP s i t e .  

The g r a v i t y  founder ing hypothesis p rov ides  a reasonable exp lanat ion  fo r  t h e  

deformat ion present  i n  t h e  C a s t i l e  f o rma t ion  i n  t h e  nor thern  Delaware Basin. 

By us ing t h i s  hypothesis,  DOE has c a l c u l a t e d  t h a t  i f  t h e  deformation i s  

progressing towards t h e  WIPP r e p o s i t o r y  area, i t  would take 4.6 m y .  f o r  t h e  

deformation f r o n t  t o  reach t h e  area d i r e c t l y  under t h e  WIPP repos i to ry .  EEG'S 

c a l c u l a t i o n s  show t h a t  t h i s  may happen i n  125,000 t o  375,000 years. The 



progression of a s t r u c t u r e  such as t h a t  located a t  WIPP-12, however, requ i res  

- condi t ions  which f a c i l i t a t e  t h e  g r a v i t y  foundering mechanism and these 
cond i t i ons  (e.g., more trapped f l u i d  i n  rock, low y i e l d  strength, etc.) may 

not  e x i s t  under t h e  southern p a r t  o f  Zone 11 of the  WIPP s i t e .  The borehole 

DOE-1 d r i l l e d  j u s t  ou ts ide  t h e  Zone 11, t o  t h e  southeast, c e r t a i n l y  does not 

e x h i b i t  the  C a s t i l e  deformation s t ruc tures  except some minor l a t e r a l  f low 

tex tu res  i n  t h e  C a s t i l e  ha l i t es .  Further,  w i t h  the  r e o r i e n t a t i o n  o f  t h e  WIPP 

repos i to ry  t o  the  south w i t h i n  Zone 11, EEG concludes t h a t  t h e  new l o c a t i o n  o f  

t h e  WIPP repos i to ry  i s  i n  a  r e l a t i v e l y  undefoned area. 

Hydrologic  Transport  C h a r a c t e r i s t i c s  o f  t h e  Rust le r  Aqui fers 

There a r e  t h r e e  d i s c r e e t  zones i n  t h e  Rust le r  format ion through which t h e  

water moves. The q u a l i t y  and f l ow  c h a r a c t e r i s t i c s  o f  these aqu i fe rs  vary 

s i g n i f i c a n t l y  bu t  a t  t h e  WIPP s i t e ,  t h e  waters are o f  poor q u a l i t y  and t h e  

f low ra tes  are low. These aqu i fe rs  are (a) the Rustler-Salado I n t e r f a c e  

Residuum (b) t h e  Culebra do lan i te ,  and (c) t h e  Magenta dolomite. The water 

e x i s t s  p r i m a r i l y  i n  in terconnected f rac tu res  i n  a l l  t h ree  zones. I n  add i t i on ,  

t h e r e  i s  some evidence t h a t  a  very m a l l  quan t i t y  o f  water may e x i s t  i n  zones 

other  than these t h r e e  d i s t i n c t  aquifers. There i s  a  p o s s i b i l i t y  t h a t  

f ea tu res  o f  k a r s t  hydrology may e x i s t  i n  t h e  Rust le r  formation. However, a l l  

t h e  i n fo rma t ion  a v a i l a b l e  a t  t h i s  t ime suggest tha t ,  i f  present, t h e  k a r s t  

s o l u t i o n  channels would be very small i n  aperture. 

The a q u i f e r s  a t  t h e  Rust ler-Salado i n t e r f a c e  and t h e  Magenta appear t o  ca r r y  a  

very l i m i t e d  volume o f  water a t  a  very lcw ve loc i ty .  The Culebra i s  t h e  

pr imary a q u i f e r  a t  t h e  s i t e  and i n  case o f  a  breach o f  the  WIPP reposi tory,  i t 

qould be t h e  most r a p i d  pathway f o r  radionucl ides t o  reach t h e  access ib le  

envi roment .  At t h e  present  t ime, t h e  Culebra a q u i f e r  i s  not  s u f f i c i e n t l y  

charac ter ized t o  model t h e  hydro log ic  t ranspor t  through it w i t h  confidence. 

Add i t i ona l  study o f  t h e  Culebra a q u i f e r  i s  t he re fo re  recanmended by EEG. 

These recommendations are  o u t l i n e d  i n  the  sec t ion  o f  t h i s  t i t l e  as wel l  as a t  

t h e  end o f  t h i s  chapter. 



Natural  Resources - 
Extensive potash ( s y l  v i  te,  KC1 and l a n g b e i n i t e  K2Mg2(SOb) 3 )  min ing  has 

occurred several m i l es  t o  t h e  no r th  ( i n  t h e  McNutt Potash Zone) a t  a hor izon 

500 f e e t  above t h e  repos i to ry  horizon. There are  38 m i l l i o n  tons  o f  s y l v i t e  

and 122 m i l l i o n  tons o f  l angbe in i t e  o f  vary ing  economic grades i n  Zones I, I 1  

and 111 and DOE has banned any potash min ing  i n  these zones du r ing  t h e  next 25 

years - the  operat ional  l i f e t i m e  o f  t h e  repos i to ry .  Seven percent o f  t h e  

known l a n g b e i n i t e  resources i n  t h e  U. S. a r e  i n  these zones. To minimize 

poss ib le  fu tu re  r i s k  t o  the  repos i to ry ,  we b e l i e v e  t h a t  min ing o f  these 

potassium s a l t s  should be banned i n d e f i n i t e l y .  

I f  hydrocarbon resources e x i s t  a t  depths g rea te r  than 10,000' below t h e  s i t e ,  

i t  i s  not c l e a r  t h e i r  e x t r a c t i o n  i s  economical ly f e a s i b l e  v i a  o f f - s e t  s l a n t  

d r i l l i n g  ou ts ide  Zone 111. The renoval o f  na tu ra l  gas does not  present any 

r a d i o l o g i c a l  problems. 

The presence o f  such resources appears t o  v i o l a t e  t h e  p rov i s ions  o f  t h e  EPA 

proposed standard 40 CFR 191, Sect ion 191.14(f 

SPDV Resul ts  

DOE has provided two repo r t s  e n t i t l e d  "Resul ts  

Experiments" and "Resul ts  o f  SPDV Design Val i d a t i o n  Experiments." Concerning 

s i t e  v a l i d a t i o n  experiments, EEG concludes t h a t  t h e  d e t a i l e d  mapping a t  t h e  

repos i to ry  hor izons and a l i m i t e d  number o f  rock mechanics experiments 

conducted t o  da te  i n  t h e  d r i f t s  and t h e  shaf ts ,  show no adverse cond i t i ons  a t  

t h e  proposed r e p o s i t o r y  leve l .  However, i n  o rder  t o  s a t i s f y  Sect ion  13.2 of 

t h e  DOE'S S l t e  C r i t e r i a  and Q u a l i f i c a t i o n  Factors. EEG reconmends f u r t h e r  s tud  

on a bed (EB 139) under ly ing  t h e  r e p o s i t o r y  l e v e l .  

With respect t o  t h e  design v a l i d a t i o n  experiments. EEG concludes t h a t  severa l  

years o f  data ga ther ing  w i l l  be necessary t o  p r e d i c t  t h e  c l o s u r e  and s t a b i l i t y  

o f  t h e  f a c i l i t y  over i t s  p r o j e c t  l i f e t i m e  o f  25 years. EEG has not  i d e n t i f i e d  

any a d d i t i o n a l  experiments f o r  design v a l i d a t i o n  t h a t  should be conducted p r i o  

t o  t h e  dec is ion  t o  cons t ruc t .  - 



RECOMMENDAT IONS 

The fo l l ow ing  i s  a l i s t  of c e r t a i n  i nves t i ga t i ons  c u r r e n t l y  i n  progress o r  

planned by DOE and add i t i ona l  work which EEG recanmends t h a t  t h e  Sta te  should 

demand i f  t h e  cons t ruc t ion  i s  al lowed t o  proceed. 

Continuing o r  Planned DOE Studies 

1. Evaluate and f i e l d  t e s t  non-invasive geophysical methods t o  i d e n t i f y  

possib le occurrence o f  b r i n e  under the repos i to ry .  

2. Analyze the  drawdom data i n  t e s t  holes H-1, H-2 and H-3 caused by t h e  

excavat ion o f  WIPP shafts. 

3. Publ ish t h e  r e s u l t s  o f  Solute t r a n s p o r t  modeling i n  t h e  Rus t l e r  aqui fers.  

4. Analyze the  Rus t l e r  a q u i f e r  waters f o r  enviromnental isotopes (Carbon-14, 

Chlorine-36, Uranium-234, Uranium-238) t o  a i d  i n  understanding t h e  

groundwater f low d i r e c t i o n  and r e l a t i v e  ve loc i t y .  

5. D r i l l  t h e  planned a d d i t i o n a l  we l l s  f o r  hydro log ic  t e s t i n g ,  viz. H-11 and 

- 2  Obtain the  cores wh i l e  d r i l l i n g  these we l l s  t o  determine t h e  ex ten t  

,p---. , o f  f r a c t u r i n g  and s o l u t i o n  res idues throughout t h e  Rus t l e r  formation. 
. . 
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6. Conduct a water balance study f o r  t h e  WIPP s i t e .  -4 . 
/I? . . ~  

'. .-..-.. .- 
7. Study t h e  mechanics o f  renoval o f  s a l t  fran t h e  R u s t l e r  fo rmat ion  a t  and 

near t h e  s i t e .  

8. D r i l l  a shallow auger-hole i n  t h e  depression i n  t h e  SW corner  o f  Sec. 30, 

T225, R 31E i n  Zone 111 t o  address t h e  susp ic ion  o f  t h i s  depression being 

a do l ine .  

9. Fur ther  study marker bed 139 (MB139) under ly ing  t h e  r e p o s i t o r y  hor izon t o  

determine i t s  o r i g i n  and i t s  e f f e c t  on t h e  repos i to ry  and t o  con f i rm  t h a t  

i t  does not v i o l a t e  Sect ion 13.2 o f  t h e  DOE'S s i t e  c r i t e r i a  and 

q u a l i f i c a t i o n  factors.  



Studies Recannended by EEG 

1. I n v e s t i g a t e  t h e  depression o f  t h e  marker beds i n  the  lower p a r t  o f  t h e  

Salado formation, centered two m i les  no r th  o f  t h e  WIPP shaf ts .  

2. Perform computer modeling o f  groundwater f l ow  i n  t h e  Rust le r  aquifers. 

3. Conduct t h e  f o l l o w i n g  hydrology t e s t s :  

a)  A long d u r a t i o n  pumping t e s t  a t  t h e  we l l  H-3. 

b) Measure t h e  an iso t ropy  of t h e  hyd rau l i c  conduc t i v i t y  a t  t e s t  pads H-1, 

H-2 and H-3. 

c) Perform convergence t r a c e r  t e s t s  a t  we l l s  H- I ,  H -3  and H-4. 

d) Perform convergence t r a c e r  t e s t s  a t  we l l  H-6 us ing sorb ing t racers .  
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APPENDIX 

1.0 Review o f  GCR and DEIS (19791 

A f t e r  an exhaustive review o f  a v a i l a b l e  c r i t e r i a  f o r  s i t e  cha rac te r i za t i on  

and se lec t i on  (EEG-I), one o f  the  f i r s t  documents t h a t  t h e  Environmental 

Eva lua t ion  Group reviewed upon i t s  formation i n  1978 was t h e  Geological 

Charac ter iza t ion  Report (GCR) by Powers, e t  a1 (1978). EEG1s canments on 

t h i s  d e t a i l e d  compi la t ion  of up-to-date knowledge on t h e  geo log ic  and 

hydro log ic  c h a r a c t e r i s t i c s  were publ ished i n  a  repo r t  (EEG-2), which was 

inc luded as Pppendix 111 i n  EEG-3. The p r i n c i p a l  concerns expressed i n  

t h a t  review were a s  f o l  Tows: 

What i s  t h e  o r i g i n ,  evo lu t i on  and occurrence o f  t h e  high-pressure 

b r i ne - rese rvo i r s  which were encountered i n  t h e  upper p a r t  o f  t h e  

C a s t i l e  format ion i n  ERDA No. 6 and i n  a t  l e a s t  6 w e l l s  w i t h i n  9 m i les  

o f  t h e  s i t e ?  

What i s  t h e  o r i g i n ,  e v o l u t i o n  and occurrence o f  t h e  'brecc ia pipes" 

which have been encountered i n  t h e  area? They may be l o c a l i z e d  deep 

d i s s o l u t i o n  fea tu res  which o r i g i n a t e  i n  t h e  lower p o r t i o n  o f  t h e  

evapor i tes  and m ig ra te  upward. Such l o c a l i z e d  d i s s o l u t i o n  fea tu res  

cou ld  now e x i s t  o r  develop l a t e r  beneath t h e  proposed s i te .  

What a r e  t h e  processes and r a t e s  o f  deep d i s s o l u t i o n  o f  s a l t  near t h e  

s i t e ?  There may be a  p r e f e r e n t i a l  removal o f  t h e  s a l t  hor izon which i s  

proposed f o r  t h e  repos i to ry .  

What a r e  t h e  reg iona l  and s i t e  hydro log ic  cond i t i ons  f o r  t h e  aqu i fe rs  

above and below t h e  evapor i tes? The hydro log ic  i n f o r m a t i o n  i s  

necessary t o  assess any poss ib le  long-term re lease o f  r a d i o a c t i v e  
.A mate r ia l  fran t h e  repos i to ry .  



The D r a f t  Environmental Impact Statment (DEIS) on WIPP was issued i n  

Apr i l ,  1979. This document contained very 1 i t t l e  addit ional information - 
i n  the areas of geology and hydrology. I n  i t s  review of the DEIS, EEG 

repeated the concerns expressed i n  EEG-2 and made addit ional 

recommendations as fol lows i n  EEG-3: 

The values of hydrologic parameters f o r  WIPP s i t e  aquifers vary over a 

wide range. This data base should be improved and the subsurface 

hydrology should be be t te r  understood. 

The e f f ec t  of impur i t ies  i n  s a l t  a t  the proposed repository horizon 

should be taken i n t o  account i n  evaluating the physical, hydrological. 

thermal and strength character is t ics  of rock s a l t  from the repository 

horizons. 

More information i s  needed on the regional hydrology of the WIPP s i te .  

I tens such as surface runoff,  ex is t ing  and planned water resource 

development i n  the area, water use downstrean o f  Malaga Bend and t h e  

present and po ten t ia l  wel l  water use from aquifers i n  the area, need t o  

be be t te r  understood. 

The long range modeling f o r  potent ia l  breach o f  the s i t e  should take 

i n t o  account p laus ib le  f u tu re  c l ima t i c  changes i n  the hydrologic 

regime. 

The correspondence between DM and EEG fol lowing these canments r e f l e c t s  a 

consideration o f  most o f  these concerns and recannendations by DOE. I n  
,.", 

general, DOE conveyed t o  EEG t ha t  the continuing studies for  s i t e  ,, '. I<. 

character izat ion would answer most of these concerns. ; -q\ 64 :,,., 
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2.0 Geotechnical Meeting - January, 1980 \.F"- ' /.",' 
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EEG organized a two-day meeting o f  experts representing a wide spectrum of 

earth sciences, on January 17 and 18, 1980, t o  address the geotechnical 

questions concerning the WIPP site. The meeting, t i t l e d  "Geotechnical 

Considerations f o r  Radiological Hazard Assessment o f  WIPP', was attended - 
by 66 persons, 35 o f  whom were geological scient ists.  The par t i c ipan ts  



included members of State and Federal agencies, t h e  Nat ional  Academy of 

- Sciences WIPP panel, the Governor's Advisory Committee on WIPP, several 

u n i v e r s i t i e s  i n  the  State, t h e  mining i ndus t r y  and t h e  s t a t e  and nat iona l  

environmental groups. 

The repor t  of t h i s  meeting (EEG-6),  publ ished i n  A p r i l ,  1980, conta ined 

t h e  f o l l o w i n g  recommendations i n  var ious geotechnical areas: 

2.1 Geohydrology 

Be t te r  de f i ne  t h e  reg iona l  geohydrology through more f i e l d  tests.  

Provide a  c lea re r  d e f i n i t i o n  o f  recharge areas f o r  the  Rus t l e r  and 

C .  -.- "---. DMG aquifers. 
/.'gp., . ., 
i r ,Q ;: .~ .. . . Fur ther  r e f i n e  H iss '  map o f  po ten t iomet r ic  sur faces i n  t h e  Be1 1  8 .$ $ ;i 

' : ,4 .., i Canyon a q u i f e r  and i t s  connect ion w i t h  t h e  Ca; i t a n  and/or San 
\ 1 ~J>,$ p ; 
* k % d Andres aqui fers.  ,'U Evaluate t h e  hydro log ic  t r a n s i t  t imes fran t h e  UIPP s i t e  t o  man 

f r a  e x i s t i n g  o r  p o t e n t i a l  water wel l  development i n  a l l  a q u i f e r s  

near  t h e  s i te .  
# 

2.2 Dee0 D i s s o l u t i o n  

Provide t h e  arguments aga ins t  a c t i v e  deep d i s s o l u t i o n  i n  a  

reviewable s c i e n t i f i c  paper format. 

Thoroughly i n v e s t i g a t e  several anunalous fea tu res  near t h e  WIPP 

s i t e ,  which have been po in ted  out by proponents o f  t h e d e e p  

d i s s o l u t i o n  idea. The r e s u l t s  o f  such i n v e s t i g a t i o n  should be 

presented t o  t h e  s c i e n t i f i c  c m u n i t y  i n  a  rev iewable paper. 

Assess p o t e n t i a l  consequences o f  deep d i s s o l u t i o n  and make t h e  

c a l c u l a t i o n s  avai lab le.  

2.3 B r i n e  Reservoi rs  

At the  t ime o t  tne.meeting i n  e a r l y  January, 1980. EEG was per forming t h e  

hazard analyses described below and recanmended t h a t  DOE do t h e  same. EEG 

f u r t h e r  recommended t h a t  DOE prov ide  d e t a i l e d  documentation. 



2.3.1 Salado Brine: The l i ke l ihood and potent ia l  extent of water - movement i n t o  a waste-f i l led por t ion  Of the repository, both during and 

a f t e r  the operating l i f e t i m e  of the repository should be evaluated. I f  i t  

i s  detennined tha t  a sealed reposi tory might contain large amounts o f  

brine, then hydrologic breach and d r i l l i n g  scenarios should be evaluated 

under the assumption tha t  sane waste i s  mixed or dissolved i n  br ine a t  the 

time o f  the breach. I n  the hydrologic breach scenarios, the wastelsalt 

d isso lu t ion  ra te  i s  an important determinant of nucl ide concentrations i n  

the Rustler aquifer and i n  the Pecos River. The assumption tha t  a por t ion  

o f  the  waste i s  already i n  so lu t ion a t  the time of the breach might a l t e r  

the scenario consequences s ign i f i can t l y .  

2.3.2 Cast i le  Brine: Possible consequences of a connection between a 

b r ine  reservair ,  the  repository, and the surface should be assessed and 

the  p l a u s i b i l i t y  o f  d i f f e r e n t  sequences o f  events which might lead t o  such 

a connection should. be evaluated. Consequences of a connection between a 

b r i n e  reservo i r  and the  reposi tory extending only as f a r  as the Rust ler  - 
aquifers are discussed i n  % d r a f t  o f  the f i n a l  WIPP Environmental Impact 

Statement. A t  the  time, EEG was reviewing t h i s  analysis. 

2.4 Human In t rus ion  

The DOE should publ ish de ta i led  plans and res t r i c t i ons  on d r i l l i n g  

../ f o r  hydrocarbon resources a t  the  site. The descr ipt ion should 

include: 

a) plans f o r  regulat ing d r i l l i n g  and production outside o f  Zone I V ;  

b) permissible d r i l l i n g  and production practices i n  and under Zone 

IV .  

c )  whether secondary and t e r t i a r y  recovery methods are being 

considered f o r  Zone I V ;  

d) possible use o f  s lant  d r i l l i n g  t o  recover natural gas o r  o i l  

from beneath Zones I, I1 and 111; 

e) the length o f  time over which d r i l l i n g  cont ro ls  would be 

imposed. 



The DOE should pub l i sh  d e t a i l e d  plans and r e s t - i c t i o n s  on mining of 

potash a t  the s i t e .  This desc r ip t i on  should inc lude:  

a )  whether s o l u t i o n  mining would ever be permi t ted;  

b )  whether any recovery i ns ide  of Zone I V  would be permi t ted;  

c )  whether shaf ts  w i l l  be sealed when potash mines are 

decommi ssioned; 

d) the l eng th  o f  t ime over which mining con t ro l s  would be imposed; 

e )  whether any con t ro l s  are t o  be imposed on mining ou ts ide  o f  Zone 

\ I V .  
! 

. Scenarios need t o  be evaluated fo r  the fo l l ow ing  s i t u a t i o n s :  

a) a r e p o s i t o r y  breach i n v o l v i n g  an abandoned potash mine i n  Zone 

I V ,  e i t h e r  a s  a source o f  water i n t o  t h e  repos i to ry  o r  as a 

pathway f o r  m ig ra t i on  away from it; 

b )  d r i l l i n g  i n t o  a repos i to ry  conta in ing  h igh l y  pressur ized gas 

t h a t  has developed from decomposition o f  organic mater ia l  i n  t h e  

wastes; 

c )  an exp lo ra to ry  wel l  s t r i k i n g  a b r i n e  pocket below t h e  

repos i to ry .  The b r i n e  ascends t o  the  surface (being under 

pressure) and b r i ngs  contaminants w i th  it. 

d) app rop r ia te  breach scenarios f o r  any add i t i ona l  exp lo ra t i on  o r  

min ing  a c t i v i t y  t h a t  may be proposed (e.g., s o l u t i o n  mining, 

secondary and t e r t i a r y  a i r  recovery methods, and e x p l o i t a t i o n  of 

Zones I, I 1  and 111). 

2.5 Add i t i ona l  Scenarios 

The f o l l o w i n g  scenar ios had been proposed by EEG, i t s  consul tants,  o r  

o t h e r  groups commenting on t h e  WIPP DEIS. EEG suggested t h a t  DOE analyze 

t h e  hydro log ic  o r  geo log ic  events descr ibed i n  these scenarios, determine 

t h e i r  p l a u s i b i l i t y ,  and whether o the r  events should be considered i n  

designing meaningful  rad io1  og i ca l  hazard scenarios. 
- 4 .  

2.5.1 - Event: Breaching o f  t h e  excavat ion workings by pressur ized b r i n e  

a f t e r  i n s t a l l a t i o n  o f  subs tan t i a l  q u a n t i t i e s  o f  waste. 



Causes: a) Penetration of a b r ine  reservoir  during excavation f o r  WIPP. 

b)  Structural overburden adjustments. 

c )  Heat source effects. 

d)  Collapse o f  underlying beds f ran previous o r  renewed 

dissolution. 

Result: A large flow of b r ine  i n t o  the repository, r i s i n g  t o  the 

surface and entering the loca l  o r  Pecos River drainage and/or the  

Rustler aquifer. 

2.5.2. - Event: Hydraulic camnunication between the excavation f o r  WIPP and 

the d isso lu t ion conduits connected t o  the Capitan Reef aquifer. 

Causes: a) Ex is t ing conduits NE and E o f  s i t e  already i n  communication 

w i th  the Capitan Reef aquifer. 

b) Development o f  c m u n i c a t i o n  between the  excavation and 

ex is t ing  conduits from collapse o f  subjacent o r  underlying 
, beds . 

c )  Development of conmnicat ion from renewal o f  dissolut ion. ,- 

Result: Movement o f  br ines i n t o  lower par t  of Capitan aquifer, 

t ransfer  t o  San Andres limestone and escape from the basin (w i th  

possible e f fec ts  on petroleum and gas explorat ion i n  Texas). 

2.5.3. Event: Comnunication between excavation f o r  WIPP and surface drainage, - 
Rustler aqui fer  and Delaware Mountain Grwp aquifer. 

Causes: a) Collapse o f  ex is t ing  d isso lu t ion pocket beneath s i te .  - 
b) Cl imat ica l l y  induced renewal o r  development o f  a d isso lu t ion  

chamber beneath s i te .  

c )  Collapse due t o  r e t r i e v a l  o f  hydrocarbons beneath site. 

d) Seismic a c t i v i t y ,  possibly induced by operation o f  

repository o r  nearby mines. 

Result: Movement of t h i s  f l u i d  under ar tes ian pressure t o  surface o r  

dorm i n t o  Delaware Mountain Grwp aqui fer  wi th  u l t imate escape f ran  thP, 

basin. 



Note: This scenario i s  a v a r i a t i o n  on D E I S  scenario 1, where water - 
flows v e r t i c a l l y  from the Delaware Mountain Group t o  the Rust le r  hor izon 

before moving l a t e r a l l y  t o  Malaga Bend. 

2.5.4 Event: Communication between t h e  repos i to ry ,  a source o f  water, and - 
reserves of potash, o i l  o r  na tura l  gas. 

Causes: a)  Communications between aqu i fe rs  and repos i to ry ,  a s  i n  i tems 

2, 3. 

b )  Cornnunication between b r i n e  rese rvo i r  and repos i to ry ,  as i n  

item 1. 

c )  So lu t i on  mining f o r  potash a f t e r  s i t e  con t ro l  i s  l o s t .  

d )  I n j e c t i o n  o f  water f o r  secondary o i l  recovery. 

Resul t :  D i sso lu t i on  of a f r a c t i o n  of t h e  waste and contaminat ion o f  

r e t r i  evable.resources. 

-. 3.0 Geological F i e l d  T r i p ,  June, 1980 

A consensus which emerged from the  geotechnical meeting o f  January, 1980 was 

t h a t  a geological  f i e l d  t r i p  t o  the s i t e  and v i c i n i t y  would f u r t h e r  c l a r i f y  t h e  

d i f f e r e n t  views on the  geological  processes a c t i v e  a t  t h e  s i t e .  A three-day 

f i e l d  conference t o  t h e  s i t e  was organized by EEG on June 16 t o  18, 1980 f o r  

t h i s  purpose. Twenty-three p a r t i c i p a n t s  i n  t h i s  f i e l d  conference inc luded 

seventeen geosc ien t i s t s  f r a n  State and Federal agencies, u n i v e r s i t i e s  and t h e  

p r i v a t e  sector. There were extensive d iscussions on many aspects o f  t h e  

geology o f  t h e  s i t e  a t  each f i e l d  stop. I n  add i t ion ,  t h e r e  was a 1-2 hour 

p o s t - f  i e l d  t r i p  meeting each day and a 1 /2  day d iscuss ion  session on t h e  t h i r d  

day. P a r t i c i p a n t s  were a l so  requested t o  send w r i t t e n  canments on t h e  

geo log ica l  issues debated dur ing  t h i s  f i e l d  conference. 

Based on t h e  d iscussions and t h e  w r i t t e n  comments, EEG formulated and submitted 

t o  DOE the  f o l l o w i n g  recommendations f o r  f u r t h e r  work by DOE (EEG-7, pp. 

105-106) : 



3.1 Review Papers. Prepare d e t a i l e d  review papers on the fo l l ow ing  

t o o i c s :  

a) Deep d i s s o l u t i o n  - S p e c i f i c a l l y  addressing Roger Anderson's 

hypothesis about extensive deep d i s s o l u t i o n  i n  the  lower p a r t  of 

the  Ochoan evapor i te  deposi ts  i n  the  Delaware Basin. 

b )  S t r u c t u r a l  anomalies a t  and near t h e  WIPP s i t e  - This should 

i nc lude  t h e  anomalies i n t e r p r e t e d  from geophysical data and from 

d r i l l  cores. The d iscuss ion  should i nc lude  t h e  d e t a i l s  of 

geo log ica l  i n t e r p r e t a t i o n  o f  t h e  anomalies and the  work being 

planned o r  conducted t o  resolve t h e  seismic data discrepancies, as 

s ta ted  i n  t h e  Safety Analys is  Report, pp. 1.7-65 and 1.7-66. 

c )  Occurrence o f  b r i n e  reservo i rs /pockets  i n  t h e  evapor i te  beds o f  

Delaware Basin - Th is  should i nc lude  a v a i l a b l e  in fo rmat ion  on 

l o c a t i o n ,  quan t i t y ,  pressures, q u a l i t y ,  ideas on o r i g i n ,  methods 

o f  handl ing i t  in mines, etc.  

" . 
d )  D e t a i l s  o f  DOE plans t o  a l l o w  recovery o f  potash and hydrocarbon 

resources w i thout  d i s t u r b i n g  t h e  sealed repos i to ry .  

e )  Basic  da ta  and i n t e r p r e t a t i o n s  o f  boreholes WIPP-31 and WIPP-16 - A 

d r i l l e d  a t  h i l l s  A and C r e s p e c t i v e l y  t o  ob ta in  more in format ion 

on t h e  o r i g i n  o f  these b recc ia  pipes. 

3.2 Exp lo ra to ry  Program. DOE should per form and submit d e t a i l e d  repo r t s  

on t h e  f o l l o w i n g  exp lora t ions :  

a) Run a seismic r e f l e c t i o n  p r o f i l e  across t h e  San Simon Swale t o  

pass over WIPP-15 ( s i n k )  from t h e  Antelope Ridge t o  San Simon 

Ridge. Th i s  should answer t h e  quest ion  regarding t h e  pos tu la ted  

f a u l t  between t h e  s ink and t h e  r idge. 

b) D r i l l  4 o r  5 shal low holes across B e l l  Lake Sink o r  S l i c k  Sink t o  

reach t h e  Red S o i l  hor izon and d r i l l  one deep exp lora tory  ho le  t o  

t h e  evapor i tes,  i f  Red S o i l  i s  no t  missing. Even though i t  i s  f a r  

from t h e  WIPP s i t e ,  t h i s  t e s t i n g  program w i l l  answer an important  

ques t ion  about t h e  presence o f  deep d i s s o l u t i o n  i n  t h e  Basin 

i t s e l f .  

c )  D r i l l  one core-hole t o  t h e  lower C a s t i l e  i n  Sect ion 9, nor thern  

p a r t  o f  t h e  WIPP s j t e .  



d )  Reopen one of t h e  b r i n e  r e s e r v o i r  w e l l s :  A E C - 7 ,  Pogo o r  ERDA-6; 
a l l o w  i t  t o  f low f o r  10 days; measure t h e  d e p l e t i o n  of p ressure  

and l e v e l s  i n  a l l  t h r e e  and t e s t  t h e  b r i n e  a t  r e g u l a r  i n t e r v a l s .  

4.0 Scenar io  Mode l ing  b y  EEG 

I n  1979. EEG p u b l i s h e d  a  "S imple  Model f o r  E s t i m a t i n g  Maximum R a d i o n u c l i d e  

C o n c e n t r a t i o n s  i n  t h e  Pecos R i v e r ,  and Assoc ia ted  I n g e s t i o n  Doses, due t o  

t h e  Release o f  R a d i o a c t i v i t y  fran t h e  WIPP Repos i to ry "  by Moses A.  

G r e e n f i e l d  ir; EEG-2. The r e s u l t s  g e n e r a l l y  agreed w i t h i n  a  f a c t o r  o f  2  

d i t h  t h e  c a l c u l a t 6 . d  doses shown i n  t h e  DEIS. 

,. . 
_ ; n n q  :he l a t t e r  p 3 r t  of '980 and t h e  f i r s t  p a r t  o f  1981, EEG pl ;h l isbed 

:v9 r e p o r t s  jEEG-;i 5 9) on a  s e n s i t i v i t y  a n a l y s i s  and a   ell scenar io  

ar.1 t h e i r  impact  on t h e  hazard assessment f o r  WIPP. T h i s  e f f o r t  o f  

r a a i s ? o g i c a l  hazard assessments i s  c o n t i n u i n g  w i t h  t h e  p u b l i c a t i o n  o f  9 

more :eports (EEG-11, 12, 13, 15, 17, 18, 19, 20 and 21) t o  date.  

- 
5.0 S t i p u l a t e d  Agreement 

As a  r e s u l t  o f  a  S t i p u l a t e d  Agreement between DOE and t h e  S t a t e  s igned i n  

J u l y  1981 a f t e r  t h e  S t a t e  f i l e d  a  l a w s u i t  a g a i n s t  DOE, t h e  DOE agreed t o  

produce a  number o f  r e p o r t s  address ing  s p e c i f i c  g e o l o g i c  i s s u e s  and a l s o  

agreed t o  p e r f o r m  a d d i t i o n a l  exper imen ts  and f i e l d  work a t  t h e  s i t e .  The 

l i s t  o f  t h e s e  r e p o r t s  and exper iments  i s  c o n t a i n e d  i n  Appendices B and C  

o f  t h e  S t i p u l a t e d  Agreement. These appendices a r e  reproduced below. 

5.1 "Appendix B :  Comprehensive T o p i c a l  Repor ts  t o  be Made A v a i l a b l e  t o  

Env i ronmenta l  E v a l u a t i o n  Group B e f o r e  t h e  D e c i s i o n  t o  C o n s t r u c t  t h e  

Permanent R e p o s i t o r y  

1. Deep D i s s o l u t i o n :  I n c l u d i n g  a l l  a v a i l a b l e  p e r t i n e n t  

up - to -da te  d a t a  and arguments f o r  and a g a i n s t  t h e  h y p o t h e s i s  o f  

deep d i s s o l u t i o n  i n  t h e  Delaware B a s i n  and i t s  p o t e n t i a l  e f f e c t  

on W I P L  
3" 



Disturbed Zone: Inc lud ing  a l l  ava i l ab le  p e r t i n e n t  up-to-date 

data and analyses of the nature, extent and p o t e n t i a l  

s i g n i f i c a n c e  t o  t h e  reposi tory.  

Brecc ia  Pipes: Inc lud ing  a l l  ava i l ab le  p e r t i n e n t  up-to-date data 

and analyses concerning the ex is tence o f  b recc ia  pipes i n  t h e  

b a s i n  and the  reef, p o t e n t i a l  f o r  f u t u r e  brecc ia  p ipe  

development, and t h e i r  s i gn i f i cance  t o  WIPP. 

DMG Hydrology: Inc lud ing  a1 1  ava i l ab le  p e r t i n e n t  up-to-date da ta  

and analyses of the  hydro logic  c h a r a c t e r i s t i c ,  geochemistry , 
p o t e n t i a l  and ra tes  for  s a l t  removal, and d i r e c t i o n s  o f  f l ow  and 

p o s s i b l e  communication w i t h  other  aqu i fe rs  e.g., r ee f  aqu i fe r ,  , 
San Andres Limestone aqui fer  and shallow aqu i fe rs .  

Regional Hydrology: I nc lud ing  a l l  a v a i l a b l e  p e r t i n e n t  

up- to-date data and analyses o f  t h e  recharge and discharge area, 

f l o w  t imes and in terconnect ions o f  aqu i fe rs  near the  s i t e .  

Na tu ra l  Resources: I nc lud ing  d e t a i l e d  plans t o  c o n t r o l  

recovery o f  potash and hydrocarbons w i thout  d i s t u r b i n g  t h e  

r e p o s i t o r y ,  and t h e  evaluat ion o f  p o t e n t i a l  consequences o f  these 

plans. 

Resu l ts  of SPDV S i t e  V a l i d a t i o n  Experiments: I nc lud ing  a l l  

p e r t i n e n t  r e s u l t s  and analyses o f  experiments as l i s t e d  i n  

NIPP-TK-2975, pp. 15-16. 

Plans f o r  SPDV Design Va l ida t ion :  Updated, d e t a i l e d  p lans and 

r a t i o n a l e  f o r  the  proposed design v a l i d a t i o n  experiments as 

out1 i ned  i n  TME-3058 and TK-3063. 

Resu l ts  o f  SPOV Design V a l i d a t i o n  Experiments: I nc lud ing  a l l  

p e r t i n e n t  r e s u l t s  and analyses o f  experiments as agreed by DOE 

and EEG. (Fur ther  r e s u l t s  t o  be l a t e r  prov ided per  *note below. 

Plans f o r  St imulated Wastes Experiments: Updated, d e t a i l e d  p lans 

and r a t i o n a l e  f o r  the  proposed experiments. 



11. kesu l t s  of Simulated Waste Experiments: I nc lud ing  a l l  p e r t i n e n t  

r e s u l t s  and analyses of experiments as agreed by DOE and EEG.* 

5.2 Appendix C :  Add i t iona l  Inves t iga t ions ,  the  Results o f  Which t o  be 

Made Ava i lab le  t o  Environmental Evaluat ion Group Before t h e  Decision 

t o  cons t ruc t  the  Permanent Repository. 

1. Test Br ine Reservoir  i n  Deformation Zone: Reopen ERDA-6 and 

a l low i t  t o  f low f o r  a t  l e a s t  10 days t o  measure t h e  dep le t i on  o f  

pressure a t  regular  i n t e r v a l s  i n  t h i s  we l l ,  and i f  access can be 

obtained, i n  Pogo #1 federal  we1 1. Perform o ther  necessasry 

t e s t s  t o  determine the size, age, o r i g i n ,  and p o s s f i b l e  

assoc ia t ion  w i t h  aqu i fe rs  o r  o ther  b r i n e  pockets. 

2. Report on B r ine  Reservoirs: Provide a  comprehensive t o p i c a l  

repor t  on -ava i l ab le  in fo rmat ion  concerning b r i n e  rese rvo i r s  i n  

evapor i t e  beds found i n  the  Delawre Basin i n c l u d i n g  the  r e s u l t s  

o f  t e s t s  on ERDA-6. This  should i nc lude  a v a i l a b l e  i n fo rma t ion  on 

t h e  loca t ion ,  sizes, quan t i t y ,  pressures, q u a l i t y ,  ideas on 

o r i g i n  and methods o f  handl ing i n  mines. 

3. Hor izonta l  Exp lora t ion  o f  t h e  Disturbed Zone: A t  the  e a r l i e s t  

poss ib le  stage o f  f a c i l i t y  cons t ruc t i on  and before  emplacement o f  

any waste a t  the  WIPP repos i to ry ,  p rov ide  f o r  an a d d i t i o n a l  3000 

f e e t  o f  d r i f t  n o r t h  o f  p resent ly  planned s t a t i o n  #2, which i s  

approximately 2500 f e e t  North o f  ERDA #9, and d r i l l  3000 f e e t  

ho r i zon ta l  cores t o  t h e  n o r t h  from t h i s  new loca t i on .  

4. Frac ture  Flow i n  Rust le r  Aqui fers:  Evaluate t h e  ex ten t  of 

f r a c t u r e  f l o w  i n  the  Rust le r  aqu i fe rs  and prov ide  a  repo r t  on t h e  

e f f e c t  o f  f r a c t u r e  f low on t h e  r e s u l t a n t  re lease pathways 

considered i n  t h e  FEIS. 

*Note: To be completed p r i o r  t o  t h e  45 day review pe r iod  and p r i o r  t o  t h e  - dec is ion  t o  proceed as se t  f o r t h  i n  Paragraph 5 o f  t h e  Order. 



5. Study o f  Aqu i fe r  Charac te r i s t i cs :  Using i n - s i t u  methods, assess 

q u a n t i t a t i v e l y  and q u a l i t i a t i v e l y  the  l i t h o l o g y ,  poros i ty ,  - 
permeab i l i t y ,  bulk dens i ty  and d i s t r i b u t i o n  c o e f f i c i e n t s  of the  Rust le r  

aquifers." 

6.0 Costs and Mer i t s  Eva lua t ion  f o r  S t i p u l a t e d  Agreement A c t i v i t i e s  

As requi red i n  the S t i pu la ted  Agreement, the  DOE provided a  document t i t l e d ,  

"Report Assessing t h e  Mer i t s  and Costs o f  Experiments and Studies Set For th  i n  

Appendix B and Appendix C of t h e  S t i pu la ted  Agreement Between t h e  Sta te  o f  New 

Mexico and t h e  U. S. Department o f  Energy and Others," August 31, 1981. Th is  

repo r t  provided a  d e t a i l e d  review o f  t h e  i tems t o  be covered i n  t h e  repor ts  and 

experiments t o  be conducted by DOE. There was f u r t h e r  correspondence between 

the  Sta te  and the  DOE t o  c l a r i f y  some o f  these items. 

A f t e r  a  ca re fu l  study o f  a l l  t h e  repo r t s  received under t h e  S t i p u l a t e d  

Agreement, t h e  EEG f i n d s  t h a t  t h e  f o l l o w i n g  items which are  contained i n  t h e  

"Costs and Mer i t s  Evaluat ion"  o r  i n  subsequent c l a r i f y i n g  l e t t e r s ,  a re  not  

contained i n  t h e  repo r t s  and have not been t ransmi t ted  separately.  

6.1 Frac ture  Flow i n  t h e  R u s t l e r  Formation 

The proposed work f o r  t h i s  r e p o r t  i s  conta ined on p. 37 o f  the  "Costs and 

Mer i ts "  repor t .  The f o l l o w i n g  i tems have n o t  been completed do date. 

Tracer t e s t s  i n  Well number H-5 has not been conducted. The H-4 t e s t  i s  i n  

process, bu t  no usefu l  data has been generated t o  date. 
. A model t o  represent  t h e  f l o w  path  and a q u i f e r  c h a r a c t e r i s t i c s  i n  t h e  

Rust1 e r  has not  been released. 
/--.*. 

P" 

It i s  recommended t h a t  t h i s  work be completed. 

6.2 Study o f  Aqu i fe r  C h a r a c t e r i s t i c s  
. . 

The proposed work under t h i s  i t em i s  o u t l i n e d  on p. 39 o f  the  "Costs and 

Mer i t s "  repor t .  The f o l l o w i n g  proposed work has n o t  been completed. 



The wa te r  i n f l o w  t e s t s  i n  t h e  s h a f t s  were n o t  conducted f o r  each a q u i f e r .  

.- The t o t a l  i n f l o w  down t h e  s h a f t  was measured but  n o t  very  a c c u r a t e l y .  EEG 

concurs  w i t h  t h e  e v a l u a t i o n  by D 'Appolon ia  C o n s u l t i n g  Engineers  t h a t  i t  i s  

ex t reme ly  d i f f i c u l t  t o  do t h i s  work. 

6.3 Marker Bed 124 Depress ion a t  t h e  N o r t h e r n  Edge o f  Zone 111 - - - -. . - ~- ~ ~ 

I n  a  l e t t e r  ( G o l d s t e i n  toSchue le r ,  10/5/81) f o l l o w i n g  t h e  submission o f  t h e  

"Costs  and M e r i t s "  p roposa l ,  t h e  S t a t e  suggested t h a t  t h e  DOE should reexamine 

a l l  a v a i l a b l e  data  on t h e  MB 124 d e p r e s s i o n  cen te red  a t  w e l l  # F-92 and shou ld  

de te rm ine  i f  t h e  ev idence w a r r a n t s  a  new b o r e h o l e  a t  t h a t  l o c a t i o n .  DOE agreed 

t o  e v a l u a t e  t h i s  f e a t u r e  i n  t h e  D i s t u r b e d  Zone r e p o r t .  However, t h i s  r e p o r t  

(SAND 82-1069) does n o t  c o n t a i n  such an e v a l u a t i o n .  It i s  recommended t h a t  

t h i s  work be done. 

Review o f  S t i p k l  a t e d  Agreement  R e p o r t s  
- -- - 

D u r i n g  t h e  p e r i o d  f rom November 1981 t o  A p r i l  1983, EEG r e c e i v e d  t h e  Appendix B 

S t i p u l a t e d  Agreement r e p o r t s  as w e l l  as t h e  c e r t i f i e d  da ta  f rom t h e  Appendix C 

exper iments  f rom DOE. G e n e r a l l y ,  t h e  r e p o r t s  were f i r s t  sen t  t o  EEG i n  d r a f t  

fo rms,  upon which EEG made d e t a i l e d  comments t o  DOE. Meet ings o f  EEG and DOE 

t e c h n i c a l  personnel  were t h e n  h e l d  t o  r e s o l v e  any d i f f e r e n c e s  concern ing  t h e  

c o n t e n t  and scope o f  t h e  r e p o r t s .  The DOE subsequent ly  i s s u e d  each r e p o r t  w i t h  

m o d i f i c a t i o n s  t h a t  t h e y  deemed f i t  t o  make. EEG-22 c o n t a i n s  t h e  EEG comments 

and DOE r e p l i e s  f o r  a l l  t h e  r e p o r t s  wh ich had been r e c e i v e d  by EEG th rough  

March 1, 1983. 
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The purpose of the Environmental Evaluation Group (MSC) is to conduct 

an independent technical evaluation of the potential radiation 

exposure to people from the proposed Federal radioactive Waste 

lsolation Pilot Plant (WIPP) near CarlSbad. in order to protect the 

puhlic health and safety and ensure that there is minimal 

environmental degradation. The EEG is part of the Environmental 

Improvement Division. a component of the New Mexico Health and 

Environment Deparwnt -- the agency charged with the pr-ry 
responsibility for protecting the health of the citizens of New 

Mexico. 

The Group is neither a proponent nor an opponent of WIPP. 

Analyses are conducted of available data concerning the proposed sit&. 

the design of the repository. its planned operation. and its long-ter 

stability. These analyses include assessments of reports issued by 

the U. S. Department of Energy (WE) and its contractors. other 

Federal agencies and organizations. as they relate to the potential 

health. safety and environmental impacts from WIPP. 
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Environment Department. 
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The Salety Analysis Report (SAH) for the Waste lsolation Pilot Plant 

(WIPP) Project was first published by the U. S. Departme.nt of Energy 

(DOE). WIPP Project Office (WH)) in 1980. Since that time a total of 

eight amendments to this Report have been published. As part of its 

independent evaluation of the WIPP Project for the State of New 

Mexico. the Environmental Evaluation Croup (5) maintains a 

continuing technical assessment of the information in this Report and 

its amendments. 

tjeginning rich the initial publication. and following the amendments. 

rhe EELi detailed written m n t s  and rec-ndationa which 

are SU-tted to the WPO for consideration in future amendments. 

- The has made many substantial changes to the SAR in response to 

the JCEX3-o comments. On frequent occasions. meetings between the two 

groups have been held in an effort to reach an accord on some of the 

more controversial issues. These meetings generally have been very 

constructive. but several important areas of conflict remain. In m y  

instances. these areas represent changes which are to he considered by 

the WPO at same future date. rather than irreconcilable issues. 

The most important issues remaining to be resolved are included in the 

discussions of this report. and could be m r i z e d  as follows: 

. 1. An amendment of the topical content to be more in accord 

. 'with the DOE Order 5481.1A and AL 54Bl.iA. 

. Substantial revisions of the classification of c-ponents. 

tructures and systems. and related quality assurance. 

. Revisions to the site geological and hydrologic data based 

on studies agreed to between DOE and the State. 
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The U. S. Department of Energy (WE) published the Safety Analysis 

Report (SAW for the waste Isolation Pilot Plant Project (WIPP) in 

1980.~ Although the WIPP is not subject to licensure by the J. S. 

Nuclear Wegulatory C u s s i o n  (Nt<C). W E  order 54Bl.lA suggests that 

the SAH be patterned after the Safety Analysis Report required for 

licensure under the regulations of the NHC for nuclear reactors (10 

CFR 5 0 ) .  It is a five volume report which. according to the NRC 

regulations. should include (1) the description and safery assessment 

of the site: (2) a description and discussion of the facility with 

special attention to design and operating characteristics: (3) the 

current design of the facility: (4) an analysis and evaluation of the 

design and performance of structures. systems and components to 

reflect their risk to health and safety: ( 5 )  the technical safety 

specifications for the facility and the bases for these 

specifications: (6 )  the plan for training a d  operation of the 

facility: the quality assurance program to be applied to the design. 

construction. and testing of components. structures and systems to 

confirm their adequacy: and ( 7 )  those plans and procedures which would 

apply in the event of emergencies. 



In September. 1982 the Albuquerque Operations Office of W E  issued t h h  

current order. AL 548l.lA for nuclear operations of the Albuquerque 

Operations Office of DOE. Chapter 1. section 3.b. lists the Table of 

Contents for sAHg (a' as follows: 

"b. Table of Contents for SARs. 

Chapter Title 
l ...................... introduction 
Z...................... S-ry 
3 ..................- Uescripti and Safety Assessment 

of Site YE) 
S...................... Description of Facility 
5 ...................... Ueecription of Operations 
6. . . . . . . . . . . . . . . . . . . . . .  Accident Analysis 
7 . . . . . . . . . . . . . . . . . . . . . .  ES&H Systems Critical to the 

Safety of the Facility 
8 ...................... Air and Water Pollution Control 

system 
9 ....................... Mvironwntal Monitoring Program 
10 ...................... Waste Managerent 
11 ...................... Quality Assurance and Acceptance - 

Progrars 
lZ.... .................. Facility Expansion Decontamina- 

tion and DecOlLissioning 
........... 13........... Safety Management Program 

IS...................... 6-ry of gergency Response Plan 
15 ...................... S-p Plan for Raplogee Training 
16...................... S B ~  Plan for Operating 

Procedures 
17.......... ............ Operations Safety Requirerents 
la...................... Conclusions 
lS...................... Glossary' 

(a) Chapters 1 through 12 and 18 constitute the Preliminary Safety 

Analysis Report tPSAR). Additional sections shall be included in the 

Final Safety Analysis Report (-1. 

(la) When a formal site study has already been prepared. the study can 

he referenced in Chapter 3. Pertinent data specific to the facility 

can then be extracted and placed in Chapter 3. .- 



As stated in Appendix t) of the Consultation and Cooperation Agreement 
.- 

between the State of New Mexico and DOE. Z 

"The Safety Analysis Heport (SAW). as amended from 

time to time. constitutes the most comprehensive document 

concerning WlPP both in general and specifically as 

related to public health and safety as well as other 

matters. The SAH is a dynamic document describing 
,.., . 

all aspects of the WIPP design and shall be amended by 

way of revision and additions throughout the entire WIPP 

project ." 

The SAH has been rather extensively amended by DOE a total of eight 

times. These amendments were made in response to c-ta of the 

State Environmental Evaluation Group (EEG). as a result of changes in - 
design of structures. systems and components. or because of new 

intormation considered by DOE to be more reliable. The EZC. has 

revrewed each of these amendments and has forwarded detailed written 

comments and rec-ndations to IKIE. This report represents a s-ry 

of the more significant ELQi c-nts and associated W E  responses. 

I n  omst instances. following the subaission by KEG of written 

co-nts. appropriate DOE staff. and contractor representatives w e t  

wrrh to dis~wss the UOE's interpretations and planned response to 

the EY*i c-nts. Aay controversial issues may be further debated an 

an effort to reach a resolutaon. Thas report includes a listing at 

the end of the discussion of each Chapter of those issues which r-in 

unresolved. 



The c-nts and DOE responses as presented below do not include all- 

topics addressed in the original documents nor are they intended to be 

verbatim quotations from those originale. Instead. an effort has been 

made to provide only a s-ry of the more substantive issues raised. 

Copies of the original sutnittals. and the written response from DOE 

are available from ED3 upon request. The c-ente are presented 

according to the organization of the SAR rather than in relation to 

their importance to health and safety. However. the more significant 

health issues are highlighted as appropriate following the discussion 

of each chapter. 



11. KEG C<*DLENTS AND RECOMMENDATIONS 

A. ChaDter 1. Introduction and General Description 

This Chapter of the SAH provides an introduction and very general 

description of the facilities. the types of wastes. and the IX3E 

Contractors involved in either design. construction. or operation of 

WIPP. EEG has suggested additional information to he added to this 

Chapter. and rec-nded deleting conclusions not fully substantiated 

by the data. For example, in the original versions. the statement was 

made that there are 'no major technical problems with the site as it 

is now understood.- In the early stages of the site evaluation. 

discussed further with respect to Chapter 2 belw, 5 urged that more 

- information be provided OF the Site and Preliminary Design Validation 

mogram (SPDV) and that several geological issues relative to the 

suitability of the site be resolved through additional studies. EEC 

also rec-ended that the ShR provide details on procedures for 

verification and enforcement of the Waste Acceptance Criteria. 

In general. the W E  responded favorably to these rec-ndations for 

additional geotechnical infomtion by including the information in 

several chapters of the SAR. rather than Chapter I. The WE also 

agreed to perform additional geotechnical studies to resolve the 

questions concerning site suitability. This agrewnt. however. was 

made as a result of a lawsuit filed by the State against WE. The DOE 

has continued to maintain in the SAR that there are no significant 



- 
geotechnical problems with the site. The StateImE litigation 

resulted in a Stipulated Agreement ' signed July 1 .  L Y B I .  requiring 

the execut-ion of a Consultation and Cooperation Agreement between the 

parties. Appendices B and C of this Agreement provided for the 

completion of several topical reports and five additional studies 

designed to improve the understanding of the geology at or near the 

site and the hydrology of the water-bearing zones at the site. The 

Lollowing final or interim reporcs were to be completed before the 

dec:isron to construct the reposit.ory: 

"1. Ueep UisxaLution: including all available pertinent up-to-date 

data and arguments for and against the hypothesis of deep 

, dissolution in the Delaware Basin and its potential effect on - 
wwp. 

2. gisturbed Zone: Including all available pertinent up-to-date data 

and analyses of the nature. extent and potential significance to 

the repository. 

3 .  Sreccia Pipes: Including all available pertinent up-to-date data 

and analyses concerning the existence of breccia pipes in the 

basin and tbe reef. potential for future breccia pipe 

developent. and their significance to WIPP. 

4. ~tlvdrologv: Including all available pertinent up-to-date data 

and analyses of the hydrologic characteristic. geochenistry. 

potential and rates for salt removal. and directions of flow ant 



pussable comnunxcarlon wlth other aqultr?rs r . g . .  re\?t aqui 1 er. 

San Andres Limestone aquif ec and shallow aquif err. 

5. I~eg~~~na_l-l&drology:- including all available pertinent up--to date 

data and analyses of the recharge and discnarge area. flow times 

and i nrerconnections of aqu if ers near the si.t.e . 

b .  N*-tural Hesources: Including detailed plans to control recovery 

of potash and hydrocarbons without disturbing the repository. and 

the evaluation of potential consequences of these plans. 

. HeELcs uf SPDV Site Validation Experiments: Including all 

pertinent results and analyses of experiment6 as listed in WIPP- 

' I W -  L Y Y b .  pp. 15-16. 

M . r*lans-.t-orxU-V__ues i gn Valida~icip : Updated. detailed plans and 

rat~onale for the proposed deslga validation experiments as 

out Lxned in 'IYLS-035tl and 1Mg-3063. " 

The additional studies of the geology and hydrology at the sire 

~nt:luderf the following: 

"1. 'I'esc a (known) brine reservoir in the deformation zone 

. . 
. ,  

i:. ..' 

i ' : :  : 
Y ,: 

. , Z .  Present an up-to-date report of all data on other known 

brine reservoirs in the area. 



- 
3 .  Carry out horizontal exploration of the disrurbed zone from 

the depth of the repository. (By mutual agreement between the 

State and IME. this p.Lan was deleted and instead the drill hole 

WlPP-12. located just north of Zone I1 and in the disturbed 

area. was deepened to the Delamre Mountain Group. In the 

process of deepening. another pressurized brine reservoir was 

~ .. .~ 
, . . . encountered.) . . , . ,  ,, 

,,. !I, \ 
3 * ..?;, 

' ' 4 .  Evaluate the extent of fracture flow in the Rustler 
'.\. % "'>" i .-,-. 

aquifers . 

5 .  Study the characteristics of other aquifers in the area.' 

- 
In conmenting on planned or ongoing studies referred to in Chapter 1 

and other Chapt-ers of the SILH. EDO has urged that target dates for 

completion of these studies also he included in the s-ry tables of 

Chapter 1. In some cases. DOE has preferred to delete reference to 

such studies. As an illustration. section 2.6.63 a s  deleted in that 

it referred to "Ongoing Studies" to determine the timing and magnitude 

of past climatic changes in the site region. and their irpact on 

geologic events over the past ten thousand years. These studies were 

to include examination of cores. and radioretric dating of organic and 

ash fall materials. It was to be completed in Mid-1981. W E  stated 

in 1982 that 'These studies have been temporarily suspended due to the 

magnitude of effort being expended to satisfy the requirements of the 

DOE State Stipulated Agreeaent. A schedule for completion of these - 
studies will be established in a future amendment.' This new schedule 



- has not been included in any revision through Amendment 8. 

recommended that provisions be added to this Chapter to reflect the 

fact that some wastes which do not meet all of the Waste Acceptance 

Criteria may be accepted at WIPP with prior approval of the WIPP 

Project Office. W E  had previously agreed that the State will be 

notified in advance Of such shipments and be permitted to review these 

proposals before the decision is made to ship the waste. W E  

responded to this ~~ent by proposing that such provisions related to 

WElState agreements be added to the Consultation and Cooperation 

Agreement (C. & C.) and the WIPP Operational Procedures instead of the 

S m .  Doe stated on December 29. 1983. that draft provisions of such 

an amendment would he suhitted to EBIi. To date. no such amendment of 

the C. & C. agreement nor the WIPP Operational Procedures has been 

- suhoitted. 

Unresolved C-nts 

1. Although the First Modification to the C S C Agreement will 

provide for a description and anticipated schedule of reports on 

geotechnical studies. revisions should be added to the SAR to reflect 

all studies underway or planned by DOE and its contractors. Such 

revisions should include the anticipated completion date for each 

study. 

2. The C G C agreement and the WIPP Operational Procedures should be 

amended to indicate that the KDc will be notified in advance and be 

given an opportunity to reviem any proposal to ship a s r e  to WIPP 

which does not meet the WIPP Waste Acceptance Criteria. 

9 



This Chapter provides details on the geography and demography of the 

site. nearby facilities. meteorology. seismicity. hydrology. and 

regional and site geology. Although W E  concluded in Chapter 1 that 

there were 'no major problems' with the site. the data in Chapter 2 of 

the original SdR seemed to KB; to be inconsistent with this 

conclusion. For example. although the seismic reflection profile data 

were conflicting and inconclueive. tbey did suggest that faults may 

exist in the northern part of Zone III and IV from the DYG to the 

Salado formation. extending through the Castile. This zone of 

instability appeared to begin only about 314 mile north of Zone 11. 

which originally represented the northern-mast boundary of the 

repository. In early c-nta. QPG also called attention to the - 
depression in Marker Bed 124 about two miles north of ERM-9 (center 

of the repository). This collapse feature was considered possible 

evidence of deep dissolution such as a breccia pipe. Also an 

anticline in the Castile exists at WIPP-12 borehole. at the northern 

edge of Zone 11. and the northern boundary of the proposed repository. 

Figure 2.7-25 illustrates three known depressions in 124. and Since 

the depression two riles north of WM 9 is not reflected in the 

Salado and higher formations. the possibility was considered that it 

is a collapse feature due to deep dissolution. 

5 stated that the SAR had inadequately evaluated the extent of deep 

dissolution within or near the site. It was noted that several 
--.- 

studies were being planned or in progress by DW and its contractors 



- which would help to resolve the questions on deep dissolution. and 

eEC called attention to the inaccuracies of the SAH's data and ..- - 
discussion with respect to numerous brine reservoirs in the Castile 

formation and their location and possible interconnection. 

Certain of the reservoirs may be interconnected and cover a broad area 

including the WIPP site, however the data on the reservoirs at ERDA-6 

and WIPP-12 suggest that these reservoirs are not connected. There 

reoains the possibility that the WIPP-12 brine extendsbeneath the 

WlPP repository. 

ePXi also expressed concern over the natural resources present at the 

site and believed that this provided further evidence that the SAFI 

should not conclude that no major probl- exist at the site. 

DOE responded by deleting Figures 2.7-23. 2.7-2s. and 2.7-25. on the 

basis of Westinghouse "reinterpreting" the seismic profile data. The 

"disturbed zone- was considered a lisnomer, and instead the zone was 

referred to as an -anomalous zone.' The fact that the disturbed area 

did not extend into the Salado a s  considered by DOE to be evidence 

that it was not active 'instability' and therefore would present no 

threat to WIPP. The YB-I24 depression and the WIPP-I2 anticline also 

were not considered problems for WIPP but rather reflect slow geologic 

processes of general interest. As a result of the StatefWE 



2 Stipulated Agreencnt . DOE carried out several additional studies to 

try and improve the understanding of possible deep dissolution. brine 

reservoirs and the nature of the anomalous zone and its potential 

impact on the proposed repository. The agreement provided that a 

final or interim report on these studies would be completed prior to a 

decision to COnStNCt the repository. For example. DOE agreed to 

drill an additional hole in the area 2 miles north of W D A - 0  to 

determine the cause of the depression of LIB-124. This is being 

planned for the S-r of 1985. Horizontal drill holes at the level 

of the repoeitory rere to be drilled 3000 feet north of the northern- 

most drift in the repository. to obtain further data on the -Zone of 

Anomalous Reflection.' This decision ras subsequently rescinded by 

mutual agreemant between the State and DOIS and instead the Drill Hole 

WIPP-12 was deepened into the Castile to deterrine the cause of the - 
anticline at this location. This well encountered a large pressurized 

brine reservoir at 3026 feet below the surface within fractures in the 

Castile formation. about 900 feet bela the repository horizon. 

More detail on the isaues addressed above by QPO -y be obtain,&-from 

-.-~ -- 
The original WIPP design plt the underground 100 acre repsito& m 

the northern part of Zone 11. which would have located a part of it 

directly above the deformed beds of the Castile Ira-tion. Fram the 

seismic and borehole data. this area was thought to contain the 

potential problems of deformed salt at the repository horizon as well 
I 

as the long-term uncertainties associated with regional deformation. 



- eu*; proposed to W E  in the Spring. 1982 to reorient the W L P P  

repository to the southern part of Zone I1 in order to take advantage 

of an area with apparently more predictable structure and much less 

defomtion. This decision received a strong impetus when pressurized 

hrine was encountered in the borehole WIPP-12. one mile north of the 

center of the site. in late November. 1981. The W E  announced the 

decision to reorient the site to the south in S-er. 1982. To 

confirm the predictions of the geologic structure in the southern 

part. the W E  drilled a well. DOE-I. just outside Zone 11. The data 

tram this well showed a lack of deformation in the geologic units in 
".. ..'' this area. 

There continues to be disagreement between DOE and EPX; in the 

.- 
interpretation of the WIPP site characteristics in Chapter 2 of the 

SAH. EEG interprets the descriptions to be inaccurate or incomplete 

in many respects and omits references to potential problems which are 

not yet resolved. LZEG maintains that the SAR should accurately 

reflect the current status of understanding of these issues and should 

describe the efforts being made to resolve them. The DOE agreed to 

address these concerns in SAR Amendment 9. Although additional 

information is needed to improve understanding of the geologic 

processes. 5 concluded in -23 that the site has been 

characterized sufficiently to warrant site validation for the present 

W 1 I - F  project. 

In c-nting on section 2.1.1.2 concerning the boundaries for - 
establishing effluent release limits. EEC argued against use of the 



zone IV boundary for purposes of accident releases. In the published - 
interagency agreement hetween DOE and the Bureau of Land Management of 

the Department of Interior (BLM). it a s  clearly stated that BLM 

would have control of Zones II. 111 and IV and that only Zone I was 

under M3E control. In meeting with DOd9. their representatives 

stated to 5 that they would seek an ameadment to the Interagency 

Agreement to reflect DOE control of access to all four zones. This 

amendment has not been issued to date. In a recent c-ication from 

the WIPP Project Office. it was pointed out that the present 

Department of the Interior Administrative Land Withdraw1 for tbe 

developaent of WIPP specifically prohibits bringing radioactive waste 

on site. Therefore no change is needed for radiological accidents 

under the current withdrawal authority. Legislation for permanent 

withdrawal of the WIPP area is being drafted and will provide for A 

appropriate W E  control. 

Unresolved C-ents 
--. -- - 

1. Revisions are needed to tbe discussions of site characterization 

to reflect data as it becares available from studies in progress or 

planned. Particular effort should be made to see that stat-nts 

accurately reflect the current status. 

2. Either the Department of Interior WitMrawal Legislation or the 

Interagency Agreement between DOE and the Eureau of Land Manag-nt 

should be revised to provide for DOE control of Zones I. 11. 111 and 

1V for purposes of accidental release of radionuclides. This change 

is needed prior to shippent of the wastes to WIPP. 
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C. Chapter 3. Principal Design Criteria - 
This Chapter describes the principal design criteria for the WIFT 

project. This includes the characteristics of the waste. waste 

handling and storage capacities. structural and mechanical design 

criteria. safety protection criteria. classification of structures. 

system18 and components for purposes of quality assurance. and a few 

statements on dec-ssioning. 

The 5 has pointed out some discrepancies between the wastes 

inventory in the SAR and the inventory as reported in the FEIS and 

other W E  publications. Also the characteristics of the wastes as 

described in the narrative (e.6. gubsection 3.1.1.1) are not 

consistent with the tabulated characteristics in the SAR (e.g. Table 

3.1-IA). DOE agreed that these inconsistencies exist and stated in 

November 1983 that a study was underway to obtain more accurate data. 

and on completion of this study. the SAR will be revised. Although 

subsequent amendments have been issued (Amendments 7 and 8) .  this data 

has not been revised. For example. subsection 3.1.1.1 states that the 

average density of the CE-Waste is 2 gr/CC. or approxiretely 930 

lbs/55 gal dnm. However. Table 3-1-16 indicates an average weight of 

330 lbs/d-. The SAR indicated in Table 3.1-2 a l a x i ~ ~ m  alpha =/55 

gal drum of CB-Wastes of about 15 Ci. whereas on pages 3.14. a 

oar- of 85 Ci was indicated. This was changed in amendrent 8 to 

indicate that a maximum 239Pu equivalent limit would be provided at a 

later date. 



Concerning the experimental Defense High-Level Waste (DHLW). the =IS - 
stated that the equivalent of 40 canisters would be emplaced. whereas 

the SAR indicated 60. The SAR since has been amended to be consistent 

with the FELS on the number of equivalent canisters (40). but also 

stating that about 6U experiments may be carried out. Mditionally. 

3 subsection 3.1.1.3.2 and Table 3.1-3 stated a volume of 23 ft I 

canister DHLW. an increase over the previous volume of 520%. When 5 

c-nted on this increase.DOE responded that the Cill for many 

nuclides will be sharply reduced in a future amendment. resulting in 

the same total curieslcanister. Amendment 8 reported the nuclides of 

DHLw as 54.2 Cf/Lb. Based on a density of 2.8 gmlcc for the 

glassified waste. the total curieslcanister of mtl has been reduced 

from 444.000 to about half that number. However. a recent draft of 

the "Interim Bounding Criteria for Defense High-Level Waste for ,- 

Receipt at the W I P P " ~ ~  establishes a .la- of 430.000 

curieslcanisters. The SAR needs to be revised to reflect the 

authorized maximum. 

.. 
5 c-nted in 1983 that although the SAR discussed the possible 

retrieval of wastes. no information a s  given on the criteria to be 

used to deterrine the necessity for retrieval. EEC urged that this 

criteria be included in the SAR at an early date. so that it is clear 

that the decision process is based upon public health considerations. 

and there will be an opportuuity for public input into the developent 

of the criteria. In a letter of October 1. 1984.the DOC Albuquerque 

operations Mfice stated that the retrieval criteria would be provided 

h 
to the State by the end of 1985. In the reply f r a  the State. this 

date was accepted. 

18 



- In 1980 ED[i objected to certain provisions of the classification 

system for structures. components and systems to be used in the 

construction and operation of WIPP. This classification system 

originally was based on Title 10. Parts 20. 22. 71. 100 of the Code of 

Federal Regulations. A design Class I item was regarded in the SAFt as - . , . ii 
a basic component as defined in Title 10. Part 21.". a& applied to ;dl 

I1 

items essential to the prevention or mitigation of the consequences of 

an accident that could result in an annual radiation dose beyond the 

exclusion area boundary to the whole body. bone rarrow. and gonads of 

0.5 rem. or 1.5 rem to all other organs. 'Exclusion Area" is defined 

in Title 10. Part 100. 3(a). and was interpreted by DOE as the area 

within Zones I. 11. 111 and IV. The ShR concluded that no design 

Class I items have been identified at WIPP. 5 ' s  original objections - 
were based on the DOE conclusion that no it- fell into Class I. For 

example. JEEC urged that the shipping containers for the three types of 

waste be considered Claes I. KEG contended that it m a  waningless to 

define a Class such that no it- were included. The purpose of the 

classification system is to designate the extent of quality assurance 

and design requiremeats for each item in relation to their potential 

hazard. The response from DOE was that the quality of the shipping 

container will be assured through the Waste Acceptance Criteria. 

In January 1982. the definition of Design Class I was amended to apply 

to items essential to the prevention or litigation of the consequences 

of an accident that could result in a 50 vear dose c d t m e n t  to the 

whole body. bone mrrow and gonads of 25 ren. or - 



- / s  rem t o  a l l  o ther  organs beyond t he  p ro t ec t rve  ared boundary, 

"L'rot.tir:tive Area" was defined on p.+.i-2 as "control led Zone I.' ~ u t  

subsequent statements ind ica ted  t h a t  DOE i n t e rp re t ed  the  "Protect ive 

Area" a s  t he  four zones of WIPP. The conclusion t h a t  no i t e m s  f e l l  

In to  Design Class  1 remained unchanged. I n  OcLober. i Y 8 Z  pointed 

out  t h a t  t he  c l a s s i f i c a t i o n  syscem w a s  i ncons i s t en t  with the  proposed 

f i n a l  r u l e  ot t he  Nuclear Regulatory C m s s i o n  (NRC) t o r  "Disposal o t  

urgh-level Radioactive W a s t e  i n  Geologic Repositories ' .  1 U  CFR SU. 

For example. 10 CYH 60 defined t h e  phrase '*portant t o  safe ty"  with 

reference t o  s t r uc tu r e s .  systems. and c:omponents. o r  "Those 

s t ruc tu r e s .  s y s t x m s  and components e s s e n t i a l  t o  t he  prevention o r  

mi-tigation of an accident  t h a t  Could result i n  a r ad i a t i on  dose t o  t he  

whole body. o r  any organ of 0.5 r e m  o r  drearer a t  o r  beyond t h e  
Î 

n e a r e s t  boundary of t he  u n r e s t r i c t e d  area a r  any t i m e  u n t i l  t h e  

completion of permanent closure. '  The preamble t o  t h i s  f i n a l  NRC r u l e  

indicated t h a t  this value of 0.5 r e m  is equal  t o  t h e  annual dose t o  

t he  whole body i n  an u n r e s t r i c t e d  a r e a  that would be permitted under 

-10 CPR UJ f o r  n o w  opera t ions .  However under the SAR 

i n t e r p r e t a t i o n .  a Class  I component would be one which upon f a i l u r e  

would al low a bU year dose colllitment of 25 r e m .  which could be 

del ivered  i n  a s i n g i e  inc iden t .  Th i s  would i . p l y  a higher 

radionucl ide release l i m i t  f o r  W I P P  than f o r  a high l e v e l  waste 

repository. Although WIPP is no t  s u b j e c t  t o  NRC regula t ions .  it 

certainly should not  be a greater pub l i c  h e a l t h  r i s k  than a high l e v e l  

w a s t e  repos i tory .  



- 
In further c-nts on the classification system in November. 1983. 

EEG noted that the Class ass=gned to various components. structures 

and systems did not seem consistent with the definition of the Class 

as stated in Chapter 3. and in some cases the assigned class was 

downgraded for no apparent basis. Also. the definition of Class I1 

was changed. For example. items used to process waste. the Central 

Monitoring System (a). certain contamination alarms. and the 

auxiliary generator. were all downgraded from Class I1 to Class III. 

The word "permanent' was added to the Class I1 definition leaving the 

impression that items for occasional or emergency use only would not 

be assigned Class 11. but would fall into Class 111. Also the 

relationship between the quality assurance and the various classes was 

not clearly defined in the SAR. 

The SAR indicated that the quality assurance requirements are applied 

on "a selective basis" to Design Class 11 and I11 items. and the 

methods used in the selection process are described in manuals and 

procedures developed by DOE and the major project participants. In 

reviewing these manuals and procedures. ICgi bas been unable to find 

reference to the classification system except in references 28. 29. 

30. These describe a classification somewhat different fram that used 

in the SAR. As further illustration of the inconsistency in the 

classification systa 5 compared the WIPE' classification as shown in 

Table 3.s-2 of the SAR with the office of Nuclear Waste Isolation 

(ONWI) classification of similar structures and components for an 

- exploratory shaft for a BLW repository in the Permian Basin.'* In the 



ONWI classification several components of the Exploratory Shaft are - 
identified as Class 1 and 11. and there is a direct correlation 

between the design and QA requirements and the assigned Class. For 

rhe WIPP project. all shaft components are Class 111. It is also 

interesting to note that the DOE Albuquerque Operations Office Order 

AL5481.1A on "Safety Analysis and Review System For A L  ~perations"~~ 

provided the following directive for new DOE facilities containing 

large quantities of radioactive material: 

"The postulated exposures to the general public (from credible 
I ? 

I - '/ , '... ,.,f> ; + \ , 5  
accidents) shall be compared to 10 ClrR 100 lihits as maximal 

allowable dose colpitments. More desirable upper limit 

accidental dose colmitments are 5 ren whole body and 15 rem to 

an internal organ including the thyroid and 30 rem to the bone - 
(limits in Draft of 10 CIR 101). These are 50 year dose 

ommitments to be applied for each individual accident 

ituation analyzed." 

In reference to the DOE (1W) Order. it a s  further noted that this 

order presented a euggested Table of Contents for a SAR. This also 

was found to be significantly different f r a  the WIPP SAR. For 

example. unlike the 6AR the Table of Contents in the DOE (AU)) Order 

included Chapters covering "suaaary of gergency Response Plan'. 

"Waste Management.' -8-ry Plan for gployee Training." and a 

"Glossary'. h a m  repeatedly rec-ndod that the SAR be revised to 

be more in accord with this Order. but the WIPP Roject Office has - 



replied chat Chis Order is only a guide and the information on these 
.-. 

L O P ~ C S  is available in other- puhl iet~cd report.~. 

1t is obvious that some inconsistency exists between the quality 

assurance criteria for WIPP. the more restrictive criteria of a M W  

repository. and the directives of UOE (ALO) f ~ r  new nuclear 

facilities. 

In August. 19t19. the EPXi retained the Tenera Corporation to further 

exauune the adequacy of the WIPP classification system. design 

requirements and quality assurance. A report of their findings has 

been prepared -ad rill he distributed as an EG reporr 31. In 

general. this report concludes that the health or hazard implications 

- of the classification system. as defined by Bechtel. is not 

substantially different from that used for a civilian nuclear reactor. 

However. they also noted inconsistencies between the classification as 

described in the SAH and that of Uechtel. Tenera's report recommended 
^ I ,  

that the 0.b rem dose in 10 CFR 60 be established as a WIPP criterion 

for determining whether components must comply with the quality 

assurance program. The report recommended that the ELG review the 

implementation of the quality assurance program during the 

construction of the WIPP facilities and the underground repository. 

At the present time. the 5 has a full-time radiological physicist 

and a part-time engineer on site. Their responsibilities include 

evaluation of the WIPP quality assurance program. 



1 .  1:evisions should be added to tht: information in the SAH on the 

characteristics of the wastes and waste containers so chat this 

rnfor-mation accurately reflects the waste packages coming to WIPP. ~ t .  

is uncierstood that this information will be included in Amendment 9 .  

. k:xt.ensivo revisions are needed in the SAR to the definitions. data 

and discussions of the classification system for structures. systems 

and components. These revisions shvuld show more clearly the 

relaLionship between the class. the design requirements. and the 

required quality assurance. The classification system should provide 

Lor the protection of the public at least to the same extent as that 

required for a high level waste repository licensed by NRC. and should - 
conform more rigorously to applicable orders of DOE and the 

ALbuquerque Operations Office. According to the WIPP Project uffice 

of WE. s o w  of these revisions will be included in Amendment 9 

2. 'fire SAn should he amended to include the criteria to be used to 

determine the necessity for retrieval of the wastes. DOE has 

i nt i i c i i  ted that these criteria will not be available until Vecember . 



D. Chapter 4. Plant Design - 
The principal features of the Plant are described in this Chapter. 

including surface and subsurface facilities. There is also provided a 

description of the service and ut.ility systems. the waste handling. 

emplacement and retrieval equipwnt. and the underground excavation 

equipent . 

The comments of EEG on this Chapter have previously focused on the 

need for more detailed information covering the various subjects. For 

example. EEG has noted the need For more details on rhe emplacement 

procedures and equipdent for the RH waste. Additional information was 

also needed on the fire protection systems. components and procedures. 

- In responding to the EPXi coeents on RB emplacement. the DOE indicated 

that this information would not be available until Title 11 plans were 

completed. Concerning the ERG c-nts on fire suppression. DOE 

responded by the addition of considerably more information in the SAR 

on fire protection facilities and consequence assessment. 

In section 78-2-17 .  the SAR recognizes that a fire could occur in the 

sample preparation rocm. because of the chemicals to be used there. 

After analysis of this event. the DOE concluded that such a fire is 

bounded by the fire considered in the underground facilities. but this 

conclusion was based on the assumption that the fumes and radioactive 

effluents would he removed by thtr fume scrubber and HEPA filters. and 



the fire would be extinguished by the autocatic sprinkler system. AS - ~ 

indicated in W E  Order 6 4 3 0 . ' ~  these assumptions may not be valid 

unless the fire protection systems are considered -critical'. or Class 

1. or 11 components. 

unresolved C-nts 

I. More detail is needed in either Chapter 'L or 5 on the waste 

emplac-nt procedures. 



Chapter 5. J?KOCeSS Description - 
A description of the waste handling system for each type of waste is 

included in this Chapter. The Chapter also discusses process 

interruption modes. underground excavation operations. and procedures 

for the retrieval of each type of waste. when retrieval is decided 

upon. 

The early c m e n t s  of EPXi requested aitional information on how the 

WrPP facility intends to verify compliance of the waste shimnts with 

the waste acceptance criteria and what action would be taken if a 

shipent fails to w e t  the criteria. Subsequent additions to this 

Chapter and Chapter 9 (section 9.5) have revealed that aside from 

routine visual inspection the only waete acceptance criteria to be 

verified at WIPP are the containment configuration. labeling. surface 

contamination. external dose limits. and do-ntation. In discussion 

with the Westinghouse staff. the EEG also was informed that the other 

waste acceptance criteria would he verified at the waste generator 

sites by means of DOE audits. Limited information has been provided 

to 5 on the frequency and the nature of these audits. Also. the W E U  

has agreed to have an EEG representat~ve on each of these audits. so 

that EFXi may verify their adequacy in protecting the prblic health of 

New Mexico. 

The EEG also rec-ended that additional information be added on 

procedures for solidification of radioactive liquid waste generated at 

the site. The W E  response stated that solidification would be 



carried out. on site by a local contractor. but no procedures were 

added LO the SAH to provide sufficient information to make a radiariun 

safety evaluation. The EEG also objected to the logging procedure for 

waste shipents illustrated in 'rable 5.5.1. This Table listed the 

type of information which would be recorded on each s h i p n t  of waste. 

It was satisfactorily revised in Amendment 4 as shorn below to add 

logging information on all of the Waste Acceptance Criteria. 

The S m  (Chapter 4 )  has indicated that RE-TRU is to be emplaced in 

rooms or entries where M waste also is GO be emplaced. However l%mS 

requested additional information in Chapter 5 on the procedures for 

retrieval of CEI waste when FUi waste is erplaced in the walls. 

Additionally. more information is needed to evaluate shielding in the - 
underground storage area. The DOE responded by clarifying in both 

Chapters 4 and 5 that CH and Htl Waste would not be combined in a 

storage room until after the retrieval decision. Therefore it now 

appears chat boch wastes will be emplaced prior to the retrieval 

decision. but such -placement will be in separate room6 or entries 

until after the retrieval decision. Concerning underground shielding, 

W E  indxcated that results of their evaluation would not be available 

until after completion of Title XI design. 

Unresolved C-ns 

Additional information is needed in the SAR to provide evaluation of 

shielding in the underground facilities. -. 



,- F Chapter 6. Wadiation Protection 

This chapter reviews the measures designed to ensure that radiation 

doses to workers at WIPP and the general public are "as low as 

reasonably achievable" ~ ~ ) .  It discusses the types of radiation 

sources. the design features of the facility intended to prevent undue 

exposure. or radiation risks. the radiation protection instrumentation 

and the estimated on-site and off-site dose assessments to workers and 

the general population as a result of normal releases. The WPO has 

established the operational dose limit to workers at 1 remlyear. 

approximately 20% of the allowable occupational limit. 

EU3.s initial c-nts urged that lore information be added to allow 

- evaluation of the radiation shielding in the underground areas. Also 

the dose asseswents did not address potential internal doses to 

workers using respiratory equipment. DOE subsequently expanded the 

dose assessment information to include doses to workers with 

respirators. hut indicated that the underground shielding could not be 

completely evaluated until the Title I1 designs are complete. The SAR 

also containad inadequate information on the environmental sampling 

planned. Additional information was added. but this did not include 

location or frequency of sampling. In early 1985. the UP0 provided 

for review by 5 a draft report on "Reoperatio~l Environmental 

Monitoring Program for the Waste Isolation Pilot Plant". 

This chapter refers to the DOE Order 6430 (Draft)16 as a basis for the 
-. 

design criteria for WXPP. As reflected in our c-nts on Chapter 3. 



rhe e:Ui has repeatedly called at.r.ent.ion to t.tm fact that the design - 
criteria should be upgraded to the 1-E (ALO) order 54ftl.lA or 10 CFH 

b l J .  We note that the draft document referred to in Chapter 6 has 

ne-n superceded by a revised DOE Order. l7 In Chapter XXX of this more 

recenr Order. it defines "critical items" as "those structures. 

systems. and components whose continued integrity andlor operability 

are essential to assure confinement or measure the release of 

radioactxve materials in the event of the DBA (Design Basis 

Accident) . . .' DOE has maintained that there are no critical .items at 

WIPP. we also noted that the definition of the 'Design Basis Fire" is 

consistent with eeLiss recommendation for consideration of fires in the 

surface facilities at' WLPP. E9Xj has pointed out to DOE that their 

taxlure to consider the fire suppression and manual fire protection 

equipment as "critical items" (either Class I or 11) means that they 
-, 

must assume failure of this equipnent in evaluating the design basis 

fire. 

The recenL L)OE Order (643U.l) l7 defines the DEW as 'That. fire which is 

Lhe most severe DBA of this type. En postulating such a fire. failure 

of the auLollliltic and manual fire suppression provisions shall be 

assumed except for those svstems considered critical items." 

(k2nphasis added.) This point is discvssed further under Chapter 7 .  

The response from the WIPP Project Office on this point was that 

Chaprer XXl of the W E  Order refers only to Plutonium Processing 

1.acillties and WIPP is not such a facility. This does not appear 



consistent with the language of Chapter XX1. As stated in the first 

paragraph: 

"This Chapter supplements these other sources and provides. 

specific direction and guidance on particular requirements 

which must be met in the design and construction of 

facilities for processing and handling of substantial 

quantities of plutonium. These particular requirements 

are necessary because of specific toxicological problems 

associated with plutonium." 

Certainly WIPP is a facility for handling large quantities of 

plutonium contaminated wastes. therefore it would appear to be subject 

to Chapter XXI. Furthermore in the third paragraph of this chapter. - 
it states that: 

-Questions on the application of these design criteria in 

the planning and design of new DOE facilities should be 
.8- 

addressed to the Director. Office of Project and Facilities 

Managerent and to the Depaty Assistant Secretary for 

Environment. Safety. and Health. EP-30. at DOE Headquarters. 

for resolution." 

Therefore ePXi believes that the question of the application of Chapter 

X X I  should be referred to the offices indicated above for resolution. 

EeX; has also opposed the definition of Class I items on the basis that 

- the radiation limits referred to are not consistent with current 



national criteria. This argument. also. is supported by the more - 
recent. DOE order1'/. Chapter X X I ,  and W E  Order 5 4 8 0 . 1 ~ .  Chapter X I .  

The radiation limits for members of the public are prescribed as 0.5 

remlyear and in W E  Order 6430.1. XXI-6. it states that "in no case 

shall the applicable exposure regulation be exceeded. either with 

respect to the operating personnel. or to the public at the boundary 

or nearest point of public access". 

Yore recently. EEG has questioned the assumptions used for certain of 

the dose assessment calculations. For example. it is not clear why 

the RLI-TRU g- spectrum was used for CE-m. This would tend to 

ignore the neutron and '*'Am radiation. Also. further information is 

needed to support the assumptions used to calculate resuspended - 
radionuclides (Section 6.2.2.1). DOE responded by pointing out that 

this assumption (M-TFUJ spectrum) provided conservatilrm with respect 

to shielding calculations. and the Am-231 waft ignored because it Would 

cause no significant change in the shielding design. Also. the 

neutron dose will be monitored during operations. and appropriate 

action raken if neutrons are detected. This response was acceptable 

to ERG. 



-. Unresolved Ccmments 

I. Additional information is needed in the SAM on the environmental 

monitoring program for WIPP. 

2 .  As rec-nded under comoents on Chapter 5. more information is 

needed to permit evaluation of the adequacy of underground shielding. 

3. As rec-nded for Chapter 3. revisions are needed to the 

definitions. and data on classification and quality assurance for 

structures. systems and components. 



Chapter 7. Accident Analysis 

This Chapter provides analyses of the radiological consequences of 

accidents which might occur during handling of the radioactive wastes 

at WIPP. These accident scenarios were based on studies of the effect 

of the misuse or brealrdorn of handling equipnent on waste containers. 

l t  has not been revised since the Qth amendment to the SAH which was 

issued by DOE in September 1982. Therefore. it has not addressed 

certain changes in the design of components. facilities and source 

terms. For example. the cost reduction changes of 1983 led to several 

substantive changes in design. which might effect the Design Basis 

Accident (Dm).-Also there have been changes in the characteristics of 

the wastes to be shipped to WIPP. 

- 
In commenting on Chapter 7. erXi noted that no consideration was given 

to the buildup of radioactive contamination during the operational 

life of WLPP. Because of the long-lives of some of the transuranics. 

and perhaps contribution of srgO. the total buildup could exceed the 

P A .  limits of 0.2 uci/m2 in the top cent-ter of soil. DOE 

responded adequately by extensive revision of Chapter 6 to include the 

total releases. 

EL*; reco-nded to W E  that additional surface accident scenarios be 

considered. For example. EEG considers a major surface fire credible 

if one assumes that fire suppression e q u i ~ n t  fails. (See c-ents 

on Chapter 5. )  Also transportation accidents in Zones 11. I11 or IV 



- should be considered. The DOE rejected tt134e coaments in that DOE 

does not agree that a major surface fire is credible. and 

transportation accidents will be addressed in the Safety Analysis 

Report on Packaging (S-1. (The draft SARP was transmitted to the 

EO in December. 1984.  and is currently under review.) EEG also urged 

that the SAR consider radiation doses to individuals within Zones 11. 

and I11 because the general public will have temporary access to these 

areas. DOE agreed and included consideration of a person located 

between Zones I and IV at the point of maximum deposition f r w  an 

airborne release. Concerning surface fires of serious proportions at 

WIPP in section 78.2.17. the SAF4 recognizes that a fire could occur in 

the sample preparation room. because of the chemicals to be used 

there. After analysis of this event. the DOE concluded that such a 

fire is bounded by the fire considered below ground. This analysis 

was not included in the SAFl. but it was based on the assumption that 

the fumes and radioactive effluents would be recovered by the fume 

scnrbber and -A filters. and the fire would be extinguished by the 

automatic sprinkler system. Aa previously indicated. these 

assumptions may not be valid unless the fire protection systems are 

considered 'critical'. or Class I or I1 components. as required by DOE 

6430.1 '~ .  Furthermore. it would seem reasonable to include the 

analysis of this event in the SAR. even if the consequences are 

bounded. 



Unresolved Comments 

1. This chapter needs extensive revisions to reflect changes in 

design and waste characteristics. 

Z .  The analyses should he consistent with DOE Order 6230.1. 

3. The analyses of potential surface fires should be included. 



'L'hi:; c:haptrr assesses the long-term consequences t~ tne public health 

and safety of hypothetical sequences of events leading to breach of 

the salt formation and repository by aqueous solution and movement of 

the radioactive material to the biosphere. It includes a description 

of the communication modes. the criteria for the selection of the 

modes. and the assumptions and methods of analyses used. 

EkXi offered some suggestions in 19BU and 1981 for clarifying some of 

the assumptions made in the c-unication modes considered. and also 

urged consideraion of other plausible modes. The DOE responded by 

adding additional clarification. and also added a detailed analpsis of 

some of the additional modes recommended. For example. W E  has 
.- 

indicated that the high salt content of the Rustler water ruled out 

the likelihood of a well into the Rustler between the WIPP repository 

and Malaga Bend. which could shorten the time needed for transport of 

the breached waste to the biosphere. However in response to EC's 

c-ents. the W E  added a well scenario to Section 8 . 3 . 1 . 4 .  The 

results were acceptable and comparable to a similar study by EEL;. 
20 

Also. W E  revised one of the earlier C-nication Events ( X I )  on page 

11.3-7 to consider the effect of buildup of radionuclides in the 

environment of Malaga Bend following a breach and leach scenario. The 

results demonstrated that accumulation of radionuclides over thousands 

of years at the maximum release rate would not lead to significant 

annual doses to the affected population. also suggested that the 



scenario analyses include. or discuss. potential doses to infants and 

children. DOE agreed and included the results in a revision to the 

SAH. This analysis was acceptable to EEG. 

Another area addressed in 1981 by 5 was the need for evaluating the 

effect of uncertainties in the distribution coefficients used by W E  

to estimate the travel time from the repository to Yalaga Bend. W E  

agreed that there was considerable uncertainty in the Kd coefficients 

but did not revise the SAH. 5 subsequently published a report which 

included a sensitivity analysis for changes in several parameters 

including the absprption coefficient . This report2' concluded that 

assuming wide variations in absorption coefficient (do- to 0 d / g d  

did greatly affect the rate of transport of the radionuclides released - 
from a breached repository. but did not substantially increase the 

resultant doses associated with use of the water at Nalaga Bend. 

In 1901. EIi suggested that additional detail is needed in section 8.3 

to describe the c 'cation events and methods of analysis. 

particularly the specific equations used. DOlZ agreed with this 

c-ent and stated that the detail would be provided -in a future 

amendment." It was added to an appendix to Chapter 8. 5 published 

several reports containing ISlEZ-8 analyses of potential hreach of the 

repository including transport. release and consequences. (kr 

September 16. 1981. these analyses 22-26 also were discussed by EEC at 

an open meeting with experts in several disciplines to further resolve 

whether all reasonable analytical approaches and potential breach and - 
transport mechanisms had been adequately examined. 27 ~lthough it was 



agreed that. considerable uncertainty remaxns concc?rning tne hydrolo8:y 

parameters used in the scenarios presented in the Final Environmental 

laupact statement (FElS) on WIPP'~. there were no new scenarios 

recomaended at this public forum. Also there were no major objections 

the EEC proposals or the approaches taken in the EEG analyses. 

Additionally. in 1981. EEG urged UOE to consider scenarios in which 

human intrusion leads to the transport of the waste directly from the 

repository to the surface. such as possible coamuniuation with a brine 

reservoir below the repository. DOE believed that such a release 

would be bounded by scenarios alread~ considered in the FEIS. and 

rherefore did not agree to add such a scenario to the SAR. This type 

of release a s  considered by EZ*i in 1982 23.26. and DOE in 1983 - 
(amendment 6 to the S A W .  The result8 showed that if the 

communication events occurred at least 400 years after 

deconmissioning. the resultant doses would be less that what might be 

assr>cia t 4  with normal background. The highest 50 year dose 

cowi.tment to an individual was Found to occur at J O O  pears post- 

closure and was 590 mrem from the inhalation of contaminated dust 

resuspended into the atmosphere. 

In 1383. in c-nting on amendments +. 5. and 6 of the SAU. EEG noted 

that the assumed maximum CH-TRUldrum of 85 Ci is no longer consistent 

with the 140  Cildrum of Pu-239 equivalent which is being considered by 

DOE as an amendment to the Waste Acceptance Criteria (WAC). DOE 



agreed to evaluate the effect of this change .n a future amendment. - 
but to date the change to the WAC has not been finalized. so no such 

evaluation has been made. 

EEG called attention to the need to revise Chapter 8 scenarios as new 

hydrology data for the Rustler becomes availahle. DOE agreed to make 

such changes. if needed. 

Unresolved C-nts 

1. An early decision is needed by DOE on the miarm TRU to be 

authorized for waste packages to be shipped to WIPP. This level must 

be sufficiently low so. that long-texm consequences will not exceed 

those published in the Final Environmetntal Impact Statement for the - 
n r ~ p  project 34 Chapter 8 will need to be revised to reflect this new 

limit. 

2. An amendment may be needed to reflect the final results of 

hydrology studies currently in progress . 



I .  Chapter Y. Conduct of Operations 

This chapter provides general information on the organization and 

administration of the WIPP project. It includes an overview of 

simulation preoperational tests. training programs. security and 

emergency plans. 

In EEG's early comments on this chapter. in 1980. it was brought out 

that the organization of the WIFT project. as reported in Chapter 9. 

was not consistent with information reported in Chapter 6. Also the 

references to regulations applicable to WIPP should have included the 

environmental health regulations of the State Health and Environment 

Department- A subsequent revision corrected these deficiencies. 

-. 

In EUZ's comwnts on amendments 4. 5. and 6. in December 1983. it a s  

noted that section 9.2 stated that equivnt and systems designed 

for the WIPP are tested prior to operation. No detail was provided on 

the nature of these tests or who is responsible. The section also 

indicated that administrative procedures are established to ensure 

that test procedures are prepared. reviered and approved. Such a 

testing program is c-ndable. and is of considerable interest to XUS 

to ensure that it is carried out. However. when it a s  rec-nded to 

W E  that these achinistrative procedures be added to the SAR. DoE 

stated that "these procedures are beyond the scope of the document- 

(the SAH). In c-nting on amendments 7 and 8. in April 1984. EPXi 

requested a copy of these procedures because of their potential 

- importance to health and safety. DOE responded in September. 1984. 



that they were being transmitted under separate cover. To date. no 

such procedures have been received. F52 also noted that WLPP does not 

have an Ymergency Plan to cover the construction phase. The SAR makes 

several references to an emergency plan. but no such plan has been 

prepared since the Site Reliminary Design Validation phase. DOE 

replied that a plan has been draftedand a copy was transmiitted to 

EEG in November. 1984. Shortly thereafter. 5 transmi~ted to WPO 

detailed comments on the plan. 

Unresolved C-nts 

. 

1. This chapter should he revised to provide more detail on the 

nature of the tests carried out on equi-nt and systeas designed for 

WLPP. and what group or groups are responsible. h 

2 .  The UP0 provided in November. 1984 to for review a draft 

Rmergency Plan for WIPP. ER3 suhrit.ted c-nts on this plan in 

December. 1984. The plan should be completed without further delay. 

and referenced in this Chapter of the SAF4. 



",, . ,. . . 

J. Chapter 10. OPerations Safety Requirements 
A 

This chapter was intended to provide operational limits to maintain 

compliance with the hasic design assumptions used in Chapters 7 and 8. 

and to meet the operational objectives of WIPP. This information was 

intended to parallel the technical specifications for a commercial 

nuclear power reactor. as specified in 10 CFR 50.36. It subsequently 

was amended to delete reference to regulations of the Nuclear 

Hegulatory Commission. and instead. references as a basis the DOE 

Order 5481.1A. pages 1-3. and 11-2. This doe8 not appear to be a 

substantive change. since these provisions of the DOE Order closely 

parallel the NRC requirements pertaining to a Safety Analysis Report. 

- IUG concluded in its initial review of this chapter that the 

information was not useful. because so much of the detailed data were 

not availahle (to be included in a later amendment). Also many of the 

terms and administrative positions referenced in the chapter were not 

consistent with other chapters. For example. the description of FlH- 

Waste in Section 10.1.9 was not correct. and the design limits in 

Section 10.2 referred to only some. but not all of the Waste 

Acceptance Criteria (WAC). Also no criteria were provided as a basis 

for rejecting a waste shipment. S o l e  of the WAC were incorrectly 

described. 

In Amendments I and 2. this chapter was extensively revised in 

response to the ED3 c-nts. The consistency of the terms and 

position titles was expanded to be more in accord with the established 



1. 

criteria. Also additional information was added to more clearly 

reflect action if a waste shipment is recejvc:d which i s  not in accord 

with the criteria. It was noted. however. that the certification 

papers oE the waste shipments would be checked for compliance with the 

WAC. but other than containment configuration. contamination. surface 

dose rate. labeling and documentation, no other verification would be 

made. Also there was no grovision for notifying the State if a 

shipent is received which is not in compliance with the WAC. Ln 

discussions with the WPO on this point. at a meeting on December 9. 

1983. it was agreed that the Consultation and Cooperation Agreement 

would be amended-to indicate that the State 5 would be notified in 

advance of an approved shipoent which is not in accord with the WAC. 

Also. the WIPP operational procedures would reflect this point. The 

W t W  did not believe chat such an agreement should be stated in the 

SAR. To date. this amendment to the C C C Agreement has not been 

made: also. the WLPP Operational Procedures should be revised to 

verify that the procedures require notification of Ec if a 

nonconforming shipent is received at the site. Such a notification 

1s needed so that che State can evaluate the possible health 

implications to the public of New Mexico duri6g"~rpnsportation of the 
$ . .  i 

during lYt34 that the SAR is not in complete accord with DOE Order 

5ltll.lA or the supplement to this Order issued by the Albuquerque 

Operations Office. AL 54B1.U. Specifically in reference to Chapter - 
lo. the SAR is not in accord with certain of the provisions on page I- 



3. 1-4.  and 1-5 of AL 5481.1A. For example. this order indicates that 
A 

desirable upper limits for accidental 50 year dose coarmitments would 

be 5 rem whole body and 15 Pem to any internal organ. The WIPP SAR 

has a 25 rem 50 year dose commitment upper limit. Additionally. it 

has been repeatedly called to the attention of the UFO by =. that 

the content of the SAR does not include all of the topics referred to 

on page 1-5 of AL 5481.U. such as a S-ry. Environmental Safety and 

Health Systems Critical to the Safety of the Facility. Environmental 

Monitoring Program. Conclusions and a Glossary. The WPO indicated 

that these sections may be added at a later date. however, more recent 

correspondence states that they have no plans to add the information 

ref erred to above. and in AL 5481.U. 

.- Unresolved C-nts 

I. It was also stated in a previous chapter that DOE needs to revise 

the WElState agreement and the WIPP Operational Rocedures to 

document WE's c e t m e n t  to notify EBD in advance of a proposed 

shipwnt which is not in colpliance with the WAC. 

2. The SAR should be revised to be more fully in accord with the 

Orders of W E  and Albuquerque Operations Office. 



K. Chapter 11. Uualitv Assurance 

T h i s  chapter describes the Uuality Assurance (UA) Program to be 

implemented by the WIPP Project Office and the major project 

participants - -  the architect-engineer. the construction manager. the 

scient~fic advisor. and the technical support contractor. It is 

applicable to fhe site evaluation. design and construction phases of 

the WIPp Project. 

Sections 11A and 1l.H are blank. Section 11C of Chapter 11 contained 

a s-ry of the c-nts of the El; on the SAR and the DOE (WIPP 

Project Office) responses covering all eleven chapters. Section 1lC 

was deleted in Amendment 4. 

.-. 

As stated on page 11.1-1. it is the intent of DOE that each of the QA 

Programs of the Project Participants be based upon the American 

National Standard ANSIIASME NQA-1-1979 and selected supplements. 

However. that d-nt has been updated and is now ANSI/ASME NQA-1 

1983. 33 

In the early c-nts on this chapter (1981)' 5 called attention to 

lack of clarity and consistency with other chapters in the description 

of the organizations as they relate to QA. Amendment Q extensively 

revised this chapter to more clearly describe the organization and to 

define responsibilities for QA. However, the descriptive i n f o ~ t i o n  

of the UA program for each of the Project Participants a s  provided by 

6 



- rererence to their individual oporarional rnanua 1s. ThereCora t.hc 

prucedures for the WlPP project could Only be reviewed by reviewing 

the procedural manuals of each of the Project. Participants. which in 

nexther practical nor consistent with the established format for a 

SAI~. The only documents which provided detailed procedures for QA 

were references 2 8 .  29 and 30. however. these procedures were not 

entirely consistent wiLh various chapters in the SAW. 

EU; has requested that the W P O  extensively revise the SAH with respect 

to Y u a 1 ~ t . y  Assurance to include more details on the relationship 

between the classification of Structures. systems and components and 

the quality assurance assigned to each class. In section 11.1.2.3 it 

1s stated that such a design classification document is in 

- preparation. However. Chapter 11 has not been revised since Amendment 

4. so perhaps the information from this document will be added to the 

SAH in a future amendment. 

Unresolved C-nts 

As discussed extensively under Chapter 3. the SAH does not adequately 

provide information on the relationship of the classifiction system to 

quality assurance. This information should also be provided in 

Chapter 11. Information referred to in section 11.1.2.3 should be 

provided without delay. because it is applicable to the construction 

activities now in progress. 
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The purpose of the Environmental Evaluation Group (EEG) is to 

conduct an independent technical evaluation of the Waste 

Isolation Pilot Plant (WIPP) Project to ensure protection of the 

public health and safety and the environment. The WIPP Project, 

located in southeastern New Mexico, is being constructed as a 

respoitory for permanent disposal of transuranic (TRU) 

radioactive wastes generated by the national defense programs. 

The EEG was established in 1978 with funds provided by the U. S. 

Department of Energy (WE) to the State of New Mexico. Public 

Law 100-456, the National Defense Authorization Act, Fiscal Year 

1989, Section 1433, assigned EEG to the New Mexico Institute of 

Mining and Technology and provided for continued funding from 

W E  through Contract DE-AC04-79AL10752. 

EEG performs independent technical analyses of the suitability of 

the proposed site; the design of the repository, its planned 

operation, and its long-term integrity; suitability and safety of 

the transportation systems; suitability of the Waste Acceptance 

Criteria and the generator sites' compliance with them; and 

related subjects. These analyses include assessments of reports 

issued by the DOE and its contractors, other federal agencies and 

organizations, as they relate to the potential health, safety and 

environmental impacts from WIPP. EEG also performs environmental 

monitoring for background radioactivity in air, water, and soil, 

both on-site and in surrounding communities. 

" 
Robert H. Neil1 

Director 



STAFF 

Sally C. Ballard, Environmental Technician 

William T. Bartlett, Ph.D., Health Physicist 

James K. Channell, Ph.D., P.E., CHP, Sr. Environmental Engineer 

Lokesh Chaturvedi, Ph.D., Deputy Director h Engineering Geologist 

Laura H. Connolly, M.A., Librarian/Editor 

Anthony F. Gallegos, Ph.D., Sr. Performance Assessment Specialist 

Jim W. Kenney, M.S., Environmental Scientist 

C. Robert McFarland, B.S., Sr. Quality Assurance Engineer 

Robert H. Neill, M.S., Director ' 

Kevin J. Shenk, M.S., Health Physicist 

Mary Stetton, B.A., Administrative Secretary 

Susan C. Stoltum, Administrative Secretary 

Georgina M. -Temple, Secretary 

Brenda J. West, B.A., Administrative Officer 



These are the Environmental Evaluation Group's comments 

on the December 1988 Draft of the W E  Final Safety Analysis 

Report (FSAR) on WIPP which was received by EEG on February 

13, 1989. Previously we commented (October 14, 1988 letter 

from the Director of EEG to the DOE WIPP Project Manager) on 

the earlier Draft FSAR, the initial 1980 Safety Analysis 

Report (SAR), and all nine subsequent amendments to the SAR. 

... EEG1s comments on the SAR and its amendments are summarized 
: t ..., 

r' ,, \, 
i n  EEG-29, Marshall S. Little, nEvaluation of the Safety 

/ 4." : ,  ' , ji Ti; ": ' :Analysis Report for the Waste Isolation Pilot Plant Pr~ject,~' ,, &? 2 i  .:: ..:, ? 
\.;,: , ; , I "  , g . M & h a y 1985. 

ii% -,*1.- Y 

EEG8s October 1988 comments were extensive and indicated 

there was much we believed needed to be corrected, amplified, 

and included in the FSAR. The current comments are equally 
- extensive and we believe a significant amount of work still 

needs to be done by DOE to produce an acceptable FSAR. Many 

comments are repeated from our October 1988 review because 

the December 1988 Draft either failed to respond to all of 

our comments, or responded inadequately. Additional comments 

on the current draft involve the hazardous wastes analyses in 

Chapter 6 and 7 which are in the Draft FSAR for the first 

time. A few of the comments address issues not covered in 

our October 1988 review but which may have been raised 

previously in EEG's comments on the various SAR amendments or 

in other WIPP Project Office ( W W )  Reports. 

Another point needs to be made. The FSAR does not 

contain all of the detailed information and procedures 

necessary to determine operational readiness of the WIPP 

facility. In fact, it is apparent from the detailed 
description in the Working Agreement to the July 1, 1989, 

Consultation and Cooperation Agreement (see Appendix B, 
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Working Agreement, Revision 1, March 23, 1983, Article IV, K. 

Operations) that the review of the FSAR is intended to be 

only one of the milestones under the Operations Key Event and 

not the sole criteria for determining operational readiness. 

EEG has concluded, from participation in the DOE Preopera- 

tional Readiness Appraisal in March 1989, that there are a 

significant number of outstanding items. We have made no 

attempt to address all of these concerns in our FSAR 

comments because they don't appear to be pertinent to the 

document and because we intend to make our operational 

readiness decision separate from the FSAR. 

Our more important comments are summarized below in the 

, . -- order the items are addressed in the Draft FSAR. The 

ignificance-we attach to each should be apparent from our 

iscussion. More detail is provided on these issues under 

ndividual chapter comments. 

. . . '. -. 

1. Since the FSAR does not include the long-term risk 

assessment required by EPA in their disposal standards for 

TRU waste (40 CFR 191, Part B Performance Assessment), the 
Safety Analysis Report only applies to the five-year 

demonstration phase of the project. This should be clearly 

stated in Chapter 1 of the FSAR. There must then be a 

supplement to the FSAR prior to a disposal phase of the WIPP 
Project. Also, the supplement would need to contain the 

operational safety requirements for handling RH-TRU waste. 

2. The Second Modification to the July 1, 1981, 

"Agreement for Consultation and Cooperationn on WIPP by the 

State of New Mexico and the U.S. Department of Energy 

requires the FSAR to "document DOE'S ability to comply with 

the provisions of Subpart A of...(40 CFR 191)." This Draft 

FSAR does not explicitly address Subpart A compliance. 
Explicit documentation must be provided. 



3. EEG strongly objects to the exclusion of calcula- 

tions for the hoist drop scenario (C8) on the grounds that it 

is not a credible event. We have never believed that 

failure mode analysis can be relied on to prove that low 

probability accidents will not occur. The history of 

evaluations on the waste hoist system support this skep- 

ticism. The DOE WIPP Project Office published a report in 

1985 showing the probability of a catastrophic accident was 

less than 1E-07 per year. Then in 1987, as part of the 

Operational Readiness Review, a W E  study indicated the 

probability to be 1E-03 per year. But we are assured (on 

page 1A.4-5) that this will be corrected and the event will 

still be incredible. Implicit in this assurance is the 

belief that every possible failure sequence has now been 

recognized and correctly evaluated. EEG does not share this 

conclusion and believes calculations for this scenario should 

be included in the FSAR. 

4. We consider the assumed low failure rate (1E-04) of 

the exhaust filtration system claimed on page 1A.4-6 to be 
- 

"" unproven. For one thing, the system did not work properly 
/ "  

k * during a scheduled drill during the March 1989 Preoperational 
' % *  * 
, ) I  % . ' ~ +  

, Appraisal Audit. Secondly, even if this portion of the 
I- system performed perfectly, the Continuous Air Monitors 

-, 
(CAMS) would also have to perform adequately with the 

required sensitivity in order to signal the switch to the 

filtration mode. As mentioned below, we also consider the 

CAM system to be unproven. We believe a great deal of effort 

needs to go into proving the capability and insuring the 

reliability of both systems. 

5 .  The FSAR should specify in as much detail as 
possible the volumes, curies, and distribution within both 

CH-TRU and RH-TRU containers and the totals. Also, possible 



ranges and uncertainties in these estimates should be - 
discussed directly. All of these parameters have a bearing 

on evaluating different aspects of safety at WIPP and are 

required (by Article VI of the Consultation and Cooperation 

Agreement) to be included. (See comment in Chapter 3.) 

6. Appendix 6A, which contains the methodology 

necessary for evaluating airborne radionuclide concentrations 

from routine operations, contains serious flaws. The 

corresponding radionuclide concentrations and doses in 

Chapter 6 are incorrect. Appendix 6A and related portions of 

2hapter 6 need to be completely redone. 

7. The CAMs located in the Waste Handling Building, 

underground,-and in the Exhaust Filtration Building are vital 

to the protection of workers and to the warning of environ- 

-. _,.- mental releases. The ability of these instruments to detect 

airborne radionuclide concentrations with the required 

degree of sensitivity has not yet been proven. The adequacy 

of the CAMs must be established by the WW and verified by an 

outside peer review group, including EEG, before wastes can 

be brought to WIPP. (See Chapter 6 comments.) 

8. Several of our comments on Chapter 6 refer to 

concerns about the WIPP Operational Health Physics Program. 

Since the FSAR does not address this Program in a comprehen- 

sive manner, these comments will not respond in detail. 

However, EEG's serious reservations about the present status 

of this Program were provided to DOE in our April 7, 1989, 

comments on the WIPP Phase I1 Preoperational Appraisal. 

9. Analytical samples for both high- and low-level 

counting rooms should not be prepared in the same preparation 

room. Also, routine (as well as incident) bioassays must be 

carried out on radiation workers. (See Chapter 6 comments.) A 



10. The use of a 1000 PE-Ci upper limit for individual 

waste containers at WIPP is unacceptable to EEG. Even with a 

somewhat lower limit it may still be necessary to impose 

operational restrictions on high-curie drums. (See our 

comments under Chapter 7.) 

11. The potential doses calculated in Chapter 7 to 

radiation workers from accidents involving CH-TRU waste 

handling are unreasonably low because the assumptions include 

., only an average PE-Ci quantity in a drum and because (in the 
, , ' ' .  C2 and C3 scenarios) the forklift operator is not considered 

to be exposed. It should be recognized that very high 

occupational doses are possible and that operational 

restrictions need to be employed to minimize them. 

12. It is appropriate to include the safety aspects of 

the non-radiological hazardous waste component coming to 

WIPP. There are some numerical inconsistencies or am- 

biguities in this draft (see our comments on Chapters 6 and 

7) which should be corrected in the next draft. Our 

principal observations on the methodology and assumptions 

are: 

(a) the exclusion of all chemicals that represent less 
than 1% of the hazardous waste constituents (by weight) may 

not be conservative, because toxicities can vary over several 

orders of magnitude, and should be reconsidered; 

(b) the assumption that average concentrations of Rocky 

Flats Plant waste are conservative averages for the entire 

system has not been adequately explained: 

(c) the atmospheric dispersion models used give drasti- 

cally different results than the ones used for radionuclides; 

and 

(d) assumptions about zero mobility of lead and any 

other hazardous chemical (except VOC's in head space gas) 
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following accidents is non-conservative and inconsistent with -. 
assumptions and observations about loss of transuranics 

(which should be as immobile as virtually all chemicals) from 

damaged containers. 

Because of the extensive re-writing needed on the 

hazardous waste sections in Chapters 6 and 7 we will not try 

to reach a conclusion at this time about the potential 

hazard. 

13. The FSAR takes credit in Chapter 8 for a Peer 

Review Panel providing assurance on suitability of WIPP as a 

repsitory. Since the Department has never involved EEG with 

any of the Peer Review Panels, nor provided us with the 

agenda, minutes, or recommendations, we believe that the 

mmittees do not provide credibility as stated in the FSAR, 

t in actuality detract from it. In order to take credit, 

G must be involved. 

14. It is noted that all references to backfilling the 

waste storage rooms have been deleted from the FSAR. The 

FSAR should clearly state whether backfilling will be done 

during the experimental phase, when the decision on backfill 

will be made, and the probable final backfill design during 

operation. (See Chapter 1 comments.) 

15. The Operational Safety Review (Chapter 10) lacks 

sufficient detail to permit us to evaluate the operational 

safety of WIPP. EEGvs specific comments describe the areas 

in which extensive expansion and revision are needed. 

16. A Design Basis Accident (DBA) assessment addressing 
the requirements of W E  Order 6430.1 and the guidelines to "A 

Guide to Radiological Accident Consideration for Siting and 

Design of W E  Non-Reactor Nuclear Facilities," LA-10294-AC, - 



should be performed and summarized in Chapter 7. 

17. This draft of the FSAR evaluates only the proposed 

disposal mode waste emplacement procedure. Yet, the FSAR is 

fully applicable to only the (approximately) Five-Year 

Performance Assessment and Operational Demonstration Test 

Phase which is not evaluated in any manner. The FSAR should 

contain analyses of the operations required during the Test 

Phase. The analysis should include the period at the end of 

the Test Phase when the wastes at WIPP must be either 

permanently emplaced or retrieved and shipped elsewhere. 

(See our comments in Chapters 6 and 12.) 



CBAPmeR1 
Introduction and General Description 

A. General Comments 

1. This chapter, including Appendix lA, has several 

significant improvements, including a more comprehensive list 

of pertinent references and an updating of general scien- 

tific, technical and physical descriptions. The WPO has 

made significant responses to EEG1s previous comments and 

recommendations. The chapter provides a good introduction to 

the FSAR, and there are only a few areas where further 

changes arexecommended. These are discussed in the detailed 

comments below. 

2. After reviewing the entire PSAR, it was noted that 

it does not contain the performance assessments required by 

40 CFR 191 Part B. Therefore, the safety analyses appear to 

be limited to the five-year pilot plant phase of the WIPP 

operations. This fact should be clearly stated in Chapter 1. 

3 .  Chapter 1 should include a brief discussion of the 

status of the potash leases which cover part of the WIPP 

site, and indicate how and when W E  plans to address this 

problem. 

4 .  The decision to dispose of the wastes at WIPP or 

retrieve them will not be based on the results of the Five- 

Year Pilot Phase as described in the text, but should be 

based on the ability to meet the EPA Standards for disposal. 



B. Detailed Comments 

1. Section 1.1, Introduction, Page 1.1-2. The second 

paragraph on this page refers to the WIPP facility as a islow 

hazard facility," namely, one *@which presents minor onsite 

and negligible offsite impacts to people of the environment." 

This conclusion is contrary to WE/AL Order 5481.1B. 

According to this Order, a hazard facility involves only 

"hazards of a type and magnitude routinely encountered and 

accepted by the public." As pointed out in the FSAR, the 

WIPP is a first-of-a-kind facility and, pursuant to W E  Order 

5480.5, it is a nuclear facility. Therefore, the hazards of 

a nuclear facility should not be considered as a type 

"routinely encountered and accepted by the p u b l i ~ . ~  DOE/AL 
Order 5481.lB also States that all nuclear facilities shall 

be supported by a SAR. The second paragraph on page 1.1-2 

also states that this classification of WIPP as a low hazard 

facility is in'accord with Chapter I1 of WE/AL Order 

5481.1B. Chapter I1 discusses "Operational Safety 

Requirementsw and provides no guidance whatsoever for 

classification of nuclear facilities. 

On page 1.1-4, the third paragraph discusses experiments 

and operational demonstrations needed to reach a decision 

, regarding the permanent isolation of wastes at WIPP. Such 

experiments and demonstrations are not described in the FSAR, 

therefore it does not seem appropriate to refer to them in 

Chapter 1 until such time as they become a part of the FSAR. 

Also, the latter part of this paragraph discusses the EPA 

Standard, 40 CFR 191, and leaves the impression that WIPP 

compliance with the standard is delayed because the standards 

were vacated and remanded by the courts back to EPA for 

reconsideration. It should be added that W E  and the State 

of New Mexico have formally agreed that DOE will proceed to 

demonstrate compliance with the vacated standard. 



- 
On page 1.1-7, there is a statement that technical data, 

unless it directly supports the Safety Analysis of recent 

facility modifications, is current through December 1986. 

Please clarify why technical data on site characterization 

collected in 1987 and 1988 is not included. 

At the bottom of page 1.1-7 and top of page 1.1-8, there 

is a discussion of the plans to prepare a Supplemental 

Environmental Impact Statement. Among the reasons which 

should be added for the need for the SEIS is to summarize the 

considerable amount of information acquired between 1980 and 

1989. This information may change the assessment of the site 

for the mission of WIPP. For example, concerning the Castile 

brine reservoirs, FEIS (p. 9-134) stated, "...brine pockets 

of the size assumed in this example are extremely unlikely 

/" a near the repository ..." In 1981, WIPP-12 borehole, located 
at the edge of the repository, was deepened and a brine - 

," reservoir was encountered which was estimated to contain 17 

million barrels of brine, 2 million barrels more than the 

amount assumed in the FEIS example. After the location of 

the repository was moved 1.25 miles to the south geophysical 

surveys performed over the new location showed, "...brine 

appears to be present 250 meters below portions of the waste 

panel horizon..." (DOE letter to EEG, 12/29/87). Many such 

examples of new facts, revised concepts and updated data will 

need to be addressed in the SEIS. 

2. Section 1.1.2, Mission, Page 1.1-11. The Mission 

Statement emphasizes the research and development aspect of 

WIPP and mentions the possibility that wastes will not be 

permanently disposed of at the site. Because of this pos- 

sibility, the FSAR should indicate where retrieved Waste 

would be sent for storage or disposal. 



3. Section 1.1.2, Mission, Page 1.1-11. The Mission 

of WIPP includes permanent disposal of TRU waste and not 

simply "to demonstrate many technical and operational 

principles." The FSAR should clearly state this. 

The statement in this section that "the studies and 

experiments using simulated wastes...are discussed in 

numerous publications by Sandia National Laboratories and 

other project participants" is wrong. We are not aware of 

any published report that lists, describes, or discusses 

experiments with simulated or real TRU wastes. Room J 
.- . 

.<. :\. experiments to evaluate the corrosion effects of brine on the 
, c, . 

,?, 
, . '  . ~ I 

: . ; '1 55 gallon drums cannot be considered to be a nsimulated 
.> <: :.;, , .  . ,  

, . ,,. : , z ,  9 : ' , ; ;# 8 . , 
wastesu experiment. The heater experiments were designed to 

. ,'.,, . . ,. r:# . , . h- 

, . . ,'*' y simulate the high level waste and not the TRU waste. 

As we have stated before (EEG comments on Draft FSAR, 

October 1988, Chapter 1, #3, P. ' 7 ) ,  the decision to use WIPP 

for permanently disposing of the waste should be based on 

demonstration of compliance with the EPA Standards 40 CFR 

191, Subpart 8, and not "until sufficient operating and 

scientific data have been accum~lated.~ The Standards do not 

require operating experience. 

4. Section 1.1.3, Design Capabilities, Page 1.1-12. 

Please delete all references to experiments which are not 

described and made a part of the FSAR. 

5. Section 1.1.4, Schedule, Page 1.1-13. This section 

should indicate when experimental data and other information 

will be provided which support the need for the pilot plant 

phase of WIPP, i.e., ernplacing CH-TRU waste at WIPP. 

6. Section 1.3, Page 1.3-1. "The shipments are 

surveyed for external contamination prior to their movement 

11 



into the WHB..." During the preoperational audit this was 

done at the gate. What is planned? EEG believes the check 

should not be done at the main entrance gate (see our 

comments on the Phase I1 Preoperational Appraisal). 

7. Section 1.3.1. It is noted that references to 

backfilling the waste storage rooms that were in Amendment 9 

of the SAR have been deleted from the FSAR. We know that the 

Department has decided to emplace the experimental CH-TRU 

waste without backfill to avoid crushing the drums during the 

retrieval period. The FSAR should clearly state this 

decision and the reason for it and should state that when the 

waste is emplaced for disposal, a properly selected, tailored 

backfill will be used to fill the space between the drums, 

above the drums, and between the walls of the drums. The 

FSAR should also state that only the amount of waste 

expressly needed for conducting experiments to help in 

performance assessment (to show compliance with the EPA 

Standards 40 CFR 191, Subpart B) will be emplaced in a 
.- - 

,$ i- temporary mode without backfill. 
[ , .  . ,~.. 
i*,: 's;!:, .;i, .. 

6. .>., " ,,4\ ' , . . .. 8. Section 1.5.2.1, Repository Plugging and Sealing 
,, t ' ,  .:,;.i. , 

?( % . '  
L V! . , 

" . . .' 
..*' Studies, Page 1.5-4. It would be helpful to include in this 

discussion an indication of when the final decision on plug 

and seal design will be made. Such a decision is important 
to the Final Safety Analysis. 

9. Section 1.5.3, Site and Design Validation Ac- 

tivities, Page 1.5-9. The last paragraph should be revised 

to delete the indication that there is no recognized function 

for crushed-salt backfill. There is a well recognized value 

for such backfill as was discussed in the paper by Chatur- 

vedi, Channell, and Chapman (1988) published in the Waste 

Management 1988 Conference Proceedings. 



10. Section 1.5.3.1, Site Validation Program, Page 1.5- 

11. In the discussion of Hydrologic Tests, it should be 

pointed out that the piezometers in the ChSH shaft have not 

performed well. The groundwater pressures measured in the 

water-bearing zones of the Rustler were approximately the 

same as pressures measured at levels where no groundwater is 

supposed to exist. Also, please clarify the statement that 

"pressure changes could be diagnostic of changing conditions 

in the rock or deterioration of seal materials." 

11. References for Section 1.5, Page 1.5-15. This 

reference list includes several unpublished documents which 

are not available for evaluation. Yet, the discussion in 

Section 1.5 failed to recognize many of the published works 

of EEG which are-quite relevant to the topics discussed. 



CaAPTZR 1A 

SuPlPary Safety Analysis 

A. General Comments 

This Summary Safety Analysis Chapter reflects items and 

conclusions covered in somewhat greater detail elsewhere in 

the FSAR. Our reaction to the presentation and conclusions 

of the individual items is expressed elsewhere in comments on 

the other chapters and is usually not repeated below. 

1. This draft responded reasonably well to our October 

1988  comments on Chapter 1A. Responses were made to 7 of our 

11 comments; with- partial responses to two others. However, 

all responses were not completely satisfactory. 

.i I- ' -. 
I' 

"2 " 
. , .  ', 

: $>% ', $, : .>I.'? f .  '. Our first comment asked for a summary of the criteria 
! ., !,;,%,. , 
b .. % used to determine that the facility could be operated safely. 

This was partially answered by mentioning original site 

design criteria. However, there are other safety-related EPA 

regulations and W E  Orders the facility will be required to 

meet. What are they? Have you shown that you met them? 

2 .  This draft of the FSAR appropriately includes an 

assessment of occupational and public exposures to the 

hazardous waste component of TRU waste; yet, this is not 

mentioned in Chapter 1A. It should be. 

3. Section U . 1 . 1 . 2 ,  Wind, Page l A . l - 5 .  The exhaust 

filter building is mentioned elsewhere as a Design Class I1 

Structure (not 111). Also, since it is Design Class 11, why 

is it not designed for a 1 1 0  mi/hr wind? 

4 .  Table 1A.3-1, Page U . 3 - 3 .  The title and column 



heading in this table are confusing. What is being reported 

is the average dose for six CH-TRU workers (four waste 

handlers and two radiation control) and three RH-TRU workers 

(two waste handlers and one radiation control). See Table 

6.1-9. 

5. Section lA.4.5, Waste Hoist Hydraulic Brake System, 

Page 1A.4-5. The discussion on hopefully reducing the 

estimated waste hoist brake system annual failure rate from 

2-73-02 is not convincing. All that is expressed is a 

feeling of faith that the total system failure rate will be 

shown to be less than 1E-06 per year. See our comments under 

Section 7.3.2. 

6. Section 1A.4.5, HVAC Waste Handling and Exhaust 

Filter Building, Page lA.4-6: The estimation that the 

unavailability of the Exhaust Filter Building would be only 

1.4E-04 per release event is unproven. It is understood that 

this system did not perform properly during the March 1989 

Preoperational Appraisal Audit. Furthermore, no allowance is 

made for the failure of the CAMS to deliver a proper signal 

in the event of a release. The ability of the CAMS to 

perform with the required sensitivity in the underground 

environment has yet to be proven. Also, EEG would appreciate 

receiving information on the relay test circuits "being 

considered." How can the problem be considered solved when 

the specific correction is still being considered? 



-2 

Site Characteristics 

A. General Comments 

1. This Chapter has been greatly improved, and we were 

gratified to note that many of the improvements were in 

response to comments and recommendations of EEG. 

B. Detailed Comments 

1. Section 2.1.2.1.2, Potash Leases, Page 2.1-7. This 

section does not provide adequate discussion of the potash 

leases. Beoause there is indication that these private 

leases may involve large sums of money, it is important that 

they be resolved before the first shipment of vastes to WIPP. 

Please add information on when a resolution is anticipated. 

Also, add a description by section numbers of the 1600 acres 

referred to. 

2. Section 2.2.3.1, Fort Bliss/Biggs AAF, Texas, Page 

2.2-2. We understand that there have been 14 flights per 

year of UH-1H aircraft from the Biggs Air Force Base which 

fly 500 ft. above the ground directly over the WIPP site. 

These flights pose a threat to the safety of the WIPP 

facility, and W E  should take steps to insure they will not 
occur in the future. 



cEAPJmt3 

Principal Design Criteria 

A. General Comments 

1. Although Chapter 3 was extensively revised since 

the earlier version of the FSAR, and there were many 

editorial corrections, there was little substantive response 

to EEG's previous comments and recommendations. We continue 

to be opposed to the Design Classification definition of 

Class I items, and believe that the definition should be 

consistent with that contained in lo CF'R 60. 

2 .  EEG would appreciate the opportunity of reviewing 

the design classification evaluations for all Design Class I1 

items prepared in accordance with WIPP PROCEDURE WP-300, 

CHAPTER 4. Please provide information on where this 

documentation may be obtained. 

3. Additional sections should be added to describe the 

application of the Quality Codes 1, 2, and 3 that are 

assigned to on-site work requests, to design documents, and 

to purchase requisitions and for certain analytical or 

laboratory services for Dasign Class I, 11, and IIIA facility 

SSC's. Also, the Quality Codes should be described as they 

apply to certain services associated with the design 

validation, environmental monitoring, radiological monitoring 

and geological programs. An additional section should also 
be added, either here or in Chapter 11 to describe the 

implementation of the Quality Assurance Surveillance Program. 

4 .  The total expected inventory of CH-TRU and RH-TRU 

wastes is never stated directly in Chapter 3 or elsewhere in 

the FSAR. One can make estimates from various sources, 



including: (1) Tables in Section 3.1: (2) Table 6.1-4: and 

(3) statements about design volumes, operating lifetime, and 

maximums permitted (for RH-TRU). But none of these calcula- 

tions are as likely to lead to as good an estimate as that 

determined by those in the W W  who are most knowledgeable 

about waste characteristics, generation rates, and treatment 

and emplacement plans. Inventory data affect several aspects 

of safety analysis: (1) estimates of the number of transpor- 

tation and operational accidents; (2) probabilities of given 

concentrations of radionuclides being involved in accidents; 

and (3) the amounts of radionuclides available for release in 

post closure scenarios. The FSAR should summarize as much 

detail as is available on quantities, curies, and distribu- 

tion in containers for both CH-TRU and RH-TRU. Possible 

ranges and uncertainties should be discussed in all these 

values. 

B. Detailed Comments 

1. Section 3.1.1.1, Container Configuration. Pages 

3.1-3,30,31. The text on page 3.1-3 and the Tables 3.1-1 and 

3.1-2 on pages 3.1-30,31 do not give a complete picture of 

the CH-TRU containers since the TRUPACT Efficient Box 

(Standard Waste Container) is not mentioned on any of these 

pages. Also, several of the approved CIi-TRU vaste containers 

(Table 3.1-2) cannot be shipped in TRUPACP I1 and it is 

.. unclear how the vaste in these containers will be transported 

to WIPP. These pages should be updated and adequately 

describe the present situation. 

2. Section 3.1.1.2.4, Thermal Power, Page 3.1-6. It 

is unreasonable to assume an average thermal power of 60w for 

RH-TRU if the average concentration is really similar to that 

shown in Table 3.1-5. The watts from the Table 3.1-5 

inventory would be about 0.6/caniSter. Furthermore, a 



maximum canister subject to the constraints of 1000 PE-Ci, 23 

Ci/l and 200 gm fissile material would produce only about 86 

watts (assuming the same fission and activation product 

mixture as in Table 3.1-5). A 1000 PE-Ci CH-TRU drum would 

generate about 36 watts with no MAP or MFP radioactivity. 

3. Table 3.1-5, Page 3.1-35. The average curies per 

canister of RIi-TRU waste has been reduced from 1000 in the 

previous draft FSAR to 37 (47 if daughter radionuclides are 

included). This drastic change is not discussed in the FSAR. 

The current Table is closer to the values reported in the 

latest Integrated Data Base and in DOE/WIPP 88-005 but there 

are a lot of internal inconsistencies within these documents. 

It can only be concluded from the various reports that the 

volume of Hi-TRU- coming to WIPP may be as little as 2500 m3 

or it may be over 5000 m3. The number of curies may be from 

less than 50,000 to over a million. There are other 

- uncertainties; for example, some of the waste reported in 

WE/WIPP 88-005 do not appear to be TRU (less than 100 

nCi/gm) . 
"-.,,-- .-. , . . . ,'% , ' 

, p .., 2 
The FSAR should explicitly discuss what is known as 

f p. .. 
, . . .  well as the uncertainties of the total RH-TRU inventory 
', h? : 
' :. '.. , . , , . ; expected to come to WIPP. This discussion should include 

. . -. ..,.. _ 
estimated ranges of volumes and curies expected to come to 

WIPP during its lifetime. 

4. Table 3.3-2, CMS Vital Information Processing, 

Pages 3.3-31 through 3.3-34. This table should be revised to 

tabulate the CMS functions for each of the systems described 

in Section 3.3.2 Air Handling, i.e., Section 3.3.2.1 Surface 

Ventilation Systems for the Radioactive Materials Area, 

Section 3.3.2.2 Surface Support Facilities Ventilation 

System, Section 3.3.2.3 Subsurface Facilities Ventilation 

System, Section 3.3.2.4 Interactions Between Air Handling 



Systems. The present table appears to incorporate all of the - 
air handling functions in the one designation, HVAC, which 

could be interpreted to be only the surface air systems with 

air conditioning. The CMS functions for the Subsurface 

Facilities Ventilation System, Section 3.3.2.3 are detailed 

on pages 3.3-12 through 3.3-16 and should be tabulated in 

Table 3.3-2. 

On page 3.3-32, Table 3.3-2 should be revised to 

tabulate the CMS functions for each of the four Shaft & Hoist 

Systems identified in Table 3.1-8, i.e., Waste Hoist, 

Construction h Salt Handling Hoist, Exhaust Shaft, and Air 

Intake Shaft. For the Waste Hoist, the CMS functions should 

indicate when TRU waste is being transported, when there is 

hoist or shaft maintenance, shaft inspection, and. personnel 

transportation. 

5. Section 3.4, Decommissioning and Decontamination - 
Design Criteria, Pages 3.4-1 through 3.4-3. The Decommis- 

sioning and Decontamination Design Criteria section should 

discuss and reference the design criteria and programmatic 

requirements of DOE Order 5820A, "Radioactive Waste Manage- 

ment, Chapter V, Decommissioning of Radioactively Con- 

taminated Facilities." The current reference to Chapter 12, 

which references DOE 5820.2A1 is considered to be inadequate 
for the purposes of the FSAR since neither Section 3.4 nor 

Chapter 12 address each of the major design and programmatic 

requirements (5.1 through 5.e) of DOE 5820.2A. 

The reference to the ALARA program should reference DOE 

Order 5480.11, "Radiation Protection for Occupational 

Workers," which references (paragraph 9.a) PNL-6577, "Health 

Physics Manual of Practices for Reducing Radiation Exposure 

to Levels that are As Low as Reasonably Achievable ( A m ) . "  



aAPTER4 

Plant Design 

A. General Comments 

1. This chapter has been expanded to include sig- 

nificantly improved descriptions of ventilation, fire 

protection, electrical and water distribution. This 

information was quite helpful to EEG1s review. 

2. Inspections and testing &f important equipment and 

mechanical systems is discussed throughout this chapter, but 

only occasionally is the frequency given for such inspections 

and tests. This additional information should be added for 

all of the important systems, or a reference cited where such 

information is specified. 

B. Detailed Comments 

1. Figure 4.1-2, WIPP Surface Structures, Page 4.1-8. 

Buildings 364 and 365 are not identified on the Explanation 

page - 
2. Section 4.2.1.1, Inventory and Preparation Area, 

Page 4.2-4. The description of this area refers to a waste 

surge storage area, a battery recharge area, and office space 

for waste handling personnel. These areas should be 

identified in Figure 4.2-1 or reference made to other figures 

where the areas are identified. 

3. Section 4.2.1.2, RH Waste Handling Area, Page 4.2-6 

to 4.2-10. Figures 4.2-1 and 4.2-3 should be changed to 

label and identify the cask preparation area, the cask 

maintenance station, and the cask transfer cell. 



4. Section 4.2.1.5, Fire Protection, Page 4.2-14. The 

last paragraph of this section discusses solidification of 

contaminated liquid wastes. As previously requested, the 

FSAR should provide further details of this processing - 
either here or elsewhere in the FSAR. It should address 

radiation protection and include the processing procedure, 

where such processing will take place, and how separation 

will be maintained of contaminated RH-waste water from 

CH-waste water. 

5. Section 4.2.1.6, Effluent Monitoring System, Page 

4.2-15. The air that exhausts the WHB is filtered by a 

prefilter and two HEPA filters, not "... 3 multiple stages of 
HEPA filters ..." 

6. Section 4.2.2.2, Construction and Salt Handling 

Shaft Headframe and Hoist House, Page 4.2-17. Please provide 

further clarification of the "placement of the emergency - 
escape hoist over the CLSH shaft." Is the emergency escape 

hoist not part of the existing/in-place mucking hoist, or 

will there be a requirement to change cages prior to 

evacuating the mine through the C&SH shaft? 

7. Figure 4.2-7, Support Building, Page 4.2-34. Rooms 

124 and 125 are mislabeled. The High- and Low-Level Counting 

Labs are not located here. The walls that remodeled rooms 

107 and 139 into offices are not shown. 

8. Figure 4.2-8, Support Building, Page 4.2-35. The 

floor plan for rooms 250 through 253 are incorrect. 

9. Section 4.3.2.1.2, Electrical Utility Services, 

Page 4.3-9. The description of the Electrical Utility 

Services should be revised to state that one diesel generator 

can be remotely started and brought on line from the Central - 



- Monitoring Room, as stated in Section 4.4.2.1.2. As shown on 
the legend to Table 4.4-6, DG No. 25P-E504 is able to be 

synchronized and brought on line automatically. 

10. Section 4.3.2.1.3, Subsurface Structural Features, 

Page 4.3-10. The third paragraph on this page suggests that 

vapors from diesel fuel constitute the principal risk of an 

underground explosion. Of possible greater risk is an 

explosion from hydrogen formation around the battery recharge 

areas. Battery recharge in the WHB is shown in Figure 4.4-2 

and discussed in Section 4.4.3.1.2, but no mention is made of 

subsurface battery charging. This should be addressed here 

and in other sections of the FSAR. This deficiency was 

mentioned in previous EEG comments. Also, it was previously 

brought out-that the wastes may contain small amounts of 

pyrophoric materials, or materials which may produce 

explosive mixtures. Since backfill will not be used during 

- the first five years, some consideration'of this potential 
problem should be discussed. 

11. Section 4.3.2.3, RH-TRU Waste Storage Area, Page 

4.3-13. EEG requests that up-to-date reference design 

documentation be cited on pages 4.3-13 and 4.3-15, and that 

EEG be supplied with drawings of the current design of the 

shield plug and documentation that supports the 3 - 5 
mrem/hour statement. 

" 

12. Section 4.4.1, Ventilation Systems, Page 4.4-1. The 

last paragraph on this page refers to UP 04-1, "Facility 

Operation Manual." This is an important document which EEG 

needs to complete review of the FSAR. As of this date, it 

has not been made available. 

13. Section 4.4.1.2.1, CMR and Instrument Shop, Page 

- 4.4-10. The last paragraph should be revised to reflect the 



fact that the CAMS located at stations B and C do not monitor .-..~ 

ambient air, but monitor only HEPA-filtered qqcleanqq air and 

therefore do not necessarily represent ambient air. 

14. Section 4.4.1.3.2, System Description, Page 4.4-18, 

4.4-19, 4.4-20. On page 4.4-18, the statement, "Alarm of any 

two CAMS can activate HEPA filtrationm is misleading. 

According to J.P. Harvill, at the 28th Quarterly Meeting 

between W E  and EEG, an alarm by any two underground alpha or 

any two underground beta/gamma CAMS will initiate HEPA 

filtration. 

On page 4.4-19, please clarify how the reversal of air 

flow will impact the emergency traffic flow underground 

pursuant to the escape markings. 

The last two paragraphs on page 4.4-20 refer to 

nperiodicq8 leak and operational tests. Please indicate the - 
frequency of testing, and appropriate action levels. 

15. Section 4.4.2.1.5, Backup Loads, Page 4.4-25. This 

discussion of the backup loads should be revised on page 4.4- 

25 and in Table 4.4-8 on page 4.4-126. The electrical power 

needs of the Exhaust Fans, items 28 and 29 on the Legend to 

Table 4.4-5, page 4.4-105, should be identified rather than 

the backup electrical load for ventilation for the Air Intake 

Shaft Hoist on page 4.4-25 and the Air Intake Shaft Hoist 

Fans on Table 4.4-8. Also, the discussion of the minimum 

load for backup should be consistent with the above revision. 

16. Section 4.4.3.1.2, Fire Characteristics, page 4.4- 

32. The discussion of Svontaneous ianition includes mention 

of hydrogen formation and venting through a separate exhaust 

system. It is presumed that this "separate exhaustn venting 

of hydrogen applies only to the battery recharge area of the - 



WHB. Please also indicate what safety design features are 

available in the subsurface battery recharge areas. 

17. Section 4.4.6, Radioactive Waste Systems, Pages 

4.4-49 and 4.4-50. This section refers to section 5.4 for a 

description of decontamination procedures, process operation, 

and radwaste properties. Section 5.4 anticipates radioactive 

waste will be generated above and below ground at WIPP, 

however no mention is made of how water mixed with waste and 
salt in the underground will be collected, assayed or 

solidified, nor how the underground tunnels will be decon- 

taminated. 

The last paragraph of this section on page 4.4-50 refers 

to the "Waste Handling Operations ManualIn WP 05-1. The EEG 

has not been provided a copy of this manual which is 

necessary to complete our review of the FSAR. The section 

also refers to the FMEA, Table 4.4-13. This table does not 

appear to address the waste water from the RH area, which is 

contaminated and may have to be treated separately from the 

CH-liquid waste. This problem should be addressed. 

18. Section 4.4.6.2, Liquid Radioactive Wastes, Page 
. ,. 4.4-52. This section describes a trench system which holds 

, , .. fire water pending sampling and analysis for radioactive 
. . .  ' ,  , 

i i. :..I . r 
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, : .  . i  , . ,  . 
contamination. If contamination is confirmed, then the 

I ...I ~. , 
' ' .:.* :.: ; . , , ; , I .,; a,, : contaminated water is manually transferred to a collection 

'. . ."..*.... . ,- 

tank. This section does not provide details of radiation 

protection for workers, and procedures needed to collect, mix 

and measure the activity of the supernatant or precipitate in 
the holding tank and sump. 

19. Section 4.4.9.4, Air Filtering Equipment, Page 4.4- 

63. Please provide more information on the criteria for 

filter changeout - the radiation level or pressure drop. 
25 



This information should either be provided here or a 

reference to where such information is available should be 

provided. Also, it is noted that there is no airlock 

included in the present design of the Exhaust Filter Building 

HEPA filter plenum. Further details of the changeout 

procedure are needed. 

20. Section 4.4.9.4, Air Filtering Equipment, Page 4.4- 

64. It seems likely that the negative pressure of the filter 

plenum in the Waste Handling Building would collapse the bag 

for the used filters. 

21. Section 4.4.10.2.2, Exhaust Filter Building, Pages 

4.4-69, 4.4-70. This section indicates that the compressed 

air requirements are met by two compressors. It was EEG's 

understanding that compressed air to the EFB is provided by a 

buried pipe to the Compressor building. 

I 

22. Table 4.4-1, FMEA for the WHB HVAC System, Page 

4.4-79. Item 6 on this page describes a Failure Mode as 

"Permissive to supply air handling unit fails." Please 

clarify this failure mode. 



CBAPTW5 

Process Description 

A. Detailed Comments 

1. Section 5.1.1.2, Inventory/Preparation Area, Page 

5.1-4. Further details are needed here or elsevhere in the 

FSAR on the procedures for removal and assay of the HEPA 
~ " .. - filters to avoid potential contamination. 

2. Table 5.1-3, CH-TRU Waste Handling Failure Mode and 

Effects Analysis. This table fails to consider the potential 

for fire or explosion resulting from hydrogen gas around the 

battery recharge area in the subsurface. According to 

Figure 4.3-5, there are five battery recharging stations in 

the subsurface. 

3. Table 5.1-3, CH-TRU Waste Handling Failure Mode and 

Effects Analysis, Pages 5.1-16, 5.1-19. On page 5.1-16, 

accident 13 refers to use of breathing air masks for fire in 

a site-generated rad waste room. Only SCBA would be approved 

for use during a fire. Please clarify. 

On page 5.1-19, Item A1 for Accident 19 is not a safety 

feature as stated. 

4. Table5.2-1, RH-TRU Waste Handling Failure Mode and 

Effects Analysis. This table also fails to consider fire or 

explosion in the underground battery recharge areas. 

See previous comment. 

5. Section 5.4.2, Solid Radwaste System, Page 5.4-2. 

This section states that all solid radwaste is anticipated to 

be CH, however, if contamination is found or occurs in the 



hot lab or RH-canisters, the resultant cleanup could produce - 
RH-waste. This should be reevaluated and a procedure 

developed to handle RH-TRU generated wastes. 

6. Table 5.5-1, Waste Package Information, Page 5.5-7. 

This table omits several items which are required pursuant to 

WIPP/DOE -157, Rev. 2. For example, the Shipment Certifica- 

tion Date, the name of the official who certified the TRUPACT 

payload, the organic materials volume present, the thermal 

power (if the amount exceeds the specified limit), the Pu-23.9 

Gram Equivalent, the Waste Package Certification Date, and 

name of the certifying official are either required or 

conditionally required. 



- 6  

Environmental, Safety and Health Protection 

A. General Comments 

1. Appendix 6A, which is necessary for the review of 

the radionuciide concentration and dose calculations in this 

chapter, was not received until April 26, 1989, after most 

comments for the chapter were completed. Our comments on the 

appendix are summarized at the end of the chapter. We 
5, consider the appendix to be seriously flawed. f 

3 x 4) 
9 . L1 

/' 2. There appears to have been a failure to address in 
" - 

this chapter the-changes brought about by the introduction of 

the new ventilation shaft and the new fans. Also, there is a 

need for more careful consideration of the placement of 

monitoring equipment in the Waste Handling Building. There 

should be a systematic ventilation and contaminant migration 

study with smokes and tracer gases to arrive at more 

realistic decisions on placement. 

3 .  The Draft FSAR makes only two brief references to 

the requirements of 40 CFR 191 Part A and does not explicitly 

say how compliance will be shown. Neither does the Draft 

FSAR compare expected doses estimated in this chapter with 

Part A. The Second Modification of the C&C Agreement 

requires that the FSAR document comply with Subpart A. 

Therefore, this documentation of compliance must be included 

in the FSAR. 

4. The Draft FSAR does not fully cover the disposal 

phase of the project because compliance with 40 CFR 191, 

Part 8, has not been shown, and final decisions have not been 

made on waste treatment, backfill, and emplacement details. 



The need for a supplement to the FSAR has been recognized in -. 

the Draft FSAR and is included elsewhere in our comments. 

However, this Draft FSAR does not address any of the 

operational procedures that will take place in the proposed 

experimental phase of WIPP. There are important differences 

in the waste form that would be used for proposed bin 

experiments and in underground handling procedures for both 

experimental and proposed operational demonstration wastes. 

In addition, the movement and/or backfilling of wastes 

emplaced during the experimental phase into the final 

disposal mode must be evaluated.' There are possibilities of 

increased radiation exposure and perhaps mine safety when 

working in rooms that will have been open for six to eight 

years. In addition, treatment of waste containers on-site is 

a possibility. Also, some emplacement rates which have been 

proposed during the experimental phase could lead to a 

three-panel operation during the first few years when 

experimental phase waste is being finally emplaced and new - 
waste is being brought in for the disposal phase. The 

adequacy of the ventilation system to allow waste handling 

operations in three panels needs to be evaluated. 

B. Detailed Comments 

1. Section 6.1.1.2, Design Consideration, Page 6.1-2. 

In view of recent moves to super-compact waste and heavily 

load boxes, and the possibility that the existing inventory 

of boxes may be repacked into the smaller TRUPACT-I1 standard 

waste containers, it may be prudent to reevaluate the 
I*. 

assumption that radiation fields from boxes will be smaller 

than from a 55 gallon drum. 

2. Section 6.1.2.1, Direct Radiation Sources, Page 

6.1-5. The third paragraph uses %r/hm as allowed neutron 

dose rate. This should be *mrem/h.* Also, please provide -. 



the basis for ignoring the neutron contribution to total dose 

rate, particularly from high alphacontent (heat source Pu- 

238 and enhanced Am-241) wastes. 

3. Section 6.1.3.1, Plant Arrangement Designs for 

Keeping Exposures ALARA, Pages 6.1-8, 6.1-9. On page 6.1-8, 

there is a need for further information on the contamination 

check points. For example, describe the equipment to be 

used, the procedure for survey of personnel and control of 

potential contamination, and the procedures and facilities 

for handling contaminated personnel when or if found. On 

page 6.1-9, please include information which supports the 

assumption that pressure differential values created by the 

ventilation system correspond correctly and appropriately to 

the identified c~ntamination 88zones18 in the WHB such that 

contamination spread between zones will be controlled. 

- 4. Section 6.1.3.3, Radiological Control Zoning and 

Access Control, Page 6.1-12. More detail is needed here on 

how personnel are surveyed for contamination at the control 

points, equipment used, what action is taken when con- 

taminated workers are found (where decontamination occurs), 

etc. 

i # 

5. Section 6.1.3.4, Radiation Shielding, Page 6.1-17 

to 6.1-18. It is very difficult to review input parameters 
r .  % 

for the operation of the QAD-P5A computer code from figures 

6.1-6 through 6.1-8. A listing of the structural and 

configurational, as well as source term magnitude/location 

for this analysis, and those involving the execution of two 

other shielding codes (63 and ANISN) is required to make an 

analysis of this activity with any degree of confidence. 

6. Section 6.1.3.5, Ventilation, Page 6.1-20. Please 

- clarify and revise the grammatical errors in the first 



paragraph on this page. 

7. Section 6.1.3.6, Radiation Monitoring Equipment, 

Pages 6.1-24,25. The discussion on page 6.1-24 concerning 

the placement of alpha CAMs and FASs is misleading and 

implies a lack of understanding of the purpose of these 

sampling systems in meeting the monitoring requirements of 

W E  Order 5480.11: 

(a) CAMs are not designed to provide indications 

of concentrations of airborne radioactivity. Their role is 

to provide alarm in the event of accidental releases: 

(b) The decision to utilize a CAM, according to 

W E  Orders, is not based on whether personnel occupancy is 

nlowll or not: and 

(c) FA5 sampling is not an adjunct to CAM 

monitoring in cases of "low occupancy." FASs havetheir own 

proper function in monitoring and control of worker exposure. 

This should be clearly described here. 

The second paragraph on page 6.1-25 states that each 

monitoring system is set to alarm within "acceptable levels 

of the limits in W E  5480.1B, Chapter XI." Since DOE 5480.1B 

does not address alarm levels, please provide an indication 

of the criteria which will be used to establish these levels. 

For example, perhaps the level will be set at some designated 

fraction of the maximum permissible exposure range. It would 

be desirable to specify that fraction either in the FSAR or 

the Radiation Safety Manual, so that it could be verified and 

''.;Fld not become an arbitrary value. 

Also, the discussion of airborne radioactivity monitor- 

ing assumes that the monitors are "designed to operate in the 

expected environmental conditions." Based on recent reviews 

of the CAMS for both collecting and detecting transuranics in 

a radon daughter and salt loading environment, this assump- - 



tion is unproven. Also the calibration of the CAMs, while 

traceable to NBS and which provide instrument checking, do 

not calibrate for the actual environmental conditions. 

Proper operation of the CAMs is vital to the protection of 

workers at WIPP and to the warning of environmental releases. 

EEG's concerns about the ability of these instruments to 

detect radionuclide concentrations with the required 

sensitivity (particularly in the repository where the 

greatest amount of interference from salt loading and radon 

daughters are encountered) have been well documented 

elsewhere. It is mandatory that further studies be carried 

out to insure that an adequate monitoring system will be in 

place before wastes arrive. 

8. Section 6.1.4.2, Normal Operation, Page 6.1-27. In 

the description of the input for annual exposure during 

normal CH-TRU and RH-TRU waste handling operations, dose 

rates of 14 mrem/h, 5 mrem/h, and 2 mrem/h four inches from 

the surface are given for CH-drum, CH-box, and RH-cask, 

respectively. Please provide the basis for these values. 

Also, please clarify whether the surface level on a drum is 

from an individual drum or a 7-Pack. 
".I---.. 

% 
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, .:< a ,  ;. i 9. Section 6.1.5.3, Radiation Protection Instrumenta- 
: ?; $; ::. ..r ,; 
! .. : . .  : . tion, Page 6.1-34, 6.1-38. 

, . .  . ,  , 
. . , 

On page 6.1-34, it is stated that samples for both the 

low level laboratory and the high-level laboratory are 

prepared in the sample preparation room. It is unacceptable 

to prepare a sample for high-level counting in the same room 

as samples for low-level counting since cross contamination 

of the low-level facilities will likely occur. 

Please provide a reference where further details for the 

calibration procedures may be found. 



The first paragraph on page 6.1-38 states that bioassay 

services are available on a contract basis. The implication 

is that bioassays would be performed only following evidence 

of a contamination incident. The WIPP "Radiation Safety 

Manual," WP 12-5, Revision 1, indicates that preassignment 

baseline assays and annual bioassays will be routinely 

carried out. This would suggest that on-site capability for 

certain types of bioassays (urine, fecal and chest counting) 

should be available, and the annual bioassays for radiation 

workers scheduled to minimize assay work loads. This section 

should be revised to clarify that routiw and incident assays 

will be carried out pursuant to the "Radiation Safety 

Manual." The discussion on page 6.1-41 clarifies this 

ambiguity tu some degree, but has a typographical error in 

the sixth paragraph where Nroutingn should be Nroutine.ll 

10. Section 6.1.5.5, Radiological Control Facilities, .--. 
Page 6.1-43, 6.1-44. Please provide more information on the 

facilities and methods for personnel decontamination, and for 

detecting such contamination. With respect to personnel 

decontamination, reference is made to the transport of 

patients to "a hospital, which has agreed to handle injuries 

involving radioactive materials.*# Has a hospital(s) been 

identified for this purpose? If so, please identify it in 

this document. 

On page 6.1-45, under equipment for the dosimetry 

laboratory, a statement indicates that compressed nitrogen 

gas is used for heating. Please clarify this statement. 

11. Section 6.1.6.1, sources of Potential Release, Page 

6.1-48. The 

in assessing 

provides the 

first paragraph states that the assumptions used 

releases are shown in Table 6.1-5. This table 

estimated results only, but does not indicate - 



the basic assumptions used to obtain these values. The basic 

assumptions are needed in order to properly evaluate these 

data. Neither Table 6.1-4 or Appendix 6A provide sufficient 

information to arrive at the data shown in Table 6.1-5. Also 

the first sentence in this paragraph should be revised to 

state that @@the design of WIPP recognizes that very small 

amounts of radioactivity will be released.@@ To state that it 

"may1' be released implies that no radioactivity may be 

released, which is not possible. 

12. Section 6.1.6.2, Dose Calculation Models, Page 6.1- 

51. The use of the mean reciprocal wind speed in the 

atmospheric dispersion equation instead of the mean wind 

speed biases the equation toward the lower wind speeds. The 

resulting deposition would be higher than if the numerical 

average of the wind speeds were used in the equation. Please 

clarify how the average of the reciprocal wind speeds can 

save computer time, or other reason why these values were 

used. 

Also on the following page (page 6.1-52), in the 

determination of the effective stack height for air dis- 

charges, credit is taken for the effluent air velocity in the 

vertical direction. It is our understanding that these 
stacks are not arranged to release air in the vertical 

t direction, nor will they emit air equally well in all 

directions. Therefore, the angle of discharge, and the 

effects of shrouding to effect releases in one direction from 

the stacks, should be taken into consideration when utilizing 

the Rupp equation to determine effective stack height. Lower 

effective stack heights and greater momentum of air in the 

horizontal direction (and possibly turbulence when the 

airstream must change direction) after exiting would be 

expected. Some consideration should be given toward 

determination of the exiting plume as a function of wind 



direction and velocity since the dry deposition rate 1s -. 
affected by wind speed in the horizontal direction as well as 

by radionuclide concentration. 

On page 6.1-53, the use of a constant precipitation 

factor for the determination of radionuclide deposition is 

questionable for several reasons. The first reason is stated 

in the document: precipitation occurs in discrete events of 

varying magnitude throughout the year. At the WIPP, there 

are about three to nine events/month on the average (Climates 

of the United States, U.S. Dept. of Commerce, Washington, 

D.C. 1973) depending on the month of the year. However, most 

of the precipitation, and the greatest number of 

precipitation events, occur during the growing season. 

Hence, most'of the deposition of this type occurs during 

livestock foraging periods and does not occur equally 

throughout the year. This period also marks the greatest 

surface contamination of forage plants which are consumed by - 
livestock. During the spring when biomass densities are 

limited, livestock must forage over large areas to obtain 

their food requirements when compared to later in the growing 

season. During the growing season the deposition is affected 

by the leaf area index of the plant on the one hand, and 

lower grazing areas/animal unit as well as tissue dilution of 

the areal radionuclide concentration on the plants. Thus a 

complex set of processes involving both precipitation events 

and biomass densities affect livestock intake of 

radionuclides deposited on plant surfaces. A simplistic 

approach in using a constant scavenging coefficient is 
,#--.--. 

/ $&,, probably not conservative, and should be tested with a model 

f-.::. $:..'; , 1; .$. ' ') that can take these factors into consideration in evaluating 
,.::,.w. 

i 
, . .- - : .  ." this dose pathway to man to give it validity. 

,.,. . - 
This document does not mention, and presumably does not 

include, resuspension events which can contaminate plant 



surfaces via additions to the air concentration resulting 

from stack emissions. They are mentioned only with respect 

to inhalation hazards to man. Curiously, it does mention 

washoff of contamination from these surfaces in estimating 

pathways. The document is totally silent on soil saltation- 

creep (erosion) events which contaminate forage and crops up 

to about one meter above the ground, and also rainsplash 

momentum which does the same thing. In a region where 

radionuclides accumulate on the soil surface as a result of 

deposition from a plume, these processes become very 

important to consider as pathways of radionuclides to man. 

It is well known that insoluble plutonium compounds are not 

readily eluviated from the soil surface. Hence, this pathway 

is ever present, particularly in an arid environment, and 

should be t-aken into account in a risk model for this 

purpose. 

Although dose calculation equations from reference '(39) 

were used, it is not clear what specific equations were used, 

and what differences in parameter input assumptions were 

made. This should be clarified. Also the meaning of 

"exponential transferfrom one segment to anotherw is not 

clear. Presumably this refers to the four-segment catenary 

model of the GI tract developed by Eve. This should be 
stated. Generally, the integrated form of transport 

processes can be expressed as exponential equations with 

constant or time variant coefficients, but the actual 

transport processes are not of this type. 

13. Section 6.1.6.3, Dose Calculation Parameters and 

Discussion of Results, Page 6.1-55. The assumed value for 

the deposition velocity at the WIPP site of 0.18 cm/sec was 

not found in reference (38), however, a value of 0.68 cm/sec 

was found for typical meteorological conditions at Oak Ridge, 

Tennessee. This value for the WIPP site appears to be low by 
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a factor of about two. A justification and an exact 

reference for this parameter should be added. It is 

generally assumed that there is a one order of magnitude 

difference between wet and dry deposition amounts (wet = 10 x 

dry) . 
It is not clear whether the 0.28 kg/m2 and 1.9 kg/m2 

values on page 6.1-56 are wet or dry weight units. The value 

of grassland biomass density appears to be greater than 

expected by a factor of two for arid sites if wet weight 

units are assumed. Please clarify whether the reference 

cited specifically addresses arid sites. The value used for 

forage consumption for cattle is 15.6 kg/day dry weight. The 

value recommended by NRC is 12.5 kg/day. Why was the latter 

value not used? Also, it is not clear why it was assumed 

that the entire beef herd was consumed on an annual basis, or 

why a specific fractional part of the herd was assumed to be 

consumed per day if one assumes constant biomass density and - 
an adequate number of beef cows are available to feed the 

individual(s). Because beef cows are not slaughtered until 

they have reached a certain stage of maturity (discrete 

event), and a human's beef consumption is continuous, a lag 

period accounting for maturation (seasonal), and another 

between slaughter and consumption (NRC recommends 20 days, 

although it is not important for transuranics) should be 

implemented. Please indicate how the seasonal factor was 

addressed in these analyses. If mean annual concentrations 

in beef tissue are being utilized each day to account for the 

maturation period, the validity of this assumption should be 

documented. Please also indicate the extent to which water 

ingestion was considered in these analyses. 

14. Section 6.1.6'.4, Effluent and Environmental 

Monitoring and Exposure Pathways, Page 6.1-57. The first 

paragraph of this section states that the nonradiological -. 



monitoring is discussed in Chapter 3. We could find no such 

discussion in Chapter 3. There was a reference to handling 

non-radioactive hazardous materials, namely the "Operations 

Program Plan,It WE/WIPP 85-001, Rev. 3, July 1988. This 

document has not been provided to EEG. 

On page 6.1-62, it is not proven that either of the 

alpha CAMS can correctly measure the release of TRU from 

underground in the presence of salt loading of the filters. 

In the case of the beta CAM, the correction for radon progeny 

beta emitters is not discussed, and how the salt loading on 

the monitor will affect the gamma correction on the opposed 

t8nonloadedn detector. What are the lower limits of detect- 

ability for the WIPP radionuclides in environmental media for 

these detector systems? 

On page 6.1-64, first sentence. This sentence should 

read: *'The filters obtained from this FAS will be collected 

and analyzed by the New Mexico Environmental Evaluation 

Group, for independent verification of releases from the 

facility." 

On page 6.1-64, please provide more information on the 

minimum detectable concentrations (MDC) which determine 

quantitatively the meaning of the phrase "significant 

release." Also indicate what total release and/or release 

rate would correspond to these levels based on calculated X/Q 

and deposition velocities for the predominant plume direc- 

tion. It should be noted that once the HEPA filters are 

activated in the EFB, Station B must remain in operation 

continuously from that time on, because it is the sole point 

at which this effluent can be monitored after it passes 

through the HEPA filtration system. 

15. Section 6.1.7.1.1, Overall Approach, Page 6.1-70. 



Under item (4) it is stated that a 50-year effective -. 

committed dose equivalent is used. This concept is commonly 

used for radionuclides, but it should be made clear how the 

methodology would be applied for hazardous wastes. 

On page 6.1-72, the first paragraph includes a statement 

that risks for hazardous wastes are being overestimated by 

one to three orders of magnitude by the use of conservative 

assumptions. The basis for this statement should be added or 

the statement deleted. 

16. Section 6.1.7.1.2, Assumptions and Considerations 

of Uncertainty, Pages 6.1-71, and 6.1-72. The first sentence 

of this section indicates that conservative estimates are 

provided in-Table 6.1-16. Please provide a justification for 

this statement. EEG agrees with the first sentence of the 

second paragraph on page 6.1-72 in that this statement 

recognizes the uncertainties in the chemical data base. 

Also, the assumption of 24 hours-a-day, 365 days-a-year 

occupancy may lead to a conservative factor of two or three, 

but not a factor of 10 to 1000. 

17. Section 6.1.7.2.1, Migration Pathways, Page 6.1-73. 

We agree that for normal operations the volatile organic 

gases would be the predominant releases, however, it is not 

obvious that 100% of the lead would be in a monolithic form. 

Since there is so much lead in the waste, the mobility of 

only a few percent of it could be significant. A contrary 

assumption should be justified. 

Also there is no indication that surface contamination 

has been considered. Data is needed on surface contamination 

so that exposure can be evaluated. 

This section concludes that the ingestion pathway was 



not evaluated. This conclusion is based on the assumption - 
that the chemicals are relatively insoluble and tend to break 

down in the atmosphere and through biodegradation. Please 

provide data or references which support such assumptions. 

18. Section 6.1.7.2.2, Characteristics of Potential 

Hazardous Contaminants, Page 6.1-74. It may not be valid to 

consider only those hazardous wastes present to the extent of 

1% or more. It is possible that a highly toxic component 

present in amounts less than 1% by weight may be of greater 

significance in toxicity evaluations. For example, cadmium 

has a cancer potency factor about 425 times as great as 

methylene chloride and is listed in Table 6.1-17 as having an 

average concentration about .006 of that of methylene 

chloride. Therefore, perhaps cadmium should have been 

considered. Was the data base examined to determine the 

presence in low concentrations of other highly toxic waste? 

A 

The statement in the second paragraph on this page that 

the method of calculation leads to a "worst case1* scenario is 

correct for some of the waste forms but not for those waste 

forms in which the concentration of a hazardous constituent 

may be greater than the ncalculated" average. Also, the 

concentrations of hazardous waste from other generators may 

substantially exceed that from RFP/INEL. Therefore, more 

convincing evidence is needed to support the claim that this 
a 

is a conservative estimate. 

At the bottom of page 6.1-74, it appears to be assumed 

that lead is not one of the mobile constituents. With the 

very high quantities of lead in some of the drums, this may 

not be valid. Evidence should be provided to support such an 

assumption. Furthermore, lead can be assumed to be control- 

ling for the other heavy metals only if the mobile fraction 

and/or toxicity of these other metals is substantially less 



than for lead. 

On page 6.1-75, a statement that volatilization of 

liquid organics need not be considered because the WAC does 

not allow liquids is inaccurate. Actually, the WAC does 

allow small amounts of liquid residues. 

As previously indicated, the statement at the top of 

page 6.1-77 that using an average concentration represents a 

worst case assumption is not valid for all waste containers. 

19. Section 6.1.7.2.3, Exposure Modeling, Page 6.1-78. 

Using the "nearest residence," the Mills Ranch, as the 

location of the maximum exposed individual from routine 

releases is'probably not conservative. The X / Q  cmcentra- 

tions at Crawford Ranch (5 miles NNW-NW in the prevailing 

downwind direction) are about 502 greater than at Mills Ranch 

(Table H-49, page H-93 of FEIS). For accidents, Mills Ranch .- 

has one hour X / Q  values about 108 higher than Crawford Ranch. 

In the second paragraph on page 6.1-78, there appears to 

be a typographical error in the first sentence. The volatile 

releases should be "fromn the waste handling building and 

underground area rather than "to." Also please address the 

potential for adsorption of the VOC9s to particulates. In 

which case, why should not the particulate form of hazardous 

materials be considered? Please also clarify whether the 

mixing heights utilized for VOC1s are the same as those used 

for the dispersion of radioactive material. Do VOC's have a 

higher effective mixing layer because of diffusion? 

20. Section 6.1.7.3, Routine Releases and Exposures for 

Hazardous Chemicals, Page 6.1-80. This section states that 

"before opening the TRUPACT-11, samples will be taken from 

the sample port to detect any accumulation of hazardous 



chemicals." This monitoring procedure is not described in 

Chapter 5. It should be indicated whether such analyses of 

hazardous chemicals will be a routine procedure, and, if so, 

what methods of analysis will be used. If these materials 

will be routinely analyzed in the gases of all TRUPACP-I18s, 

the procedure should be addressed in Chapter 5. The average 

flow rates in Table 6.1-19 for 14 drums sealed in TRUPACT-I1 

for 100 hours would lead to air concentrations in the 

TRUPACT-I1 cavity that exceed threshold limit values for 

carbon tetrachloride and are about 15% of the TLV for 1,1,1 

trichloroethane. Therefore, concentrations inside the 

TRUPACT-I1 may be significant and routine sampling should be 

required. 

21. Section 6.1.7.3.1, Routine Releases, Page 6.1-80. 

The statement is made here that *'backfilling is expected to 

effectively reduce exposure to VOCs to negligible levels.'* 

This would be true only after a storage chamber has been 

sealed, but not necessarily during the filling of a chamber 

with waste. 

Also on this page, there appears to be an error in the 

assumed air velocity in a storage room. Since the empty room 

has a cross-sectional area of about 40 m2, the velocity of 3 
m/s yields a ventilation in the storage room of 120 m3/s or 

254,000 ft3/min, which is 60% of the entire repository 

ventilation air. Also using the data in Table 6.1-22, one 

can calculate the air flow to be in the vicinity of 116 to . 
r t 

' 123 m3/s. The WPO ventilation drawings indicate that the 
. 4  

entire flow in a waste panel will be 122,000 ft3/min. Thus 

khe air flow assumption here appears to be high by at least 

- ' 108% and the calculated air concentrations in Table 6.1-22 

should be more than doubled. (~eth~lene chloride concentra- 

tion appears high by a factor of 10.) 



22. Section 6.1.7.4, Health Risks and Ecological 

Consequences of Chemical Releases, Page 6.1-83. Please 

clarify this paragraph and indicate whether the acceptable 

excess cancer risks (1 in 10,000 occupational, etc.) are per 

year or per lifetime. 

The assumption of 65 to 70 individuals exposed does not 

appear consistent with information in Tables 6.1-8, and 6.1- 

lo. Please clarify. Also the significance of the last 

sentence on this page is not clear. 

Concerning the discussion at the top of page 6.1-84, the 

use of human risk standards when considering exposure risks 

to animals may be conservative for certain species, and/or 

hazardous materials, but not valid for others. For example, 

herbivores do not wash forage prior to consumption and are 

more likely to inhale resuspended contamination for longer 

periods of time in a contaminated area. Therefore, it may be A 

desirable to carry out additional environmental studies of 

the ecological system to further support these assumptions. 

On page 6.1-85, it was possible for EEG to derive the 

risk factor for carbon tetrachloride as stated in the second 

paragraph by using a cancer potency factor of 0.13 
(mg/kg/d) 'l, and by assuming the values in Table 6.1-22 are 

in mg/kg/d. However it was not possible for us to arrive at 

the risk factor for methylene chloride. Please clarify these 

derivations. Also, the statement that 2.73-06 is "at least 

two orders of magnitude less than 1E-04," is not correct. 

23. Tables 6.1-16 and 6.1-17, Pages 6.1-108 and 6.1- 

109. By using the values in Table 3.1-6, it was possible to 

derive the values shown in Tables 6.1-16 and 6.1-17. It is 

recommended that these two tables reference Table 3.1-6. 



24. Table 6.1-20, Page 6.1-112. Except for the values 
A of Freon $13, it is not possible to correlate the values in 

this table with the respective emanation rates shown in Table 

6.1-19. Please provide the methodology for deriving these 

values or information to indicate why the respective routine 

releases should not be the product of the number of drums 

times the emanation rate per drum. 

25. Table 6.1-21, Page 6.1-113. The inhalation values 

given in this Table cannot be obtained from data in other 

tables when using normal inhalation rates of 12 m3/d for 

- ... occupational exposure and 22 m3/d for the public. Possibly 
,* - 

f' :, - these tables should have been labeled as mg/kg body weight 
1 f r  t a h e r  day. , " " i 

t 

26. Table 6.1-22, Page 6.1-114. In evaluating this 

Table, and as indicated in comment 21 on this Chapter, the 

air flows appear to be high by a factor of at least two. 
6 Also if the mg/day values in Table 6.1-21 should be mg/kg/d 

and are multiplied by 70 for a 70 kg individual, and using an 

AIC value of 6.30 mg/Kg/day the risk would be 5.1E-04 for 

1,1,1 trichloroethane. The risk value for carbon tetra- 

chloride was verified but we did not agree with the methylene 

chloride value when using a cancer potency factor of .0143 

(mg/kg/d)-l. Also, isn't the cancer risk the excess lifetime 

risk from a 25-year exposure at WIPP, rather an excess annual 

risk as stated in the footnote? 

27. Table 6.1-23, Page 6.1-115. No information is 

given on the EPA ISG Dispersion Model used to calculate off- 

site air concentrations. The values reported in Table 6.1-23 

could be obtained by using an effective X/Q factor of about 

5E-08 s/m3. The X/Q factor used in the FEIS (Table H-49) is 

about 6E-07. Even the equivalent X/Q factor used to 

calculate individual radiation doses in this chapter (in 



Table 6.1-13 from releases in Table 6.1-12) is over six times - 
greater (about 3.33-07 s/m3). It was not possible to check 

the values for carcinogens. Also, as mentioned in comment 19 

on this chapter, it appears that Crawford Ranch would have 

higher concentrations than at Mills Ranch. 

The risk values were verified for all hazardous 

chemicals except methylene chloride by assuming the mg/d 

values from Table 6.1-21 should have been mg/kg/d. 

28. Figure 6.1-16, Page 6.1-135. The shaded areas 

referred to in this figure are not shown. 

29. Section 6.2, Environmental Protection, Page 6.2-2. 

In the discussion of the applicability of subpart B of 40 CFR 

191 to the FSAR, it is not clear how WIPP can become a 

disposal facility without demonstration of compliance 

beforehand. The FSAR will be incomplete until such demon- 
-. 

stration has been achieved, and this should be clearly 

stated. 

30. Section 6.2.1.3, Non-Radiological Environmental 

Surveillance Program, Page 6.2-7. This section should be 

expanded to indicate the extent to which environmental 

studies, if any, will be made of the ecological system to 

support the assumptions and conclusions in the FSAR concern- 

ing RCRA requirements. 

31. Section 6.3.2, Occupational Medical Program, Page 

6.3-4. Please provide additional information on this 

program, such as how employees are informed about the 

program, particularly the termination medical examinations. 

32. Section 6.4, Industrial Hygiene, Pages 6.4-1 

through 6.4-5. While this section has been expanded from two ---. 



to five pages, there is nothing WIPP-specific in the section, 

neither are there any references. This section is inadequate 

in describing the potential industrial hygiene problems at 

WIPP or the program being developed to control them. More 

WIPP specific detail is needed to demonstrate that industrial 

hygiene problems have been evaluated and control is assured. 

Please include in this discussion an indication of how RCRA 

requirements will be interfaced into the industrial hygiene 

program. Also references to documents which support the 

discussion should be added. 

C. Appendix 6A 

EEG believes this draft of Appendix 6A is seriously 

flawed. There are tvo major errors of logic in the calcula- 

tions. The values that are calculated are not reflected in 

appropriate tables in Chapter 6. Also, there are non- 

conservative changes in assumptions from the previous draft 

FSAR that are not justified. 

One principal problem is that the procedure used to 

calculate the radionuclides present in the surface contamina- 

tion is incorrect if one starts from the assumption (which 

you did, and EEG agrees with) that @@the internal content of 

the drum would also tend to reflect the radionuclide 

distribution on the external surfaces of the respective 

container." The average drum contains 658 alpha radio- 

activity and 358 beta plus gamma radioactivity. Yet, the 

calculation method assumes that the beta plus gamma contamin- 

ation limit (which is nine times the alpha limit) is reached 

first and depresses the maximum alpha contamination. The 

final result is that, from an alpha/beta plus gamma ratio of 

1.86 in the drum, the calculation ends up with a ratio of 

0.024 on the surface! Because of a different radionuclide 

distribution in boxes, the Appendix 6A methodology is only in 

47 



error by about 3%. However, because alpha radiation - 
delivers most of the internal dose, the overall dose would be 

about 90% higher than calculated with the Table 6A-2 and 6A-3 

values. 

Furthermore, it does not appear that the values 

calculated with the Appendix 6A methodology are used in 

Chapter 6. For example, the 6A calculation indicates a 

normal Pu-239 concentration of 6.63-16 p~i/cm3 near the drum 

from resuspension, while the value in Table 6.1-5 is 6.1E-14 

pci/cm3. Appendix 6A does not explicitly state how one goes 

from resuspended activity from a drum or box to the average 

concentration for the year. Apparently, it is assumed that 

the resuspended concentration endures for one hour for each 

contaminated drum or box. The number of workers exposed 

during each incident is not stated. Likewise, there is no 

indication of how long the resuspended concentration from 

damaged containers is assumed to persist. If it is assumed 
A 

that all 24 workers are exposed to the "6A concentration" for 

1,900 hours per year and six persons were exposed to damaged 

containers for 20.4 hours/year (which seems low), then the 

dose would still be 0.30 + 1.00 = 1.3 person-rem/year 

committed effective dose equivalent (CEDE). But Table 6.1-10 

presents a value of 0.66 person-rem. To further confuse the . 
issue, the concentrations in Table 6.1-5 would result in a 

CEDE of 0.54 rem per worker-year of exposure. It is noted 

that DOE/WIPP 88-012 estimates about 10.3 person-hours of 

handling for each trailer and this would be about 3.4 person- 

years/year near enough to containers to receive external 

radiation doses. This would result in a dose of 1.8 person- 

rem/year (CEDE) from Table 6.1-5. We conclude that the 

estimated doses in Table 6.1-10 cannot be reproduced from 

assumptions given in either Chapter 6 or Appendix 6A and are 

probably low. 



Another fundamental error in methodology is the use of 

the resuspension factor to calculate the amount of radio- 

activity being discharged to the atmosphere from surface 

contamination. Using the assumptions in Appendix 6A, one can 

calculate that the total amount of radioactive contamination 

on containers brought on-site during a year would be about 

2.8E-05 PE-Ci. Yet, Table 6.1-12 indicates that 1.2E-03 PE- 

Ci are released to the atmosphere in storage exhaust and 

about O.3E-03 PE-Ci/y is released into the Waste Handling 

Building. The total in Table 6.1-12 is then almost 55 times 

the amount brought in! Similarly, the amount of Pu-239 

reported as being released in Appendix 6A (1.9E-5 Ci/y) is 

about 4.7 times that calculated in Tables 6A-2 and 6A-3. The 

resuspension factor cannot be used to determine amounts lost 

from a contaminated surface over a period of time because it 

includes a fraction that is being continuously deposited (as 

well as suspended material being transported from the 

location). 

The "Assumptions Usedu table (Table 6.1-4) corresponds 

to Table 6.1-5 in the earlier FSAR draft. However, two key 

assumptions are less conservative compared to the previous 

draft: 

1) the assumed number of contaminated containers 

received during a year is only 52: and 

2) the assumed number of damaged containers received 

per year is only 192. 

What is the basis for these reductions? Are there data 

from waste generation and storage facilities to justify them? 



CHAPTER7 

Accident Analysis 

A. General Comments 

1. This chapter failed to adequately respond to several of 

EEGvs previous comments. For example: 

(a) There is still no indication that a formal Design 

Basis Accident (DBA) has been performed. There are requirements 

for such a DBA assessment in DOE Order 6430.1, Chapter 1. This 

assessment should be performed and summarized in Chapter 7. 

(b) Contamination of the underground by releases from 

several accident scenarios in the CH-TRU portion of the WHB from 

ventilation-air flow down the Waste Handling Shaft should be 

assumed. Of even greater probability would be the transport of 

contamination off-site by workers, visitors or equipment. Such 

incidents have occurred in nuclear facilities on several - 
occasions over the years. Because of the difficulty of detecting 

alpha particles this could be of particular importance at 

facilities like WIPP. 

(c) We had also recommended that some of the events of 

moderate frequency be considered for a drum loaded with the 

maximum PE-Ci level. This comment was ignored with no explana- 

tion or justification for retaining the waveragel* loading. Also 

see comment 2 below. 

_. -- (d) Concerning Accident C2, Drum Drop from a Forklift 

in the Inventory and Preparation Area, we had recommended that 

; 100% credit not be taken for safety features of the facility and 

equipment, and for worker training. Instead, no change was made 

in the assumptions, and the exposure nallowedw is to a worker 

located in a remote location. What if the forklift operator is 

injured or stunned by the falling drums, or trapped and fails to 

immediately leave the scene? Therefore, we still consider this 

scenario to be insufficiently conservative. - 



2. Although the W W  has assured EEG the 1000 PE-Ci upper 
limit value would not be adopted until we had resolved our 

differences, the WIPP Waste Acceptance Criteria has incorporated 

it and it appears to be becoming a de-facto limit. The EEG has 

objected to this limit since 1985, and remains opposed to such a 

high value. For example, significant comments have been made by 

EEG on September 27, 1985 (see comments on Chapter 7 of the SAR), 

November 1, 1985, and June 22, 1988. Most of these comments are 

still applicable. The basis for our objections include the 

following: 

(a) Such a limit permits a drastic increase in the 

consequences of the scenarios presented in the FEIS. The need to 

limit accident consequences from the newer inventories to those 

estimated in the FEIS was the principal reason why the WW 

developed the PE-~i concept in early 1983. 

(b) The occurrence of the C2, C3, C4, and C6 opera- 

tional accident scenarios with a 1000 PE-Ci container would 

result in a committed effective dose equivalent of 400 to 700 rem 

to a worker. The effective dose equivalent delivered in the 

first year would be about 42 rem. Those are unacceptable doses. 

The FSAR avoids presentation of this problem by assuming that 

these scenarios (each assumed to occur once a year for 25 years 

for a total of about 100 accidents during the lifetime of WIPP) 

will always occur with a container with the average 

concentrat ion. 

(c) The results of Accident C10 indicate a committed 

effective dose equivalent to the maximum off-site individual of 

1.7 rem. Dose commitments of 3.9 rem to the lung, 29.8 rem to 

endosteal surfaces, and 6.5 rem to the liver would also occur. 

These doses greatly exceed a maximum dose of 0.5 rem to any 

organ of an off-site individual. NRC regulations (10 CFR 60) for 

a high-level waste repository require "important to safety" 

structures, systems, and components to prevent or mitigate 

accidents that could result in a one-time off-site dose greater 
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than 0.5 rem. The FSAR has concluded that there are no items -. 

important to safety at the WIPP facility, consequently accident 

doses off-site from the WIPP facility are allowed to exceed those 

from a high-level waste repository. The effect of a serious 

accident could be greatly reduced by significantly lowering the 

PE-Ci limit. 

(d) If adrum containing very high PE-Ci concentra- 

tions were intercepted by a human intrusion borehole, there could 

be more curies of TRU reaching the surface than would be 

permitted by the EPA standard. It wouldbe possible to produce 

about 7,000 drums of newly-generated waste at SRP and LANL during 

the lifetime of WIPP with an average of 470 Ci/drum. The 

probability of hitting one of these drums would be lbout 0.1. 

(e) Hydrogen gas generation is likely to limit the 

concentration of radionuclides in most waste forms that can be 

transported in the TRUPACT to much below 1000 PE-Ci per con- 

tainer. 

. (f) We don't believe W E  should encourage the - 
production of newly-generated waste that may approach 

concentrations of 1000 PE-Ci per container and are unaware of any 

need to do so. If the intent is not to encourage the creation of 

such containers, why does W E  insist on such a high limit? 

In summary, we believe that the 1000 PE-Ci limit has to be 

significantly lowered. Even with a somewhat lower limit it may 

still be necessary to address related problems in some other way, ?" 
d " 

such as limiting the number of high PE-Ci drums, imposing more 
_ "  restrictive operational procedures for these drums, etc. We 

would be pleased to meet with representatives of the WPO to 

discuss such options. 

B. Detailed Comments 

1. Section 7.2.1, Source Term, Page 7.2-1. The assumption 

is made that for accidents expected to happen once a year the .- 



average waste package radioactivity will be used. This is not 

sufficiently conservative. There should be a consideration of 

the dose workers could receive from high curie packages, which 

are likely to be involved in some of the approximately 100 

accidents (once each year for C2, C3, C4, and C6 over 25 years) 

estimated to occur. This assumption also renders the maximum 

permitted PE-Ci content irrelevant for operational accidents. 

The FSAR should calculate doses to workers from the C2, C3, C4, 

and C6 accidents with high-curie containers, including the 

maximum PE-Ci limit that is finally established. 

2. Section 7.2.2.1.2, Dose Assessment, Page 7.2-4. Please 

clarify whether the described use of the Rupp equation adjusts 

for the acute angle release of the effluent (45 deg.), and the 

forced exit-direction. If not, the adjustment should be made. 

On page 7.2-5, it is difficult to see the logic in excluding 

scavenging from consideration. In Chapter 6, a constant scaveng- 

ing coefficient was used for estimating non-accident exposures, 

and although there was some question as to the validity of using 

this approximation, it was not specifically excluded. The 

discussion here should address the possibility of an accident 

during a precipitation event assuming that an average of about 4 

such events occur per month throughout the year at WIPP (U.S. 

Climate Atlas), with the greatest number of events occurring 

during the summer. Also it should be made clear whether 
i 6 

4 b resuspension of deposited radionuclides and/or saltation-creep- 
ya @ 1 rainsplash contamination were considered. The latter phenomenon 

' B !.$ *y 
'\-/ is particularly important in affecting plant surface contamina- 

tion in arid environments. As noted in an earlier comment under 

Chapter 6 (Comment 13), the deposition velocity assumed for the 

WIPP site appears to be low by a factor of two. The basis for 

the selected value should be more clearly documented. 

3. Section 7.2.2.2, Doses to Individuals Inside the 



Facilities, Page 7.2-6. Consideration should be given to doses - 
to non-radiation workers inside the facilities. It is possible 

that a significant exposure could occur within the fence from a 

release from the exhaust stack. 

4. Section 7.3.1, Incidents of Moderate Frequency 

Involving CH-TRU Waste, Page 7.3-1. We concur with the con- 

clusions in the CO scenario that accidents involving the unopened 

TRuPACT-I1 in the radiological control area would be less than 

the hypothetical accident tests and no release would be an- 

ticipated. 

On pages 7.3-2 and 7.3-3, two changes were made in the C2 

Accident scenario. One clarified that only one drum was assumed 

to be breacfied. The other updated the average PE-Ci value for a 

drum. However, EEG's two main concerns (use of an average drum 

instead of maximum, and assumption of maximum exposed worker) 

were not addressed. It is not sufficiently conservative to 1 

assume the forklift operator has left his position in about 6 

seconds and thereby receives no dose. Ten seconds of inhalation 

from an average drum would result in a committed effective dose 

equivalent of about 38 rem, whereas a 1000 PE-Ci drum would 

result in a dose of 2900 rem. This illustrates that very 
f i e  , significant doses are possible from handling TRU waste, and this 

/& 
1 t fact needs to be recognized when establishing a maximum PE-Ci 

limit and operating procedures for drums. The location of the 

maximum exposed worker and the assumption of the average drum 

also applies to the C3 scenario. 

EEG comments on Amendment 9 of the SAR objected to the low 

assumed fractions of the damaged drum's waste contents that were 

assumed to be aerosolized and respirable (1.25E-05.h this case). 

We still believe they are non-conservative by a factor of 2 to 5. 

We don't want to resurrect this issue except to note that the 

release fraction used should not be claimed to be a conservative - 



- assumption to offset the non-conservative assumptions of an 
average drum and the maximum exposed individual being 20 feet 

away. 

5. Section 7.3.1, Accident C4, Page 7.3-5. In the second 

paragraph on this page, it is assumed that the depletion of the 

released activity is 20%. Please provide the basis for assuming 
that this is a conservative value. 

6. Section 7.3.2, Limiting Incidents Involving CH Waste, 

Page 7.3-7. The C8 (hoist cage drop) scenario is still listed as 
+--- "not credible" and is not evaluated. There has been a long 

standing difference of opinion between EEG and the WPO about the 

credibility of this event. In 1985, the WPO produced calcula- 

tions indicating the probability was about 1.7E-08 per year 
^ I-" 

("Probability of a Catastrophic Hoist Accident at the Waste 

Isolation Pilot Plant," THE-063). - 
However, a December 1987 draft report ("Quantitative Fault 

Tree Analysis of the Waste Isolation Pilot Plant Waste Hoist 

Hydraulic Brake Systemn), prepared as part of the Operational 

Readiness Review, evaluated this same system and concluded that 

V h e  total probability of a catastrophic accident of the Waste 

Hoist is 1.OE-03 per year (or one failure expected in 1000 years 

of hoist operation)." This draft report goes on to assure the 

reader that the suggested modification (providing a solenoid- 

operated emergency dump value) reduced this probability to 

5.2E-08, so failure is still a "not crediblen event. 

We are not sanguine about the assurance .the probability is 

now 5.2E-08. The 1987 analysis concluded that the 1985 analysis 

was in error by a factor of 60,000. How can we be expected to 

now accept the 5.2E-08 value as reliable? EEG still insists 

that the C8 hoist drop accident be considered credible and the 

..- dose consequences of it be evaluated in the FSAR. 



It is noted that when using the assumptions for the C8 
accident in the FEIS and assuming a load of seven 7-Packs, each 

with the maximum thermal load permitted in TRUPACT I1 (40 watts 

for two 7-Packs), one calculates a release to the environment of 

1.15 PE-Ci. By extrapolation from the C10 Accident in Table 7.3- 

1, this would result in a maximum off-site dose of 3.9 rem 

(committed effective dose equivalent). 

Concerning the C9 Accident on page 7.3-8, EEG had urged in 

its October 1988 comments on the draft FSAR that the procedures 

necessary to protect against a diesel fire be incorporated into 

the "WIPP Standard Operating Procedure Manual," and that the FSAR 

reference these procedures. This comment was not responded to in 

the discussion of the C9 Accident. It is essential that these 

procedures be formally adopted and rigorously followed during the 

life of the facility. 

7. Table 7.3-1, Page 7.3-13. The internal inconsistences - 
in this table that were commented on by EEG in October 1988 have 

been corrected (except that the second footnote is no longer 

applicable). The doses in the table can be obtained by using X/Q 

factors of 2 .OE-05 s/m3 for the maximum individual, 1.7E-05 s/m3 

at the site boundary, and 1.3E-05 s/m3 at Mills Ranch. The X/Q 

value at the location of the maximum individual dose is only 1/3 

of the 50% frequency 1-hour value from the FEIS. The X/Q values 

for the other locations are 20% to 402 of the 5% frequency 1-hour 

values in the FEIS. Without a detailed reevaluation of both of 

these computations, it is not possible to judge which values are 

the more appropriate. However, the value for the C10 accident is 

high enough to be considered "important to safety" as defined in 

the FSAR and the NRC regulations without using the higher X/Q 

values. 

8. Table 7.3-2, Page 7.3-15. The doses presented in this 
1. 



table are correct for the assumptions described in Chapter 7, 

however they are misleading because they apply only to an 

average drum and assume the forklift operator is not exposed. 

Assuming a 1000 PE-Ci drum, the C2 scenario dose would be 400 

rem (committed effective dose equivalent). For our assumptions 

discussed in comment 4 above, the forklift operator would 

receive 2900 rem. 

9. Section 7.4, Accidental Releases and Exposure to 

Hazardous Wastes, Page 7.4-1, 7.4-2. These accidental releases 

are related to the same scenarios used for radionuclide releases, 

which is a reasonable approach. The assumption that all VOC head 

space gases would be released in an accident seems quite likely 

because of the properties of VOC's. However, it also seems 

likely that-a fraction of the hazardous components of the drums 

which are not in gaseous (or volatile) form would be released. 

Therefore, it is recommended that these releases be revised to 

assume a fractional release of the hazardous components in a 

manner similar to the fractional release of the radionuclides. 

The SAR has always assumed that radionuclides would be released 

from the waste matrix following an accident and there is 

experimental evidence to indicate that such releases are likely. 

The release fraction being used in the draft of the FSAR is 

1.253-05 of the container's waste contents in an aerosolized and 
* 

respirable form except for the C10 fire scenario which uses 

2.53-03 to the drift and 5.OE-04 to the environment. Therefore 

it seems appropriate to assume that all hazardous constituents in 

the containers will be released from the waste matrix in the same 

proportion as the radionuclides. Also, the assumed concentration 

of the constituents in the drums should be that in the highest 

waste form category rather than the average. These assumptions 

will increase the VOC release by 20% to 701 except for the fire 

scenario, where it would be increased by factors of 5 to 28. The 

lead release would be increased about 2.5 times for those 

scenarios other than the fire scenario, and 100 times for the 
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fire scenario. - 
On page 7.4-2, third paragraph, either the ground receptor 

concentration or the 30 minute intake value for lead is in 

error. A person would inhale about 0.6 m3 of .air in 30 minutes 
and if the air concentration was 5.463-12 g/m3 the intake would 

be about 3-33-09 mg. 

10. Table 7.4-1, Releases and Exposures from Projected 

Accidents During WIPP Facility Operations, Page 7.4-3. 

(a) We agree with the release values for the VOCts 

(based on the assumptions) except for Freon. The Freon values 

are high by a factor of about 14, however, the amount of Freon 

inhaled by both the worker and off-site individual is consistent 

with the correct release value (assuming that the fraction of 

release inhaled is the same for all VOC's). It is of interest 

that the No-Migration Variance Petition, February 1989, DOE/WIPP 

89-003, Table 5-10, has a consistent value for Freon. .- 

(b) Based on the assumptions presented, the lead 

release and inhalation values cannot be reproduced. The value of 

"potentially vaporized leada is not given. Also the fraction of 

release that is inhaled is only about 1.5% of that for the VOCts 

after adjusting the amount removed by filters and that plated 

out. Credit should not be taken for the HEPA filters being in 

operation and reducing a release, because credit is not taken in 

other accident scenarios due to the fact that the filtration 

system is only operative following an alarm and therefore may not 

engage in a timely manner. Also a lead release could occur 

without releasing enough radioactivity to trigger an alarm. 

(c) The fraction of the release assumed to be inhaled 

by a worker is unusually high, about 1.32 of the total release. 

The fraction for radionuclide inhalation in this chapter is less 

than -012 of the release. Also Table 5-10 in the No-Migration 

Variance Petition referred to above shows a worker's intake to 

be only 5.33-032 of the release. Therefore, the 1.3% inhalation - 



value is obviously in error and should be corrected. 

(d) The effective X/Q values at the location of the 

maximum off-site individual for the VOC releases are 1200 times 

greater than the X/Q values used for the radionuclides. Please 

explain the basis for this difference. 



CEAPTER8 

Long Term Waste Isolation Assessment 

A. General Comments 

1. In our October 14, 1988 review of the Draft FSAR, EEG 

strongly objected to the deletion of 159 pages of detailed 

discussion, summary, and tabulations estimating the consequences 

from long-term waste isolation and pointed out that this violated 

the 1 9 8 1  DOE/State Consultation and Cooperation Agreement which 

specified content of the SAR. This Draft FSAR responded to our 

objection by reinstating 18 pages of summary statements, 

conclusions and tabulations heavily referencing Amendment 9 of 

the SAR. 

This re-insertion of consequence analyses in Chapter 8 by 

reference to an earlier SAR could be claimed to have resolved the - 
issue of non-compliance with the C&C Agreement. However, it is a . 
superficial outdated effort. None of the tabulations and figures 

are more recent than March, 1983. There have been drastic 

changes in the inventory since that time and the method of 
< 

calculating radiation dose has been changed. EEG considers this 
b ' 

l long-term Waste Isolation Assessment to be inadequate. 

2. Failure to Meet 1 9 8 1  CLC Aareement 

The text begins with the statement "The purpose of this 

Chapter is to -cuss the long term isolation assessments that 

will a ~ ~ l y  to the WIPP facilityn (emphasis added). While the 

text does provide a minimal discussion, that is not the purpose 

mutually agreed upon by DOE and New Mexico in the July 1, 1 9 8 1  

Stipulated Agreement, Appendix B, Working Agreement that 
specified the contents of the Safety ~nalysis Report, Chapter 8,  

Long Term Waste Isolation Assessment. It was agreed that the - 



document would analyze the long term impact on public health and 

safety following decontamination and site control termination 

and would include consequence analyses. This chapter does not 

discuss the 1981 commitment by W E  to perform consequence 
analyses or even reference the Working Agreement. 

3 .  Failure to Provide Co m ~ w a b l e  SAR to WE HL W SAR 

DOE has agreed to complete their SAR for the HLW repository 
in Nevada before they begin construction of the repository. That 

SAR will include an evaluation of the performance of the proposed 

geologic repository for the period after permanent closure and 

give the rates and quantities of releases of radionuclides to the 

accessible environment as a function of time and a similar 

evaluation which assumes the occurrence of unanticipated 

processes and events. Why can the Departmant agree to provide 

this detailed information in their SAR for HLW in Nevada and not 

provide it in the FSAR for TRU waste in New Mexico? Note that 

A this issue is independent of whether the facility is a repository 
or is a research and development facility. Both are analyses of 

the safety of a proposal to place unwanted radioactive materials 

in a mine. 

4.  It is stated that until the decision is made regarding 

the use of the WIPP facility as a permanent repository, com- 

pliance with Subpart B of 40 CFR 191 is not required. The 

following reasons are advanced for not demonstrating compliance 

at this time: 

-"." > Possibility of Revision of Subpart B by EPA. 
I :' . . 

," ;< : ,: : 
"wt ?; ~ !.' ,.. c, 

{ :, ; . ~ t ":: j 
! . Further experiments and analyses are needed to complete 

a performance assessment. 

Since it is not expected that there will be any major 

changes in Subpart B, and an agreement with New Mexico to adhere 



to the vacated standards is in effect, anticipation of a revision, 
is not a justified reason for non-compliance. The FSAR should be 

more specific as to the analyses involving the collection of 

data. What is the specific data that must be collected to refine 

assumptions? What are these assumptions? If undefined assump- 

tions have been formulated, then they should be stated in this 

report, as well as any supporting analyses. If experiments are 

to be performed, then they should be described and schedules 

presented. 

5. The issue of demonstrating compliance with Subpart B of 

the EPA Standards for the disposal of transuranic waste and 

performing long term waste isolation assessment of consequence 

analyses is separate and administratively unrelated as the 

following chronolagical sequence indicates. 

7/81 W E  agrees to conduct consequence analyses in the 

SAR (Ref. W.A.) -, 

11/84 W E  agrees to meet any future EPA disposal 

standards (Ref. 1st Mod. ) 

9/85 EPA promulgates standards for disposal of TRU 
,. -, : waste. 

Since there is nothing in the C & C Agreement and subsequent 

modifications to relieve the Department of its obligation to 

conduct these SAR Analyses, on what basis does the Department 

contend that the obligation to demonstrate compliance with 

Subpart B of 40 CFR 191 relieve W E  of the 1981 SAR obligation? 

B. Detailed Comments 

1. Section 8.1, Sumamry of Initial Consequence Analyses - 
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Performed for WIPP, Page 8.1-2. This section references 

Amendment 9 of the Safety Analysis Report. Since the FSAR will 

supersede all previous amendments to the SAR, it does not seem 

reasonable to adopt or take credit for passages in earlier 

versions by reference. As previously recommended, the long-term 

consequence analyses should be included in the FSAR, Chapter 8. 

2. Page 8.1-2, "These standards now exist in 40 CFR 

191...'1 - Subpart B of the standards does not now exist. 
"The WIPP facility must demonstrate compliance to these new 

 standard^...^^ - They were promulgated in September 1985 and are 
not new. 

3. Section 8.1-12. While the issues of compliance with 

the EPA standards and performing consequence analyses in the SAR 

are mutually unrelated events, the discussion of EPA standards 

contains a number of misleading and incorrect statements. 

The text states that compliance with Subpart B of 40 CFR 191 

is not required until the decision is made to use the WIPP 

facility as a permanent repository. Two reasons are provided for 

not demonstrating compliance at this time: 

A) Possibility of Revision of Subpart B by EPA, and B) 
Further experiments and analyses are needed during the Pilot 

Plant Phase to complete the performance assessment. 

Neither are correct. 

With respect to A), a formal agreement exists between New 

Mexico and DOE to evaluate the expected performance of the 

proposed repository with the vacated standards. Hence, the 

possibility that the standards may change is not germane. 

Additionally, anticipation of a revision of the standard is not a 

justified reason for non-compliance, particularly when all 

parties agree that most of the standard will be salvaged. With 
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respect to B), to date there are no experiments nor analyses that - 
have been identified that are needed for performance assessment. 

4. Section 8.1, Tables 8.1-1-6. It is noted that all 

doses in these Tables are from Amendment 6 (March 1983) or 

earlier versions of the SAR. The inventories used have been 

changed significantly. Also, old dose conversion factors and the 

pre ICRP-26 & 30 method of dose calculation is still used. 

5. References for Section 8.1. Other than a 1986 

revision of the SARI the remaining references are 1978 or 

earlier. 

6. Section 8.2.1, Performance Assessment, Page 8.2-3. As 

stated in our earlier comments, DOE-WIPP 86-013 requires that 

sensitivity and uncertainty analysis be carried out. This 

section again fails to recognize the need to include uncertainty 

analysis in the performance assessment methodology. Also, the 

final scenario report has not been published as of April 1, 1989. 

7. Section 8.2.1.1, Scenario Development and Screening, 

Page 8.2-4. As previously recommended, the discussion on human 

intrusion modeling should include consideration of the pos- 

sibility of Castile brine reservoirs under the repository. (See 

EEG reports EEG-11 and EEG-15). 

8. Section 8.2-3, 8.2.1.1, "A final scenario report will 

be published in 1988..." - It is now May 1989, the report has not 
yet been published, and the future tense should not be used to 

describe a 1988 publication date. 

9. Section 8.2-2, "Activity to address each of the 

assurance requirements is scheduled to begin in FY88..." - FY89 
is now over half over and the sentence should be rewritten as, 

"Activity m.. ." or in FY89. - 



lo. The following paragraphs "Summarize the progress to 

date8@ - What progress has occurred since September 19851 Nothing 

but a schedule has been published. 

Section 8.2-7, 8.2.1.5. Our October 14, 1988 comments on 

the internal Peer Review Panel have been ignored and are 

reprinted again. 

11. The text states that W E  is the only implementing 

agency responsible to determine compliance with the standards and 

an internal Peer Review Panel will provide assurance to state 

officials can be assured that WE's conclusions are credible. 

That philosophy virtually guarantees a loss of credibility with 

the New Mexico EEG if the intent is merely to ask us to review 

the results. The authors appear unfamiliar with the 1978 

contract between W E  and the State of New Mexico. 

12. Section 8.2-10. The schedule shows completion of 

Subpart B compliance in October 1992. No indication is provided 

of the amount of time between completion by DOE and review by EEG 

and others. Contrary to the text, the Compliance Strategy (Plan) 

does not provide such a schedule. 

13. What does %ajorn and "supportingn mean in the diagram? 

For example, will scenario development be completed in April 

19901 That is not consistent with the plan to publish scenario 

development before October 1988. 



Conduct of Operations 

A. General Comments 

1. This chapter contained several significant improve- 

ments, and evidences considerable response to previous EEG 

comments and recommendations. 

**Although DOE is responsible for all aspects of the WIPP 

facility, it delegates those functions to various contractors.** 

The chapter is silent on the responsibility to protect the 

workers and the general population except for identifying the 

Safety, Security, and Environmental Protection Department as 

being responsible for **health and safety related programs which 

satisfy the requirements of the DOE and other...agencies ." The 
philosophy and tone of the responsibilities and authorities of - 
the various officials do not convey a strong commitment to health 

and safety matters. 

B. Detailed Comments 

1. Section 9.1.1, Owner Organization. The text states 

that the functions, responsibilities, and authorities of W E  and 

its contractors are discussed in Section 11.1.1. They are not. 

2. Section 9.1.2.2.1, Page 9.1-2, General Manager. The 

General Manager has overall responsibility for the operation, 

maintenance, 'and modification of the WIPP facility. Is the 

General Manager ultimately responsible for the health and safety 

of WIPP personnel or has this authority been delegated to a lower 

level? 

3. Section 9.1.2.2.7, Page 9.1-4, Safety, Security, and - 
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Environmental Protection Department. This paragraph assigns the 
responsibility of health and safety to the "department." The 
department should have llfunctions,w and responsibilities should 

be assigned to an individual, such as the Department Manager. 

ihis comment also applies to other sections in the chapter where 

the "departmentn is assigned responsibilities. 

4. Figure 9.1-1, Page 9.1-8, Management & Operating 

Contractor Organization Diagram. The management diagram does not 

reflect a communication line between the General Manager and the 
. . 

. . Radiation Safety Manager. The WIPP "Radiation Safety Manual," WP 
' ,  . ,  , , 
?. 

: ' :  j 12-5, assigns the responsibility for interpreting the radiation 
, , . ~ . . . . 

.. : : .: safety program to the Radiation Protection Manager, yet the FSAR, 
?:: , , ,  : 

- '  Section 6.1.5.2, assigns responsibility for the radiation safety 

program to the Safety, Security, and Environmental Protection 

Manager. 

The radiological safety program responsibilities should be 

clearly defined and reflected in the formal organization 

structure. Please clarify the reporting and communication lines. 

5. Section 9.1.3.2, Page 9.1-6, Staff Managers. Although 

there is reference to staff manager's qualifications, there are 

no requirements specified. The words -typically haven should be 

replaced with "as a minimum requirement shall have." The 

importance of qualifications should be reviewed with respect to 

guidance found in ANSI/ANS-3.1-1987, "American National Standard 

for Selection, Qualification, and Training of Personnel for 

Nuclear Power Plants." Although this document is not a general 

M)E requirement, the overall guidance should be followed at WIPP. 

Chapter 9 should state commitments to high level management 

qualifications, and specifically to appropriate technical 

experience of the Radiation Protection Manager. As per ANSI/ANS- 

3.1-1987, the collective qualifications of management and 

technical managers shall be reviewed and supplemented, as 



necessary, with personnel with applicable qualifications. - 
6. Section 9.2, Acceptance Testing, Page 9.2-1. This 

section refers to the "WIPP Procedure Manual.I1 Presumably this 

is a reference to "Standard Operating Proceaures,I8 WIPP-WE-103. 

If so, this title should be correctly presented. EEG does not 

have a document entitled "WIPP Procedure Man~al.~~ 

7. Sections 9.2.2, 9.3.5, and 9.4.1, Acceptance Tests, 

Administration and Records, and Plant Procedures, Pages 9.2-3, 

9.3-5, and 9.4-1. These sections refer to Sections 11.1.11, 

11.1.12, and 11.1.17. There are no such sections. They should 

refer to Sections 11.11, 11.12, and 11.17. 

8. Section 9.4.4, Operational Occurrences, Page 9.4-2. 

The text discusses compliance with U.S. DOT regulations in the 

transportation of TRU wastes, but fails to discuss compliance 

with U.S. NRC regulations. 
A. 

9. Section 9.4.4, Operational Occurrences, Page 9.4-3. 

This section refers to DOE Order 5484.2 which has been super- 

ceded by W E  Order 5000.3. 

10. Section 9.4.4.1, Page 9.4-3. The assumption that a 

contaminated drum, box, or canister would not contaminate the 

interior of the Internal Containment Vessel on the TRUPACT may 

not be valid and can result in reduced worker safety. 



CBAPTER 10 
Operational Safety Requirements 

A. General comments 

1. There have been substantial improvements in this 

chapter, and it has been responsive to many of EEG's comments and 

recommendations. 

2. The introduction states that RH-TRU waste handling is 

not covered and that, "This document will be expanded to include 

those OSRs (Operational Safety Requirements) prior to receipt of 

RH-TRU." EEG agrees that this supplement will be necessary. 

B. Detailed Comments 

1. Section 10.1, Introduction, Page 10.1-1. We disagree 

that, "It is inconceivable that non-radioactive hazardous 

materials would be released from containers without the simul- 

taneous release of radioactive  material^.^' Our reasons include: 

(a) the VOC's are much more volatile than the trans- 

uranics ; 

(b) in some containers there may be heavy concentra- 

tions of hazardous chemicals and low amounts of radioactivity; 

and 

(c) the amount of radioactivity released may not be 

enough to trigger an alarm. 

This assumption should not be made before sufficient 

operational experience is obtained to verify it. 

2. Section 10.1.4, Definitions and Acronyms, Page 10.1-4. 

The following acronyms should be added: AC (Page 10.6-4,5), OSR 

(Page 10.6-3) . 



-. 
3. Section 10.3.1.1, Continuous Air Monitors, Page 10.3-2. 

This section implies that only two CAMS are mandatory, and 

therefore the CAMS used for Effluent Monitors, as discussed 

under Section 10.2.1.2, are not required. This is incorrect. 

Also, the title of this section should be amended to "Continuous 

Air Monitors for Waste Handling B~ilding.~ 

4. Section 10.3.1.2, Effluent Monitors, Page 10.3-4. The 

second paragraph under LC0 should be amended to include activity 

alarm limits for the Station B CAM. Since Station B represents 

filtered exhaust from the storage horizon, it should have the 

same alarm limits as Station C from the Waste Handling Building. 

Such an alarm system would provide an alert to defective 

filtration in the event of a release followed by an alarm at 

Station A (also see discussion on page 10.3-11). Furthermore, 

there is a reference to the LC0 for Station B under "Appli- 

/'- 
~ability" on page 10.3-5. - 

(=' ' ?  I! On page 10.3-5, it is recommended that this discussion be 
> q $ L *  
, damended to indicate that portable equipment would only be 

<- """' 
acceptable for use at Station C if it were connected to the 

isokinetic probe. The use of batch sampling for monitoring of 

this effluent point should be used only as a last resort, and 

for a very short time period. 

5. Section 10.3.2.1, Waste Handling Building Differential 

Pressures, Page 10.3-6. Normal differential pressure ranges for 

the four WHB areas were given in the first Draft FSAR, but 

deleted here. Why? Is the system in the WHB able to meet these 

previously mentioned differential pressures? On page 10.4-2 this 

draft still takes credit for listing the pressure differentials. 

6. Section 10.3.2.3, Underground Exhaust Air Filtration 

System, Page 10.3-11. The last paragraph on this page discusser- 



the HEPA filtration system provided for the underground exhaust. 

It states that periodic verification of the efficacy of the 

filters is required to maintain confidence in their ability. 

This discussion should refer to Section 10.4 for information on 

how verification will be provided. section 10.4 indicates that 

the filters will be verified by local examination at each shift. 

A local visual examination may not be sufficient to determine 

that a filter system is ineffective. A,more definitive descrip- 

tion of "local examinationn is needed here. At the present time, 

there is no alarm if the exhausted air exceeds prescribed 

radiation limits; therefore, the filters could be defective 

throughout an entire shift, or longer, if the "local examinationn 

is not adequate. See comment 3 above. 

The CAU at Station A would be sampling a significant 

dilution of the radioactive particulates if there should be a 

release. Consideration should be given to initiating filtration 

of the underground effluent based upon alarms from CAMS located 

inside the RMAs of the underground. Dilution of the contaminated 

air would be less and the air being monitored would be compara- 

tively free of interfering salt dust. 

J /-"--* w , 7. Section 10.4.1.2, Effluent Monitors, Page 10.4-2. This 

$,section also uses the ambiguous phrase "local examination." This 
, , 4 

i phrase should be more definitive. For example, it could refer to 

a specific WIPP procedure. In Section 10.4.2.3, the requirements 

indicate that the filter banks will be tested only annually. 

Therefore, it is essential that the 8vlocal examination" can 

actually determine effectiveness of the effluent monitors. 

8. Section 10.4.2.3, Underground Exhaust Air Filtration 

System, Page 10.4-4. This section requires only annual verifica- 

tion of the effectiveness of the HEPA filter banks. Because of 

their importance, it would seem desirable to increase the 

frequency of such verification. Please provide the basis for 



such infrequent verification. - 
9. Section 10.5.4, Ventilation Systems, Page 10.5-3. The 

first paragraph on this page states that, "All effluent air 

streams from areas that contain radioactive materials are 

filtered monitored for activity." It should be made clear 

that the normal operating mode is to exhaust unfiltered monitored 

air from the exhaust shaft. All air effluents at WIPP are not 

filtered. 

10. Sections 10.6.1, 10.6.2 and 10.6.3, Training, Design 

and Procurement, and Document Control, Pages 10.6-2, 10.6-3 and 

10.6-4. The references listed on these pages should include the 

"Radiation Safety Manual," WP 12-5. 

11. Section 10.6.4, Audit Program, Page 10.6-4 to 10.6-6. 

The references listed on this page should include the "Radiation 

Safety Manual," WP 12-5, since there are several important limits - 
which are set forth only in this manual. 

12. Section 10.6.8.2, Area Radiation Monitors, Page 10.6- 

10. This section allows the ARMs to be reset to higher levels 

for an indefinite period if a higher radiation source is in the 

area. This seems to defeat the purpose of the ARMS and could 

allow indiscriminate violation of the established limit of 10 

mr/hr. The section should be revised to more definitively 

establish criteria for resetting to a higher level, and limiting 

the time at which it may remain at the higher level. Also 

resetting to a higher level should be permitted only if author- 

ized by a health physicist. 



CBlLPTER 11 
Quality Assurance 

A. Detailed Comments 

1. Table 11.1, Applicable Quality Assurance Standards, 

Page 11.1-4. Part B of this table and associated discussions 

should be revised to include reference to ANSI/ASME NQA-2, 

Current Editions, nQuality Assurance Requirements for Nuclear 

Power Plants." NQA-2 is applicable to the operations phase of 

work at nuclear facilities and is to be used in conjunction with 

applicable portions of ANSI/ASME NQA-1. 

2. Section 11.2.2, General Responsibilities, Page 11.2-5. 

Documentation should be added to describe the implementation of 

the Quality Code Classification work described in Guidelines for 

Requisitions to Determine Quality Code Classification for 

Purchase Requisitions and Purchase Requisitions Change Notice 

Attachment 2 of Westinghouse Procedure 15-009, Revision 2. 

Documentation should also be added to describe the Quality 

Surveillance work required by the Westinghouse Procedure 13-011, 

Revision 0, Quality Assurance Surveillance. 



CBAVPW 12 -~ 
Decontamination and Decommissioning of the WIPP Facility 

A. General Comments 

1. Chapter 12 assumes that the facility will meet the EPA 
Standards for disposal of TRU waste during the five-year 

demonstration period and that the removal of 65,000 drums will 

not be required. A safety analysis should reflect conservative 

assumptions on matters affecting the health and safety of workers 

and the general public. Hence, this chapter should contain plans 

and safety analyses of potential radiation doses to workers and 

the public from operations and transportation if the wastes need 

to be retrieved, returned to the generating sites, sent to the 

high-level waste repository, left indefinitely on the surface at 

WIPP, sent to a new site, or left in place. 

- 
B. Detailed Comments 

1. Section 12.1, General, Page 12-2. In the first 

paragraph of page 12-1, the reference to "DOE Order 5280.2An 

should be 5820.2A. 

2. Section 12.2, Decontamination and Decommissioning, Page 

12-3. This section lists the sequence of future planned events 

for decontamination and decommissioning, but does not provide 

meaningful information either in this section, or the chapter, 

to permit a safety evaluation of the processes. Additional 

detail is needed for a safety analysis. 

3. Section 12.5, Post Closure Physical and Environmental 

Surveillance, Page 12-5. As previously indicated, additional 

detail is needed. For example, further information should be - 



- included on how mining will be controlled. Furthermore, the 

plans for surface environmental surveillance do not appear to 

address the intent of the NRC in 10 CFR 60 which requires 

subsurface early warning detection. The National Academy of 

Science report also recommended subsurface surveillance. 
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7007 WYOMING BOULEVARD. N.€ 
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October 16, 1988 

M r .  Jack B. Tillman 
Project Manager 
VIPP Project Office 
U. S .  Department of Energy 
P.  0. Box 3090 
car1sb.d. m 88221-3090 

Dear Mr. Tillman: 

Our reviev, vhich contains 77 pages of detailed comments and recomended 
changes, of the d r a f t  DOE F i n d  Safety Analysis Report (FSAR) is attached. 
Several of the SAR chapters ref lected a conscientious response by the YIPP 
Project Office (VW) t o  EEG's December 1986 and January 1987 co-nts on 
Amendment 9. The Final SAR, however, does not contain an adequate analysis of 
the safety of the VIPP pro jec t  as  required by the Ju ly  1. 1981 Working 
Agreement for Consultation and Cooperation. as well a s  DOE Order 5681.1B. A 
considerable amount of work needs to  be documented and risks quantified before 
the SAR can be considered acceptable. 

W e  have repeatedly requested tha t  the SAP. include a fo r th r igh t  statement of 
the purpose of the VIPP project .  vhich is designed t o  serve as  a repository 
fo r  permanent i so l a t ion  of defense transuranic vaste from the environment. 
Also, the purpose of the SAR has been dovngraded from .. . . the wst 
comprehensive document . . . on public health and s a f e t y  . . .' ( W E m  C 6 C 
Agreement) t o  *. . . t o  support the construction and operation of the VIPP.' 
(Draft =All, page 1.1-1) 

The 'draft f i n a l g  document contains serious def ic iencies ,  misleading 
i n f o r u t i o n ,  ooissioru of su f f i c i en t  de ta i l ,  f a i lu re s  t o  respond t o  our 
previous c o m n t s .  and minor e r rors .  The w r e  s e r i o w  deficiencies  involve 
primarily Chapter U, 6 .  8.  10, and 12. Chapter U f a i l s  t o  address the 
c r i t e r i a  used a s  a bas i s  fo r  the sumary d conclusions; Chapter 6 does not 
respond t o  our previous coDpents on Amendment 9 a s  you agreed t o  do i n  your 



nr .  Jack  8. Tillman 
October 14, 1988 
Page 2 

l e t t e r  of 3ovember 19. 1987; Chapter 8 f a i l s  t o  provide a  long-term waste 
i s o l a t i o n  assessmenc a s  requi red  by the  1981 DOEINew Mexico Consul ta t ion  
and Cooperation Agreement and t h e  1988 DOE Order DOEIAL 5b81.18; Chapter 10 
needs t o  provide considerably more d e t a i l  t o  permit u s  t o  eva lua te  t h e  
o p e r a t i o n a l  s a fe ty ;  and Chapter I2 should conta in  d e t a i l e d  plans f o r  
decommissioning and deconcaminacion, i f  r e c r i e v a l  of nuc lea r  waste becomes 
necessary .  

Due t o  the substancfve na tu re  o f  our  o b j e c t i o n s  :o t h e  F ina l  SAR, EEG 
r e q u e s t s  recons idera t ion  of t h e  p o s i t i o n  taken i n  your September 15, 1988 
l e t t e r  t ha t  you w i l l  not respond t o  our couments p r i o r  t o  pub l i sh ing  t h e  F i n a l  
S a f e t y  Analysis Report. Your e a r l y  response t o  t h i s  r eques t  is needed t o  
i n s u r e  t h a t  our concerns a r e  addressed.  

- 
Robert H. Nei l1 
Di rec to r  

RHN:EU: l s b  

Enclosure 

cc :  M r .  James Bickel. A s s i s t a n t  Manager 
M O .  WE 
Albuquerque. New Mexico 

D r .  Laurence Lattnm. P r e s i d e n t  
Nev Mexico Tech 
Socorro. New W i c o  
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The preliminary Safety Analysis Report was first published by the Department 

of Energy's WIPP Project Office WPO) in 1980. The New Mexico Environmental 

Evaluation Group (EEG) reviewed this five volume document shortly after 

publication and transmitted detailed comments and recommended changes to the 

WPO. Following such review and comments, and on some occasions, meetings. 

between representatives of respective agencies, the report has been revised 

nine times. These amendments have been based upon both W E  initiated changes 

in design, criteria. and p l a ~ e d  operations. as well as EEG recommendations. 

The present W E  draft Final Safety Analysis Report reflects a favorable 

- response to many of EEG's previously recommended changes, but there remain 

some serious deficiencies, some misleading information. omissions of 

sufficient detail, failures to respond to previous comments, and minor errors. 

The more serious deficiencies are summarized below, with the more detailed 

observations and recommended changes itemized under each Chapter heading. 

1. The SAR does not provide an adequate safety analysis of WIPP including the 

quantification of risk and documentation of calculations and analyses 

envisioned in the 1981 Consultation and Cooperation (C & C) Agreement 

\ between DOE and the State of New Mexico. Even the purpose of the SAR has 

been downgraded from .the w s t  comprehensive document . . . on public 
- - 

health and safety . . .. agreed to by DOE and the State in the 1981 C & C 

Agreement to the present 'to support the construction and operation of 

the UIPP. * 



- 
2 .  The purpose of the UIPP Project is to provide a facility to permanently 

isolate the defense TRU waste from the environment. It should be clearly 

stated in the first paragraph of Chapter 1 of the FSAR. Statements such 

as. "The UIPP facility is designed to receive, inspect containers for 

damage and contamination, emplace. and store unclassified defense- 

generated transuranic wastes in a retrievable fashion . . ." (Chapter 1. 

page 1.1-1) and "The UIPP is designed as a full-scale facility to 

demonstrate the technical and operational principles for the permanent 

isolation of defense-generated transuranic waste in salt* (Chapter 3 .  

page 3.1-1) are misleading. 

3 .  The draft FSAR violates the 1981 M)E/State Consultation and Cooperation 

Agreement (Appendix B. Article 111). and the requirements of the 1988 WE -. 

Order AL 548l.lB. both of which require the FSAR to have a long-term 

waste isolation assessment, identifying potential communication modes. 

modeling methods, and consequence analyses. Earlier drafts of the SAR 
. 

,F &::,& . . 
..,. . , . . did attempt to evaluate long-term vaste isolation (159 pages in the 
~..'>. * , ;. " " 

; , $ >  5 .,: . 
, , ,  , , . , previous edition), but such analyses have been replaced in the Final SAR 
. ".. . . ., 

v. ; ., % ' .. , 
* . .  ,# ,/ with a nine page general discussion of how perfonunce assessment will be ... ..̂ 

conducted. Comequence analyses Q U S ~  be included. 

4. Although the Department has informally indicated that there is no intent 

to conduct experiments at UIPP with high level waste, there are numerous 

references in the SAR to high level waste experiments. They should be 

deleted since the SAR contains neither technical justification nor 

radiological risk evaluation of bringing high level waste. 



5 .  The SAR takes credit in Chapter 8 for a Peer Review Panel providing 

assurance on suitability of WIPP as a repository. Since the Department 

has never involved EEG with any of the Peer Review Panels, nor provided 

us with agenda, minutes or recommendations, we believe that the 

committees do not provide credibility as stated in the SAR, but in 

actuality detract from it. In order to take credit, EEG must be 

involved. 

6. According to the August 4, 1987 Second Modification to the C b C 

Agreement. DOE agreed to document compliance with Subpart A of &O CFR 191 

in the Final SAR prior to the receipt of waste. Such compliance has not 

been adequately shovn nor specifically identified. 

7 .  Chapter LA is important because it is intended to provide a summary of 

.ore detailed information contained in other chapters for final 

--. conclusions on the safety of the WIPP design, criteria and plans for 
--,., 

I . .  .a_ 

' .  , ,  , . 
" s i  1 

S; .. operations, and for long-term stability. Unfortunately, Chapter U fails 
. . .: ;il. ! 
. , .! '.i 1 

, , '1  :< i / x.; , , , . ',. 
to present the basic criteria used in cooing to the conclusion that WIPP 

. . , I  , ... .. . 
2, can be operated safely. 

8. While the SAR invokes frequent comparisons with the NRC safety regulations 

for nuclear reactors. it would be far more appropriate to make 

comparisons with the NRC health and safety standards for high-level waste 

disposal (10 CER 60). 



9. It is noted that all references t- backfilling the waste storage rooms 

have been deleted from the FSAR. We know that the Departoent has decided 

to emplace the experimental CH-TRU waste without backfill to avoid 

crushing the drums during the retrieval period. The FSAR should clearly 

state this decision and the reason for it and should state that when the 

waste is emplaced for disposal, a properly selected tailored backfill 

will be used to fill the space between the druns, above the drums and 

between the walls and the d w s .  The FSAR should also state that only 

the mount of waste expressly needed for conducting experiments to help 

in Performance Assessment (to show compliance with the EPA Standards 

40 CFR 191 Subpart B) will be emplaced in a temporary mode without 

backfill. 

10. While WE made a conscientious response to EEG's December 16, 1986 

comments on Amendment 9 of the SAR, an important exception vas Chapter 6, 

Environmental Safety and Health Protection, in which it appeared that the 
, . . ._\ 

: ' >, "'. $ ' : j .; A ,  
1. .i. . ;  , authors were neither aware of our previous comments nor the commitments 

% ." '-~ '2& J 
+*'" contained in the November 19. 1987 response by the UIPP Project Manager. 

Chapter 6 needs to be extensively revised by addressing our coments. 

1 The Operational Safety Reviev (Chapter 10) lacks sufficient detail to 

pernit us to evaluate the operational safety of VIPP. EEG's specific 

comments describes the areas in vhich extensive expansion and revision 

are nee&d. 

12. Since it is not apparent that a Design Basis Accident (DM) assessment 

has been perforwd, it is strongly recomncnded that such an assessment 



addressing the requirements of W E  Order 6630.1 and the guidelines to "A 

~uide to Radiological Accident Consideration for Siting and Design of W E  

Non-Reactor Nuclear Facilities." U-l0296-~C, be performed and summarized 

in Chapter 7. 

13. Chapter 12 assumes that the facility will meet the EPA Standards for 

disposal of TRU vasce during the five year demonscraeion period and chac 

the removal of 125.000 drums will not be required. A safety analysis 

should reflect conservative assumptions on matters affecting the health 

and safety of workers and the general public. Hence, this chapter should 

contain plans and safety analyses of potential radiation doses to workers 

and the public from operations and transportation if the wastes need to 

be retrieved, returned to the generating sites, sent to the high level 

waste repository, left indefinitely on the surface at UIPP,  sent to a new 

site, or left in place. 



CHAPTER 1 

Introduction and General Description 

1. Section 1.1, Page 1.1-1. The purpose of 'the WIPP project to provide a 

facility to permanently isolate defense TRU wastes from the emrironment is 

not stated anywhere in this document. We understand that the Department's 

data needed for the analysis to show that the project can accomplish that 

purpose is not yet available, however, the purpose should be clearly 

stated in the document. Statements such as on page 1.1-1, "The VIPP 

* .  i... . , .  
facility is designed to receive, inspect . . . " aremisleading and raise 

'8: $\  '': ,' 
unnecessary questions as to the intent of constructing the repository. 

2 .  The text states. "The final SAR has been prepared by W E  to support the - 
construction and operation of the WIPP . . . .' This stated purpose 

appears to be considerably less comprehensive than that agreed to by WE 

and New Uexico in Article 111 of the Working Agreement For Consultation 

and Cooperation (1981) vhich states, T h e  Safety Analysis Report (SAR), as 

amended from time to time, constitutes the most comprehensive document 

concerning UIPP both in general and specifically as related to public 

health and safety u well as other matters.' Use the definition in the 

C 6 C Agreement since W E  and New Mexico devoted four pages in that 

Agreement to delineate the expected scope of the SAR. It would also be 

helpful to state in this section that the Final Safety Analysis Report 

(FSAR) is required by the 1981 State/WE Consultation and Cooperation 

Agreement, and the 1988 W E  Order 5081.111, and its purpose is to provide 

analyses of the risks associated with the location. design, and operation - 
of the facility, a s-ry of applicable standards and criteria, and to 



demonstrate through such documentation that it meets applicable standards 

and requirements for public health and safety. 

3. The last line of the first paragraph of this section should be amended to 

indicate that the facility will not become a permanent disposal facility 

through "successful demonstration of the acceptability." but through 

successful demonstration of compliance with the EPA Standards 40 CFR 191, 

followed by a decision by W E  to make it a permanent disposal facility. . 
." 3 i: 4 ; : , ;  i.4 ' 

> .  
,, 9;. 6,) 
, , ., 
i, \ <  '& ;! 

. . .. .. 
j I.:,! $ r 4. ~ l l  references to the high level waste experiments at UIPP should be 

%. . t' 
deleted from the SAR since WE has not developed any plans for such 

experiments nor intends to do so. 

5. Section 1.1.1. Page 1.1-2. A reference to the presence of "three mines 

are located between five and ten miles of the site" should be expanded 

with a description of lease holdings at the VIPP site and the distance of 

nearest mining activity from the edge of the site. A =re recent and 

reliable estimate of resources at UIPP than the information contained in 

the FEIS is a report by the New Mexico Energy and Uinerals Department. 

entitled *Natural Resources at the Waste Isolation Pilot Plant," January 

1984. 

6. Section 1.1.2. Page 1.1-2. Please enunciate the 'technical and 

operational principles" to be demonstrated. Describe the 'studies and 

experiments . . . to extend the understanding of the behavior of high- 
level waste in salt' or cite a reference where these are described. 

Describe the .operating and scientific &tag that is expectad from 



temporary emplacement of waste or provide reference to a document that 

describes it. Finallyi provide the basis(es) on which 'WE will make a 

decision regarding whether to dispose permanently of transuranic waste at 

VIPP." The role of the State of Nev Mexico in this decision should be 

indicated since the text implies that it is a unilateral decision by WE. 

Section 1.1.3. Page 1.1-3. The text tmproperly states that the CH-TRU 

6 storage capacity is 6.3 x 10 cu ft based on the assumed drum-box split. 

6 The capacity of 6.3 x 10 cu ft is specified in the 1980 VIPP FEIS. 

While the text states. 'A specific VIPP storage capacity has not been 

established for RH-TRU waste," the C 6 C Agreement (Modification 1, 

11/30/84) specifies that the limit of RH-TRU waste is 5.1 x lo6 curies. 

The current concept of disposal of decommissioned, contaminated surface 

facilities of VIPP should be expanded to include plana for the disposition 

of these contaminated facilities. 

Section 1.1.3. Page 1.1-0. "The design a c c o d t e s  the time required 

to reach the waste and retrieve it if such a decision is ma&.' Please 

provide specific time periods for the emplacement and retrieval of each 

waste form. 

Section 1.1.3. Page 1.1-4. The definition of when UIPP becomes a 

permanent waste facility on page 1.1-4 (after decommissioning) differs 

from the definition on page 1.1-1 (upon successful dmomtration of the - 
acceptability). Actually. VIPP becomes a permanent facility when the 



waste is emplaced with no in ten t  of recovery (40 CFR 191.02 1). Ihe SAR 

should describe plans fo r  review and approval by EPA. EEC. and the State  

of New Kexico, before WIPP becomes a permanent f a c i l i t y .  

12. Section 1 .1 .4 ,  Page 1.1-4.  The schedule should be amended t o  r e f l e c t  

recent changes. Also. please provide a basis for  the plamed schedule. 

13. Section 1.2.3.3, Page 1.2-6. Please ident i fy  the location of  the waste 

experimental area and provide a br ief  description of these experiments. 

14. Section 1.3. 2nd Paragraph, Page 1.3-1. This paragraph discusses the 

. possible need for allowing exception t o  the WIPP Waste Acceptance 

Cr i te r ia .  The Environmental Evaluation Croup (EEC) has par t ic ipa ted  

exteruively i n  reviews of the or iginal  UAC and the various revis ions.  We 

recognize the importance of the c r i t e r i a  to  the safety of WIPP operations 

and to  public health and safe  transportation of WIPP wastes. Therefore. 

it  is our firm conviction t h a t  the State  and EEC should be informed i n  

advance of proposed revis ions o r  exceptions t o  the WIPP WAC, and that we 

should be provided the opportunity t o  make a determination of the safe ty  

impact independent of the  VW. This policy would be consis tent  with 
I, 

% 
Amendment 1 of the WE/State Consultation and Cooperation Agreement, 

which s t a t e s  .. . . the  WE w i l l ,  pr ior  t o  granting such exceptions f o r  

such waste and prior t o  the shipment of such waste: (1) perform analyses 

t o  ascer ta in  the impact of such on the public health and safety.  (2) 

consult with the State  of New Mexico, including providing the S t a t e  with 

a copy of the analyses fo r  review and comment, and (3) provide t o  the 

Sta t e  a period of for ty- f ive  (45) days t o  review and coment on such 



analyses prior to granting any such exceptions. In no instance v i l l  such 
-. 

an exception t o  the WAC be granted i f  it would cause a s ign i f i can t  

increase in  the impacts on public health and safety discussed i n  the VIPP 

FEIS." The EEG i s  not i n s i s t i ng  tha t  such a policy be s t a t ed  i n  the 

FSAR, bur it should be made a par t  of the Standard Operating Procedures 

(SOP) for amending o r  alloving exceptions to  the VIPP WAC. The f a i lu re  

t o  include such a policy in  the SOP would represent a f a i l u r e  t o  adhere 

t o  the s p i r i t  of the comitment re f lec ted  i n  the VIPP WAC and the C & C 

Agreement. 

..;. ' . \  .,* 
k., . Also, it would be desirable t o  include i n  t h i s  sect ion a reference t o  the 
,-,' 
' 3  :. ;$ need t o  w e t  the requirements of 40 CFR 191. . ., ., +.-' 

15. Section 1.3.1.  P a ~ e  1.3-2. I t  is noted tha t  a11 references t o  

backf i l l ing  the vaste storage rooms have been deleted from the FSAR. We 

knov tha t  the Department has decided t o  emplace the experimental CH-TRU 

vas t e  without backfi l l  t o  avoid crushing the drum during the r e t r i e v a l  

period. The FSAR should c l ea r ly  s t a t e  t h i s  decision and the reason fo r  

it and should s t a t e  t h a t  when the waste is enplaced fo r  disposal.  a 

properly selected ta i lored  backf i l l  w i l l  be used t o  f i l l  the space 

betwean the drums. above the drums and between the malls and the drums. 

The FSAB should also s t a t e  t h a t  only the  amount of waste expressly needed 

f o r  conducting experiments t o  help i n  Performance Assessment ( t o  shov 

compliance with the EPA Standards 40 CFR 191 Subpart 8) m i l l  be emplaced 

i n  a temporary mode without backf i l l .  



.- 16. Section 1.3.G. Page 1.3-3. This section on defense high level waste 

experiments should be deleted since there are no plans to conduct such 

experiments. 

17. Section 1.5.1, P a w  1.5-1. The second paragraph indicates that site 

characterization was completed in December 1978. As indicated .n the 

title of a Sandia Report (SAND 88-0157) published in b y  1988 (received by 

*~.. -- EEC on July 1, 1988). 'Summy of Site-Characterization Studies conducted 
, C ' -* 

"-* 
~, ,.)? . ., -: 4 ::: , +., 

from 1983 through 1987 at the VIPP Site." site characterization is 
, % ,. i : .. - ,  ' 

, , ' ongoing. Also, Mr. Troy E. Wade 11, Acting Assistant Secretary for 
, 

Defense Programs, in his testimony before the Subcommittee on Procurement 

and nilitary Nuclear Systems of the Committee on Armed Services of the 

U. S. House of Representatives on September 8, 1988, said. 'Formal WIPP 

site characterization activities will end in December 1988.' Only the 

first phase of site characterization was completed in 1978. The first 

sentence on page 1.5-2 is 8 description of the site characterization 

studies performed since 1983, but the attempt appears to have been made to 

not use the phrase 'site characterization* and thus the description is 

meaningless. We suggest using the appropriate language from the s-ry 

of SAND 88-1057 to describe this effort. 

18. Section 1.5.2. Page 1.5-2. 1.5-3. It should be made clear that the 

experimental programs described in this section do not require emplacement 

of any radioactive vaste. In order to avoid confusion. it would be 

appropriate to clearly separate the R and D that requires waste from 

experinents that are performed to better &sign the repository. 



19. Section 1.5.2.1.  Page 1 .5 -3 .  The discussion of the t e s t s  t ha t  have been - 
performed for  several  years should include a t  l e a s t  the preliminary 

r e su l t s  of those t e s t s .  What have the plugging and sealing s tudies  shown 

,. t o  date? Uhen is the decision on plugs and seals  design expected to  be 
,/' 

i 
i S,\ . ,  ' . made? What assumptions on plugs and s e a l s  performance w i l l  be used for  ; yL, i; , ,, 

I ..s . . '  !:j ' 
1 

t :* , . . . ~  . ,  showing compliance with the &PA Standards? Please indicate when room- 
' ,. 

sca le  sea ls  w i l l  be evaluated. 

20. Section 1.5.2.3,  Page 1.5-5.  This sec t ion  does not describe experiments 

with waste and, therefore ,  the t i t l e  is nisleading. Please change the 

t i t l e  t o  "p TRU Waste Container S t a b i l i t y . "  

21. Section 1.5.2.4.  Page 1.5-5.  Please change the t i t l e  of t h i s  sect ion to  

"RH TRU Waste Container S t a b i l i t y .  " - 

22. Section 1.5.3,  Page 1.5-8.  This s ec t ion  re fers  t o  "the design 

modification a l te rna t ives . '  These a l te rna t ives  should be l i s t e d  and the 

one tha t  was selected should be j u s t i f i e d .  Also, describe which of the 

"follov-on studies' a r e  being performed and why. and include a summary of 

the resu l t s  t o  date.  

23. Section 1.5.3.1, Pages 1 .5-8 ,  1.5-9, 1.5-10. Please provide references 

fo r  the s tudies  described in  t h i s  sec t ion  and a t  l e a s t  a br ie f  synopsis of 

the resul ts .  

28. Section 1.5.0, Pane 1.5-12. A s  previously indicated,  please de le te  - 
references t o  high-level waste experiments. 



-. 

2 5 .  Table 1.5-1. Pages 1.5-16. 1.5-17. New dates are needed for publishing 

the "Interim Sorbing Tracer Test Report", "Hydrogeochemical Facies in the 

Rustler Formation", "Groundwater Modeling Study of the Rustler Water- 

Bearing Zones*, and the "Facies Variability and/or Evaporite Dissolution 

Within the Rustler Formation" reports. 
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1. This Chapter attempts to summarize the entire FSAR in order to present the 

conclusion that it is a safe facility. It does in fact sumarize the 

radiation doses to the vorker and the public as a result of normal and 

abnormal operations and accidents. It then concludes that there is no 

significant impact on che public health. It fails, however, to summarize 

the criteria that vould provide the basis for such a conclusion. These 

also should be summarized, either as a table or narrative. For exapple, 

the FSAR must provide reasonable assurance that the facility will meet 

Subpart A of 40 CFR 191. i.e.. the combined annual dose equivalent to any 

member of the public in the general environment resulting from (1) 

discharges of radioactive material and direct radiation from such 

management and storage shall not exceed 25 millirems to the whole body. 75 

millirems to the thyroid. and 25 aillirems to any other critical organ. 

2.  Section U.1. Page 1A-1. It is recognized that Chapter 1A is a S-ry 

Safety Analysis, hovever, the attempt to summarize in the first paragraph 

leads to some confusion and ambiguity. For example, the definition of 

Design Class I in the first paragraph is a serious distortion of the more 

detailed definition in Sections 3.1.7.1.1. To refer in the first 

paragraph to .a leak' froa the UIPP facility. and then discuss effluents 

and controlling radiation doses off site in the second paragraph, will 

almost certainly lead to confusion for some. Please also see our comnents 

on the definition of Class I items in Section 3.1.7.1.1. - 



3. Section l .A.1.2.1.2.  Paae U . 1 - 6 .  The f i r s t  section describes a potent ia l  

problem which would be resolved by means of an inexpensive t e s t .  It is 

recommended that  the types of c lay minerals present i n  the Dewey Lake 

Redbeds be determined to  resolve the question referred to .  

The f in i t e  element model mentioned i n  the th i rd  paragraph of t h i s  sect ion 

predicted the closure r a t e s  t h a t  were 3 t o  4 times slower than t h e  actual  

observations. This sec t ion  should include the discrepancy between the 

predicted and actual creep r a t e s  and what changes i n  the design and 

operations plans have been made t o  accommodate tne f a s t e r  r a t e s  of 

closure. 

4 .  Section 1.A.l.2.2, Page 1A.1-7. The f i r s t  sentence of t h i s  s ec t ion  is 

- incorrect .  There i s  plenty of evidence of i n f i l t r a t i o n  below the 

Uescalero Caliche. The second sentence should be more exp l i c i t .  The 

+/ . ' vater-bearing zones a r e  a t  depths of approximately 608 t o  632 f e e t .  71& to  
.fl,>! 

. ,pi 
i: Z : i * )  ., 740 feet .  and 850 to  860 f e e t .  I n  the  t h i rd  sentence, because grouting of 

i t ,  5 . ,  . {  
3 

\ .: * .  
\,Ys .., 

t he  shafts had to  be performed th ree  times before leakage vas stopped, it  
: ., ."... ,. , .,.' 

should be indicated tha t  frequent checks and maintenance v i l l  be  provided 

t o  ensure that  the sha f t s  reaain dry.  The fourth sentence. "No 

grouadvater forces i n  s a l t  a r e  experienced because there  a r e  no connected 

saturated pore spaces" is incorrect .  (See Bredeholft. 1988; and Beauheim. 

1987. page 0 .  l ines  1 t o  4 . )  Final ly .  the l a s t  word of t h i s  s ec t ion  

should be "important" and not "s ignif icant . '  

5 .  Section 1.A.1.3. Page 1A.1-7. Poten t ia l  damage from an a i r c r a f t  crash 

should not be indicated a s  'very ?mall." While the probabi l i ty  of a 



scheduled a i r l i n e r  crash may be very small, a number of small a i r c ra f t  and - 
mili tary a i r c r a f t  are seen f ly ing  very low over the s i t e .  In f a c t ,  a 

small private plane crash occurred a t  the s i t e  i n  1.982. Efforts should be 

made to safeguard the s i t e  from such incidents i n  the future.  ~ l s o .  

please note our comment 5 on Chapter 2 .  

6 .  Section U.2.3.1. Page U . 2 - 5 .  The l a s t  paragraph of t h i s  section 

s t a t e s  tha t  the gamma source s t rength was used t o  calculate  shielding for 

RH-TRU ra ther  than neutron dose r a t e s .  Please indicate a reference for 

information which provided a bas i s  fo r  t h i s  conclusion. 

7 .  Section U.2.3.2.  Page U . 2 - 6 .  The l a s t  paragraph of t h i s  section 

. . implies tha t  the doses t o  the public fo r  normal operations are developed - 
assuming use of HEPA f i l t e r s  for  the exhaust from underground. I t  should 

be mentioned tha t  t h i s  is a va l id  assumption only fo r  accidents. 

8 .  Section lA.2.b.l.  Pages 1A.2-8 and lA.2-11. The uni t s  used in  Table 

U .2 -1  a r e  confusing. From Table 6.1-8, it is apparent that  doses due t o  

"direct  radiation' (ex terna l  rad ia t ion  is preferred terminology) a re  

average individual doses and should be labeled rem/year. The doses due t o  

inhalation a re  cal led population doses i n  Table 6.1-10 ( t o t a l  dose 

received by a11 exposed persons),  which would be 50 year dose commitnent 

i n  person-rem. 

9 .  Section lA.5, P a ~ e  U .5 -1 .  This s ec t ion  s t a t e s .  .The f a c i l i t y  operation 

w i l l  include i n  s i t u  experiments addressing technical issues for  defense 
6 

waste programs and s torage  of defense r e l a t e d  contact-handled (CH) md 



remote-handled (RH) transuranic (TRU) vaste." At least a brief 

description of experiments and technical issues to be resolved should be 

provided to support receipt of vaste at WIPP for the R and D purposes. 

References should be provided of documents in vhich a detailed description 

of the experiments may be found. 

... 

The statement, "This section provides conclusions vith regard to the 

adequacy of the WIPP site." is incorrect. Either remove the statement or 

provide the conclusions vith appropriate rationale. 

10. Section U.5.1. Pages U.5-I. U.5-2. Please provide appropriate 

references for the "conceptual design" and the "preliminary design." 

Page U.5-2, first paragraph, mentions keeping a minimum clearance for 

five years. It should be changed to at least ten years since the 

retrieval vould take at least as long as emplacement. The same paragraph 

discusses the models to predict the rate of closures vithout mentioning 

that these predicted rates vere three to four tinvs lover than the rates 

observed after excavation. 

Befora reaching the conclusions stated in the last paragraph of this 

section, it is necessary to discuss the changes in the plans for 

retrievable emplacement of vaste vhich became necessary due to rates of 

closure three to four times higher than predicted. For example. it is 

planned to enplace the vaste without backfill during the period vhen 

retrievability nee& to be maintained to minimize the possibility of the 

drums being crushed. Also, the rooma will be cut an extra foot higher and 



trimmed before emplacement of waste. The original design criteria were. - 
therefore, not suitable. This section should discuss vhy these changes 

became necessary, what vere the options available, vhy vas an option 

chosen, and why the changes are not likely to affect the operations in the 

facility adversely. 

Reference 1 cited at the end of this section is not listed at the end of 

the Chapter. There are no references listed. 

11. Section U . 5 . 2 ,  Page U . 5 - 3  to l A . 5 - 5 .  The last paragraph on page U . 5 -  

3 should be expanded to include the plans for disposal of excavated salt. 

Before concluding (last paragraph of this section on page 1 A . 5 - 5 )  that, 

"Under no circumstances will the public health and safety be subjected to - 
significant risks,' this section should provide references to detailed 

information on the accident scenarios which were analyzed. and potential 

releases from malfunctioning or inadequate design of shafts and 

underground facilities. (Also, please note comwnt one on this Chapter.) 



CHAPTER 2 

Site Characteristics 

In response to many EEG comments on previous versions of SAR. this chapter has 

been extensively revised and is much improved. A fev questions that remain 

are listed belov. 

Section 2.1.1.2, Pages 2.1-4 through 2.1-5. This section refers to W E  

Order 5180.U vhich has been superseded by W E  Order 5480.18. Also, it is 

noted that the dose limits on page 2.1-5 exceed the limits of the EPA 

Standard 40 CFR 191.03(b). Under 40 CFR 191.04(a). W E  may establish 

alternative standards for WIPP provided EPA has approved an application 

for such alternative. If W E  has made such application, please provide 

EEG vith a copy of the application and EPA approval notice. W E  Order 

5480.1B references W E  Order 5480.11 for radiation protection standards. 

however, this order indicates that the "Requirements for Exposure of 

Individuals and Population Groups in Uncontrolled Areas" is to be added at 

a later date. Therefore, if no alternative standard has been approved by 

&PA, the FSAR should adhere to the exposure standard prescribed in 60 CFR 

lgl.O3(b). 

Section 2.1.2.1. Page 2.1-6. Please update paragraph NO of this 

section since the land exchange of State-ovned sections has been 

completed. 

Section 2.1.2.1.2, Pane 2.1-7. Settlement of potash Leases inside the 

WIPP site should be completed before a permanent decision is madm to store 

wute at VLPP. 
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4. Section 2.1.2.2. Paaes 2.1-8 and 2.1-9. The last paragraph of this 

section refers to "low level of radioactive releases . . . : Please 

include references to the analyses of postulated accidents which support 

this statement. 

5. Section 2.2.3.1. EEG personnel have witnessed very low flying military 

aircraft directiy over the UIPP site, almost on a daily basis during 

certain periods in summer, 1988. Either such flights should be banned or 

their potential impact on UIPP should be considered in Section 2.2.9, and 

evaluated in other Chapters of the FSAR. One crash has occurred already 

at the UIPP site. 

6. Section 2.1.3.0. Pane 2.1-10. Tbe reference to "population centers" as 

defined in 10 CFR 100 is no longer appropriate. Those regulations apply 

,+. , . . to siting of nuclear reactors, not nuclear waste repositories. A more 
.,: ;C ,,.,, 

appropriate reference would be 10 CFR 60 or 00 CFR 191. With respect to qt2.: . . ,i,' 

i ir ... 
!. y'* , '  

exposure to members of the public off-site, it would be preferable to 
. t... ,.. . . .. , refer to the limits of 40 CFR 191.03(b). 

7. Figure 2.1-7. The location of the potash leases of the International 

Minerals and Chemical Corporation are not shovn on this map. 

8. Section 2.5.3.5.2. Page 2.5-23 throu& 2.5-27. This section is very 

well vritten, but needs to be updated. 



9. Section 2.5.4. Pages 2.5-29 through 2.5-34. This sect ion needs a 

thorough updating in  viev of the recent publ icat ions  by Bredeholft, Novak. 

UcTigue. Beauhein, e t c .  

10. Section 2.5.5.1, Page 2.5-37. The l a s t  paragraph of t h i s  sec t ion  on 

page 2.5-37 refers  the reader to Chapter 8 ,  but t he  nev Chapter 8 of FSAR 

is devoid of any technical evaluations. 

11. Section 2.5.6, Paae 2.5-46. The f i r s t  sentence on page 2.5-46 is 

incorrect .  In a kars t  region. such as  the  WIPP a rea ,  lack of a near- 

surface regional vater  table  does not preclude a s ign i f i can t  quant i ty  of 

recharge. -The fac t  is tha t  i n  s p i t e  of several  suggestions by EEC over 

the past  f ive years, the WIPP Project Office has chosen not t o  perform 

systematic studies t o  determine the r a t e  of recharge a t  and i n  the 

v i c i n i t y  of the WIPP s i t e .  It  is more cor rec t  t o  say t h a t  the information 

is not available ra ther  than assuming it t o  be 'negligible." 

12. .  Section 2.5.7.4, P a ~ e  2.5-58. In  view of the  discussion i n  t h i s  and the 

preceding subsections, it is recomended tha t  Table 2.5-21 not be included 

i n  the FSAR. This table  and the l a s t  paragraph on page 2-5-50 should be 

replaced by a discussion of the program t o  determine more r e l i a b l e  values 

of Kd being performed currently.  



CHAPTER 3 

Principal  Design Cr i t e r i a  

1 .  Section 3.1,  Pare 3.1-1.  This section re fers  t o  experiments and 

s tudies  to  understand the behavior of waste i n  s a l t .  Please add the 

; ,.t.. " , reference to  reports o r  chapters i n  the FSAR where these experiments are 
8, ~: .. 

5 "., 

'. i 
' described. 

2. Section 3.1.1, Paae 3.1-2.  Experimental (high-level)  waste a s  one of 

the types of waste t o  be emplaced should be deleted.  

3. Section 3.1.1.1.1. Page 3.1-3. This sect ion should c l ea r ly  indicate  

tha t  the boxes described i n  Table 3.1-2 a re  not compatible with TRUPACT- 

X I .  Therefore, there should be an indication of how these boxes w i l l  be -̂ 

transported, i . e . ,  whether they w i l l  be repackaged in to  a TRUPACT-I1 

compatible box, or whether another type B container,  c e r t i f i e d  by NRC 

w i l l  be used. Also, Table 3.1-2, page 2. should be revised t o  indicate 

the type of "standard waste container'  t o  be used. 

4.  Section 3.1.1.1.2. Page 3.1-3.  Radionuclide composition of waste for 

VIPP has been calculated and presented i n  Table 3.1-4, based on a March 

1987 report (Ref. 4 ) .  To date .  the VIPP of f ice  has refused t o  provide us 

with th i s  report. In  order  f o r  EU: t o  conduct its evaluation, the report  

must be provided. 

5 .  Section 3.1.1.1.2. Page 3.1-4. This sec t ion  s t a t e s  t h a t  the  average 
-.--. 

Pu-239 equivalent is 7 g f o r  a drum and 110 g fo r  the most co-n box. 



Table 3.1-3 shows 16 g of Pu-239 in drums and 79 g in .standard waste 

containers." It is recommended that this section, or Table 3.1-3, be 

revised to reflect consistency and the basis for the values presented. 

Section 3.1.1.1.6. Page 3.1-5. This section also should indicate that 

the thermal power will be limited by the PE-Ci limits and the Watt limits 

of TRUPACT-11. Please also add a reference to the data which reflect the 

fraction of heat 

EEG information. 

the total volume 

UIPP. 

source plutonium to be shipped to UZPP. According to 

the SRP heat source wastes alone comprise about 102 of 

and 602 of the total alpha curies that will be cooing to 

Section 3.1.1.2, Page 3.1-5. This section is misleading in that it 

implies a very small fraction of the UIPP waste is RH-TRU. State that 

RH-TRU waste comprises 362 of the total radioactivity. 

Section 3.1.1.2.2, Page 3.1-6. The first paragraph of this page 

contains incorrect reference des4.pations. On line 2, the reference to 

the current data base probably should be 6 rather than 7. Also, the 

reference designation in the last line should 8 rather than 9. 

Section 3.1.1.2.3. Page 3.1-6. This section also designates 9 as 

reference for surface dose rate limits, and it should designate 8 (the 

first modification of the C & C Agreement). 

Section 3.1.2.2. P a m  3.1-7. In this section, it vould be helpful to 

state hov many TRUPACTS could be stored outside and how many drums inside 



(in both surge storage and shielded CH-TRU area) and the basis for the - 
limitation. 

11. Section 3.1.3.1, Page 3.1-9. This section states that the RH through- 

put would be two canisters per shift, which indicates a throughput of 500 

canisters per year, which is greater than 250 canisters per year. Uhich 

is the maximum? 

12. Section 3.1.3.3, P a ~ e  3.1-11. In the fourth line from the bottom. the 

reference designation should be 9 rather than 10. Also, the designation 

. . ..' .,,. . 
i ;: -, 

10 CFR (clfii) is incomplete and, therefore, aobiguous. It should 
. . .  . 

f / ,, r : .  I 
! :. * >; <:, , , ; 
: , < ' .  .,! ,%, 

designate vhich subparagraph of (c) is applicable, i.e., (c)(2)(ii) or 
.. . .  , 4 : ~  .; 
,,' . .  , ' ,,; . i  . 

(c)(6)(ii) or both. 

-. 

13. Section 3.1.3.3. Pane 3.1-12. The reference designation in the first 

paragraph is in error. Please see previous comment. 

1-5. Section 3.1.3.3, Page 3.1-13. The second paragraph on this page 

describes movable shielding in the floor hatch which mates vith the 

bottol of the facility cask to allow access to the cask loading room 

while the cask is being loaded. Is there r control or alarm provided to 

preclude access when the shield is not in place? If so, this should be 

described here. 

15. Section 3.1.6.2. Page 3.1-16. This section indicates radioactive waste 

generated on-site vill be disposed at UIPP. Compliance vith the EPA 
-. 

disposal standards n u t  be completed befor* any vaster can be disposed at 



VIPP. Please provide the design for solidification of liquid wastes at 

UIPP. EEG has not received any information on this. 

16. Section 3.1.7.1.1. Pages 3.1-17 to 3.1-18. The first paragraph defines 

the Design Class I items and relates these items to a "basic component" 

as defined in 10 CFR 21.3 (a) (2) as follows: 

.,."--'~ "'Basic Component,' when applied to other facilities (than nuclear power 
{.' g::, 

reactors) and when applied to other activities licensed pursuant to Parts 
[ 4 g 
? ?* ,,. 
. , . ?  

30, 40. 50. 60, 61. 70, 71, or 72 of this chapter, means a component. 
I . .  : 

system or part thereof . . . in which a defect . . . could create a 

substantial safety hazard . . . . "  "A 'substantial safety hazard' means 

a loss of safety function to the extent that there is a major reduction 

in the degree of protection provided to public health and safety for any 

facility licensed . . . pursuant to Parts 30, 40, 50, 60, 61, 70, 71, or 
72 of this chapter.' 

The only one of the listed parts of Title,lO which would have provisions 

somewhat comparable to the WIPP facility would be Part 60, 'Disposal of 

High Lvel Radioactive Wastes in Geologic Repositories.' In that Part. 

Section 60.1 defines 'important to safety" ax follows: 

"'Important to safety,' with respect to structures, systems, and 

components means those engineered structures, systems, and components 

essential to the prevention or mitigation of an accident that could 

result in a radiation dose to the whole body, or any organ, of 0.5 rem or 

greater at or beyond the nearest boundary of the unrestricted area at any 

time until the completion or permanent closure: 

- 25- 
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Therefore, the def in i t ion  of Class I i n  t h i s  paragraph of the d r a f t  FSAR 

is nor consistent with 'a basic  component" as defined i n  10 CFR 21. AS 

EEG has previously maintained, the Class 1 def in i t ion  should be amended 

so t h a t  it is consis tent ,  and so  that  it  w i l l  not appear that  the design 

c r i t e r i a  for UIPP provides l e s s  protection than t h a t  which w i l l  be 

imposed on WE for high-level  vaste repository. Perhaps the reason tha t  

the VPO has res i s ted  t h i s  change is because there would then e x i s t  some 

Class I items a t  UIPP, j u s t  a s  there a r e  l ike ly  t o  be some Class I items 

a t  a high-level geological vas te  repository. If not ,  then there should 

be no reason for not making the two def ini t ions ident ica l .  

17. Section 3.1.7.1.1. Paae 3.1-18. The third paragraph on chis page 

s t a t e s  that  "each WIPP item was evaluated against  the design 
.., ... 

.,* 
': c lass i f ica t ion  c r i t e r i a . .  I t  is presumed tha t  such evaluations are  

i'dii. 
$5. 

1, "'1' ' '. documented, however, no reference is c i t e d  t o  t h i s  documentation. Please 
, ,' 

provide th i s  reference i n  order  that EEG and others  may obtain copies. 

18. Section 3.1.7.3. Page 3.1-21. This section lists several  design 

fac tors  vhich provide a b a s i s  f o r  the design c l a s s .  Among these is 

includod the phrase .importance t o  safety; vhich is not  defined. I f  

t h i s  phrase also has the  same meaning as  i n  10 CFR 60.1. it fur ther  

substantiates the need t o  modify the Class I de f in i t i on  as discussed i n  

comment 11 above. I n  any case,  t h i s  phrase should be defined and i f  it 

i s  not the same as  i n  the  NRC regulations for  high-level  waste 

repositories,  thc EEC vould lib t o  knov the r a t i o n a h  f o r  the 

difference. 



- 
19. Section 3.1.7.5.1. Paae 3.1-22. The cited reference 13 in this section 

should be changed to 11. 

20. Section 3.1.7.5.2, Page 3.1-22. The cited references in this section 

are also in error. 

21. Table 3.1-3. Page 3.1-27. This table has two errors, as follovs: 

. a. Th-282 should be Th-232, 
. c j  : ;  ; ,  
,, >..., . . . ,  . 

.I 
5,: 

b. The activity for Pu-238 should be l.OE+Ol .__I,",' 

22. Table 3.1-3, Page 3.1-28. This table also has two errors, as follovs: 

a. The Ci/container of Pu-239 should be 4.9 E+OO. 

b. The total activity should be 83. 

23. Table 3.1-5, Page 3.1-30. If the average canister contains 1000 

curies. then the first modification to the C 6 C Agreement (vhich limits 

total curies in BH-TBU to 5.1 million) will limit the number of canisters 

to 5100 and to 162.000 cubic feet of vaste. rather than 250,000 as stated 

in Section 3.1.1.2.3. It is also noted that the VIPP Final Environmental 

Impact Statement (FEIS) shows 510 Ci/canister. 170 Ci of Cs-137. 160 Ci 

BA-1371, and 145 Ci of Pu-241. 

24. Section 3.3.1.1. Page 3.3-1. The last sentence on this page is - 
misleading. A significant fraction of the UIPP waste may be mobile since 



the Waste Acceptance Criteria (WAC) allow one percent of the particulates 

to be less than 10 microns in particle size. 

25. Section 3.3.3. Page 3.3-17. Paragraph (1) of this section indicates 

some 'minor exceptions" to the general rule that 'all buildings and their 

support structures are protected by fixed, fire suppression systems . . . 

." Please add to this paragraph some examples of such exceptions. Of 

particular interest is whether any fixed permanent structures lack such 

fire suppression systems. 

26. Section 3.3.6. Pane 3.3-19. This section discusses radiological 

protection design considerations. In the second paragraph, it states 

that the plant is designed so that under normal operating conditions. 

"the radiation exposure to the general public is negligible as compared 

to the natural background radiation.. It then references section 

6.1.6.4. This reference section does not clarify the waning of 

"negligible,* but instead merely discusses the effluent and environmental 

monitoring program. For the FSAR, it is necessary that the criteria 

forming the basis for the 'negligible' conclusion be clearly stated. and 

that this section should refarence tho relationship bem~een potential 

doses to the public and the design criteria. These criteria and 

relationship are clarified for occupational exposure, but not for the 

general public. 



CHAPTER 4 

Plant Design 

1. This chapter contains many improvements and a considerable amount of 

additional important information. With only a few exceptions, the 

-.-. -% information also was well presented. The few exceptions concerned some 

of the figures which were not always legible in their newly condensed 

form. 

2. Section 4.2.1.5, Pane 4.2-15. The last paragraph of this section 

states the liquid waste produced at UIPP will be solidified prior to 

disposal ;t UIP~. Additional details should be added here on the plans. 

designs, metho& of processing, and radiation protection procedures. since 

it could be a factor in evaluating radiation safety. 

3. Section 4.2.2.3, Page 4.2-19.. The first paragraph erroneously refers to 

Figure 4.2-7 for the air intake shaft headframe. It should reference 

Figure 4.2-6. 

4. Section 4.2.5. Page 4.2-20. This section refers to Figure 4.2-10 for a 

display of the pumphouse and contents. Figure 4.2-10 is a pictorial of 

the east and south elevations of the Support Building. There is no 

figure in the 4.2 series which displays the pumphouse. 

5. Section 4.2.2.6, Pam 4.2-20. The first paragraph refers to Figures 

4.2-12 through 4.2-15. The correct references are Figures 4.2-7 through 

4.2-10. There are no Figures 4.2-12 through 4.2-15. 



6. Figure 4.2-4. Page 4.2-30. This figure is an unacceptable 

representation of the configuration and operation of the EFB for the 

following reasons: 

a. The effluent monitoring station locations are improperly identified. 

The reduction in size and extension of the duct at Station B is not 

represented. Station A is nov co be down the exhaust shaft, not 

after the bend as shown. 

b. The norplal operating position of the dampers of the EFB is improperly 

,/ 
,., :- ., identified, e.g., the EFB isolation dampers should be normally 
t . .  

i 
*.% -< ~, 

"closed" not "open.' to allow normal discharge to occur by the new 
, , 

. % ,  - main fans (which, incidentally, are not identified in the figure). -_ 

7. Section 4.3.2.1, Page 4.3-10. This section describes the subsurface 

facilities and refers to Figure 4.3-5. This figure does not indicate the 

location of the area for plug-in battery charging. The plug-in area 

should be indicated since it is a location of potential fires or 

explosion should ventilation be irudequate. 

8. Section 4.3.2.1.2. Page 4.3-9. This section states that vapor from 

diesel fuel constitutes the principal risk of an underground explosion. 

Other areas warranting consideration are those for vehicle battery 

charging as discussed in Section 4.3.2.1, and the waste storage area when 

filled with waste. The latter deserves consideration unless the emplaced - 
waste will be. covered with backfill following emplacement. Audits of the 



U I P P  Waste Acceptance Cr i te r ia  do not ver i fy  absence of pyrophoric wastes 

or those materials which tend t o  produce explosive gas mixtures. 

9 .  Section 4.3.2.2,  Page 4.3-14. Please provide a reference t o  the 

procedure to  be used for r e t r i eva l  of contaminated and uncontaminated 

waste packages. Such procedures a re  e s sen t i a l  t o  an adequate radiat ion 

safe ty  analysis. 

10. Section 4.3.2.3, page 4.3-14. In the l a s t  paragraph on t h i s  page. 

there  i s  a discussion of the dose r a t e  from emplaced RH-TRU. I t  is 

/ .  s t a t ed  tha t  the maximum loaded canis te r  vould be 100 remhr.  This is not . , .  - 8. 
i 2; $ 
i . +  i J  . . ,  : . . .  correct .  Pursuant t o  Modification 1 of the DOE/State Consultation and 

\.^ . '  ' 

" Cooperation Agreement, up t o  5% of the RH-TRU canisters nay have a 

surface dose of 1000 remfir. Also, please provide the reference o r  more 

d e t a i l  i n  the l a s t  paragraph on t h i s  page on the calculation tha t  

concludes the highest radiat ion dose r a t e  around the shield plug w i l l  be 

only 3 mrenfir. 

11. Section 4.4.1.2.1.2, Page 4.4-13. The first  l ine  on th i s  page 

indicates t ha t  ' i f  excessive airborne contamination is detected a t  the 

a i r  intakes, the outside a i r  supply is d i rec ted  through HEPA f i l t e r s . "  

I t  is not c lear  in Figure 4.4-7 ( the Lcgend page is not legible)  i f  a 

separate CAH is provided for  the intake.  o r  w i l l  the a i r  be monitored 

elsevhere? Please c l a r i fy .  

12. Section 4.4.1.3. Page 4.4-16. t h i r d  paragraph. This paragraph 

indicates t h ~ t  'a small quantity of a i r  is drawn down the vaste 



shaft . . . . "  What is meant by "a small quantity'? Has an analysis been - 
performed of the potential radiological health consequences of an 

airborne release incident in the UHB which results in Contaminants being 

dram dovn the waste shaft and exposing workers below? 

13. Section 4.4.3.1.2.3. Pane 6.4-34. Please provide a reference to 
.. ~. .. 

, . 
'̂ . :; .. ., figures which display the location and other details of the "separate 

: r '  i, .." , :,.. 3. i . , ,  . .  . i . , ;  exhaust systemw provided for venting hydrogen f r w  the battery-charging 
!,, ,: ?j  '.P 4 

ti ;; ,..,,, y.$ 
, . , . . i' process. 
' ., J' 

14. Section 4.9.3.1.6. P a ~ e  4.4-37. Please include a reference to the 

report of the study done to evaluate public fire fightins capability and 

level of mutual aid response in case of a fire emergency at VIPP. 

15. Section 4.4.3.2, Pane 4.4-37. This section refers to Table 4.4-10 

which provides a considerable amount of nev and helpful information on 

the fire suppression equipment throughout the plat. 

16. Section 4.4.4.1, P a ~ e  4.4-47. The first paragraph of this page refers 

to Figure 4.2-10 for a schematic of the pumphouse. As indicated in 

coment G hove, thir is an incorrect reference. There is no figure 

shoving the pumphouse. 

17. Section 4.4.6. Paae 4.4-51. The second paragraph of thir section 

refers to Section 5.4 for details on process operations, however, Section 

5.4 fails to provide details on the solidification process for liquid 

waste. Aa previously stated, info--tion on this solidification process 



is necessary for an adequate safety evaluation. The Failure and Affects 

Analysis (Table 4.4-13) does not consider this subject. Furthermore. 

such processing should be clearly defined prior to the receipt of WIPP 

wastes. 

18. Section 4.4.10.4, P a ~ e  4.4-7L. This section describes the breathing 

air supplies available for fire fighting and normal WIPP operations. 

More detail should be added on the equipment and procedures used for 

producing the Class D breathing air for SCBA cylinders. Information also 

is needed on the inventory of SCBA tanks. No breathing air compressor 

systems are indicated. 

19. Section 4.5.2.5. P a ~ e  4.5-6. This section describes the canister 

shuttle car used to 'transfer waste canisters from the port in the floor 

of the hot cell to the floor of the cask loading room. Please add a 

scale drawing of the shuttle car. 

20. Section 4.6.5, Page 4.6-2. More detail is needed on the criteria to be 

used to determine when reinforced canopies will ba used to protect 

operators of -bile mining equipment. 



CHAPTER 5 

Process Description 

1. Page 5.1-1. If DOE decides to ship waste by rail to UIPP. EEC requests 

six months prior notification in order to address education of the public 

and rail workers to potential doses and problems. 

2. Section 5.1. Page 5.1-1. Following the sentence, .The shipping 

containers are DOT Type B containers certified by the NRC: please add the 

sentence "These containers are designed for shipments exceeding 20 curies 

of plutonic and are. therefore, doubly contained.' 

3. Table 5.1-3, Accidents 15 and 16. The stated consequences are not 

consistent vith the information provided in Chapter 7, and the - 
-. .. 

*I.. 

..consequences as stated for Accident 18. Hov can an accident be bounded by 
*.% , 

b :. E ::,, ,' 
\ . I  .. , , another accident which is not considered credible. and therefore the 
7 .", 

consequences vere not analyzed? 

4. Section 5.2.1.2. Page 5.2-3. The second paragraph on this page should 

contain a reference to the Standard Operating Procedure to be usedfor 

this and subsequent operations. These procedures are necessary for an 

adequate safety analysis 

5. Section 5.5.2, Page 5.5-2. The first paragraph of this section refers 

to W E  Order 5480.'~. Chapter V. but references DOE Order 5480.18, Chapter 

XI. Please clarify. Since DOE 5480.1B superseded 5480.U. references to 
-. 

5480.U should be deleted. 



CHAPTER 6 

Environmental Safety and Health Protection 

1. In general, Chapter 6 appeared to have been prepared hastily. There vere 

few improvements, and there was no evidence of response to EEc's 

December. 1986 comments on Amendment 9 of the SAR. The Bibliography for 

Chapter 6 vas poorly done, containing several duplications and 

inaccuracies. 

2. Section 6.1.1.1, Page 6.1-1. Credit is taken for periodic AURA 

reviews of design documents by nuclear and health physics specialists 

from the architect-engineer organization. EEC has not received any of 

their reports, analyses or recommendations. Please provide this 

information. 

3. Section 6.1.1.3. P a ~ e  6.1-3. This section refers to the YIPP Radiation 

Safety Manual (UP 12-5) as the basis for the UIPP AIARA programs. EEC 
.... 

,, f 
* 6 ,  : agrees that this manual vill impact substantially on the radiation safety 
[ & !;! 
fi , , 

i, r? .~ 
aspects of YIPP. and we recently transmitted comments and recommendations 

t,$ .< 
for the improvement of the policies, procedures and criteria contained in 

that manual. Ye are pleased that most of our recommendations were 

adopted in the July 1988 revision of the manual. 

The SAR states that the UIPP AURA program is described in Section 2.0 of 

the YIPP Radiation Safety Manual (UP 12-5). Section 2.0 of that document 

contains only generalized responsibilities of management, persome1 and 

radiation workers. Hence, the SAR does not adequately describe the WIPP 

AIARA Program as claiaad and should do so. 

-35- 



I. Section 6.1.2.1.1. Paae 6.1-6. Please add a table in support of this 

section to show the estimated nunber of 55 gallon drums of waste and the 

number of each type of boxed waste to be shipped to WIPP. 

5. Section 6.1.2.1.2, P a ~ e  6.1-5. This section refers to Table 6.1-2 for 

the design basis gamma source strengths for RH-TRU vaste, however, this 

table provides only average source strengths. The description should 

include the maximum source strengths of 1000 remfhr. 

6. Section 6.1.2.1, Pages 6.1-4, 5. The CH-TRU end RH-TRU gamma source 

strengths presented in Tables 6.1-1 and 6.1-2 are not derived from the 

current- radionuclide content of RH-TRU waste presented in Table 3.1-5. 

The Mev/s-canister total in Table 6.1-2 should be less than one-quarter 

of the value given, and the peak energy group area should be in 0.h-0.8 

P 
n 

! \  $3 not 0.8-1.3 Mev and 1.3-1.7 Mev. Vhile the values used probably 
' : %, 8; f$ 

$ , ?%*. '., 
; *>, .v , gf; . 3  .give consemative results for shielding and extern~l dose considerations. 

:, .-,it ';.; 
,?- , 

it would be desirable to directly determine the g m  spectrum on 

representative drums. An assumption that exterrul radiation does not 

contain significant quantities of lov energy radiation can lead to the 

selection of instruments or TLD badges that fail to detect the radiation 

present. 

The comment was made that the alloved neutron dose rate is much smaller 

than the allowed g- dose rate. A table similar to Table 6.1-1 should 

be provided for neutron energy group and surface flux. 
-4 



7. Section6.~.2.2,Pal~es6.1-6throuah6.1-9. Theprocedureusedto 

estimate resuspended radionuclide concentrations, quantities of 

radionuclides inhaled, and the resulting radiation doses from handling 

undamaged, surface contaminated containers is difficult to follow. We 

also question some of the assumptions and are unable to arrive at similar 

conclusions. Also. the reference to the August 19. 1981 version of W E  

5480.1B may not be appropriate in view of the 1988 draft version of 

5480.11. if it has been approved. 

The surface contamination concentrations given in Table 6.1-4 are only 

#-* '*, about 5 2 1  of the WAC limits for both drums and boxes. This will. of 

! course, impact subsequent calculations. In our comments on this table in 

Amendment 9, we pointed out that the values were incorrect and were told 

- 
the table would be completely revised in the FSAR. The numbers are 

unchanged from Amendment 9. 

The expression on Page 6.1-7 used to calculate the concentration in room 

air is difficult to check because we are not given the volume of the room 

used. Using only the volume of the inventory and preparation area (that 

3 
was sealad from Figures 4 .2-1 and 4.2-3) of 1.80 x lo1' ca , we arrive at 

total alpha concentrations of about 1 x 10''~ pci/cn3, about 0.2 of those 

in Table 6.1-3. Also, the concentrations in Table 6.1-3 are mislabeled; 

3 
it should be pCi/cn (not di). firthelaore. the W C  fraction assupas 

the radionuclides are iruoluble form. If they are soluble, the combined 

W C  would be about 0.17. 



However, either concentration results in doses received by the vork force ,, 

that are somevhat greater than the values shown in Table 6.1-10. The 

concentrations in Table 6.1-3 lead to an annual dose to a worker in the 

3 Waste Handling Building (with 22400 m /y inhalation) of 0.43 to 0.54 rem. 

depending on solubility assumptions. Yet in Table 6.1-10, it is stated 

that the total dose from air contaminants to the 16 waste handlers and 7 

radiation control workers in the Waste Handling Building is 0.22 person- 

rem. Even with an occupancy factor of 508 for these workers, there 

should be a dose of at least 5 person-rem. And if 1008 of the WAC 

contamination limit had been used in Table 6.1-4. the dose would have 

been at least 10 person-rem. Is it intended that the doses be average 

individual doses? (Note our comment on Table U.2-1.) 

Furthermore, it is questionabLe if use of a "resuspension fraction" to - 
calculate airborne concentrations is the w s t  appropriate approach. 

3 
Other concepts such as the 'resuspension factor' (units of Ci/m per 

2 Ci/m ) or 'resuspension rate* (units of Ci/sec) have a larger data base 

. and usage. Your reference (Sutter) gives data for these other concepfs. 

Also, it is probable that w s t  exposure will occur to workers near the 

contaminated d m ,  rather than other parts of the Uute Handling Building 

vhere the aerosol concentration is much m r e  dilute. If a "resuspension 

- 6 
factor' of 10 /m is used (cornonly accepted value for PuOZ resuspension 

in the work place, from page 83 Jones and Pond in 'Surface 

Contamination,' Pergcmoon Press. 1964), one calculates that one person- 

year in proximity to containers would lead to a 50-year effective dose 

commitment of 6 ram. 



In summary, we believe that the assumptions and methodology used in 

calculating airborne concentrations are questionable, that the calculated 

doses presented are much lover than they should be for the assumptions 

used. and that worker exposure to airborne contaminants is probably a 

much greater fraction of potential occupational exposure than is 

concluded in Chapter 6. This entire calculation should be carefully 

reviewed. 

8. Section 6.1.3.1.1, Pale 6.1-9. Credit is taken for minimizing 

personnel radiation exposures by limiting access in the plant. Reference 

and document this claim. 

9. Section 6.1.3.2.2, Paue 6.1-13. This section discusses use of 

Respiratory Protective Equipment. The section does not provide any 

detailed information on the S C M  equipment to be used. There have been 

several recent improvements in the design of such equipment, and the VIPP 

should use these improved design criteria. For example, in none of the 

VIPP documents is there an indication that S C M  equipment to be used vill 

be positive pressure demand type, equipment which vill maintain a 
, . 

J'" 
I ,, 

I' . 8 .  
positive pressure in the face mask (even during high breathing rates), 

: ; . - ,  ; ' , . 
. _, and provide fresh air on demand. It is only recently that the value of 

~!,, :.? ', 

*,.;'; '. ,' 

. -  ,. such positive pressure equipment has been demonstrated. (Some VIPP 

documents have referred to Pressure demand SCM's but this could be a 

reference to the Negative-pressure respirators, which only provide air on 

demand. 



10. Section 6.1.3.3. and Table 6.1-7. This section refers to Table 6.1-7 

which indicates design contamination zones. Based on this Table. the CH 

waste handling area is a Contamination Zone B which has a maximum 

contamination of 50 pCi/100 cmL loose alpha. contamination which would be 

equal to the WAC contamination limits. It may be difficult. therefore, 

to detect contamination at or in excess of the WAC limits if the room in 

which the package is located has contamination levels equal to those 

limits. Also, it is noted that the Radiation Safety Manual (July 1988) 

calls Contamination Zones I. 11, 111. with Zone I having limits of 20-100 

2 2 dpm/100 cm (9-45 pCi/100 cm ) removable alpha contamination. The SAR 

terminology should be identical to the RSPI and we recommend that the Zone 

I limits apply to the CH waste handling area. 

11. Section 6.1.3.4.2.1, Page 6.1-16. What is the "derived average source - 
strength.' and how respiratory protection considered in the result 

(i.e., how was the NRC manual on respiratory protection used)? This ,, . 

should be clarified in the FSAR. 

The use of spacial shielding in separate enclosed area should be based on 

1 ram armual dose or 100 mrem/h contact dose rate and AURA 

considerations. For example, .n AIARA evaluation right consider worker 

dose resulting from installation of temporary shielding as compared to 

worker dose from moving drum to a specified location. Other AURA 

consideratioru might be potontial contamination problems, existing 

radioactive inventories in shielded areas, or worker activity in 

controlled areas. In other words, the criteria is too simplistic and 

could result in a greater dose to workers rather than less. 



12. Section 6.1.3.4.2.4. Page 6.1-19 to 6.1-21. This section fails to 

provide information on the basis for the underground shielding for RH-TRU 

canisters. For example, in calculating the shielding provided for 

emplaced canisters, vas consideration given to those canisters vhich may 

have dose rates up to 1000 rem/hr? Information should be added to the 

FSAR to indicate the criteria used for shielding of emplaced canisters. 

13. Section 6.1.3.5, Page 6.1-21. 'The design and operation of ventilation 
l i  

I- 
,$ ,:-~ 
I systems assure that doses to personnel and the general public . . . are 
3, .  ,', 
3 . 

: 9 :. belov limits specified in the appropriate regulatory guidance." Please 

. f, .;..;. 
i 4 ,.<r , 

..-, include the data used. an illustration of the methods and the assumptions 

used for calculations, and results. 

- 
14. Section 6.1.3.5.1, Page 6.1-22. Please provide more detailed 

information or data to support the AURA assumptions of this section. 

15. Section 6.1.3.6, Page 6.1-26. This section refers to Figure 6.1-13 

vhich consists of 11 sheets, none of vhich is legible. Please provide 

legible copies. 

16. Section 6.1.3.6, Page 6.1-26. The Continuow Air Uonitor (CAM) 

description here no longer correctly describes the CAMS (nov alpha CAMS). 

What is needed is a figure and detailed description vhich fully explains 

the marriage of the NRC and Ebarline equipment added later. A proper 

description of a11 these instruments vould involve a statement - really a 
comiment - to a certain MC-hr response capability in a specified 



radon/thoron daughter background. A step in this direction is provided - 
later for the Pu CAHS. but it still is flawed. There should be an 

estimation of performance of the alpha and beta W s  in above-ground 

applications. and another in the salt dust-laden belov-ground 

applications. It is likely that the beta-gamma W s  as engineered will 

not be adequate in either case. The Pu CAMS oay be adequate in the above- 

ground applications. It is difficult to know how the area Radiation 

Monitors should be required to be specified, except in terms of the 

ability to detect a gamma field producing a given exposure rate at 1 

meter from a remote position typical of the installation. 

Section 6.1.3.6.2, Paae 6.1-28. Reference to the "posting 

requirements" of 5480.lB is not an adequate way to reference WLn 

performance requirements. Continued reference to *alpha equivalent" .- 

detectors is probably incorrect. If not, this needs some clarification. 

l'he concept of airborne radioactivity monitoring is simplistic and not in 

accordance with the intent of DOE Order 5680.11. As an example, 

NUREC/CR-6033 and NRC Regulatory Guide 8.21 suggest that air samples 

should be collected that are representative of the air in the worker's 

breathing zone. Sampling of radioactivity shall be in areas known to be 

of a greater concentration than that of the worker's breathing zone. 

This section should be revised to reflect this fundamental concept. 

18. Section 6.1.3.6.2. P a ~ e  6.1-29. On what basis ia an alarm setting at 

10 HPC-hrs an acceptable perfonmance standard for W? It should not be 

larger than 4 WG-hrs (as is stated later in the chapter). The 



underground CAns might have a severe problem meeting G MPC-hrs in a 

reasonable radon/thoron background and outfitted with a long transport 

line. The FSAR should specify exactly (based on appropriate tests) what 

MPC-hr performance can be expected from both types of CAns, in both types 

of settings. 

References to the CAns "operating" in "expected" environmental conditions 
_I -- 

hardly seems a satisfactory specification, particularly with reference to 

background suppression, for both alpha and beta-g- W. Furthermore. 

if the internal aerosol transport system of the CAM heads has not been 

changed to match TAMT design specifications, then from an aerosol 

sampling perspective the CAHs in the UHB and below ground are 

substandard, and would not be expected to meet reasonable response 

standards under accident conditions. 

*Calibration" of the W s  with plated sources. as stated here. can really 

only provide an indication that detector response continues to be the 

same as before. With an HCA-based count collection and analysis system 

and microprocessor based algorithm for background suppression, a nore 

exacting calibration should be done, and explained here. The periodic 

demonstration of the proper functioning of such a sophisticated system 

will require careful development. 

19. Section 6.1.3.6.3. The SAR states that no credible criticality hazard 

exists. References please. 



20. Section 6.1.4, Page 6.1-30. Uore current data for the waste forms for 

VIPP m y  be found in revision 3 of reference 22. 

21. Section 6.1.4.1. Pane 6.1-30. The design objective should be less than 

1 rem/year/person and A m .  

22. Section 6.1.4.2. P a ~ e  6.1-31 and Table 6.1-8. The external doses 

calculated for routine operations use the February 1985 report. UTSD-TIE- 

009, as a basis for calculating external doses received by workers. lhis 

report uses older inventory data and time-motion study based on TRUPACT-I 

and drums being packaged as six-packs. The UP0 has a July 1988 report, 

DOEflIPP 88-012. which uses actual time and wtion data obtained in a 

June 1988 Preoperational Checkout that was specific to TRUPACT-I1 and 

used the latest inventory data. The later report estimates annual 
/ F!~, ,  
1 % :  . 
': external radiation doses from CH-TRU of 13.7 person-rem for normal 
y,' !.%. ; : \. b<\?, %:, +! 

.., *.! .. 
, '* operation and 0.64 person-sen for "off-normal" waste handling, compared 
-.. . ' 

to 9.19 and 0.132 person-rem in Chapter 6. Although EEC has not 

critically reviewed WE/WIPP 88-012. the methodology is more specific. 

contains real &ta, and uses newer inventories. We believe it should be 

used in place of WSD-THE-009. 

23. Section 6.1.4.3.2. Paper 6.1-33, 6.1-34. The whole analysis of the 

handling of damaged drums seems to presuppose that the workers instantly 

recognize that drums or boxes are damaged before they could possibly be 

exposed, and don respirators. The experiences recently at the SUEPP 

facility at INEL involving a damaged drum show ochervise. Two people - 
were exposed apparently before anyone donned respirators. Thus, it is 



likely that there will be some delay in discovery of damage unless 

TRIPACT itself was visibly damaged, 

There are several additional questions or observations on this scenario: 

a, The origin of the number 66 for contaminated seven-packs is not clear. 

From Table 6.1-15 one would expect 36.000/7 - 6860 seven-packs/year 
and 1% of this would be 49 seven-packs. 

. , c :  b. From the information given here, the estimate of 1.0 mren/hr seems 
. >. 6' .I. .. , , 

5, ? : 7 
i low. A 6 mrem/hr dose rate at 4 inches would be about 1.2 mrem/hr at 
Pk.,., ... .' 

2 feet, and an exposure to two drums would be about 2.4 mrem/hr 

during hands-on operations. Furthermore, WE/UZPP 88-012 uses 

average surface dose rates of 16 mrem/hr for drums and 5 mrem/hr for 

boxes. 

c. The fraction of the waste assumed to be aerosolized and respirable 

(FMR) is 10.~. If it is intended that this fraction apply to all 

drups in the seven-pack, then the FA6R is equivalent to 7 x loq5 of 

one drum. In contrast, the accident scenrrios in Chapter 7 have F M R  

values for one drum of 1.25 x (C2) and 2.23 x lo-' (C3) .  Is 

this consistent? Should an average overpacking and decontamination 

operation release as high or higher FA6R as the accidents? 

d. We believe the assumption of release of one average drum's 

contents is sufficiently conservative. But this is not a negligible 

release and it is not clear hov this could lead to a dose as low as 

0.04 person-ram. Consider the folloving: 
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A 

(1) amount released from an average drum (11.9 PE-CI) would be 1.19 

(2) this vould be released in 6 volumes of Overpack and 

Decontamination ?.oom air, or 1.98 x PE-Ci/volume; 

(3) the volume of air (from Figures 4.2-2 and 4.2-3) seems to be 

3 9 about 130.000 ft (3.6 x 10 cc); 

(4) thus the apparent concentration in air is 5.5 x 10-15 PE-Ci/cc; 

(5) a worker would inhale about 6.6 x lo-" PE-Ci/hr (after alloving 

for a decontamination factor of from use of respirators);' 

(6) for 132 person-hours per year this vould be an intake of 8.73 x 

PE--ci/year; 

, . 
, ..,, . .?"',* . (7) for a 50 year committed effective dose equivalent (CEDE) of 430 
; ;, ::. 

, , .$!, +q>., k5 ; rem/pCi. this becomes 3.8 person-rem. 
\, %?e, ".'. ~.,.: - 

3 . ?*I ..i 
.&,%' . . This calculation needs to be carefully rechecked since the results 

are potentially significant. 

e. We checked the doses in Table 6.1-9 for RH-TRU casks decontamination 

vithin 58 and believe the assumptions are conservative. 

24. Section 6.1.5.2. Pare 6.1-37. This section refers to Figure 6.1-13. 

which should be Figure 6.1-14. 

25. Section 6.1.5.4.5, Page 6.1-49. This section refers to "pressure 

demand self-contaminated breathing apparatus." Please note Comment 4 

(ibow. WIPP should use only POSITIVE pressure demand SCM's. 



- 26. Section 6.1.5.6.6. Paae 6.1-50. The last paragraph refers to VIPP 12- 

006, "Respiratory Protection Equipment." Reference 31. EEG has been 

unable to locate such a report. It probably should refer to VIPP 12-106. 

"Respiratory Protection Program." 

27. Section 6.1.5.5.1, Page 6.1-51. The first paragraph on this page 

states that "Radiation contamination survey stations are indicated on 

Figures 6.1-1 through 6.1-6." There are no survey stations indicated on 

these figures. except for the underground area (Figure 6.1-5). 

28. Section 6.1.5.5.8, Page 6.1-53. What is the criteria for considering 

clothing contaminated? The level of contamination in anti-contamination 

clothing is important in minimizing skin dose and as an indicator of 

contamination problems. The VPO Radiation Safety Hanual does not provide 

for hov contaminated anti-contamination clothing will be handled. It 
/-" " 

P"Q, should be made clear whether anti-contaminated clothing will be r 1 8 ~ .  
I 

!:4 
b & ,. disposable clothing or laundered. Information on the processing of anti- 
?, $, 

I h  

contaminated clothing should be added to the Radiation Safety Manual. 

28. Section 6.1.6.1.1. Page 6.1-56 and Table 6.1-13. When using 1001 of 

the WAC surface contamination limit and the other assumptions in this 

chapter and x/Q value of 1 x 10" s/m3 at the rite boundary, there 

- 7 
results a maximum adult dose of 6.2 x 10 rem/y from resuspension of 

surface contamination. Although this is a significant increase from the 

value presented in Table 6.1-13, it is still a nagligible dose. 



29. Section 6.1.6.3, Paae 6.1-63 t h r o u ~ h  6.1-65. In  our comments on - 
Amendment 9 of the SAR. ve noted tha t  Table 6.6-5 (now Table 6.1-13) did 

not provide data on doses from the several  ingest ion pathways, nor does 

it compare these doses with those from pathvays vhich d i r e c t l y  involve 

the plume as  claimed on (Page 6.1-66). The UP0 response s t a t e d  that t h i s  

sect ion is being reevaluated fo r  the FSAR to be cons is ten t  with the 

previous discussion. It appears tha t  with only one minor exception. t h i s  

sect ion is ident ical  t o  the previous one, therefore  there  appears to have 

been no response to  our e a r l i e r  connent. 

30. Section 6.1.6.4.2. Pages 6.1-68 ChroupJI 6.1-70. This sec t ion  contained 

no changes from Amendment 9 of the SAR. Therefore it vas t o t a l l y  

unresponsive t o  our previous connents on Amendment 9 a s  contained in  our 

l e t t e r  t o  the UP0 of December 16. 1986. I t  a l s o  d id  not  r e f l e c t  a peer , 

reviev of the plans fo r  s tack monitoring a t  WIPP he ld  on November 14, 

i a. \ 

1986. i n  Santa Fe. The e n t i r e  discussion of the e f f l u e n t  monitoring 
\, ' 

probe design and operation here is writ ten v i t h  l i t t l e  o r  no resemblance 

t o  the r e a l i t y  of the present stack monitoring system and f a c i l i t y  

monitoring system, vhich vas t o  be completely redesigned fol loving 

extensive EEC reviev. Xore specif ical ly:  

a .  A t  present it appears t h a t  the alpha CAns i n  the  s t ack  systems have a 

vastly improved aerosol  t ransport  systan of T M  design vhen compared 

to  the f a c i l i t y  monitoring systems b u i l t  around an Eberline supplied 

alpha detector apparently replacin8 the L X-ray de tec tor  i n  an 

othervise unmodified NRC CAM head. Neither hare  nor i n  the - 
discussion of the other  probes is there any mention of aerosol 

transport capabi l i t i es .  
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b. The shrouded Texas A & I4 University (TAWU) stack monitoring probe is 

not designed to be an isokinetic probe as stated here, for example, 

the flow rate is kept constant, so there is no "sample flow rate 

controller" associated with the TAEN probes, as stated here. A more 

nearly correct description is found later in Chapter 6. 

c. There is no discussion at all of the expected response time of the 

effluent monitoring system, whether triggered by a CAM underground. 

or in the stack. This is a significant omission of an assessment of 

accidental releases to the environment. 

31. Section 6.1.6.4.2. P a ~ e  6.1-69. The statement that the sampling period 

and volume for the FAS are "maximized to provide a reasonable lover limit 

of detection" is unacceptably vague. There are limits on time and sample 

rate for each FAS setting set by the conditions of sampling and the 

choice of filter size, filter medium, etc. It should be stated the 

lover limit of detection will be for the major TRU radionuclides from the 

various FAS locations. 

,.-.,... ~, ,  /,.' ., 
3 p%- ! , ,a ,. 32. -Section 6.1.6.4.2, Page 6.1-70. With regard to the response 

: I  ; 

1, 
. . ,  , . characterization of the beta CAN (11 cpm after G hrs at 60 lpm), it is 
1 ? :  . , 

. r; .. 
almost certainly true that this level of activity could be seen 

after a relatively short sampling period (about 1 hr) in the beta-gamma 

noise of the radon-thoron background on the filter. As vas pointed out 

in EEG-38, the background sensing GI4 tube is not sensing the appropriate 

background for this instrument. Bared on the stated sampling rate and 



~ P c ,  using the filter activity equation, the implied efficiency of the 
A 

system at the stated 11 cpm is 341, which is reasonable for a low- 

background GI4 detector counting a Sr-90 standard source. But that is 

totally inappropriate as a measure of the LID for the system with an 

equilibrium load of radon and thoron daughters on the filter. The FSAR 

should specify the LID of both the beta-gamma and alpha CAns under 

realistic background conditions. 

With regard to the alpha CAM response, it is quite adequate to specify an 

WC-hr response of 4 WC-hrs for Pu-239. However, it is totally 

unacceptable to add the proviso: '. . . when no ocher radionuclides are 
present." There is no basis for such a provision in ME Orders. ANSI 

Standards. or any other authority that is known to EEG. There will 

I - 
,' always be background radionuclides present on the filter during 
I .  \ ,  

monitoring. The FSAR should state the MPC-hr response without 

qualification. 

33. Section 6.1.6.4.3. Page 6.1-74. The sumary of the preoperational 

program in Table 6.1-15 should include data collected by the EEG. 

34. Section 6.1.6.4.7. Page 6.1-77. As is evident throughout Chapter 6. 

there is no response to EEC'r coments on Amendnent 9 of the SAR. The 

EEG had recornended that mention be made in this-section of the agreement 

to conduct intercomparison and verification of environmental data with 

the State of New Uexico as provided in the Consultation and Cooperation 

Agreement. In response, the UPO committed to .Appropriate words will be 
- 

included in the EAR, referring to the arrangement outlined in the 



Supplemental Stipulated Agreement through which the State and W E  

Environmental Programs are coordinated and through which the State is to 

provide independent environmental monitoring verification services to 

WE." 

35. References for Section 6.1, Pages 6.1-79 through 6.1-84. This 

bibliography contains numerous duplications and inaccuracies. For 

example. it has five listings of DOE Order 5480.1B. Chapter XI; three 

listings of UIPP Radiation Safety Manual; it refers to a 1981 version of 

:r 

!; W E  Order 5480.1B. whereas Chapter * refers to a 1986 version. We 
h' 

. - believe the Chapter 4 listing is correct. 

36. Table 6.1-12. Pane 6.1-98. We commented on this Table when it was 

presented in Amendment 9 of the SAR. At that time, we were informed by 

the UP0 that this data was based on the data in Section 3.1 of the SAR, 

but that new source tern data will be used for the FSAR and an example 

calculation will be provided for clarification as to how the data in 

Table 6.1-12 was derived. The data in Table 6.1-12 is unchanged from the 

previous Table. and no example was provided. 

37. Section 6.2. P a ~ e  6.2-1. The material on non-radiological surveillance 

programs, relevant to agreements, laws and regulations, is a new addition 

to the SAR. Its inclusion is desirable. However, the amount of detail 

is inadequate. Three omissions are noted in the Section. 

38. Table 6.2-1, Page 6.2-8 through 6.2-10. The Resource Conservation and 

Recovery Act is appropriately noted in tho Table. However, the extensive 



effort and problems concerned with obtaining a RCRA permit for disposal - 
of the hazardous vaste component contained in much of the TRU waste is 

novhere discussed or evaluated. This is an important effort which is 

necessary for the FSAR. 

39. Table 6.2-2, P a p  6.2-11. List the contract establishing 3EC in 1978. 

Same for Table 6.2-3, Page 6.2-16. 

60. Table 6.2-3. The Second Uodification to the CQE/State Agreement for 

Consultation and Cooperation was signed August 1. 1987, and should be 

listed and suaunarized in this Table. 

61. Section 6.3, P a ~ e  6.3-1. The last sentence of this Section refers to 

Figure 6.3-1. This figure was not included'in EEC's copy of Chapter 6. - 
42. Section 6.3.1.1, Page 6.3-2. 6.3-3. This Section should provide 

i greater detail for the various training and indoctrination programs 

Y> 1, . discussed. or each program described should reference the documents which 
s, I,# 
". provide greater detail. 

13. Section 6.3.3. P a m  6.3-5. This Section also should provide more 

detailed dercriptiona of the emergency preparedness, or it should 

reference other sections of the FSAR or other documents where more 

information is available. 

U. Section 6.3.3. Page 6.3-6. 2nd Paragraph. The discussion of emergency 

medical technicians should indicate tha number of EMT's per LOO - 
employees. 
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6 5 .  Section 6 . 3 . 6 .  Page 6 . 3 - 7 .  Please provide appropriate references to 

the Emergency Preparedness Plan. 



CHAPTER 7 

Accident Analysis 

1. There does not appear to be a "Design Basis Accident" identified in this 

Chapter. The category "limiting incident" may be considered by the WIPP 

Project Office to be an acceptable alternative to the D M  (both have an 

associated probability such that they are credible, but not expected to 

happen over the life time of the project). 

The requirements for identification and discussion of D M s  are set forth 

in W E  Order 6430.1, Chapter 1. Both internal and external (e.g. 

earthquakej initiating events must be considered. It is not apparent 

from the text of this Chapter that a D M  assessment has been performed. 

It is strongly recommended that such an assessment be performed and 
4 

summarized in Chapter 7. It should meet the requirements of 6630.1 and 

the guidelines of related documents such as "A Guide to Radiological 

Accident Consideration for Siting and Design of DOE Non-reactor Nuclear 

Facilities.' U-10296-AC. January 1986. The advantage of the D M  

; <' 
' .' 

assessment is that it provides a perspective for evaluating the 
~ h . h  

. .. k , " :  : 
. . a>, , >,, ., ,, 3 
: . t i \  ' significance of the potential mitigators vhich are presently described as 

. 't. ,.G -., - ~' limiting impacts to inconsequential outcomes. kloreover, the D M  

assessment would reflect conditions vhich might enable structures, 

systems and components to be evaluated with respect to their importance 

to safety. In a suitable D M  assessment. degraded performance of a11 

mitigators must be considered, and a release of radioactivity described 

associated with the D M  vhich causes radiological exposure. This release 

event must be shown to result in doses which are not in excess of the 

guideline doses in DOE Or&r 6630.1. Chapter I. or associated guidance. 
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Another problem in not performing a rigorous DBA analysis is that all 

possible failure modes are not systematically considered. The following 

two scenarios vere apparently not considered: 

a. The contamination of the underground by releases from several 

accident scenarios in the CH-TRU portion of the VHB from the 

ventilation air flov down the Waste Handling Shaft; 

' 8'3: 
I ( ,,:. . ,A. ic' ;\. 

r !  b b  
\ ~ , ,  
, . . . , . b. Any scenario involving contamination of the radiation control area, 
. ., 

or carrying contamination off-site by workers, visitors, or 

equipment. This is perhaps the most likely pathway for radionuclide 

contamination from the WIPP Site to reach surrounding communities. 

It has been a problem in various nuclear facilities over the years 

and considering the difficulty in detecting alpha contamination, is a 

potential problem at WIPP. There is no indication in the SAR that 

this threat has been adequately addressed by the VPO. 

2. There are significant numerical errors and inconsistencies in this 

chapter, and serioua questions are raised in the co-nts that follow. 

concerning the appropriations of the assumptions and methodologies used. 

3. Section 7.2.1. Page 7.2-1. All of the significant CH-TXU accidents are 

considered moderate frequency. which is defined as accidents assumed to 

occur once a year or up to 25 times during the project lifetime. Yet all 

these accidents are assumed to occur only with an average dtun 

(apparently 11.9 PE-Ci). We believe that occupatio~l dose commitments 



for all of these moderate frequency accidents should be calculated for 

the drum loading with the maximum PE-Ci level. These doses would be 

significant. For example, with the proposed 1000 PE-Ci limit (which EEC 

is objecting to in our letter of June 2 2 ,  1988) the 50 year EDE to a 

worker in the C2 accident would be about 420  rem and 15 rems would be 

delivered in the first year for V category vaster. If the waste were Y 

category the 50 year EDE and the 1 year EDE would be about 275 rem and 2 4  

rem. In either case. these are very undesirable doses that are possible 

and should not be ignored in the Chapter 7  tabulations. Furthermore. the 

realization that very high occupational doses are possible should affect 

the choice of PE-Ci limit as well as the operational health physics 

procedures employed. 

4 .  Page 7 - 3 .  Plea-. indicate the basis for the statement that the relative - 
radionuclide abundance per cubic foot is greater for drums than for any 

. of the alternative containers. If this is true, is the probability of 
r ' 
i 

release necessarily higher for drums in the various accident contexts 
! .5.,;2,, : 5 ". 
, .. \ , ~ .  ,. . given the weight and presence, for example, of heavy, hard wastes in 
I ,,- . .  

I\. I. ., .,. . . .  . ~ .  boxes? It is worth pausing to consider that the most spectacular release 

of TRU haa occurred with an accidsnt involving a box m d  not a drum. 

5. Section 7.2.2.1, Page 7 . 2 - 2 .  The second paragraph on this page states 

that 'three' individuals were considered in the analysis. In Section 

7.2.2.1.2, second paragraph. .fourg individuals were located within a 

single sector. Also Table 7 . 3 - 2  provides dose estimations to a worker, 

but fails to show the location of the worker. Was the worker also 

considsred to be .outaide the facilities?" A 



6. Table 7.2-1, Page 7.2-9. This table from Chapter 3 also has an error in 

the Ci/drum of Pu-238. The value should be 1.OE + 01 rather than 1.OE + 

02. The PE-Ci should be 11.9 rather than 8. This will affect most other 

calculations. 

7. Section 7.3.1. Page 7.3-1. This is a new scenario necessitated by the 

changed design for TRUPACT-I1 which requires unloading outside of the 

_I- ' .. .. ,.: 
.1 u .  

Waste Handling Building. Any release would be to the site and the 
/ :, , 1 - 6.. .. 

? ;;$ $,, 
: ,=$ ., environment from a ground level release without HEPA filtration. It is 
t, g! s;,>. 

.I L 
b important that this scenario be completed and releases and inhalation '-%." .>. . . 

values calculated. 

8. Section 7.3.1, Page 7.3-2 throu~h 7.34. This accident assumes that a 

bundle (7 drums) are dropped from a fork lift. Also it assumes that the 

drop "causes the lids of the drums to be knocked off and an inner plastic 

liner to tear.' It is also assumed that 251 of 'the drum contents (8 PE- 

Ci) is spilled, and 51 of the total activity is contained in the allowed 

one weight-percent.' Therefore these assumptions imply that the total 

activity released is 

(8 x 7) X .25 X .05 - . 7  PE-Ci 

If . W 1  is resuspended this results in 7E - 04 being released, a factor 
of 7 higher than indicated. Perhaps it was intended to state that the 

lid of only one drum fell off, releasing 251 of its contents. 

Regardless, this is an excellent candidate for the above-ground facility 

D M  if analyzed properly. Unfortunately, the opportunity is not 

adequately constdared. First, it is a s s w d  that a11 workers who could 



potentially be exposed in the immediate vicinity of the accident - 
instantaneously leave, so there is no exposure. In effect lOOI credit is 

taken for safety features of the facility and equipment, and for vorker 

training. This is not valid unless the circumstances and consequences of 

this accident are considered in more detail. The exposure "alloved" is 

that to a vorker located in a remote location (and this cannot be 

evaluated since Appendix 7B is not complete). Uhy is it incredible 

- 6 
(probability 10 ) that a worker might not instantly leave the accident 

scene? Vhat if he is injured or stunned by the falling drums? What if 

he is uncertain about vhether or not a release actually happened? Uhat 

if he is trapped momentarily by the equipment and drums? 

Although, the scenario description did not state residency time for the 

nearby vorker it was estimated that it vould take about 25 seconds for - 
the *cloud" to travel 20 feet and about 1% minutes of breathing to obtain 

the stated inhalation quantity. The forklift operator. at about 5 feet 

.- distance, would get the 'cloud' in about 6 seconds and in the next 10 

$ ,* 
1 I$* 

~econds vould inhale about 4.5 x 10.' PE-Ci (7 times that of the worker 

' 1' in a 2 minute residency time). Ve believe the assumption is non- " 1 

conservative and that a dose to the forklift operator should be 

calculated. Incidentally, we note that the 5/86 version of this section 

used a .cloudg velocity of 5 ft/min. vhich is only 1/10 of that listed 

her.. 

9. Table 7.3-1. Page 7.3-14. This table has several serioru errors and 

inconsistencies. For example. it is noted that the numbers in both 50 

year Effective Dose Commitment columns are unchmged from the Kay 1986 - 



draft FSAR even though there are substantive changes in the PE-Ci values 

released or inhaled for most scenarios. As an illustration. the 6.5 x 

PE-Ci inhaled in the C2 accident (using 520 rem/uCi inhaled) the 50 

year Effective Uhole Body Dose would be 3.4 ren. If this is further 

corrected by using the correct 11.9 PE-Ci average per drum (rather than 

8.0) the dose would be 5.0 rem. Also, the 50 year EBD for R4 is not 

consistent with that for C3. 

10. Table 7.3-2, Page 7.3-15. This table has errors similar to those in 

Table 7.3-1. Although the intake for the scenarios is significantly 

different in the 1986 draft. the doses in the Table have not been 

changed. Accident C3 uses the C2 model to relate resuspended 

radioactivity to inhaled radioactivity. With 1.8 times the resuspended 

activity the amount inhaled would be 1.2 x PE-Ci. This would result 

in an occupational dose of 6.1 reo in Table 7.3-2. With the use of an 

11.9 PE-Ci per d w  the dose vould be 9.0 ram. 

In scenario C4 the calculations check although its not clear why 15 

seconds inhalation time vas used h e n  the cloud volume vould pass a point 

in slightly over 2 reconda. The occupationrl dose comitment in Table 
> .. 
'i 7.3-2 vould be 3.2 rem with an 8.0 PE-Ci d m  and 4.8 ram vith an 11.9 

PE-Ci d m .  

When the C6 scenario is w&led as the C4 scenario the vorker would 

inhale 1.1 x 10.~ PE-Ci and the dose vould b. 5.6 ren for an 8.0 PE-Ci 

d w  and 8.4 re0 for an 11.9 PE-Ci drum. 



There are two separate observations on the R4 scenario. One is that if 

the maximum canister had 1000 PE-Ci of TRU with the same relative 

composition show in Table 3.1-5 there would be 17.3 Ci/l of TRU only. 

Thus it would not be possible to have the 17.1 Ci/l of fission and 

activation products in the same canister and remain under the 23 Ci/l 

maximum concentration permitted by agreement with the State of New 

Mexico. See also the preceding c o m n t  on Table 7.3-1, which relates to 

the R4 scenario. 

11. Section 7.3.2. P a m  7.3-7. Accident C7. The first paragraph of this 

section refers to WE-AL Order 5484.U. There is no such reference in 

Chapter 7. The only W E  Order referred to is WE-AL Order 5481.11). on 

- Page 7.1-2. Perhaps this is the Order intended here. See also a 

r y -  reference to DOE-AL Order 5481.U in the first paragraph on Page 7.3-8. - 
As discussed in Comment 1 above, EEG does not agree that this accident 

fulfills the D M  assessment requirements of DOE Order 6430.1. 

12. Section 7.3.2. Pare 7 .3 -8 .  Accident C9. The requirements for diesel 

vehicle safety were upgraded years ago folloving discussions vith EEG, so 

t h t  this scenario could be considered incredible. Please provide the 

procedures to bo used to insure that these upgraded requirements are 

followed throughout the lifetime of the project. 

13. Section 7.3.2. Page 7.3-9. Accident C10. This accident has some 

conservative assumptions, however, the last sentence in this description 

assumes that no worker is located downstream of tho fire. This does not - 
seem to be conservative. What is the basis for such an assumption? Note 



t h a t  Accident CG assumes tha t  a vorker i s  dovnstream vhen the accident 

occurs. A nev employee o r  a vorker excited in  the presence of smoke 

could conceivably v io la te  established policy and be located dovnstream 

from the f i r e .  Also, i s  there available experimental evidence t o  support 

such a large depletion i n  a mine environment? Reference G does not 

provide such evidence. 

This accident becomes the l imiting scenario for  o f f - s i t e  re leases .  I t  is 

noted tha t  the postulated release from a 1000 P E - C i  drum is calculated to  

de l iver  a 50 year e f fec t ive  dose commitment of 1 . 4  ram. This intake 

vould a lso r e su l t  i n  a one year dose of 0.51 rem i f  the release is i n  

soluble  form o r  0.67 re= i f  it is insoluble.  Thus the UIPP system 

components pertinent t o  t h i s  scenario vould be c l a s s i f i ed  as  'important 

t o  safety' i f  t h i s  vere a comercia1 repository t o  vhich 10 CFR 60 

applied. Important t o  s a fe ty  items require special  qual i ty  assurance 

procedures vhich are not presently required of UIPP items. 

~ l s o ,  vh i le  the choice of a 1000 PE-Ci drum i n  t h i s  scenario is very 
: .. .> 
. . 2 , 

L !  

' . conservative, the x/Q value used is not.  I f  maximum possible x/Q values 

vere  used along with appropriate e f fec t ive  s tack height correction 

fac tors  one could ca lcu la te  a dose greater  than 0.5 rem from a 30 PE-Ci 

drum. So, such doses a r e  c lear ly  possible. 

14. Section 7.3.2, Page 7.3-11, Accident Rb. There appears t o  be r s l i g h t  

e r r o r  i n  the calculated f i s s ion  and act ivat ion products released for  t h i s  

accident. The r e su l t  should be 7.8  x lo-' C i .  



CHAPTER 8 

Long Tern Waste Isolation Assessment 

The Long-Term Waste Isolation Assessment in Chapter 8 .  Amendment 9 .  contained 

159 pages of text, figures, and tables. EEG was in basic agreement vith the - 
format presented in Amendment 9, although ve responded vith over 10 pages of 

questions and comments on details of the assessment. Nov, in the Draft FSAR, 

all of these scenarios and evaluations are omitted and replaced vith 9 pages 

of general discussion on how performance assessment vill be conducted. 

The deletion of the analyses presented in Amendment 9 and failure to provide 

consequence analyses is unacceptable to EEG. We understand that DOE is not 

prepared to do the Performance Assessment nov and have never considered 

Chapter 8 to be the Performance Assessment. Hovever, the SAR is supposed to - 
analyze the ability of the project to be operated safely in all areas 

including long-term vaste isolation. Hov can EEG and others reviewing the SAR 

conclude that the facility is adequate for long-term vaste isolation when the 

SAR is completely silent on this? 

The inclusion of the compliance strategy in Chapter 8 along vith the long-term 

vaste isolation assessment is desirable. Hwever. the strategy presented is 

very brief and largely avoids mentioning specific &tes or other details. 

This compliance schedule should be included in the FSAR. Also, on page 8.1-2, 

the last sentence refers to *&ta collection and development during the Pilot 



Plant Phase will be required to complete the predictive models being used for 

the long-term performance assessment." Please describe in more detail the 

data and predictive models referred to. Other comments on specific sections 

of this Chapter are provided below. 

1. Section 8.1.1, Page 8.1-3. As stated on Page 1.b of ME-UIPP 86-013. the 

Compliance Strategy vill include Sensitivity AND UNCERTAINTY (emphasis 

added) analysis. The third item on this page failed to include the 

uncertainty aspect of the analysis. It is particularly important that 

the DOE analyze the parameter uncertainties, i.e.. uncertainties about 

. . the numerical values in or resulting from data. and uncertainties in the 

conceptual model and its mathematical representation. 

2. Section 8.1.1. Page 8.1-3. This section indicates that the final set of 

scenarios to be modeled for inclusion in the CCDF will be chosen from 73 

scenarios examined during the PA. Because of lack of data on 

probabilities from actual experience, ve urge that the W E  have a Peer 

Review of the scenarios and utilize the recommendations resulting from 

such review for the selection of the final set. EEG should participate 

in such Peer Review. Although the last paragraph on Page 8.1-7 indicates 

that a Peer Review Panel will evaluate the PA. there is no indication of 

the timing of such review or of what aspects will be reviewed by the 

Panel. 

3. Section 8.1.1, Page 8.1-3. The last bullet on this page concerning 

human intrusion modeling should include Castile brine resenroirs. (See 

EEG reports EE-11 and EEG-15.) 
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6. Section 8.1.3. Pages 8.1-6 to 8.1-6. This section completely ignores 

human intrusion scenarios that result in waste being brou&t to the 

surface (which is also the accessible environment). This is likely to be 

the most serious single pathway. 

5. Section 8.1.6, Page 8.1-7. The last paragraph of this section states 

that 'a Peer Review Panel will provide assurance to the WE/WPO that the 

performance assessment is well conceived and being carried out with 

professional competence, and so that scientists and state officials can 

be assured that DOE'S ultimate conclusions as to the suitability of WIPP 

as a repository are credible." In the past, the DOE/WPO has refused to 

include the State Environmental Evaluation Croup (EEG) as a participant 

or observer of such Peer Review Panels. Until EEG is routinely included. -. 

and given reasonable advance notice of such reviews, with agenda and 

background information on proposals, the ultimate conclusions are not 

likely to be considered credible by state officials, nor by other 

scientists having no organizational ties to DOE. If the DOE/UPO plans to 

establish a new policy vith respect to these Peer Wviev Panels, such 

that they will iaelude full participation by EEC, it should be indicated 

in this section. 



CHAPTER 9 

Conduct of Operations 

1 .  Section 9.2. page 9.2-1. The f i r s t  paragraph indicates tha t  "formal 

t e s t  procedures are prepared for  complex and c r i t i c a l  systems as  

discussed in  the Operations Program Plan." The FSAR should l i s t  those 

complex and c r i t i c a l  systems, and should provide more d e t a i l  on the t e s t  

" ... 
,.. 2.  Sections 9.2.1 throuph 9.2.2, Pages 9.2-1. 9.2-2. These sect ions  should 

provide more de t a i l  on the acceptance t e s t i ng  programs. To what extent 

a r e  equipment and systems tes ted at  the factory? What f racr ion a re  found 

t o  be defective? What f ract ion of systems checked a t  the UIPP S i t e  a r e  

found t o  be defective? Where a r e  such t e s t i ng  records maintained? What 

documents contain the tes t ing  procedures? What documents contain the 

procedures for  handling nonconformance? This type of addit ional d e t a i l  

should be providtd or  t h i s  sect ion should reference vhere such d e t a i l  is 

documented. 

3. Section 9.3, Pam 9.3-3. The first paragraph on page 9.3-3 re fe rs  

incorrectly t o  'regulations n e e r e d  48. 49. and 7 4  i n  30 CFR 57 . . . . " 

The correct  reference should be t o  "par ts  48. 49, 57 .  and 74  i n  T i t l e  30 

of the CFR.' hovever. Par t  74 is applicable t o  coa l  mines only. 

4. Section 9.3. Pam 9.3-6. Reference 2 is a l s o  incorrect  i n  t ha t  it 

re fe rs  to  only one Pa r t  ( i . e . .  5 7 )  of T i t l e  30. vhereas it should r e f e r  

t o  T i t l e  30. CFR, vi thout specifying par t s .  
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5. Section 9.6.1. Paae 9.4-1. Please provide a reference to the formal 

written operating p~rocedures. 

6 Section 9.4.2. Pa~e9.6-2. The third paragraph of this page refers to 

30 CFR 57, whereas a more appropriate reference is 30 CFR 48. 

7. Section 9.4.4. Page 9.4-2, 9.4-3. The last paragraph of 9.4-2 refers to 

"abnormal' occurrences. To be consistent with the terminology of other 

DOE and UIPP documt!nts, the word "unusual" should be used instead of 
4' 

t...,:. "abnormal.' For example, see the definition of "unusual occurrence" in 
f " .; 

V.'" ., ,.* ,. , . 
i ,, 

DOE order 5484.2. The word "unusual* should also be uaed,in the first 
i ". 'G, ,;.:. 

-. _ . and last paragraphs of page 9.4-3 instead of "abnormal" and "internal: 

8. Section 9.4.4.2. Page 9.4-4. The discussion in the first paragraph of 

this page should ilnclude a requirement t b t  the UIPP operating contractor 

shall notify approlpriate state authorities to assist in determining the 

impact of the vio1,ation on public health and safety. For example, the 

New Nexico/DOE C & C Agreement requires that 'WE shall keep the State 

currently and fully advised . . . so that the State m y  m&e independent 

revieus on public health m d  safety concerns relative to UIPP." To 

maintain credibility, it should be considered essentid by UW to involve 

the State iuthorities at an early stage in the public health evaluation. 

Furthermore, the UP0 must meet the public exposure requirements of 

40 CER 191. Subpart A. These regulations should be referenced in Section 

9.4.4. - 



CHAPTER 10 

Operations Safety Requirements 

1. This chapter lacks sufficient detail to permit EEC to adequately evaluate 

the operational safety at WIPP. It begins by defining safety limits but 

then states that there are no variables which require safety limits (see 

Sections 10.2). However, there are provided sections called 

"Surveillance Requirements" for the safety limits. The references in 
,-, * "  ' 

., ' Fj 
i: 

some cases are so general as to be of little value. In all instances. 
[ .:, 
i . ,  the references do not provide the complete title, nor do they cite the 5 ;; ,' . . 

Y 
applicable section of the referenced documents. It is recommended that 

this Chapter be extensively revised and specific sections be revised as 

indicated in the following comments. 

2. Section 10.1.1. Pane 10.1-3 through 10.1-4. Please add and define the 

following ACRONYMS vhich are used in the Chapter, or should be cited in 

the Chapter: 

noc - (see page 10.3-9) 
W A C  - 
WAC - Waste Acceptance Criteria 

3. Section 10.2. Page 10.2-1, S a f e ~  Limits. This paragraph states that 

there are no measurable process variables vhich could result in an 

unfiltered release of radioactive material that exceed the DOE guidelines 

at the plant boundary. It vould seem that the MIE Waste Acceptance 

Criteria should be construed u such a set of variables. Although 

unlikely, it should be considered credible that a waste shipment could be 



received which has external contamination well in excess of the WAC. A 

Furthermore, the DOE radiation exposure limits should be construed as 

safety limits or me,asurable process variables. 

4, Section 10.3. Page 10.3-2. It is recommended that the vord "activities" 

in Item 3 be amended to 'activities, equipment or services". 

5. Section 10.3.1.3, Page 10.3-3. In the first and second paragraph, the 

language should be amended to preclude, without exception. any operation 

vith radioactive material vhen the WLELs and ARMS are nor operating. 

These devices must be considered as essential to a central monitoring 

system. When not operational, the operations vith radioactive materials 

should be suspendecl until these devices, or substitute equipment. are 

again operational. Therefore, in the first paragraph, please delete the 

words "except during calibration and change out.' In the second 

paragraph delete .nnless otharviae noted' and '(within a o m  hour 

l i m i t .  The 'Exception" on page 10.3-4 is quite reasonable and proper. 

_<.-._ 
if . a, hovever it is recommended that the vords 'continuously wnitored by HP 

ye ;:!, 

personnel . . . . be changed to 'continuously monitored with equivalent 

equipwnt.. 

6. Section 10.3.1.3. Page 10.3-3. Item F. *SO ft' should bo revised to 

"50 ft or less.' 

7. Section 10.3.1.4. Page 10.3-4. The language under "Basism is so general 

as to be useless. It should be expanded, or replacod, to state the -_ 
applicable sactioris of specific rtandarda or guides. 



8. Section 10.3.1.5, Page 10.3-4. To avoid confusion. please provide 

specific and complete references. 

9. Section la.3.2.5. Page 10.3-5. The reference "Westinghouse 0 and U 

Procedures" is inadequate. Please provide specific references. 

10. Section 10.3.3.3, Page 10.3-6. Please revise the mid-page notation to 
+ 

pi. state that the HVAC systems for the above ground facilities in the VHB 

are independent. The underground ventilation systems do not provide 

independent operation in the CH and RH areas. 

11. Section 10.3.3.3. Page 10.3-6, Paragraph 2. Item 2 needs to clarify 

whether a11 (above ground and underground) ventilation will be shutdovn. 

or whether it will only be shutdovn in the affected work area. 

12. Section 10.3.3.3, Page 10.3-6. Paranraph 3. Item 3 needs to be amended 

to state what minimum air flow is needed when normal operations are 

stopped. What air flow is required when HP survcys are being made to 

determine the area affected by an unplanned radiological incident or 

release, or when an air monitoring instrument is not operable. 

13. Section 10.3.3.5. Page 10.3-7. The references should cite the 

applicable sectiona of the referenced documents. Also the referenced 

documents should be complete, including reference number, etc. 



14. Section 10.2.3.4. Pane 10.3-8. The referenced citations should be 
A 

complete and should cite specific sections applicable. 

15. Section 10.3.5.1. Pane 10.3-8. The applicability should include 

portable fire supprlession devices such as extinguishers, fire hose and 

stand pipe equipment. 

16. Section 10.3.5.3, Page 10.3-8. This paragraph should be more specific 

to include minimal water pressure of sprinkler and hose systems. 

17. Sections 10.3.5.4 and 10.3.5.5. Page 10.3-9. Cite specific sections of 

the referenced documents and include document numbers. 

18. Section 10.4.1. P a m  10.4-1. Please cite specific sections of the UIPP 
A 

operating procedures and mainterunce instructions. 

19. Section 10.4.2, Page 10.4-1. Cite specific sections of reference 

documents vhich apply. 

20. Section 10.4.2. Pare 10.4-1. Paragraphs 1 and 2.. b .nd c. These 

paragraphs should be revised to usure that records of each inspection 

vill become a part of the central records system. 

21. Section 10.4.2. Page 10.4-2. 

Paragraph 1 - The local monitoring should be equivalent to the CPlS 
capability. 



Paragraph 2 - Should be revised to assure that the air quality is checked 
frequently and to document the air quality standards. 

Paragraph 4 - Should be titled "Exhaust Filter Building Equipment." and 
paragraphs ia and b become subparagraphs. Paragraph ib 4 ' '',. , 
should require a.monthly demonstration of the ability of 

5 i:3: < ,.. I? 
: $ the equipment to shift autoaatically to the filtration 
; ., 

1 ,' 
$ .' . . mode. 

22. Sections 10.6.6 and 10.i.5. Page 10.4-3. Please include specific 

sections of the VIPP Safety Manual which apply to inspection and testing. 

Also include the requirement that the records of the testing be included 

in the Central Records System. Furthermore, the equipment to be tested 

or inspected should include portable fire extinguishers and stand pipe 

systems. 

23. Section 10.5, Page 10.5-1 through 10.5-3. This section seems 

superfluous since it does not include limiting conditions of operations. 

It should be edited to be consistent with other sections to include 

specific LCO's. or it should be eliminated. Chapter 10 is not the 

chapter for descriptions of systems. 

24. Section 10.6. Paws 10.6-1 through 10.6-16. This section should be 

revised to include the role of the Quality Assurance (QA) program. The 

QA manager's role is indirectly referenced in 10.6.5.3. Specific QA 

responsibilities should be stated, or referenced, relative to such items 

as 10.6.1 Training, 10.6.2 Design and Procurement, 10.6.3 Document 

Control. 10.6.4 Auditing, and 10.6.7. 10.6.8. and 10.6.9 on radiological 

protection. Quality Assurance is essantial to operational safety. 

-71- 



A. 

25. Section 10.6, Pace K u .  The paragraph entitled "Administrative 

Controls for Operations* states that "Administrative Controls shall 

define the mechanisms and interfaces necessaq (emphasis added) to insure 

adherence to the Sa:Cety Limits and LCO's, DOE orders and UIPP Standards 

Practices." If this statement is referring to the Administrative 

Controls of Section 10.6, these controls do not seem to meet this 

definition. The Adrrinistrative Controls of Section 10.6 do nothing more 

than refer to other documents in such general terns as to be of minimal 

value. Also, in some cases, the "controls" are nothing more than a 

restatement of previous sections of Chapter 10. As examples of the 

foregoing, Section 10.6.2.3 does not state a "control;' it states that a 

control shall be established. Similarly, Section 10.6.3.3, Paragraph 2 

states that the operation manager shall establish a control. Section - 
10.6.7.3 is a restatement of portions of Section 10.3.1.3. 



CHAPTER 11 

Quality Assurance 

EEG has not reviewed the quality assurance plans and procedures of various 

aspects of the project and is, therefore, not in a position to evaluate these 

adequately. Quality assurance relative to the waste acceptance criteria and 

waste certification at the generator sites have been performed and the 

comments are contained in other chapters of draft FSAR. 



CHAPTER 12 

Decontamination and Decomissioning 

While it would be unreasonable to expect DOE to provide detailed analyses of 

decomissioning proceduxes at this time. it is reasonable to expect some 

indication that the Department is addressing the problems involved as shovn 

in the folloving: 

1. Section 12.1, Page 1.2.1-1. There is no commitment here to meet the 

D & D requirements 'of EPA's Standards for the disposal of TRU vaste, 

40 CFR 191, which slhould be included. This section should be expanded to 

include specifics en the regulations of 40 CFR 191. as they relate to the 

preparation for Dec~ontamination and Decommissioning. For example, 

pursuant to DOE'S " A  Plan for the Implementation of Assurance - 
.* 

,.." 

* ~'i Requirements in Compliance 4 t h  the 40 CFR 191.14 at the Waste Isolation 
; . ,h\ 

,.:, ~- : 
. . : Pilot Plant." WE/WIPP 87-016. the WIPP vill become a disposal facility 

. , ,< 
,~ . . if the decision is made (5 years after receipt of the first vaste) not to 

retrieve the vastes. The UW mrst then begin to implement the VIPP 

active institutional controls program as required by 40 CFR 191. Subpart 

8,  and WE/VIPP 87-106. This program includes four important steps, 

vhich are listed on, page 8 of DOE/UIPP 87-016. and should be listed in 

the FSAR, Section 12.2. These steps relate to the advance preparation 

for Decontaminatiorn and Decomnissioning. Furthernore, this section 

states that Chapter 12 is written with the assumption that WXPP is shovn 

to be acceptable as; a repository and, therefore, decomissioning 

activities begin near the end of the operational life (25 years) of WIPP. 

Such an assumption reflects a bias in favor of the acceptability of the 



five year pilot phase. If the five year phase is to provide a valid 

test, then such a bias should not be condoned. Also, if the 

demonstration does indicate that permanent disposal is unacceptable, 

there should be available, well-in-advance, a detailed plan for removal 

of the waste, decommissioning of the facilities, and decontaminations and 

environmental evaluation. This chapter does not provide this degree of 

detail. This degree of detail is needed to allow for sufficient 

budgeting, agencies and facilities, and to provide a base for post 

decoaaissioning activities such as the disposition of the land. 

2. Section 12.2. Page 12.1-1. The text states that a11 the waste will be 

retrieved-if th& site proves to be unacceptable during the five-year 

demonstration period. Then the text states that this Chapter is vritten 

with the assumorion that WIPP will be acceptable. Hence, it will not be 

necessary to retrieve the waste. Since WE has consistently insisted 

that it is necessary to enplace 125.000 d- during this five-year 

period. specific plans and consequence analyses should be provided as to 

whether the 125,000 drums will be returned to the generating sites, sent -. 
v to the high level waste repository, left on the surface at WIPP or be 

' x 

held underground before a new site is selected. 

b' 

3. Section 12.2.1. 12.4. and 12.5. The term "Decomissioning Plan" in 

Chapter 12 includes varying adjectives of "firul" and "detailed." Are 

they different? 

4. Section 12.3, Page 12.1-2. Since the Department has requested the 

Congress to assign exclusive responsibility to W E  to prevent future 



mining during the post-deco~issioning phase. Section 12.3 should state - 
vhether the Department plans to reassign those authorities to the BLW. 

Department of Interior. State of New Mexico or establish a W E  

organization to prevent mining rather than merely rely on records and 

documents. 

5. Section 12.b. Page I U .  Uhile the three goals of closure are 

laudable, no indication is presented of how they are to be coqleted. 

The text should provi& some indication of plans for active and passive 

controls, how long W E  will maintain a fence, employ watchmen and 

actively prevent mining permits in the area. Also, the various 

regulations- and orders that oust be met should be mentioned and 

discussed. These include WE Order 5820.U. 40 CFR 91. 40 CFR 265 

Subpart G, and NMiUMR 206.C.2. 

6. Section 12.5, Page 12.1-5. Post-closure environmental surveillance 

within the repository should be determined before the disposal mode 

begins in order to allov installation of sensors at the time of 

emplacement . 



CHAPTER 13 

Glossary 

1. "Aquifer" - This definition contains a misspelled word "aquiclide", which 
should be "aquiclude." 

2. This glossary should be expanded to include additional terms used in 

several chapters and other WIPP documents, such as: 

a. Radiation area 

b. High radiation area 

c. Unusual occurrence 
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FOREWORD 

The purpose of the Environmental Evaluation Group (EEG) is to 

conduct an independent technical evaluation of the Waste 

Isolation Pilot Plant (WIPP) Project to ensure protection of the 

public health and safety and the environment. The WIPP Project, 

located in southeastern New Mexico, is being constructed as a 

repository for permanent disposal of transuranic (TRU) 

radioactive wastes generated by the nation's defense programs. 

The EEG was established in 1978 with funds provided by the U. S. 

Department of Energy (DOE) to the Stateof New Mexico. Public 

Law 100-456, the National Defense Authorization Act, Fiscal Year 

1989, Section 1433, assigned EEG to the New Mexico Institute of 

Mining and Technology and provided for continued funding from 

DOE through Contract DE-AC04-79AL10752. 

EEG independent technical analyses of the suitability of 

the proposed site: the design of the repository, its planned 

operation, and its long-term integrity; suitability and safety of 

the transportation systems; suitability of the Waste Acceptance 

Criteria and the generator sites' compliance with them; and 

related subjects. These analyses include assessments of reports 

issued by the DOE and its contractors, other federal agencies and 

organizations, as they relate to the potential health, safety and 
environmental impacts from WIPP. EEG also performs environmental 

monitoring for background radioactivity in air, water, and soil, 

both on-site and in surrounding communities. 
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SUMMARY 

The Draft Supplement Environmental Impact Statement (SEIS) 
for WIPP does not provide adequate justification to support the 

proposed action of shipping up to 620,000 cubic feet of 

transuranic (TRU) waste to WIPP before demonstrating compliance 

with the Environmental Protection Agency's (EPA) Standards for 

Management and Disposal of Spent Nuclear Fuel, High-Level and 

Transuranic Radioactive Wastes (40 CFR 191). The "alternative 

action" of shipping no waste to WIPP prior to demonstrating 

compliance with the EPA Standards has been dismissed without 

sufficient discussion and justification. The document contains 

mistakes in calculations, reflects an erroneous knowledge of the 

history of-the project, presents tables without units, and 

displays an indifference to the statistical precision of 

predictions. It also does not adequately address the 

environmental impacts of the potential failure to complete the 

demonstration of compliance with the EPA Standards by October 

1993. By comparison, W E  plans to complete the demonstration of 

compliance with the same standards before starting construction 

of the high-level waste repository in Nevada. These two 

diametrically opposed approaches by W E ,  for WIPP and for the 

Yucca Mountain repository, need to be addressed. 

There is insufficient time for EEG to check all the 

calculations and to evaluate the public health and safety 

implications of the errors found in the calculations. EEG will 

pursue these when time permits, since they may be substantial. 

The following. is a summary of our main concerns with the 

document. 



1. Lack of Comuliance with EPA Standards 
The SEIS is silent on the observed lack of progress by WE-. 

in demonstrating compliance with the Standards for safe disposa- 

of transuranic waste which were promulgated by EPA in September 

1985, and had been circulated in draft for several years prior to 

that. 

New Mexico'!; position on the Standards was expressed as 

early as ~anuary 15, 1979, in a letter from the Secretaries of 

the New Mexico Health and Environment Department and the Energy 

and Natural Resources Department, to the U.S. Department of 

Energy: 

"We feel that DOE should clearly state that EPA 

Standards will take precedence over any interim 

-standards established by DOE." 

Unfortunately, W E  still has not published any 

probabilistic risk assessment studies as required by EPA, - 
and DOE continuer to issue deterministic analyses of the type 

used in the 1980 Final Environmental Impact Statement (FEIS) 

for WIPP. 

The NH Secretaries' letter further stated: 

"Also, the DOE should state that they will move 

quickly to come into conformity with any EPA 

Standards developed for nuclear wastes." "...we 

feel that a permanent TRU repository should be 
conceived and designed to allow for timely 

compliance with new standards developed in the 

future. - January 15, 1979 
The work has not moved quickly nor has the W E  committed 

to timely compliance. 



Preliminary calculations of performance assessment by 

the WE's scientists since 1987 have indicated that the 

repository may not meet the EPA Standards under human 

intrusion scenarios. This issue must be addressed by the 

SEIS directly and explicitly, and its impact on the proposed 

action should be evaluated. 

2. Jncom~lete NEPA Documentation 

The October 1980 FEIS stated that the necessary National 

Environmental Policy Act (NEPA) documentation had been 

completed for two of the ten waste generating sites. The 

April 1989 SEIS states that the necessary NEPA documentation 

has been completed for two more sites in the intervening 8.5 

years. The SEIS states that W E  m z  propose that TRU wastes 

generated at six other facilities be shipped to WIPP, and 

appropriate site-specific NEPA documentation would be 

prepared for such a proposal. Why hasn't site-specific NEPA 

documentation been completed for the other six sites? An 

explanation of the lack of progress of documentation for each 

of these six sites and the proposed schedule for compliance 

should be included. 

3. ucom~lete Informatioq 

While the SEIS does address bounding calculations for 

the environmental impact of 10% of the waste (83,000 drum- 
,/! . I  equivalents), it does not identify the quantities of CH-TRU 

J L waste associated with the various alternatives. Since the q '.- 
. amounts of waste are an intrinsic component of any 

evaluation, the document neither provides nor permits a 

meaningful comparison of the alternatives. The reader must 

rely on other documents to obtain estimates of the quantities 

of TRU waste. They include the April Draft Test Phase for 

Performance Assessment and'operational Demonstration, the 

June 6, 1989 Addendum to the Test Phase, and the June 7, 1989 

Draft Test Phase for the Bin and Alcove Experiments, all of 



which contain conflicting and inconsistent information. 

4. Unemlained Chanaes in Radioactive Inventories 

While estimates of the expected amounts of waste to be 

produced are continuously changing, we are concerned with 

the very wide differences from those shown in the FEIS. For 

example, the anourts of remote handled transuranic (RH-TRU) 

waste have changed from 250,000 cubic feet to 93,000 cubic 

feet. The estimated actual radioactivity in each canister 

dropped from 510 c:uries in the 1980 FEIS, to 47 curies 

(adjusted for daughter radionuclides) in the 1989 draft Final 

SAR, and has now increased to 177 curies in the 1989 draft 

SEIS. Zne total amount of RH-TRU radioactivity has been 

reduced from 5.1 million curies to 0.51 million curies, a 

ten-fold reduction. without any explanation. 

5. Uncertaintv Estimates 

EEG recommended in September 1979 (EEG-3) that W E  

include estimates of the uncertainty associated with the 

radionuclide inventories. This has not yet been done. 

Instead, the document shows seven-place accuracy in the 

projections in which two-thirds of the CH-TRU waste has yet 

to be generated. 

6. act Ppppaa Est- 

The calculations of human exposure from the stock water 

well to beef pathway are incorrect. The correct dose to an 

individual would ba over two orders of magnitude greater 
than reported. Tha corrected doses (15.7 rem committed 
effective dose equivalent in the Case IIC scenario) are very 

significant and will most likely violate the EPA Standards 

vhen probabilities are assigned. 

7. V.S.  D e e e n t  of Trangportation Preferred Routes 

While there is agreement in the routes to br folloved 



in New Mexico for the 34,000 truck shipments to WIPP, they 

are not "Preferred Routesw in the context of regulations 

issued by the U.S. Department of Transportation (49 CFR 171 

and 173) and it is misleading to imply that they fulfill the 

DOT requirements. 

8. Shortcorninas in the FEIS 

Of fundamental concern is whether W E  will properly and 

adequately address concerns expressed in this review of the 

SEIS. The following issues identified by EEG in January 

1981 (EEG-10) in our review of the 1980 Final Environmental 

Impact Statement (FEIS) were then rejected by DOE (WIPP-WE 

81 and 81A). Subsequently, all the following problems 

identified in EEG-10 have been encountered or have yet to be 

resolved. 

We recommended that DOE evaluate a scenario of a 

connection between the WIPP, a high-pressure brine 

reservoir and the surface (EEG-10, pages. 20, 23). 

W E  refused to do so, stating it appears extremely 

unlikely and the only pressurized brine pocket in a 

deep drill hole in the Delaware Basin away from the 

Capitan Reef was associated with an anticlinal 

structure. EEG then published two scenarios (EEG- 

11, EEG-15). After a brine reservoir estimated to 

be 17 million barrels was encountered 1,000 feet 

from the then proposed waste location, DOE finally 

publishad an analysis and has now updated it for 

the SEIS. 

In EEG-10, we repeated our August 1979 

recommendation on the DEIS review (EEG-3) that a 

scenario evaluating the effects of high pressure 

gas formation, generated by organic decomposition 

of the waste, acts as a driving mechanism in 

5 



bringing wastes to the surface. - 
W E  rejected the hypothesis and did not consider 

the effects of human intrusion. EEG raised the 

issue of rhe retardation on room closure at a 

meeting with the NAS WIPP Panel in January 1988, 

and presented an extensive discussion in a paper at 

the waste management conference in March 1988. 

While the 1989 SEIS does not address this issue, 

gas generation has been recognized as a major 
problem associated with a human intrusion scenario. 

C. EEG questioned why there was no consideration of 

gas generated from CH-TRU waste decomposition. 

W E  stated that it would not be expected to be 

released to the atmosphere because of the 

overburden and slow rate of gas production. Today, 

gas is recognized as a major problem. -, 

D. EEG raised the concern whether the CH-TRU waste 

drums could contain explosive gas mixtures at the 

time of retrieval, if retrieval proved necessary. 

DOE responded -The amount of time between waste 

emplacement and retrieval is expected to be too 

short to allow significant generation of gas in the 
.. , = . .. CH-TRU waste containers ("Gas Generation from 

Radio1yt:ic Attack of TRU-Contaminated Hydrogenous 

Waste," LA-7674-MS, Los Alamos Scientific 

Laboratory, 1979) .- 
The amount of time between waste emplacement and 

retrieval could be 10 years. We now know that 

hydrogen gas generation can be a problem in the 



transportation of CH-TRU wastes which involves a 

period of only several months (EEG-24). 

EEG recommended that the FEIS provide an estimate 

of the total radioactivity expected to be emplaced 

in WIPP. 

DOE did not do so and part of the confusion that 

exists today on the proper source term to be used 

in dosage estimates stems from that fact. 

We recommended that an effective control period of 

400 years be established. 

No further progress has been reported by DOE on 

this request. 

EEG stated that the information was not adequate on 

large brine reservoirs. 

DOE stated that the information was adequate for an 

assessment of the WIPP site. A large reservoir was 

subsequently encountered at WIPP-12 on November 22, 

1981. 

EEG recommended that estimates of the 

uncertainties of waste quantities be included. 

DOE ignored the recommendation and it has been 

ignored in the SEIS. 

EEG asked what would be the ultimate disposal site 

if wastes had to be retrieved. 

DOE responded that the specific site has yet to be 



determhed.  Today, t h a t  is s t i l l  t r u e .  
A 

J. EEG expressed concern t h a t  DOE d i d  no t  incorpora te  
an ana lys i s  of inges t ing  contaminated food a f t e r  a 
t r anspa~r t a t i on  acc iden t .  The SEIS still does not  
address t h i s  concern. 

K. DOE s t a t e d  t h a t  " t he  SPDV program has  been planned 
t o  confirm t h e  geologic  adequacy of the s i te  ...Ie 

We d id  not  agree.  DOE'S response was t o  i n s i s t  
t h a t  it was adequate 'and subsequent even t s  have 
confirmed t h a t  t h e  SPDV program was n o t  adequate. 

L. EEG s t a t e d  (EEG-10, p. 39) that WIPP-12 w a s  a t  t h e  
-edge of an  a n t i c l i n a l  s t r u c t u r e  i n  t h e  C a s t i l e ,  
and was a l s o  a t  the  southern edge of one of t h e  . 

zones of anomalous seismic r e f l e c t i o n .  

The response of W E  was t o  ignore  t h e  comment. 
Later, ibrine was encountered when t h e  hole  was 
deepened i n  November 1981. 



SPECIFIC COMMENTS ON SEIS SUMMARY CHAPTER 

1. Page S-2, Changes in Waste Package. The TRUPACT-I 

design was not a Type A package. It was a single-contained, 

vented, Type B package that could not have met t?RC 

requirements for shipments of plutonium in excess of 2 0  

curies . 

2. Page S-2, Implementation of a Test aase. The Test 

Phase, which is part of the proposed plan, is not presented 

with any detail in the Draft SEIS nor has it yet been 

evaluated in detail by the National Academy of Sciences (NAS) 
WIPP Panel, or the Environmental Evaluation Group (EEG). 

Nonetheless, reviewers of the SEIS are asked to accept the 

proposed plan rather than the Alternative Plan or the No 

Action Plan without being able to evaluate the efficacy of 

the proposed Test Plan. 

3. Page S-3, Nev Information. The following should be 

included in the section titled "New Informationn: 

State that there is much better understanding of 

the Rustler Formation hydrology, including higher 

transmissivities in the central and southeastern 
part of the site, geochemical zonations, sorption, 

and salt dissolution. 

Add to the last item (salt creep), "and fracturing 

would make it difficult to retrieve the waste after 

five years, without rock-bolting in the roof of the 

waste  room^.^ Add "3 times faster." 

Also add, "It is now assumed that a large quantity 

of pressurized brine exists in the upper part of 

the Castile Formation, approximately 800 feet below 
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the repository. " 

--. 
4. Page S-5,  First Sentence. It is stated that all TRU 

waste emplacement would be conducted so as to maintain 

retrievability for a reasonable time period. This statement 

is not definitive! enough and should discuss more specifically 

the effect of room closure, fracturing and other anticipated 

problems on the ability to retrieve and the amount of time to 

emplace and retri,eve. 

5. Page S-7, No Action Alternative. This alternative is 

given very little attention in the Draft SEIS and the 

reason(s) given for not accepting it are not persuasive. The 

section on Pages 5-168 to 176  does give estimated doses to 

persons on and off-site from very low probability events. 

The consequences of those events are similar to those 

postulated for WIPP during the transportation and operation 

phase and it is not known how the degree of conservation or 

the probability of occurrence would compare. However, there - 
are ~ m e c t e d  consequences from the WIPP Project which are 

delineated in the Draft SEIS (e.g., 8 . 3  traffic fatalities, 

106  injured in traffic, about 1.1 Latent Cancer Fatalities 

from transportation and operation radiation exposure to 

workers and the public) and none are mentioned for the No 

Action Alternative. There is one good reason for not 

choosing the No Action Alternative, but it is not invoked in 

the SEIS. Congress has passed laws to dispose of TRU and 

high-level radioactive wastes in geologic repositories and, 

thus, ruled against reliance on long-term storage. It 

appears that the Draft SEIS was written with a predetermined 

conclusion to accept the proposed plan and that alternatives 

were not seriously considered. 

6. Pages S-8 to S-13, Summary Table. The inclusion of a 

summary table is an effective way to give the reviewer a 



quick overview of projected environmental consequences. Most 

entries in the table will be discussed elsewhere in our 

comments, but the following comments are offered here: 

A. The expected number of fatalities and injuries from 

transportation accidents are the greatest projected 

impacts of the project. Yet the Draft SEIS says 

very little about this impact and does not even 

attempt to explain why the plans are to ship all 

(or virtually all) wastes by truck and incur 5.3 

(179%) more fatalities and 72 (212%) more injuries 

than by train. The failure to thoroughly evaluate. 

the transportation mode is a major shortcoming in 

the Draft SEIS. 

B. Since several effects are not listed in the table 

or in the SEIS, the document fails to fully reflect 

the consequences of WIPP. For example: 

The irreversible and irretrievable 

commitment of resources (said to be 

similar to the FEIS in Chapter 9, but 

fails to list any numbers); 

The numbers of deaths and injuries 

expected from industrial accidents, both 

at WIPP and the generating/storage sites; 

Any updating of the quantity and value of 

mineral resources located in the proposed 

16-square-mile withdrawn area since 1980 

and their impact on national markets. 

C.  Table 5.1 uses both per year and per project 

lifetime health effects and the footnotes do not 



always reflect the correct units. This is 

confusing and should be clarified and made 

consistent. 

7. Page S-14, Alternatives Considered but Rejected. It is 

not clear what synergistic mechanisms would require 

radioactive waste emplacement at WIPP, given the time frame 

of the experiments, and why these experiments cannot be 

performed at the generator sites. More documentation is 

needed to evaluate the l'unreasonablenessn of this alternative 

than has been presented. 

It is stated that another alternative to conduct 

performance assessment without collecting any data was 

rejected for reasons related to the rejection of using non- 

radioactive simulated wastes. Why is it necessary to obtain 

additional data? Has performance assessment with existing 

data, shown non-compliance? If so, then this information 

should be made available to evaluate the need for additional 

data. 

8. Page S-14, Existing Environment. The Draft SEIS should 

explain why W E  determined that Zone IV was unnecessary (the 
... . . ? change is mentioned on Page 2-1). 

. 9. Page S-15, Transportation. The calculation of 34,144 
truck shipments of TRU vaste or 18,467 rail shipments is one 
that affects most calculations pertaining to transportation 

doses throughout this document. Unfortunately, those 

numbers are based on an incorrect assunption of the volumes 

of vaste coming to WIPP. 

Waste volumes listed in the Integrated Data Base (IDB) 

represent total volumes of various containers instead of the 

actual volrm of vaste contents. The IDB for 1987 (Table -. 



3.9, Page 110) and the IDB for 1988 (Table 3.10, Page 97) 

indicates that the projected volume accumulation to move to 

WIPP through the year 2013 is 156,613 m3 (5.53 x lo6 ft3). 
This is comparable to the total in SEIS Table 3.1, (5.60 x 

lo6 ft3) compiled from Tables 3.5 and 3.16 in the IDB of 

1987. 

The 6.2 x lo6 ft3 design capacity of WIPP is based upon 
the total volume of emplaced containers and not their 

contents. Attachment 1 to this review provides an informal 

analysis of WIPP capacity for CH and RH wastes. If the 

projected mix (per DOE/WIPP 88-005) of 652 by volume in drums 

and 35% by volume in Standard Waste Boxes (SWB) is used, and 

if the SWBs are emplaced three tiers high, 6.16 x lo6 ft3 can 
be accommodated. Scaling up slightly to 6.20 x lo6 ft3, this 
corresponds to 643,537 drum equivalents. Each drum 

represents a value of 208 L (0.21 m3). The SEIS makes a 

fundamental error that permeates the entire document. The 

SEIS takes the 6.2 x lo6 ft3 waste capacity at face value, 

assumes this represents the volume of container contents, and 

generates a fictitious number of drums that cannot fit into 

the WIPP. They assume the average drum is 802 full, round 

off the total drum volume to 0.2 m3, and obtain 6.2 x 
1o6/(0.2 x 0.8 x 35.31) = 1.10 x lo6 drums (where 35.31 is 

ft3/m3). This is 256,463 drums more than the capacity of 
WIPP! For the 108 of waste capacity assumed for the Test 

Phase, the SEIS correctly uses 6.2 x lo5 ft3, but because of 
the. interpretation error, uses 110,000 drums and 22,000 drums 

per year instead of 84,354 and 16,870 drums per year, 

respectively. For the Disposal Phase, they use 990,000 drums 
i r 

(I and 49,500 drums par year instead of 759,183 drums and 37,959 
J " 

drums per year. The effects of using the 0.8 ufullnessw 
; : 
\ r  * 

\< &. 
factor on results are as follows: 

-. 
A. The number of required shipments are overstated by 

13 



The number of transportation accidents are 

overstated by 2 3 % .  

The radioactive control per shipment should also be 

affected. However, it does'not appear to be, since 

Table D.3 .3  (average curies per shipment) values 

don't agree with the total inventory (Table 8.2.1) 

either with or without the 0.8 factor. 

The chemical content per shipment and for the total 

campaign are not affected, since these calculations 

are done on a per drum basis, not a total 

inventory. 

These calculated transportation consequences affect 

several portions of the SEIS and it is disturbing that more 

care was not taken in setting basic parameters at the 

outset. 

10. Page 5-15, Transportation. EEG comments on Incident- 

Free Conditions and Accident Conditions are included under 

Chapter 5 and Appendix D. We concluded that the population 

doses (person-rem) calculated for both routine transportation 

and accidental releases were conservative. However, the 

maximum exposures to a member of the public from routine 

operation and the bounding accident were non-conservative by 

at least an order of magnitude. 

11. Page 5-17, Long Term Performance. It should clearly be 

stated at the beginning of this section that these 

calculations neither provide a basis for assessment of 

compliance with the long-term performance part of the EPA 

Standards (40 CFR 191), nor do they substitute for those 



calculations. The failure to include any work to date in 

showing compliance with these 4-year-old standards is 

distressing. 

12. The reference to **usual guidelinesn in the last 

paragraph on Page S-17 is sloppy. State the guidelines that 

apply to WIPP - EPA Standards, W E  Orders, etc. - and judge 
compliance with them. 

13. Page S-18, Last Paragraph. The statement, 

lgNevertheless, the results suggest that appropriate 

Performance Assessment methods and likely values of 

parameters would show that the WIPP would comply with the 

Standard. They also indicate the efficiency of potential 

engineering modifications. .." is without basis and should be 
deleted. The official position of DOE is that compliance 

with standards for safe disposal cannot be shown until 

October 1993. Hence, conjecture such as "likely values would 

show that WIPP would complyn is misleading. 

14. Page 5-20, Uitigation Measures. EEG believes the 

presentation of mitigation measures in the Draft SEIS is 

incomplete and preliminary and is a major shortcoming. Some 
' t B  of these measures will be required by the project, and the 

I . ? Draft SEIS implies that those that are needed will be used 

be. and they will automatically work in a satisfactory manner. 

Much more careful thought and consideration needs to be 

given to these measures than is contained in the SEIS or 

other documents published by the project. Too many decisions 

regarding mitigation measures are yet to be made, yet credit 

already appears to have been taken for several of these 

measures. 

15. Both the Proposed Action and Alternative Action reveal a 



serious shortcoming concerning waste treatment mitigation - 
measures. They indicate that construction of waste treatment 
facilities will be in abeyance until after the Test Phase and 

pursued only if a determination is made that noncompliance 

with EPA regulations would result if additional treatment is 

not done. If the Test Phase must be followed by a study of 

options, design facilities, a budget cycle, construction, and 

tests prior to start of waste shipment to WIPP, a delay of 

many years will be introduced. DOE may argue that commencing 

such work now would be interpreted that treatment mus_t be 

done, while tests indicate it is not needed. The risk is 

that there can be a serious interruption of WIPP operations 

if waste treatment is required. A counter argument may be 

that selected stored waste, plus certain newly-generated 

wastes, may be ncomplyingn and can be shipped during the 

interim while facilities are constructed. If W E  had 

vigorously pursued vaste processing as recommended by EEG, 

oversight committees and other organizations, instead of 
A 

following a stated minimal processing policy, much of the 

current debate over gas generation and brine inflow may have 

been resolved. An up-to-date discussion of the impact on the 

program of possible waste processing needs should be 

provided in the Final SEIS. 



SECTION 1 

1. Page 1-1, First Paragraph. It is not correct to say 

that "most of the underground experimentation rooms and waste 

rooms for initial waste emplacement have been excavated." 

Excavation for the alcoves began in late June, 1989. 

2. The Salado Formation is 1700 to 2000 feet thick. What 

is a "3000-foot-thick bedded salt and anhydrite formation?" 

3. "The volumes and characteristics of TRU wastes are 

discussed in Subsection 2.4..." Should this be Subsection 

2-37 

4. Page 1-1, Third Paragraph. There is no Subsection 

10.3.1 in the Draft SEIS. Subsection 10.2.5 appears to be 

the appropriatereference. 

5. The SEIS fails to identify the role of EEG, created in 

1978, as the & full-time, external, review agency on WIPP 
subsequently mandated by Congress in the National Defense 

Authorization Act, Public Law 100-456, September 29, 1988, 
_ .  . 

, ..: 
Section 1433 (a). 

c ' 5' 
i ,.! 

' ,  . , 6. Page 1-1, Last Full Paragraph. In the list of items 
1 ; , , d  

I... 

.,' requiring completion prior to testing, add 'an EPA Permit to 
.- . .. ~~ 

receive mixed wastes at WIPP." 

7. Page 1-2, First Paragraph: It is stated that, "In 

addition, the delay of the WIPP Project holds the potential 

to adversely affect the nation's production of nuclear 

weapons." This sentence should be amplified to explain the 

delay of any progress in demonstrating compliance with the 

EPA Standards for disposal of TRU waste, which were 



promulgated by EPA almost four years ago in September 1985. 

The lack of progress toward showing compliance and the - 
resulting delay is the factor that may well impact on weapons 

production. 

8. Page 1-2, Last Paragraph. DOE'S Record of Decision of 

January 23, 1981 was challenged in a court by the NM State 

Attorney General. Describe that challenge and the resulting 

"Stipulated Agreement" between DOE and the state here. 

9. Page 1-4, NEPA Documentation Since the FEIS. In 1980, 

W E  completed NEPA documentation for shipment of waste from 

INEL and RFP. Since that time, DOE has completed NEPA 

documentation for transportation of radioactive wastes from 

only Hanford and SRP. Why? Section 1.2.2 does not contain 

any information-on NEPA documentation since the FEIS. 

10. The discussion of the 1982 cost-reduction measures that 

were subsequently reinstated is not included. For example, 

W E  maintained that the deletion of the fourth shaft would 

not pose problems for air circulation. In 1988, DOE 

acknowledged that the fourth shaft was required for adequate 

air circulation underground. 

11. Page 1-4, Purpose and Need for Supplement. The 

statement that W E  gppy be proposing disposal of wastes from ; kt ;, .. , six additional facilities is puzzling since W E  has publicly 
1 

acknowledged that the mission of WIPP is to include wastes 
.. 

from LANL and five other facilities. 

12. Page 1-4, "The analysis in the 1980 FEIS considered only 

TRU wastes from INEL and Rocky Flats Plantn. 

The FEIS never explained why the transportation of 
wastes from all other sites was included in the 1979 Draft 



EIS and deleted in the Final EIS. Please explain, including 

the impact of hydrogen gas generation from radiolysis on the 

unvented TRUPACT-I. 

13. Page 1-4, Fourth Paragraph. Also state EEGts response 

to W E  (1983) and the recommendations that were accepted by 

DOE and implemented during 1984-89 period. 

14. Page 1-5, Changes in the TRU Waste Inventory. Provide 

an explanation for the 10-fold reduction of RH TRU from 5.1 x 

106 curies to 0.51 x 106 curies. 

15. Page 1-5. In the list of new data and significant 

geotechnical information, include the presence of a brine 

reservoir in the uppermost anhydrite of the Castile Formation 

below :he proposed repository. The significant change in the 

withdrawal area of the WIPP site should also be an important 

reason for a SEIS, as is compliance with 40 CFR 191. 

16. Page 1-5. The text states that experiments would be 

conducted to reduce uncertainties associated with the 

prediction of several natural processes (e-g., gas 

generation, brine inflow, and salt deformation). 

There are no experiments requiring the use of waste to 

measure brine inflow. There are no experiments requiring , +. 
waste to measure salt deformation since they are mutually 

independent events. Gas generation is the pp,Ly parameter 

proposed to be measured that requires waste. 

17. Page 1-5, Proposed Action. It is stated that operations 

are needed to "show the ability of the TRU-waste management 

system to safely and efficiently certify, package, 

transport, and emplace waste in the WIPP." This claim is 

misleading for the following reasons: 

19 



The certification of waste for WIPP is independent - 
of operational demonstration and is currently 

underway at the generating and storage sites. 

The packaainq of waste has been studied and 

perfected since 1970 and is independent of any 

operational demonstrations. 

The trans~ortation of these wastes has been 

demonstrated in the past with packages other zhan 

TRUPACT-I1 and experience with TRUPACT-11 could be 

obtained (once it is certified by NRC) by shipments 

from RFP to INEL and from LLNL to NTS. 

No justification has been provided for the 

em~lacement of 83,000 drums (up to 102 of the WIPP 

capacity). Emplacement is occurring today at INEL. 

18. Page 1-6, Line 9. It is stated that, "At the conclusion 

of the Test Phase, the POE would decidr...whether WIPP would 

comply with EPA disposal standards." No mention is made of 

receiving input or requiring concurrence by other 

organizations. Does W E  plan to make this determination 
unilaterally? 

19. Page 1-6, Line 14. "If there is a determination of non- 

compliance, a number of options would be considered (e.g. 

waste treatment) and the required NEPA documentation would be 

prepared." We believe it would be prudent for W E  to begin 
evaluating options at this time and not rely completely on 

the hope that the Proposed Action will be found to be 

satisfactory. It is irresponsible to plan on deferring 

action on a potential problem for 4 years and then say that 

the required NEPA paperwork would deal with it. 

20. Page 1-6, Alternatives Considered in the SEIS. The SEIS 

is not able to adequately justify the alternative chosen 



because of the lack of a detailed, DOE-approved, Five-Year 

Test Plan to review. 

21. Page 1-6, Content of the SEIS. "...it is not the 

purpose of this SEIS...to demonstrate compliance with 

regulatory requirements." Unfortunately, it is also not the 

purpose of the Final Safety Analysis Report to do so either, 

nor has any other document been prepared by W E  to 

demonstrate regulatory compliance. By comparison, DOE will 

provide that documentation in the FSAR in Nevada. Why the 

difference? 

22. Page 1-6, Section 1.5. The first paragraph of this 

section gives the impression that assessment of compliance 

with 40 CFR 191 was not done because the Standards were 

vacated. This is not true and is misleading. 

23. Page 1-7, Footnote. The SEIS uses numerical values and 

projections made in the December 1988 draft of the FSAR. EEG 

has extensively reviewed the Draft FSAR and believes many of 

these calculations are flawed (see EEG-40, nay 1989). 

24. Page 1-17 L 18, References. The reference list does not 

include the following documents referred to in the text: 

A. 1978 Contract establishing EEG 

B. Public Law establishing EEG 
C. CLC Agreement 

D. Five-Year Test Plan 



SECTION 2 

1. Page 2-1, Location, Fourth Paragraph. Provide the 

reference for the justification for W E  eliminating "the 

requirement to control the land identified as Zone IV in the 

FEIS"? This is a significant change that should be 

explained. 

2. It is misleading to merely state the percent reduction 

(from the FEIS) of desirable mineral resources resulting from 

the reduced site area since this does not mention that the 

amount of these resources is so significant. For example, 

the FEIS stated that the (old) WIPP site contained 20.22 of 

the free world's langbeinite resources and reserves. If 35% 

of this is still within the present WIPP site boundaries, 

this would still be 7.1% of the free world total. The 

,resource issue needs to be addressed directly, not by 

reference to the FEIS . 
3. Describe the status of private leases being held. 

4. Page 2-3, Exclusive Use Area. The location of the 

Exclusive Use Area and the proposed expanded area should be 

shown in Figure 2.2 or elsewhere. Also, the rationale for 

choosing a 640-acre or a 1,454-acre exclusive use area should 
be explained. 

5. Page 2-5, Figure 2.3. Buildings numbered 364 and 365 

are missing from this figure and from the listing of building 

names on the next page. These buildings are significant 

since they house Station A and Station B of the Effluent 
Monitoring System. 

6. Page 2-7. Although the definition of TRU wastes 



excludes actinides with half-lives less than 20 years, DOE 

has committed to including Cm-244, with a half-life of 18 

years, and Cf-252, with a half-life of 2.6 years, in the TRU 

wastes coming to WIPP. DOE has also committed to include U- 

233 with a half-life of 150,000 years which does not have an 

atomic number greater than 92. This commitment by DOE to 

include these three radionuclides should be show- in 

conjunction with the definition. 

7. Page 2-7, "Wastes with TRU concentrations between 10 and 

100 nCi/g are expected to be reclassified as low-level wastes 

which would not be sent to the WIPP." 

.. , 
~ 

! i:: ,' . . They are classified as low-level wastes. Our 
,., t$, .f;,! ;: ,) 
*.c-2 understanding is that waste with TRU concentrations between 

10 and 100-nCi/g vill (not may) be classified as low level 
wastes~ and not be sent to WIPP. This is an important 

distinction. What are the plans? 

8. Page 2-9, "CH-TRU waste is packaged in sealed steel 

drums and boxes." 

They are not and must be vented to avoid the generation 

of mixtures of flammable gases during shipment. 

9. Page 2-9, mApproximately 3% by volume of defense TRU 

waste is RH TRU waste,... I 

It is about 5.3% by curies (a more meaningful measure 

than volume) and 1.6% by volume (see Appendix B-2 and 3). 

The text should be specific about the volume percentage that 

is being quoted and should also give the raiioactivity 

percentage. Also, the maximum dose rate limits for RH-TRU 

should be listed. 



10. Page 2-9. The use of units of volume to characterize 

transuranic waste is misleading. The discussion should - 
describe typical concentration in nanocuries/gram for both 

weapons grade plutonium and heat source plutonium. 

11. Page 2-9, Waste Acceptance Criteria. The statement, 

"The W E  established the WAC in consideration of DOT and NRC 

regulations" is incorrect. The purpose of the WAC was to 

delineate the criteria that waste packages must meet in order 

to permit safe handling and disposal at WIPP. 

12. Page 2-9, "The NRC will be asked to issue a certificate 

of compliance for the TRUPACT-I1 shipping container...". 

Add "... and the yet to be built RH-TRU waste shipping 
cask. " 

13. The SEIS does not discuss the two sets of additional 

criteria that must be met in transporting and disposing of - 
wastes at WIPP, including: 

A. Those issued by the NRC as a condition for 

licensing the use of TRUPACT-I1 for CH-TRU waste. 

8. Those issued by EPA to meet the requirements of 40 
I I .  

CFR 261 and 262 for hazardous waste. 

The SEIS should explain how these criteria differ, how 

each is implemented, and if there are potential conflicts in 

meeting all three sets of criteria simultaneously. 

14. Page 2-9, Section 2.3.1 (WAC). Although Revision 3 of 

the *TRU Waste Acceptance Criteria for thewaste Isolation 
Pilot Plant," January 1989 (WAC), reflected many improvements 

over Revision 2, it still contains certain serious 

deficiencies, some of which EEG had called to the attention 

of the WIPP Project Office following publication of Revision 



2. (See letter to Mr. W. R. Cooper, WIPP Project Manager, 

from R. H. Neill, Director, EEG, January 15, 1986.) These 

and other comments are addressed below: 

A. Does the gas generation criterion allow the waste 

generators to make a decision on the need for 

venting? There is no definition of what is 

considered an lloverpressure, " nor an "explosive 
mixture." The criterion also specifies that the 

"TRU waste shippern must provide data on the total 

alpha activity, waste form, and organic content, 

but this language appears redundant, since such 

information is already required by the Data Package 

Certification criterion. If it is to be provided 

in two separate places, it should be clarified and 

justified. The provision of sxch information does 

not preclude the possibility of judgmental or 

careless errors on venting due to lack of 

sufficiently definitive criteria. 

Also, the technical justification for the gas 

criteria has not been updated and fails to 

recognize current data on gas permeabilities and 

gas generation levels of concern now being 

expressed by Sandia. The gas criteria needs to be 

completely reevaluated and rewritten. 

B. The immobilization criterion fails to recognize the 

potential for increases in particulates with time 

due to breakdown of cellulosic material. Packages 

containing such material should be subject to a 

lower limit. 

C .  The criterion applicable to radioactive mixed waste 

mandates that hazardous waste as defined in 40 CFR 

261 be included only as co-contaminants with 



transuranics (and presumably fission products). 

The last line of the criterion as stated in - 
Revision 3 indicates that such hazardous materials 

"are to be reported," however, no further details 

are indicated on such reporting. It is not clear 

whether such reporting is in reference to the Data 

Certification information, or whether it is an 

additional reporting pursuant to 40 CFR 262. This 

latter RCRA regulation requires reporting to EPA 

and also requires that the waste shipment be 

accompanied by a detailed manifest on a specific 

EPA form. This manifest requirement is not 

mentioned in the WAC, Revision 3, and should be 

added. The entire subject of the RCRA regulations 

is treated in excellent detail in "Radioactive 

Mixed Waste Compliance M a n ~ a l , ~  1989, WP-02-07, and 

could be included in the WAC by reference. 

. a  +. . D. The EEG has been objecting to the use of a maximum 
Plutonium-Equivalent Curie (PE-Ci) limit of 1,000 

I since NoveUkdr, 1985, and considers it to be 

unacceptable. For our latest comments on the PE-Ci 

limit, see EEG-40 (May, 1989). 

15. Page 2-10, "The WAC do not require detailed 

characterization of chemical constituents because waste 

sampling and analysis would result in increased radiological 

exposure of personnel." 

The WAC does not and was never intended to specify how a 

waste generator demonstrated compliance, and suggests a lack 

of familiarity by the author with the intent of those 

criteria. By that rationale, the WAC would never have 

required characterization of radiological constituents. 



16. References should include the review by Marshall S. 

Little, "Evaluation of the Safety Analysis Report for the 

Waste Isolation Pilot Plant Project," May 1985, EEG-29. 

17. Page 2-10. In the discussion of vtplutonium-239 

equivalent activity,I1 , mention should be made of the long- 
standing disagreement by EEG of the 1,000 PE-Ci limit chosen 

by DOE. 

18. Page 2-12, "Gas generation considerations for 

transportation have resulted in the introduction of vented 

waste packages at some generation facilities." 

i b .. 
i S i  , . . 

7, ,: j . The WAC needs to be modified to require filters in all 
? h.i 2 .  ^..I (.I. *. ., , - i - packages prior to shipment. 

19. Various DOE documents describe the fraction of stored 

mixed waste as 60% (SEIS) to 90%. Is 60% the agreed upon 

value? 

20. Page 2-14. Clearly state that it is planned to emplace 

waste during the first five years without backfill, and that 

backfill will be added later by moving the waste to new 

rooms. Also, state the reasons for not backfilling during 

the test phase. 

21. Page 2-14. The decision on retrieval fails to 

specifically describe what W E  would do with 83,000 drums if 

it were necessary to retrieve them. This is different from 

DOE'S commitment in Nevada to include a detailed discussion 

in the Final SAR. (See W E  planned Table of Contents for the 

HLW repository, 10 CFR 60.21, SAR Content.) 

22. Page 2-15. The reasons cited for possibly not returning 

wastes to the generating sites due to "costs of double 
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handling and transportation impacts1* should be addressed in 

evaluating the alternative of showing WIPP can meet the 

safety standards first. 

23. Page 2-15, ~hird Paragraph. Serious consideration to 

the feasibility and problems of various engineered 

modifications should be given now rather than postpone it for 

several years. The problems are fairly well defined already. 

24. Page 2-15, Fourth Paragraph. Where will the waste be 

shipped if the drums are to be compacted, incinerated, etc.? 

Too many W E  documents have claimed the possibility of 

in-place installation of backfill without describing and 

demonstrating the process. "It could possibly be installed" 

is not good enough for making decisions. 

This section (2.5) should also describe the changes 

(roof rock-bolting, for example) that have been introduced in 

the design due to fracturing observed in the SPDV rooms, and - 
analyze the effect of these design changes on the assurance 

of retrievability and long-term performance. 

26. Page 2-20, Section 2-9. This section does not describe 

any of the independent environmental surveillance conducted 

by EEG. It is suggested that this section be changed to read 

as follows: 

%Since 1985, DOE has funded independent environmental 

and effluent studies at WIPP which are conducted by the 

Environmental Evaluation Group. Measurements of 

radioactivity include atmospheric, terrestrial, 

hydrologic and biotic baselines. EEG will also conduct 

radiological analyses of particulate samples from the 

effluent air exhaust system which serves the underground 

portion of the facility." 



SECTION 3 

1. Page 3-1. The SEIS identifies the Proposed Action of 

bringing 83,000 drums (10% WIPP capacity) to WIPP prior to 

demonstrating compliance with the EPA Standards on the basis 

that it is needed to demonstrate compliance with those 

Standards. The authors appear unfamiliar that the quantity 

of wastes identified by DOE in providing information useful 

to assess compliance with those Standards amounts to 4.500 
drums (650 for bin and 3,850 for alcove tests as described in 

M. Molecke test plans.) The discussion in comparing 

alternatives without any reference to the amounts involved is 

meaningless. 

2. Page 3-2. Why has DOE completed the necessary NEPA 

documentation for only two additional sites since 19807 The 

SEIS should specify the status of such documentation for six 

other facilities, including the expected dates of completion. 

- 3. Page 3-2, Paragraph Three. Stating that n W E  may 

propose that TRU waste stored and/or generated by six 

,. additional facilities should be transferred tothe WIPP for 
. :  . , permanent emplacementn after the expenditure of 3/4 billion 

dollars is not only surprising, but, if true, illustrates 

that DOE has not made any plans for alternative disposal. 

4. Page 3-2. For the past 11 years, DOE has repeatedly 

issued estimates of RH-TRU waste of about 250,000 cubic feet 

at 5.1 million curies. This document shows a ten-fold 

reduction to 0.51 million curies. Why? What is the 

explanation? 

In 1984, the DOE Inspector General recommended (DOE/IG- 

0207) that there was insufficient justification to build a 



hot-cell at WIPP for RH-TRU waste only, and those unwanted 

residuals should be sent to the HLW repository. The --.. 

reduction of RH-TRU from 36% of the WIPP radioactive 

inventory to 5.3% suggests that the'recommendation of the IG 

had merit. 

5. Page 3-2. The text suggests that the purpose of WIPP 

can be modified to accommodate up to 1.65 million cubic feet 

of TRU waste from new facilities (6.45 x lo6 - 5.8 x lo6). 
Is this correct? Is W E  suggesting that buried TRU wastes or 

unidentified stored TRU wastes could be brought to make up 

the difference? Also, what information is available on the 

Special Isotope Separation Facility? 

6. Page 3-4, Table 3.2, RH-TRU Quantities. These values 

are reporked in Chapter 3 and Appendix 8. Both the expected 

volume and curies of RH-TRU waste continue to change 

drastically as shown in the following table: 

~ ( 1 )  m ( 2 )  

Ci/canister 510 47c3) 177(~) 

Volume, feet3 250,000 88,285 - 176,570 93,000 

Total, Curies 5.1 x lo6 5 X lo4 - 1 x lo6 -52 x lo6 

1 Expected Average Conditions 

2 Representative Radionuclide Content (see EEG-40, p. 19) 

3 Includes Daughter Radionuclides 

4 
i Equals the ~ a t i o  of Total ~uriea/ft3 x 31.8 

ft3/canister. 

There is no documentation or justification for these 

changes. How certain are these estimates in which half the 

RH-TRU has yet to be generated (Table B . 2 . 3 ) f  Provide an 

explanation for these substantive differences. Also, there 

are internal inconsistencies within Appendix B; the average - 



curies per trailer load in Table B . 2 . 7  is not consistent with 

that calculated from Tables B . 2 . 1  and B . 2 . 3 .  

7. Page 3-3 .  Only 1/3 of the total TRU waste to be shipped 

to WIPP now exists with 2/3  yet to be produced. Table 3 . 3  

shows seven-place accuracy in the estimates of future waste 

( 1  i 5 , 5 9 8 , 3 9 7  = 1 0 ' ~ ) .  Either W E  can make astonishingly 

accurate predictions, or the authors are unaware of the 

statistical limitations of future projections. The same 

comment applies to Table 3.2 on Page 3-4.  

8 .  EEG requested a discussion of uncertainties in the RH- 

TRU inventory in our review of the FSAR and has not had a 

reply. We suspect there is still considerable uncertainty in 

volumes, curies, and distribution of radionuclides in RH-TRU 

waste. we-are aware that a questionnaire is now being 

conducted by the WPO on RH-TRU inventories, and have heard 

that there are wastes that are high in activation products 

that may have a problem meeting the 1,000 rem/hour surface 

dose rate limit. Although ealculations in the FEIS, FSAR, 
and SEIS indicate.that RH-TRU wastes should be less of a 

problem than CH-TRU wastes, we cannot conclude this because 

of the apparently greater uncertainty in the data base. 

9. Page 3-5. "The design of the CH-TRU waste package has 

been changed from a Type A (TRUPACT-I) container in 1980 to 
I _.A Type B..." 

While EEG has called the original design a lot of 

things, va never called it a Type A container. Change it to 

Type B. Also, the decision to abandon the rectangular 

TRUPACT-I1 design in favor of a right circular cylinder 

TRUPACT-I1 design was not made in 1980, but in 1987. 

10. Page 3-5, Brine Inflow Studies. Although there are 



plans to measure brine inflow in a cylindrical room to be 

mined in the WIPP repository, the study will not involve the - 
use of radioactive waste. Hence, the statement inferring 

that radioactive TRU waste is needed during the Test Pnase to 

reduce uncertainties associated with brine inflow is 

incorrect and should be changed. 

11. Page 3-6, Last Paragraph. This paragraph states that 

the average Pu-238 activity content has increased from 1.2% 

in the FEIS (correct) to 172. This does not agree with the 

tabulation in Table B.2.13, Page B-19, in Volume 2, which 

indicates that 422 of the total radioactivity and 812 of the 

alpha-emitting transuranic radioactivity is Pu-238. 

12. Page 3-7, Table 3.3. Change "Curiesn to "Radioactivityv* 

to be consistent with the other entries and list all units 

(including curies) in the table. 

The table should indicate maximum values. For example, ,,.-- +. 
.r ' 

.: .. ??\,the .,.. ) .. maximum surface dose rate of RH-TRU is 1,000,000 
j "  ; .:., * ,,. , .~ 

.., , , ~ 
Iprem/hour. The failure to provide units results in this 

. . ,  
confusion. , . 

Fill in the blanks in the table on RH-TRU waste 
characteristics. Since the Final Safety Analysis Report 

(FSAR) has not been published, include the information in 

both documents. 

13. Page 3-10, Table 3.4. EEG has expressed concern 

previously (see EEG-40) about the extent that concentrations 

of hazardous chemicals at RFP could be considered as 

conservative for all other sites. There is now an additional 

uncertainty with the RFP wastes since we understand that the 

FBI and EPA are currently investigating the RFP 

characterization of mixed wastes. Thus, it is possible that - 
32 



the RFP waste constituent data are flawed. 

14. Page 3-16, Transportation Modes. It is stated that the 

requirements of the trucking contract in all these areas are 

highly specific and demanding with respect to the transport 

of TRU vaste to WIPP. Does the contract include alternate 

route restrictions to safeguard against arbitrary selection 

by the driver/company? If so, then it should be documented 

in the text. 

15. Page 3-19, Transportation Routes. DOT regulations 

contained in 49 CFR, Parts 171, 174, and 177, are 

characterized as requiring that the interstate highway system 

be used whenever possible to transport highway route 

controlled quantities of radioactive materials to WIPP and 

that appropriate state agencies can require other routes if 

less risk can be demonstrated. 

This analysis of 49 CFR, Parts 171, 174, and 177, is 

misleading and inaccurate. The requirementsof 49 CFR, Part 

177.825, are that highway route controlled quantities of 

radioactive materials can be transported over "preferred 

routesn which are selected by a state routing agency when an 

interstate highway system or bypass is not available. As of 
i ithis date, there have been no "preferred routesn designated 

,'by the State of New Mexico as required by the W T  regulations 

in 49 CFR 177.825 dated May 8, 1988. 

16. Page 3-25, Integrated Operations Demonstration. The 

emplacement of TRU waste at WIPP for operational 

demonstration purposes is being proposed before compliance 

with 40 CFR, Part 191, Subpart B. What is the advantage of 

initiating such a demonstration before compliance with the 
Standard where the possibility exists that the waste may have 

to be removed, treated, etc.? What are the disadvantages of 



delaying this activity until compliance is demonstrated? If - 
the reasons are political, economic, training, etc., then a 

justification for overriding a health and safety standard 

should be incorporated into the SEIS. Also, why is it not 

possible for some operational demonstrations external to WIPP 

to be conducted without actual transport and emplacement of 

waste at WIPP prior to compliance? 

17. Page 3-26, Performance Assessment. WE and the State 

did not agree to proceed with performance assessment planning 

as if the Standards were in effect. We agreed to proceed 

vith the documentation. Unfortunately, nothing except a 

schedule has been published by DOE since those Standards were 

promulgated in September 1985. 

18. Page 3-26, Performance Assessment. It is stated that 

the SEIS describes the proposed Test Phase activities that 

will enable W E  to ascertain whether the repository can meet 
the Standards (Subpart B). An alternative to the Test Phase 

is to proceed with performance assessment without gathering 

r >. any more data (Page 3-32). It is stated that under these 
i ,i 

i. circumstances W E  would not have *sufficient* data for 

conducting a performance assessment that would provide a 

basis for determining compliance with Subpart B. Yet it may 

be possible to perform an assessment with the available data 

that would be bounding, and could be compared with the 

Standard to justify additional data gathering in critical 

areas of uncertainty and sensitivity. If such assessments 
have already been performed, then they should be incorporated 

into the SEIS. 

19. Page 3-27, Bin-Scale Tests. Because the bin-scale tests 

would involve the emplacement of TRU wastes at WIPP before 

compliance with Subpart B of 40 CFR, Part 191, then a 

justification for such action should be stated. Other 



locations for these tests have been presented as an 

alternative with little impact on the health and safety of 

the public or on the environment. The preference to conduct 

these experiments at WIPP are guided by economics and delays 

expected due to permitting at other facilities. But these 
economics have not been demonstrated, nor has it been 

explained why permitting would be much easier at WIPP. In 

fact, due to the expected delay in obtaining a permit for 

mixed wastes, the date to begin starting bin-scale 

experiments at WIPP may be considerably. delayed. 

2 0 .  Page 3-28, Second Paragraph. Why are treated wastes 

such as incinerated, cemented, charred, asphalted, etc., not 

part of the experimental design since some of the 

alternatives to retrieval (under non-compliance) involve 

treatment of wastes? Xf treatment of some or all wastes is 

found to be necessary, the lack of experiments now may result 

in considerable delay. 

21. Page 3-28, Room-Scale Tests. Room or alcove experiments 

are designed without consideration of possible future waste 

forms. Also, it is stated that four room-scale tests will be 

performed; whereas, the Test Plan lists s ix  rooms for these 
experiments. Which plan is correct? Finally, what is the 

effect of the short time frame in which to conduct these 

experiments on the value of the results? 

22. Page 3-30, Alternative Action. The discussion on 

waiting until DOE demonstrates compliance with the EPA 

Standards docs not address a number of facts that should be 

included: 

A. W E  has not objected to the NRC requirement to 
demonstrate compliance in Nevada before beginning 

construction of the repository, and DOE has 

published plans to do so. Why does DOE object at 



WIPP? - B. W E  sees no merit in conducting an operational test 

phase in Nevada prior to meeting standards and has 

no plans to do so. 

C. Unlike the Nevada repository, which has NRC 

licensing, DOE has been given the authority by 

Congress to self-determine compliance with the EPA 

Standards at WIPP. These Standards state in the 

1985 preamble that compliance should be completed 

durina the desian uhase. Why does the SEIS ignore 

that statement and present an analysis to bring up 

to 83,000 drums (101 of design volume) to WIPP 

first? This is particularly relevant since DOE has 

not published any progress (except a schedule) in 

compliance with those Standards. 

D. The text invokes the mantle of performance 

assessment (for which DOE only identifies a need of 

4,500 drums) in discussions which variously require 

83,000 drums, 36,000 drums or 18,400 drums. 

E. The text does not acknowledge that representative 

mixtures of waste may not be available for shipment 

until Uarch 1990 at the earliest (projected date 

for EPA authorization for mixed waste). Therefore, 

meaningful bin experiments at the site may not 

begin for a year. 

F. Additionally, there is no discussion of why gas 

measurements have not been made at the generator 

sites since 1985. If the measurements are useful, 

discuss this as well as the impact of a year's 

delay in starting to get data. 

G. The text also does not address limits in gas 

pressurization in the alcoves (e.g., 1 psi 

extrapolated to 2,100 psi, absence of repository 

conditions ofbackfill, engineered fixes, leakages 

of gas from instrumentation connections). 



H .  Standards issued by NRC and EPA do not  reauire 

tests. Explain why they  must be done and do not  
imply tha t  such tests a r e  ob l iga tory .  The t e x t  

should descr ibe  how t h e  information derived may be 

use fu l  o r  he lpfu l  i n  long-term r i s k  assessment 

analyses .  



SECTION 4 

1. Page 4-2, Socioeconomic Environment. The nearest 

community to the WIPP site is Loving, whose population 

"decreased from an estimated 1,600 in 1980 to 1,450 in 

1986..." While the presence of the proposed repository 

probably did not cause a negative economic impact on the 

community, it obviously did not result in any positive 

economic impact. Discuss the absence of this despite the 

proximity to the site, high unemployment rate, availabiity of 

local manpower, the railroad track to WIPP passing through 

the community, and the presumed naturally occurring breach 

surfacing at Halaga Bend in the Pecos River at Loving. 

Identify the number of workers from Loving of the 640 

employed for WIPP. 

2. Page 4-3, First Paragraph. The text should provide the 

distance and direction of the three ranches and three mining 

operations located near the site or locate them on a suitable 

map. 

3. Page 4-3, Land Use. The SEIS should provide (either 

here or in Chapter 2) a summary of the natural resources, 

estimated to be present, beneath the 16-section WIPP site, 

and the extent of private mining leases still being held 

within the sit. boundaries. 

4. The information contained in the last sentence of 

Section 4.1.4 should explain what is meant by arestrictedw 

mining and drilling vithin the WIPP site. Hov does DOE plan 

to implement these nrestrictionsa and for hov long? If the 

DOE obtains control in perpetuity of this real estate, 

currently managed by the Department of Interior, hov will 

mining be prevented? Will DOE delegate those 



r e s p o n s i b i l i t i e s  back t o  t h e  Department of I n t e r i o r ,  Bureau 

of Land Management? 

5. Page 4-4, Background Radiat ion.  E E G 1 s  preopera t ional  
environmental r ad ia t ion  s u r v e i l l a n c e  program should be 

referenced here ( a s  w e l l  a s  i n  Chapter 2 ) .  

6. Page 4-4. Reference E E G ' s  work i n  t h e  preopera t ional  

environmental r ad ia t ion  su rve i l l ance .  

7. Page 4-7, Last Sentence. The sentence should be 
expanded t o ,  "The WIPP hor izon is i n  a 26-foot-thick s ec t i on  
bounded by Marker Beds 138 and 139,  t h a t  c o n s i s t s  mostly of 

h a l i t e  with a few t h i n  i n t e r b e d s  of anhydr i te ,  c l ay ,  and 
po lyha l i t e .  Detailed s t r a t i g r a p h y  of t h i s  s e c t i o n  between 

t h e  two marker beds and t h e  l oca t i on  of WIPP excavations is 

shown i n  Figure - ." (Add a f igure . )  

8 .  Page 4-13, Hydrology and Water Qua l i t y .  Add "Dewey Lake 

Redbedsn among the  geologic  u n i t s  of hydrologic i n t e r e s t  of 

WIPP. 

9. Page 4-13, Sect ion 4.3.1.1, Third Paragraph. "Deposits1@ 

is no t  a synonym f o r  b r i n e  nreservoi rs ."  

10. Page 4-14, Brine In f lov .  The s t a t e d  in-flow r a t e  of 1 .6  

~ / d a ~ / m ~  would completely f i l l  an empty 4 x l o 3  m3 room with 

b r i n e  i n  three years! With waste,  it would be f i l l e d  t o  t h e  
- 

c e i l i n g  i n  less than a year! The co r r ec t  v a l u e  from t h e  

: Nowak and McTigue r e p o r t  is 1.6 ml/day/m2. 

11. The development of t h e  concept of Salado sa l t  a s  a 
s a tu r a t ed  medium should be described and the work of 

Bredehoeft (1988) should be cited. 



12. Page 4-18. Reference the required tests that DOE 

conducted for the Stipulated Agreement to the lawsuit by the .- 

New Mexico Attorney General. Ignoring those required tests 

ignores the true history. 

13. Page 4-22, Table 4.2. The work of Stormont & a, 1987, 
is cited on Pages 4-22 through 4-25, but not referenced at 

the end of the chapter. 

14. Page 4-20. The discussion of gas permeability should 

include estimates of the expected amounts of gas and the 

pressure to be reached. If a modification to the waste fonn 

is required to reduce the amount of gas produced, the 

environmental impacts should be discussed. 

15. Page P-25, Section 4.3.2.4. "Underground experience at 

the WIPP indicates that these fractures open locally in 

response to excavationw does not adequately describe the 

extensive continuous fractures up to four inches thick that -. 

have been observed in the SPDV rooms. 

16. Section 4.3.2.4. This section should describe extensive 

fracturing observed in the roofs of the SPDV rooms that will 

also provide potential pathways for gas or brine migration. 

/- 
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17. Page 4-33, Last Sentence. Arguments counter to the 

i * 
I 

hypothesis advanced by Lambert and Harvey (1987) should also 
t. be provided here. See, for example, Chapman, 1986 (EEG-35). 

18. Page 4-55, Section 4.3.3.4. This section should also 

refer to Chapman, 1988 (EEG-39) and Ramey, 1985 (EEG-31) to 

describe the geochemistry of the Rustler Formation, 

especially since Siege1 & d, 1988, has not yet been 
published. 



19. Page 4-58, Figure 4-20. The "Disturbed Zone" boundaries 

have become enlarged with each new encounter of a Castile 

brine reservoir. There is no rational basis for the 

delineation of these zones and they should be abandoned. 

20. Page 4-60, Last Full Paragraph. The request to 

relocate the repository and the report by Channel1 should 

both be attributed to the New Mexico Environmental Evaluation 

Group. 

21. Channell's calculations (in EEG-11, 1982) were made with 

a lesser waste inventory and likelihood of occurrence of a 

brine reservoir and did not address compliance with the EPA 

Standards, which were not promulgated until 1985. Therefore 

the report  ann not be used to conclude that the presence of an 
underlying brine reservoir would not result in exceeding the 

EPA Standards. 

22. Page 4-60, Paragraph Beginning at Bottom of Page. "The 

presence of Castile brine beneath the repository is of 

concern pILLy in the event of human intrusion." (Emphasis 

added.) Gas pressures exceeding lithostatic in the 

repository could cause fracturing to ERDA-9 and then to the 

upper anhydrite layer of the Castile vhere brine is located. 



SECTION 5 -. 

1. Page 5-2, Biology. It is stated that the salt levels do 

not appear to inhibit plant species diversity or abundance. 

This statement should be clarified to say that qqcurrent*q 

accumulations do not have an effect, unless soil salt 

concentrations are not expected to increase in the future as 

a result of operations. Also, the phrase "do not appearH 

suggests that a detailed study has not been performed. Has 

it? 

2. Page 5-3, Last Sentence of Paragraph Two. Delete the 

words nmodifications of." 

3. page -5-6, Land Use. A justification should be provided 

for the choice of the WIPP site boundaries and various. 

control zones that have changed since the FEIS (See Chapter 2 

comments). - 
4. Page 5-6, Air Quality. The occurrences where state and 

federal air quality standards have been exceeded are not 

adequately explained in this paragraph. For example, the 

text states: 

"The WIPP has not been determined to be 

responsible for the elevated sulfur dioxide 
i ' 
! levels. " 
\ ,  

, 
Hov was this determined? Similarly, the cause of high 

ozone levels 'has not been identified,* but WIPP has been 

exonerated. 

With respect to dust loadings exceeding the air quality 

standards, it is stated that the cause is attributed to heavy 

use of a dirt road near the air sampler. Has this cause been 
h 
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verified by moving the sampler to another location, or from 

analysis of deposits on the filter? 

There are possible explanations for the high values. 

They could be due to sampling or analytical errors, or could 

cover a wider area than the WIPP site, or could be due to 

wIPP-related traffic. But no explanations have been 

justified here. We must conclude from this paragraph that 

the WIPP site has not been shown to have a negligible effect 

on air quality standards. 

5. Page 5-22, Transportation. EEG has thoroughly evaluated 

the calculations presented in Appendix D for transportation 

and our detailed comments are included in that section. Our 

findings on the evaluation are summarized here. 

A. The methodology and assumptions used to calculate 

population doses to workers and the public from 

routine transportation were appropriate and 

conservative. 

B. The estimated dose to the maximally exposed members 

of the public (1.6 mrem during 25 years) is 

unrealistically low by one to two orders of 

magnitude. 

C. Assumptions used for the Total Respirable Release 

Fraction from the different Severity Category 

Accidents are more conservative than those used by 

EEG in EEG-33 for a doubly-contained, non-vented 

TRUPACT. Thus, the total radiological impact 

projected for transportation accidents is 

conservative. 

D. The probabilistic method of presenting accident 

results completely hides the effect of accidents, 

especially the more severe ones, from all except 

the technical reviewer who digs them out of the 

tables himself. For example, the total number of 



accidents and the number of accidents leading to a 

release are not presented anywhere. Neither are - 
any route specific total accident and release 

values provided. If the SEIS is going to use these 

numbers, it should summarize them in a way that is 

understandable. 

The Bounding Accident is very non-conservative 

because it uses the average PE-Ci trailer-load from 

the Rocky Flats Plant. The average PE-Ci value for 

the entire system is 6.5 times the RFP value and 

the average SRP trailer is 64 times as great. 

EEG believes the appropriate Bounding Accident 

(with SRP wastes) would result in 35,800 person- 

rem. This would be about ten Latent Cancer 

Fatalities (LCF). 

The probability of a bounding accident is not 

"extremely low" as stated on Page 5-24. From the 

tables and assumptions in Appendix D, one can 

calculate a probability of about 0.62 that an - 
accident involving >0.75 LCF will occur during the 

WIPP operational period. 

6. Page 5-24 to 5-28, Human Health Consequences of 

Transportation Releases. We believe the LCF/rem factors used 

are appropriate, and, since we judge the total doses 

received from transportation to be conservative, the total 

LCF are considered conservative. EEG has the following 
observations about transportation health effects: 

A. Transportation causes the majority of the 

radiological health effects of the entire project. 

B. The expected effects are about 0.96 LCF for 100% 

truck shipments and 0.31 LCF for maximum rail 

shipments. 

C. Consideration should be given to maximizing rail 

shipments and other ALllRA practices to reduce the 



total health effects. 

7. Page 5-29, Transportation Accidents. Although the 

statement that the bounding accident assumes that all drums 

are breached is incorrect, we agree with the assumption that 

all headspace gas is released in an accident. 

8. Page 5-29, Trichloroethylene. We agree with the 

inclusion of this VOC in the waste inventory because it was 

commonly used prior to and during the 1970's. This point had 
been raised to DOE by our consultant, Dr. William 

Lappenbusch, some months ago, and we are pleased that it has 

been accepted. 

9. Page 5-30, Quantities of Chemicals Released. We agree 

that 100% of Volatile Organic Compound (VOC) gases present in 

the headspace should be assumed to be released in a 

transportation accident. However, we also believe that a 

fraction of the total VOCs in the waste matrix should be 

assumed to be released in an accident. The SEIS assumes that 

.02% (2E-4) of all TRU radionuclides in a TRUPACT are 

released in the most severe accident. There are experimental 

data to support releases of this order for TRU radionuclides, 

which are typically in a non-mobile, non-volatile form. We 

believe a factor of 2E-4 would be appropriate for the VOC 

fraction in the vaste matrix. This vill increase the source 

term by 292 to 6302. For carbon tetrachloride, which has the 
, most hazardous headspace gas concentration (40 times TWA- 

- TLV), the increase would be 86%. Note also that there would 

still be the non-conservative assumptions of assuming average 

values for headspace gas concentration and concentrations in 

the waste. 

10. Page 5-30 to 5-32, Quantities of Lead Released. The 

release values are unrealistically low. Starting from an 



average amount of lead in an average drum of wastes of 60.3 

kg, the released amount is only 0.46 mg. So the total -. 

release fraction is 7.6E-9! Again, we compare this to the 

average value of plutonium in these wastes of 2E-4. We 

don't believe plutonium is 26,000 times as mobile as lead. 

The very low value resulted from the DOE assumption that 

no lead could possibly be released from any waste form other 

than sludges, which have only 10 mg/kg of lead. EEG rejects 

this assumption and believes the appropriate source term 

should be 507 grams per trailer. 

11. Page 5-31, Paragraph Three. These two sentences have 

fires lasting for 2.0 hours and 1.5 hours. 

12. Page 5-31,Paragraph Five. Why is the maximally exposed 

individual at 30x1 here and at 50m in paragraph seven? 

13. Page 5-32, Second Paragraph. What is the origin of the 

1300'K temperature in the bounding case accident? Assumed 

temperatures for the hypothetical test accident are somewhat 

lower (800'C or 1073.K). 

14. Page 5-33, Table 5.10. It is not clear how the values 

in this table were calculated. Is g/m3 the correct unit? 

Why would the concentration (g/mj) in six TRUPACTs be twice 

as great as in three TRUPACTs? Using carbon tetrachloride as 

an example, the average headspace gas concentration in Table 

5.26 and the average emission rate in Table 5.28, we can also 

calculate a concentration. There are 1.9 g/m3 in the 

headspace gas. If this were also diluted in the TFlUPACT 

cavity outside the drums (2.45 m3) , the average concentration 
in the entire TRUPACT void volume would be 0.87 g/m3. This 

value is 50 times that reported in Table 5-10 for three 

TRUPACTs. The srission rate for carbon tetrachloride would 



add another 0.12 g in 100 hours. Thus, we believe the amount 

of carbon tetrachloride in the TRUPACT void space should be 

assumed to be 2.0 g or 0.82 9/m3. This value is 27 times the 

TWA-TLV. The 1,1,l-Trichloroethane and trichloroethylene 

values are 3.2 and 1.2 times TWA-TLV values. 

15. Page 5-34, Table 5.11. For the quantity of lead 

available for release, the fraction received by the maximum 

receptor is very high. The intake for an individual amounts 

to 8.5E-5 of that released. The radiological bounding 

accident had only 3.1E-8 fractional intake, and EEG-33 had 

5.5E-8. Should the concentration be micrograms/m3? 

This very low dilution offsets a good bit of our 

objection to the very low release fraction. We believe the 

quantity released from a CH-TRU trailer should be about 5E+5 

mg, and the fraction inhaled by the maximum individual about - 5E-8 for an intake of 2.5 x 10'~ mg. The air concentration 

(-42 pg/m3) would be about 28 times the Clean Air Act 

Standard for 90 days but for a time weighted average would be 

well below any of the limits shown on Page 6-15. 

16. Summary Comment on Section 5.2.2.2. EEG has 

significant reservations about the quality of the data, some 

of the assumptions, and calculation inconsistencies in this 
'- ".< " 

section. Because of these concerns, we cannot yet conclude 

that reported concentrations, which are low compared to TLV- 

based limits, indicate that hazardous chemical releases from 

transportation accidents are negligible. 

17. Section 5.2.2.3, Non-Radiological, Non-Chemical 

Transportation Requests. Comments on this subject are also 

included in comments on the Summary Chapter and Appendix D. 

The only additional observations are that: 
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A. Expected LCF from vehicle emissions are less than 

20% of the LCF from radiation for truck shipments, 

and less than 30% for rail shipments. 

B. Expected deaths from accidents are much greater 

than from radiation, 8.6 times for truck shipments, 

and 6.6 times for rail shipments. 

C. Since rail transportation is predicted to be safer 

- . \  
than truck transportation in all areas (radiation, 

..'\ 
accidents, vehicle emission), consideration should t .. 
be given to maximizing rail shipments. 

18. Page 5-39, Assumptions and Considerations of 

Uncertainty. As mentioned previously, the use of a "fullness 

factor" of 0.80.i~ incorrect and will influence many of the 

calculations that follow. 

19. Page 5-44, Waste Retrieval. Our general comments on 

waste retrieval also apply to comments on Pages 5-46 and 5-  

49, and Table 5.18. It is difficult to believe that routine 

exposures from retrieval would be the same per shift as 

emplacement (but twice as much per drum, because of greater 

handling time) or that surface contamination would be present 

on only one-half (51) of the drums that were brought 

underground contaminated (101). Table 5.18 assumes that the 

5% of drums that are contaminated can be retrieved and 

repackaged with a dose of only 1.7 mrem per drum. This is 

unrealistic. If retrieval is believed to be no more 

hazardous, why are there plans to HEPA filter area exhausts 

during retrieval, but not during emplacement? 

19. Page 5-45, Routine Radiological Releases. Two 

fundamental errors were made in calculating releases of 

radionuclides to the environment in Table 5.15. First, the 



number of drums was overestimated by the erroneous use of the 

0.8 fullness factor. This results in increasing the annual 

drum equivalents handled. The values should be about 17,000 

and 38,000 drums per year in the test phase and disposal 

phase, respectively. Secondly, the use of the 1E-5/m 

resuspension factor to calculate amount removed in a year is 

incorrect, because this factor includes amounts that settle 

out as well as those carried away. This error also occurred 

in the December 1988 Draft FSAR. In fact, the amount of 

alpha curies shown in Table 5.15 to be released in a year is 

1.553-3 Ci/year. The curies of alpha radiation included on 

all drums brought in during a year (with 102 contamination at 

50 pCi/100 cm2) is only 5E-5 Ci/year! The SEIS claims to 

carry off 31times the amount Of radioactivity brought in! 

Both of the-errors give conservative predictions, that 

is, they predict greater releases to the environment. 

However, such significant errors cause real doubts about the 

thoroughness and accuracy of subsequent calculations. 

20. Page 5-47, Table 5.15. It is noted that the 

radionuclide releases in this table are about 352 higher than 

those in Chapter 6 of the Draft FSAR. The ratio on a per 

drum basis would be about 58% higher. However, the values in 

both tables need to be recalculated. 

21. Page 5-48, Table 5.16. The values of annual radiation 

exposure in this table are apparently scaled up (by a factor 

of about 1.33) from the Draft FSAR. As stated above, we 

believe the source term (Table 5.15) is incorrect. Our 

comments on the environmental pathway analysis are 

substantive and are included under Appendix F. 

22. Page 5-48, Table 5.17. These occupational radiation 

doses are apparently scaled up from the Draft' FSAR. EEG 



conclusions on the FSAR numbers were that the direct 

radiation dose was reasonable, but the inhalation dose was 

not reproducible from assumptions listed and was probably 

low. The same conclusions apply here. 

23. Page 5-49, Section 5.2.3.4, Accidental Radiological 

'Releases and Exposures. The accident scenario assumptions, 

releases, and doses are identical to those in the Draft FSAR. 

EEG's principal conclusions are summarized below. A more 

detailed explanation of these conclusions is included in EEG- 

40, Pages 50 to 52. 

A. The C-8 (hoist drop) accident is not incredible and 

should be included in dose calculations. 

B. The use of a 1,000 PE-Ci upper limit for individual 

uaste-containers is unacceptable to EEG. 

C. The potential doses to radiation workers from 

accidents are unreasonably low, because of the .I 

assumption that all accidents occur with an average 

, s ,  

i:.. . . ,. ..-,' 0. The C-2 (forklift) accident doses are unreasonably 

low, because the forklift operator is assumed to 

receive no dose. 

24. Page 5-54, Table 5.2.1. The Draft FSAR calculated doses 

to a member of the public at the maximum location in the WIPP 
site where public access is allowed. The doses are 60% 

higher than at Hills Ranch and would be more appropriate to 

use. 

25. Page 5-55, Third Paragraph. There are three errors in 

this paragraph relative to Table 5.22, and the table is 
correct in each case. The excess fatal cancers are per year - 
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and not during the entire operation. The fatal cancers per 

year in the population front facility Operations should be 

7.6~-6, during the Test Phase, and 2.5E-5, during the 

~isposal Phase, as shown in Table 5.22. They are incorrectly 

described in the text on Page 5-55 as 8.4 x 10'~ and 2.7 x 

10-5, respectively. 

26. Page 5-57, Table 5.23. The values given for risk of 

latent cancer fatalities from accidents are correct for the 

doses presented in this section. However, if the maximum 

exposed worker (in the C-6 accident) had been handling a 

1,000 PE-Ci drum, the dose would have been 713 rem. This 

would lead to a 0.20 probability of a LCF. EEG has estimated 

that the dose to the C-2 forklift operator with a 1,000 PE-ci 
drum vould be about 2,900 rem. 

27. Page 5-61, Heavy Metal Releases. The statement that WAC 

certification assures no radioactive contamination exists on 

the surface of containers is incorrect. A limited amount of 

radioactive contamination is allowed (50 pCi/100 cm2 for 

alpha emitters and 450 pCi/100 cm2 for beta-gamma emitters) 

and some containers are expected to contain measurable 

contamination between zero and the limit. Also, the 

"elaborate HEPA filtration systemn will not normally be 

operating to filter underground exhaust, and, thus, cannot be 

categorized as routinely filtering exhaust air. 

28. Page 5-64, Line 4. The statement that use of average 

concentrations represent a bounding case is misleading. In 

any scenario where only a few drums are involved (e.g., when 

unloading a TRUPACT), a conservative assumption would be at 

least as great as the average concentration for the maximum 

class of waste. This is especially pertinent because the 

original TRUPACT certification is not expected to permit 

mixing of waste types. For example, carbon tetrachloride 
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Waste Category 2 (cemented and uncemented organic sludges) 

are 10.5% of all wastes and have a concentration of 50,000 -. 

mg/kg, 9.3 times the average. 

29. As mentioned in the Chapter 3 comments, EEG is not yet 

confident that the hazardous chemical inventory is accurate, 

including RFP. 

30. Page 5-64, Last Paragraph. The statement that 10% of 

the 6.2 million cubic feet of total repository capacity is 

110,000 drum-equivalents is incorrect. The 6.2 million cubic 

feet is based on the total volume within the containers, not 

the estimated volume of waste within the container. A 55- 

gallon drum holds about 7.34 cubic feet. There would then be 
845,000 drum-quivalents in 6.2 million cubic feet. 

31. Page 5-67, Table 5.28. The l,l,l-trichloroethane 

emission rate (9.3E-9) is inconsistent with the other values 

and the assumption that the diffusion coefficient is related 

to the square root of the molecular weight ratios. A 

consistent value would be 1.7E-7, which was used in the 

December 1988 Draft FSAR, and is 19 times greater. Also, the 

value in Table 5.31 uses the higher emission value. 

32. Page 5-68, Assumptions of Operational Exposure. We 

believe the assumptions listed on thin page are all 

reasonable and slightly conservative. 

33. Page 5-70, Air Dispersion Modeling. The EPA Industrial 

Source Complex (ISC) dispersion is used to predict off-site 

concentration8 of VOC1s. Is it being assumed in these 

analyses that hazardous wastes are not adsorbed onto 

particulates in the exhaust? If true, then documentation for 

this assumption in required in the SEIS for proper 

justification; othervise, it should be considered in the 



assessment. 

34. Page 5-71, Exposures from Above Ground Operations. The 

statement is made that releases from waste containers into 

the TRUPACT-I1 occur during transport. We believe they 

will surely occur. Your assumptions of average emission 

rates in Table 5.28 would lead to significant gas 

concentrations in a TRUPACT-I1 while it was sealed during 

shipment. In 100 hours, the predicted concentration would be 

1.6 times the TWA-TLV for carbon tetrachloride in an average 

load. In a maximum load, the concentration would be 15 times 

the TWA-TLV for carbon tetrachloride and 1.8 times for 1,l.l- 

trichloroethane. It is apparent that sampling must be done 

before opening the TRUPACT-I1 units it WIPP, and that 

precautions may have to be taken to insure safety of those 

most involved in waste handling with the TRUPACT. 

35. Page 5-71, Exposures from Underground Operations. The 

assumption of an air velocity of 3m/s is non-conservative by 

a factor of at least two. This assumption requires a flow 

rate of 120 m3/s in either one storage room or in the panel 

exit drift. The total flow rate for a panel is about 58 m3/s 

and for an individual room would be only a fraction of this. 

This discrepancy was pointed out in our Draft FSAR comments 

< and acknowledged by Westinghouse. The values in Tables 5.31 
a r 

and 5.32 check for the assumptions used. 
- _  . 

36. Table 5.31 and 5.32, Exposures from Underground 

Operations. From the assumptions stated on Page 5-68, the 

above ground worker should be exposed to the emissions from 

an average of 66,000 drums during the first five years, and 

6,000 drums thereafter. The estimated daily intakes in Table 

5.32 reflect this 11 to 1 ratio. Also, the concentration for 

an above ground worker in the 20-year period is consistent. 
But the above ground worker concentrations for five years are 



too low by a factor of about three. The effective X/Q value 

for the 20-years concentration is about 1.5 x It is - 
about a factor of ten low compared to Table H-49 of the FEIS, 

but without knowing stack height assumptions we can't comment 

on its validity. 

37. Page 5-78, Table 5.34. Units of micrograms/m3 are 

missing. 

38. Page 5-82, Table 5.36. Footnote "an is missing. 

39. Page 5-100, Non-radiological Risks. The LCF for CH-TRU 

shipping by rail would be 0.088 (See Table 0.4.9). 

40. Page 5-109, Third Bullet. Although the assumption used 

in the FEIS thatTRU waste in the repository dissolves at the 

same rate as salt is called unrealistic, it led, because of 

other assumptions, to a concentration that was less than 4E-6 

Molar. - 
41. Page 5-110, Last Sentence. Since concentrations of 

VOCes in some waste forms average as high as 150,000 mg/kg 

(see Table B.3.2), it is imprudent to call this limited or 

42. Page 5-111, Fourth Paragraph. The statement implies 

there is a definite plan and commitment to using a backfill 

containing bentonite. We are unaware of any such commitment, 
and the text should not take credit for it. 

43. Page 5-113, Pwrth Paragraph. EEG has.been assured in 

the past that there was not enough brine in the Salado to 

fill a room before closure. We believe the current 

hypothesis is more reasonable. 



44. Page 5-114, Third Paragraph. Although a human intrusion 

drill hole may be considered unlikely by the sEIS writers, 

its evaluation is required by 40 CFR 191. 

45. Page 5-114, Last Paragraph. EEG has been told that 

blowout preventers do not activate unless pressures are quite 

high and might not be activiated by a brine reservoir. Also, 

since the WIPP-12 brine reservoir unavoidably permitted 

27,000 barrels of brine to flow to the surface before it 

could be shut in for pressure testing (see Page H-9 of TME 

3153), how can the claim be made that little or no brine 

would reach the surface? 

46. Page 5-115, First Paragraph. What assurance is there 

that standard borehole plugs would be installed? Who 

inspects these? 

47. Page 5-117, Cases IIC and IID. We agree with plutonium 

and americium solubility values of 1E-6M for average and 1E- 

4M for degraded conditions. An order of magnitude increase 
in the solubility for uranium might be more appropriate. 

48. Page 5-119, Third Paragraph. Again, credit is taken for 

bentonite in the backfill. 

49. Page 5-125, Last Paragraph. It is not obvious that gas 

generation by radiolysis is negligible. Waste inventories 

have become more concentrated and more work has been done on 

gas generation since 1980. The average concentration in an 

equivalent drum in the repository will be about 6.16 alpha 

curies. The Safety Analysis Report for Packaging (SARP) for 

TRUPACT-I1 uses G factors (net gas) that range from 0.6 - 8.4 
atoms of gas per 100 electric volts of absorbed alpha energy 

for five of the six waste forms considered. A G factor of 

1.0 would generate 0.64 moles/year/drum. Even though G 



factors are usually assumed to decrease, in a poorly defined 

manner, with time it does not seem conservative to ignore - 
radiolysis. Besides, the only reason to use real waste for 

experiments is the contributor by radiolysis. Neither 

bacterial decay nor chemical reactions require waste. 

50. Page 5-129, Last Paragraph. The flow would be around as 

well as through the seal in MB139. 

51. Page 5-135, Table 5.52. The large retardation factors, 

for loot of the wastes, assumed in the Culebra should 

guarantee that you will have no problems, regardless of other 

assumptions. Since there are so many complexities to this 

waste and large quantities of material that are potential 

chelating materials, we believe that a small percentage 

(perhaps in the.1 - 102 range) of waste should be assumed to 
move with no retardation. 

52. Page 5-137, Fifth Paragraph. It is stated that 12 -. 

liters of brine with a radionuclide solubility of 1E-4 molar 

would carry 12 of a drum's radionuclides. Our calulations 

show that this volume of brine at 1E-4 molar would contain 

about 0.288 grams each of plutonium and americium and about 

0.281 grams of uranium. These quantities would be 3.22, 

1002, and 242 of the average grams in a drum (See Table 

!+, 1 "' >. . 
3.. y) 
P, . ., . 53. Page 5-138, Table 5.54. We agree with the calculated 

\~ dose for the assumptions used. For the average LANL wastes, 

which has an Am-241 concentration 7.3 times the WIPP average, 

the dose would be 0.6 mrem. This is still a low value. 

It should be recognized that taking a cuttings sample 

from RB-TRU wastes could conceivably result in somewhat 

higher doses. For example, if an RH-TRU cylinder contained 
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an average of 10 Ci/L of Cs-137 at time of emplacement (this 

would meet the requirements of the State of New Mexico for a 

total concentration of less than 23 Ci/L), this would still 

be 1.0 Ci at 100 years. A 526 cm3 cutting would have a dose 

rate at 1 meter of 175 mrem/hour, even if no compaction of 

the waste were assumed. 

54. Section 5.4.2.6, Analysis of Scenarios: Cases IIA, IIB, 

IIC, and IID. EEG has not had the time to check all of the 

calculations in this section, so we are unable -.o provide a 

comprehensive assessment of the analysis. Most of the 

checking we have done is discussed in Appendix I. There was 

one significant finding. 

The calculations of human exposure from the stock-well- 

beef pathway are calculated incorrectly and understate the 

doses that should have been calculated from the assumptions 

by over two orders of magnitude. The problem was caused by 

- calculating the intake of radionuclides by the steer for 

one day. Two hundred days of intake is typically considered 

to be a reasonable assumption. The 200-day feeding 

assumption would increase the concentration in the nuclides 
I 

: - +  
of interest by factors of 100 to 200, depending on the 

effective half-life of the specific nuclide. When calculated 

correctly, the 129 mrem dose in Case IIC becomes 15.7 rem 

Committed Effective Dose Equivalent per year of beef 

consumption. 

This dose (using the SEIS assumptions) is significant, 

about two orders of magnitude above natural background doses. 

A great deal of explanation is needed to explain why this 

type of dose is acceptable, even for an event vith a 
probability somewhat less than 1.0. 

The fact that Uranium-233 turns out to be the dominant 



radionuclide in a well scenario is not suprising to EEG. We 

came to the same conclusion in EEG-9, published in September - 
1981. 

EEG has long maintained that a well scenario with humans 

drinking treated water directly is reasonable to consider. 

The technology to reduce high solids water is available today 

(with reverse osmosis being perhaps the most practical 

method), and is used some in water-short areas that do not 

have access to better quality water. The well water in Case 

IIC, if treated to remove 902 of the solids, and, 

incidentally, remove 902 of the radionuclides, would result 

in a dose of about 33 rem/year (CEDE). Even if 992 of the 

radionuclides were released, the CEDE would still be 3.5 

rem/ year. 



SECTION 6 

1. Page 6-2, Introduction. The text states, "If, for 

example, it were determined through the Test Phase 

experimentation that gas-generation is a long-term repository 

problem, then gas-getter materials could be selected as a 

mitigative measure." 

Current DOE estimates clearly show that gas generation 

is a long-term repository problem. For gas not to be a 

.. . problem, measurements would have to show a 25-fold reduction 
*. 
.. 

,. p *., in the amounts expected of 2.4 moles/y-drum to 0.1 moles/y- 
,. * 

i v: : 
, . drum, a most unlikely situation. 
$ ? '  

%# "$ 
" 

;: : 

\.--..- . , ,. The text states that the solution is to use gas- 

getters. 1f this is the case, why do the experiments? The 

text further states, "Other experimental results could 

identify the need for other treatments." What are the kinds 

- of results that could prompt other treatments? 

2. Page 6-2. The text states, "The requirements of the 

Occupational Safety and Health Administration (OSHA) and 

Mining Safety and Health Administration (MSHA) have been 

closely foll~wed.~ Include a discussion of violations and 
citations identified by those federal agencies since the EEIS 

was issued and how these have been corrected. 

3. Page 6-2, Existing Facilities. The reader is led to 

believe that HEPA filters are continuously filtering 

underground exhaust air during normal operations. This is 

not the case, and the wording should be changed to indicate 

that air is normally discharged without passing through the 

HEPA filters.. 

4. Page 6-2. It is inferred that the remainder of the 
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repository has not been excavated because of premature 

closure due to salt creep. It should be added that those -.-. 
rooms which have been excavated require rock bolting and 

wire-mesh surfacing to insure worker safety due to 

fracturing in the ceiling of the drifts and rooms along with 

salt creep during the short term. 

5. Page 6-2, Socioeconomics. The release of land in 

Control Zone IV for unconditional use for economic reasons, 

as opposed to the FEIS which did not allow this option, 

impacts on both health and safety, and on ecological 

preservation. Presumably, these were the original reasons 

for control of this zone. What has changed since the FEIS to 

account for this release? How does this release impact on 

slant drilling under the site for mineral exploration and 

extraction-which is not currently permitted? 

6. Page 6-5, Emplacement of Backfill. It is stated that 

the FEIS considered only crushed salt as a backfill for waste - 
containers, and that various types of backfill developed 

since that time may speed the entombment process and the 

attainment of final porosities within the waste areas. A 

70:30 crushed salt-bentonite mixture with yet unidentified 

gas getter(s) is the only option discussed in the SEIS as 

bulk backfill. Is the only option a selection of getters? 

What other backfill materials, including getters, are being 

considered? 

7. Page 6-5. "The reason for backfilling WIPP disposal 

rooms and access tunnel systems ... would be to shorten the 
estimated 'time for closure' of the disposal room." That is 

not the sole reason. Getters, such as bentonite, are used to 

retard radionuclide movement after a hydrologic breach. 
Additionally, EPA requires engineered barriers. Since the 

WIPP waste is soluble, respirable, and housed in a carbon 



steel oil drum, backfill at the present time is the only 

engineered barrier at the WIPP. 

The text states that compaction of backfill in s i t ~  

would be costly and require manual labor. Thus, a loosely 

placed backfill is seemingly being proposed, and faster 

emtombment using backfill compaction is not being considered. 

Because brine sorption and minimized gas production through 

the use of getters are now being completed since the EEIS was 

written, what is the mechanism for more rapid entombment of 

waste exclusive of these two processes? It appears from this 

analysis that the SEIS authors favor getters rather than bulk 

backfill material. 

8. Page 6-8, Figure 6.1, Tentative Location of Panel 

Seals. Theimpact on workers' safety after the first panel 

is sealed, becomes pressurized with hydrogen and other gases, 

and potentially blows out the bulkhead prior to closing the 

mine 25 years later, is not discussed in the SEIS. Estimates 
.A 

of the potential pressures should be included. 

9. Page 6-10-19, Mitigation by Waste Treatment. The 

discussion of waste treatment in the SEIS appears to favor 

postponing any decision on waste processing on the basis that 

knowledge acquired during or after the Test Phase may modify 

the approach to taka, yet all evidence points to a need for 

immediate consideration with respect to potential gas 

generation problau, brine influx, and hazardous waste 

components. Neither immobilization treatment nor 

incineration are included in the experiments. The 

investigation of incinerated wastes and/or immobilization 

may be more important because of their potential in reducing 

the problems and hazards associated with gas-generation and 

hazardous wastes, in addition to ameliorating the 

consequences of transportation accidents, and enhancing WAC 



Certification. Why aren't these treatments being considered 

in the Test Phase? The lack of experience with incinerators 
-4 

is not the problem, as about 80 incinerators have been 

operated for this purpose internationally (Page 6-16), and 

immobilization has been employed at nine commercial reactors 

(Page 6-13). This experience may be compared to compactor 

utilization at 74 commercial power reactors (Page 6-17). 

10. Page 6-17, Effects of Waste Treatment. It is stated 

that it is not currently possible to qualitatively estimate 

any long term benefit from waste treatment. How about the 

indirect benefits of diffusing .objections, meeting 

Performance Assessment requirements (if otherwise not met), 

and, in short, allowing disposal to proceed? 



SECTION 7 

1. Page 7-1, Section 7.1.1. Why is DOE proposing to 

increase the fenced area at WIPP from 250 acres to 1,454 

acres? No explanation is provided. 

2. The 1980 FEIS stated, "The waste that is emplaced 

underground is not expected to release any radioactivity; it 

will, therefore, produce no long-term radiological impact." 

The 1989 SEIS repeated this statement that the wastes Would 

not be expected to release any radioactivity ..." Statements 
. z . . ,  

like these without documentation of probabilities are 
. . 
, . .  inconsistent with the stated W E  position that it will be 
I . ,> 
" ;,~, October 1993 before the DOE can complete the demonstration 

: ., ~. ; 
/I --... . , 

that the facility can meet the Standards for safe disposal 

issued by EPA. 

3. Page 7-2, Cost Reduction Program. A discussion of the - decision under the Cost Reduction Program in 1982 to 

eliminate the fourth shaft should be included, since 

subsequent events led the W E  to eventually build the fourth 

shaft. A number of issues were raised on the Cost Reduction 

Program by EEG in November 1982 (see EEG-19), and the 

economic and environmental impacts should be discussed. 

4. Page 7-4. DOE concludes that delaying the receipt of 

TRU waste until compliance with the Standards (Alternative 

Action) would not result in any difference in unavoidable 

adverse impacts when compared to the alternative of bringing 

waste now. In that case, why not commit to full compliance 

first? 

* 

5. Page 7-4. The conclusion that the emplacement of 65,000 

drums in WIPP before meeting the Standards would not have any 



differences in potential impacts with the option of 

completing compliance first has not been thought through. ~f - 
wastes had to be retrieved, the costs of retrieval, 

transportation risks, and operational risks would be 

substantially different for both cases. A detailed 

benefit/risk analysis should be included. 



SECTION 8 

1. The text discusses slant drilling to permit the 

extraction of hydrocarbon resources under the WIPP site. 

This is counter to previous DOE commitments to prevent the 

extraction of those resources. 

2. In addition to the bin tests, discuss alcove tests at 

sites other than WIPP, since EPA indicated that the earliest 

date for shipment of RCRA vastes, which are representative of 

the various waste streams, may be March 1990. 



SECTION 9 

1. The discussion Of conducting bin-scale tests at WIPP 

versus generating sites should address the potential of a 

one-year delay for authorization to ship RCRA type waste, 

which would substantially delay the availability of 

experimental results. 

2. Page 9-4. Add the appropriate references to the list. 

only one is shown. 

3. The discussion on bin tests should be extended to 

include alcove tests and room tests. 

Was there a commitment by W E  not to allow drilling in 

Zone IV? 



SECTION 10 

1. Page 10-6, "Complete wacte characterization data for 

waste expected to be shipped to WIPP is not yet available." 

Reference whatever data is available. 

2. The status of the variance request for a no migration 

petition should be updated, including an estimate on the 

earliest date mixed waste could be shipped to WIPP. 

3. Add a commitment to the list of regulations for safe 

transportation to those issued by the U.S. Department of 

Transportation, 49 CFR, Parts 171 through 178. 
* 3 

'a,/+ 
4. Add a commitment in Table 10.1 to have the CH-TRU and 

FUi-TRU shipping container certified by NRC. 

5. Page 10-13. The text cites the Second Modification of 

Agreement 4, 1987, to the New Mexico Department of Energy CLC 

Agreement as the earliest date to meet NRC transportation 

regulations. Actually, DOE agreed to do this in the October 

1980 FEIS, Page 6-1, which states, "The transportation of 

radioactive waste to the WIPP will comply with the 

regulations of the U.S. Department of Transportation (DOT) 

and the corresponding regulations of the U.S. Nuclear 

Regulatory Commission (NRC)." Unfortunately, DOE would not 

honor their 1980 FEIS commitment until 1987. This is 

discussed in EEG-33, "Adequacy of TRUPACT-I Design for 

Transporting Contact-Handled Transuranic Wastes to WIPP, June 

1986," and should be discussed here. 

6. Page 10-13. Although there are 8000 shipments of RH-TRU 

waste identified in the SEIS, the document is silent on the 

status of that shipping container. Include a drawing of the 



shipping cask, the expected date of construction, schedule 

for testing and planned submittal of documentation to NRC and 

the expected date of certification. 

Include an explanation on the absence of progress in 

this area since shipments of RH-TRU waste were planned ten 

years ago. 



APPENDIX A 

1. Page A-4, Table A.1.1 .  Table A . l . l  does not show a 
l i m i t  on t h e  amount of RH-TRU waste t h a t  can have a maximum 
sur face  dose r a t e  of 1 , 0 0 0  rem/hour. I t  should be 52 of t h e  

expected 9 3 , 0 0 0  cubic f e e t  of RH-TRU o r  4 , 6 5 0  cubic feet a s  

agreed i n  t h e  C&C Agreement a s  modified. The remainder has  a 

maximum surface  dose r a t e  of 1 0 0  rem/hour. 

2 .  Page A-5. Change t he  t e x t  t o  r e q u i r e  a l l  CH-TRU waste 

con ta ine rs  t o  have a venting f ea tu r e .  



APPENDIX B -,. 

1. Page 8-2 ,  Inventory. Some explanation should be 

provided fo r  the  enormous changes i n  vas te  concentra t ions  and 

amounts shown i n  t h e  SEIS i n  comparison t o  t h e  FEIS. 

2. Page B-3, Table B.2 .1 .  The term "Newly-generated8@ is 

used t o  describe waste t h a t  h a s  y e t  t o  be produced. A b e t t e r  

term might be '@to be produced.@@ 

3. Page 8-4, Table B.2.2. Table B.2.2 lacks u n i t s  and 

con t a in s  seven-place accuracy f o r  two-thirds of waste y e t  t o  
be  produced. 

-. 4 .  PageB-5, Table B.2.3. Table B.2.3 l a c k u n i t s .  
I 

5. Page B-6, Table B.2.4. What is a "volume scale-up?" 

, " ' 

I \ _ _  
A 

6. Page B-7. EEG does no t  agree with t h e  1,000 PE-Ci l i m i t  

p e r  package establ ished by DOE. 

7. Page B-7. Additional information on t h e  r a d i o a c t i v e  

waste inventory has been d r a f t e d  i n  a report, WE/WIPP-88-049 

(WIPP, 1989), and w c o n s t i t u t e s  t h e  fundamental b a s i s  f o r  

a n a l y s i s  reported i n  t h e  S E I S  and i n  the WIPP FSAR." S ince  

W E  h a s  not provided t h e  report t o  EEG, no conclusions can 
be drawn as t o  its value. 

8 .  Page B-8. Table B.2.5 l a c k s  un i t s .  

9. Page B-8, Table 8.2.5. Tab le  B.2.5 lacks  uni t s .  F i l l  

i n  t h e  blanks i n  the t a b l e  which shows major changes from t h e  

FEIS . 



10. Page 8-11, Paragraph Three. The e q u a t i o n  i n c l u d e s  t h e  

0.80 " fu l lnes s "  f a c t o r .  T h i s  g e n e r a t e s  more drums than  WIPP 

can hold and r e s u l t s  i n  23% more shipments t h a n  expec ted .  

11. Page 8-12, Table 8 .2 .8 .  The t a b l e  i n d i c a t e s  6.26 x l o 4  
m3 of  newly-generated CH waste f o r  Rocky F l a t s ,  and 1.29 x 
l o 5  conta iners .  Th i s  i m p l i e s  a c o n t a i n e r  volume o f  0.485 m3 

t h a t  does not  match e i t h e r  a drum (.208 m3)  o r  a SWB (1.798 

m 3 ) .  The va lue  f o r  newly-generated waste  i n  t h e  t a b l e  (6.24 

x l o 4  m3)  is areater than t h e  va lue  of 5.66 x l o 4  m3 (2.0 x 
l o 6  f t 3 )  given i n  Table  B.2.4 (Page B-6) f o r  both s t o r e d  and 
new waste a t  Rocky F l a t s .  

12. The equation i n  T a b l e  B.2.8 i n c l u d e s  a f a c t o r  of  3 

m3/l'~Llp~CT. It is a c t u a l l y  2.9 f o r  drums, and 3.6 

ID~/TRUPACT - for  SWBs. 

13.  Page B-13, Table 8.2.9. T o t a l  RH volume 1.98 x l o 4  
probably should be 1.98 x lo1, which would then be c o n s i s t e n t  

w i t h  2.20 x lo1 c o n t a i n e r s .  The 19.8 m3 stored + 5.4 m3 
newly-generated waste (Page B-12) t o t a l s  25.2 m3,  somevhat 

less than the 1.2 x l o 3  x .02832 = 34.0 m3 i n d i c a t e d  by Table  

B. 2.4 (Page 8-6) . 
1 4 .  Page B-15, Paragraph One. What is t h e  c i t a t i o n  f o r  

"updatad by WIPP, 19897" Is it WE/WIPP 88-0051 The 

c i t a t i o n  should be g iven .  

" - -... ̂
j< 

< ,  5 Page B-15, Paragraph Two and Table  B. 2.14 on Page B-20. 

" .The process used t o  o b t a i n  t h e  modif ied i n v e n t o r y  f o r  long- 

.:term performance analysis ,  a l though  not  cited, w a s  found i n  
SAND 89-0462, pages 4-23 t o  4-26. The "modified inventoryn 
shown in Table 8.2.14 shows a 222 increase of Am-241 a d j u s t e d  

for  decay and inqrovth  from Pu-241, whereas,  a l l  of the 
la t ter  is n o t  present i n  t h e  inventory.  A l s o ,  theA is no 



change in the Pu-238 inventory over the time period, nor does 
~ p - 2 3 7  appear to reflect its production from ~ m - 2 4 1 .  IS the -. 
decay time allowed 1 0 0  years? What is the justification for 

this inventory? 

1 6 .  Page B-15, Section B . 2 . 2 . 2 ,  Operational Analysis. The 

dr~ft FSAR is referenced for operational impacts of waste 

handling and storage at WIPP. It should be noted in the SEIS 

that reference is being made to a draft, and that changes may 

have to be reflected in the SEIS. Only a brief mention of 

"updating" the SEIS for this purpose is mentioned in a 

footnote. 

1 7 .  Section B . 2 . 2 . 3 ,  Long Term Performance Assessment. It 

is stated that emplacement procedures at WIPP of RH-waste 

will minimize degradation. In light of brine seepage, how is 

corrosion of canisters minimized? Also, how does the 

uncertainty of RH-inventory justify excluding this type of 

. . waste in performance assessment? These terms need 
/' !' 

/'?' .,. clarification. 
, , . . . 
. '  
3 18. Pages 8-72 and 2 3 ,  CH-TRU Mixed Waste. It is not clear 

how RFP wastes represent a conservative upper. bound for 

potential risks rather than just a representative sample for 

risk assessment involving hazardous wastes. Are all 

identified hazardous waste quantities in RFP waste in higher 

concentrations than that generated at other locations? Is 

there any quantitative reasoning behind this assumption? 

1 9 .  Pago 8-15, High Curie Waste. It is gratifying to note 

the correction in the SEIS in identifying the heat source Pu- 
238 contribution is 1 7 %  of the inventory, in comparison to 

the 1 . 2 2  used in the FEIS. However, it is not reassuring to 

realize that the FEIS calculations were predicted on the more 

dilute weapons grade waste streams and ignored the heat 



source Pu-238 wastes 

20. Page 8-16, Table 8.2.10. An explanation should be 

provided for the increases in the activities represented in 

the SEIS from the FSAR. 

Factor Of 

Pu-238 increased 260 
,,# c1 

, /  :.>, 
Pu-239 increased 2 

[ i,;. Pu-240 increased 
P i 

1.7 
! 8 . .  

L. t !~ .. ; Pu-241 increased 2.4 
' * $  v 3  *. Am-241 increased 

+ - . ~  - , 
300 

TOTAL 6.2 

21. Page 8-17, Table B.2.11. Table B.2.11 describes waste 

in a Standard Waste Box. Hence, mass and activity should not 

be shown as "grams per d ~ m "  and "Ci per drum." They should 

be olg/boxw and mCi/box.n 

22. Page B-18, Table B.2.12. While the table is technically 

correct in telling the reader that daughter products are not 

included in reporting 260 Ci/container of RH-TRU waste, it is 

deliberately misleading to delete the contribution of Y-90 of 

250 Ci and report only half of the actual radioactivity 

present in the container, which is 510 Ci. Besides, the Y-90 

was included in the PEIS Volume 11, Page E-4, which shows 

5.1 x lo2 Ci/canister. The deletion masks the 12-fold 

reduction of radioactivity in each container. Please explain 

the .difference. 

23. Page B-19, Table B.2.13. The table lists the initial 

CH-TRU inventory. A similar table should be provided with 

the initial inventory for RH-TRU, which would include fission 

products and activation products. 



APPENDIX C 

EEG has had a number of critical comments on the 

adequacy of the emergency response program and has 

transmitted these concerns to W E  in a June 21, 1989, letter 

from the Director of EEG to the WIPP Project Manager. Hence, 

those concerns will not be duplicated here with the 

expectation that they will be addressed in the Final S E I S .  

1. Page C-7, Emergency Response Scenario. There are a 

number of unrealistic conditions portrayed in the emergency 

response scenario. It is unlikely that any state's police 

officer would have the expertise to verify that radiation 

levels were at normal background levels even if he did have 

the correcs instrumentation. Radiochemical analyses of soil 

samples would be required if the goal was to return the 

accident area to background levels as is inferred. 



APPENDIX D 

1. Page D-10 and 11. The text indicates that all 

applicable U.S. DOT regulations, with respect to "preferred 

routes," have been implemented. They have not. 

The definition of preferred route in the context of U.S. 

Department of Transportation regulations is incorrect and 

fails to acknowledge the May 8, 1988, revision of the U.S. 

Department of Transportation regulations, 49 CFR 177.825, 

requiring a state to formally notify DOT when it has 

completed the procedures. Such notification has not 

occurred and the text should make this clear. 

*A" " 

.- The first 42 pages of this appendix cover routes to WIPP 
in considerable detail. This is useful information, and only 

a few minor discrepancies were noted. 

Incident Free Trans~ortation 

1. Page D-47, Table D.3.2. Footnote B shows that the 0.80 

factor, erroneously used thr~~ghout the SEIS, is used in 

calculating the number of shipments. See our comments in the 

Summary Chapter. However, we believe it would be appropriate 

to use a factor to allow for the likelihood that TRUPACT 

shipments from some generators will be weight-limited. For 

example, they will not be able to carry 14 drums and stay 

within permitted trailer weight limits. This is because the 

average payload of the three TRUPACTS on a trailer is now 

down to about 5,300 pounds per TRUPACT (380 pounds per drum), 

and there have been predictions that RFP wastes will average 

about 600 pounds/dnun after the supercompactor is 

operational in 1990. 

2. Page D-48, Table D.3.3. This table is very useful 



because it gives the average radionuclide distribution and 

concentration for each generator. It also points out that 
A. 

any use of REP wastes as a typical or average waste is 

incorrect and misleading. The SEIS uses an average RFP 

trailer-load for tta "bounding" transportation accident. The 

average trailer-load is 183 PE-Ci, 6.5 times the REP average. 

The SRP wastes, which comprise 11.9% of all shipments, 

average 1,787 PE-Ci, 63.8 times the RFP average. It is noted 

that the values in this table should be calculable from 

Tables 13.2.1, D.3.1, and D.3.2, but they are not consistent 

even with the 0.8 factor. 

3. Page D-53, Table D.3.7. The stop time (hr/km) for 

trucks seems unreasonably high. For example, on the LANL to 

WIPP route, the vehicle would have 7.02 hours of driving time 

and 6.07 hours of stops. 

4. Pages D-50 to D-57, Tables D.3.5 to D.3.10. We have 

spot-checked the dose values presented in Tables D.3.8 - - 
D.3.10 by non-RADTRAN methodology and believe they are 

reasonable. See additional comments on Chapter 5 in the 

significance of these doses. However, in Table 0.3.10, we 

note that the differences between the proposed action and 

alternative action apparently do not assume RFP waste will be 

transported to INEL with the alternative action scenario. If 

they were, the approximately 1,270 (or 1,590 with 0.8 factor) 

shipments during five years would result in about 100 - 130 
additional person-rem, compared to direct shipment. 

5. Page D-57 and Table D.3.14. The claim that the 

"...hypothetical maximum exposure to an individual from 

incident-free transportation during Test Phase and Disposal 

Phase is only 1.6 millirems over 25 years.. ." is unreasonably 
low. This value would be approximately correct for a 

resident at a 100-foot distance from a roadway where trucks 



were stopped for 30 seconds each. However, there are 

locations along the route where residences are within 50 feet 

of the roadway, and this would lead to doses of about 6 mrem. 

But the above assumptions are not reasonable for the 

maximum exposed individual. For example: 

A. A person in the adjoining traffic lane for one 30- 
minute period during the entire lifetime of WIPP 

would receive a dose of 2.6 mrem from an average 

O W L  CH-TRU load and 3.1 mrem from a Hanford RH-TRU 

shipment. 

B. An employee at a restaurant who is exposed to 10% 

of all trucks stopped for 45 minutes each from a 

distance of 100 feet would receive about 14 mrem. 

If this person were exposed to 5a of trucks at a 

distance of 50 feet, the 25-year dose would be 

about 26 mrem. 

C. A service station attendant who refuels 10% of all 

trucks and spends 'two minutes each time at a 

distance of 10 feet from the center of the truck 

would receive almost 110 mrem over the 25 years. 

D. A guard at the entry to the WIPP site (who is not a 
"member of the publicn) who observed one-half of 

all shipments being checked for contamination (the 

present procedure takes over 15 minutes) at a 

distance of 25 feet would receive about 450 mrem. 

None of the above assumptions are incredible or 

bounding. They are likely to happen. The SEIS should not 

try to trivialize the maximum individual doses by presenting 

non-conservative dose estimates. 
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Trans~ortation Accidents - 
1. Page D-57, Severity Categories. The claim that 99.5% of 

truck and 99.6% of rail accidents are less severe than 

regulatory criteria is not consistent with other statements 

and the calculations presented in this section. For example, 

the statement is made on Page D-68 that Severity Category I11 

slightly exceeds the regulatory limits and Tables D.3.15 and 

D.3.16 (which are used in the calculations) show that 9% of 

truck and 202 of rail accidents are Category I11 or higher. 

2. Page D-73, Table D.3.19. EEG believes the Total 

Respirable Release Fraction (TRRF) values given for the 

various Severity Categories are conservative. In fact, they 

are more conservative than the values used in EEG-33 for a 

doubly contained, non-vented TRUPACT, except for the 

Category VIII accident. 

3. Page D-79, Resuspension. We do not agree with the A 

assumption that governmental authorities will impound 

foodstuffs and clean up contaminated land to the level 

necessary to result in zero dose from ingestion. The RADTRAN 
I-. 

% ,  I11 model can calculate ingestion doses, and it should be 

' used here. 

4. Pages D-79 to D-86, Accidental Risk Results. We have 

checked portions of the risk results and believe that the 

total values are reasonable and conservative. Also, we agree 

that the probabilistic method of calculating the "expected" 

radiation doses from accidents is appropriate. However, 

presentingthe results only in a probabilistic manner hides 

much of the impact from a non-technical or casual technical 

reader. 

For example, the total number of accidents expected was 
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not found in either Volume 1 or 2. One can calculate a value 

of 78 accidents with wastes and an equal number without 

wastes. Also, one can calculate a prediction of 7.0 

accidents where radioactive material is released, and 4.8 of 

these would be in urban or suburban areas. 

Route specific totals could also be calculated. For 

example, W J L  shipments would lead to 1.64 accidents, 0.19 

deaths, and 1.19 injuries. The expected number of release 

accidents would be 0.15, and about 40% of these would be in 

suburban areas. If 40% of the suburban accidents occurred in 

Santa Fe, there would be about a 2.3% probability of a 

release occurring. 

Accident results should be presented in a form where 

laymen can get a feel for the number and severity of release 

accidents that may occur along routes where they live. 

Another statistic that would be informative to laymen is 

that in the section of the route between Vaughn and Carlsbad 

(which carries about 91% of all WIPP vehicles) on Highway 

285, there would be about a 3.4% probability of an accident 

occurring along each mile of roadway. There would be about 

0.3% probability of a release accident per mile. 

Boundina TransDortation Accid- 

EEG does not bolieve the wbounding casew transportation 

accident is bounding. Our reason is principally due to the 

choice of a typical RFP waste trailer load. The average RFP 

trailer would carry only 28 Plutonium Equivalent Curies (PE- 

Ci). The averages, concentrations, and percentages of 

shipments from major generating sites are: 

AVERAGE TRAILER PERCENTAGE OF 

SITE - SHIPMENTS 

RPP 28. 32.8 



SRP 

LANL 

LLNL 

Hanford 

INEL 

ORNL 
J '  , .,. ; ,> . CH-TRU Average 183. 100 . ,  . i t -  *< 

'%, , A  

'. k: 
i ... . We believe that a "bounding casew should include the 
*. 
".:-*average SRP waste, which comprises about 12% of the total 

CH-TRU shipments. 

Otherwise, the values assumed for parameters are 

conservative. The 2E-4 fractional release rate is twice 

that used by EEG for a Severity Category VII accident. 

Consequently, the "EEG Bounding Accidentn would be a 

release fraction of 0.5 times the SEIS release value, and a 

PE-Ci load of 63.8 times. This would result in a population 

dose of 35,800 person-rem. The estimated latent cancer 

fatalities (LCF) would be 10.0. 

The probability of the "EEG Bounding Accidentw can be 

calculated from data in Appendix D. The probability is about 

0.1% (1E-3) , certainly not incredible. 

There are other probabilities that can be determined 

from those data and assumptions. The total probability of 

having an accident that leads to greater than 1.0 LCF (>3,570 

person-rem) is 2.5 x 10'~ from the SRP, LANL, LLNL, and ORNL 

routes. The total probability of having an accident that 
leads to 0.75 - 1.0 LCF is 3.7 x 10'~ from the Hanford, INEL, 

and ORNL (suburban) routes. 

The SEIS should clearly present some of these doses and 



probabilities so that the reviewer understands you are 

predicting a fairly high possibility of accidents leading to 

latent cancer fatalities. 

Nonradioloaical and Nonchemical Conseauences 

There is only one basic comment on this section (and 

related portions of Volume 1). The differences in projected 

deaths from shipments by truck (8.3) vis a vis rail (3.0) is 

significant. Likewise, the expected injuries are 106 by 

truck and 34 by rail. These are the most significant health 

and safety impacts predicted anywhere in the SEIS. Yet, 

there is no discussion of why the truck mode is being chosen 

and why this difference of 5.3 deaths and 72 injuries is 

considered negligible. Also, if all RFP wastes For the first 

five years were shipped to INEL for storage (and then to WIPP 

later), thirs vould. be expected to add about 0.3 - 0.4 
accidental deaths by truck (compared to the proposed plan). 

Yet, Table D.4.8 shows 0.11 less deaths for the alternative 

plan (RFP + INEL shipments) than the compared plan values in 

Tsble D.4.6. Why? 



APPENDIX E 

1. Page E-5. Appendix D should read "E". 

2. Page E-i8, Hole NG252. It is stated that hole NG252 

appears to be an anomaly because of its substantially higher 

rate of brine flow than other comparable holes distant and 

nearby. How can a real observation and measurement be 

considered an anomaly? 

3. Page E-49 to 54, WIPP Brine Flow Model. References are 

made to a significant number of citations ... 36, 37, 25, 40, 
Figure 1, Appendix A, Sec 4.3.4 which are either not 

identified in the SEIS, or are not referred to in the 

discussion. This information should be included in the SEIS. 

4. Page E-55 and 59, WIPP Moisture Release Data. 

References are made to citations, 30, 25, 26, 29, Table 1, 

Table 2, Figure 2, which are also not identified in the SEIS 

as they should be. It appears that the brine flow and 

moisture release information in the SEIS were taken from 

another publication(s) where the citations appeared. The 

references for these documents should also be included in 

the SEIS if they were not referenced in the missing 

citations. 

5. Page E-57, Equation(8). Shouldn't the parameter listed 

as 10E14 be listed as 10E-147 



APPENDIX P 

1. Page F-2, Stack Effluent Modeling. It should be 

explained how a stack which exhausts gases and particulates 

at an acute angle to the horizontal and shrouded to force 

exit in one direction can be made to fit Rupp's Equation for 

estimating effective stack height. The resulting effective 

stack height from the use of this equation is probably not 

valid. Since it probably affects the shape of the exhaust 

plume as well, the use of the equation without modification 

should be verified in the SEIS. 

2. Page F-2, Dispersion Modeling. The use of a constant 

scavenging coefficient is probably not conservative. 

Precipitation scavenging is about 10 times more efficient 

than dry deposition mechanisms in removing particulates from 

the atmosphere and varies with the amount of precipitation. 

Scavenging should be coupled to precipitation pattern at the 
A 

site with other parameters such as wind direction and 

velocity. Precipitation varies both temporally and in amount 

throughout the year at WIPP with most of the precipitation 

occurring during the growing season. Where precipitation is 

more evenly distributed and in larger amounts than occur at 

WIPP, the assumption may have more validity. If this 

assumption is to be used for performance assessment, then it 

should be verified with models which take the stochastic and 

temporal characteristics of  precipitation events at the site 

into consideration. It does not appear to be a valid 

assumption at WIPP. 

In the case of accidental releases, the occurrence of an 

accident during an intense precipitation event (or 

scavenging) should not be discounted as indicated in the 

SEIS. In fact the probablity of a serious accident is 



increased by bad weather conditions which limit visibility 

and affect road conditions. A scenario of this type should be -. 
included in the SEIS as a credible event. 

3. Page F-2, Terrestrial Modeling. What is the scientific 

basis for using 12.5 years (one-half the repository life) as 

the period of long-term buildup of radioactivity on the soil 

surface. How does the life of the facility enter into the 

determination of this process. Why isn't the build-up process 

modeled? 

4. Page F-3, Dose Modeling. The terms "exponential 

transfer" and "decaying exponential functionsn are not used 

properly when modeling ingestion. The transfer is governed 

by exponential functions, not exponential transport. 

Retention of nuclides in organs is represented by exponential 

functions with negative exponents, not decaying exponential 

functions. 

5. Page F-4, Table F.l, Meteorological Data. It is not 

clear from the footnote "Categories A-D are not utilized in 

AIRWS-EPA Codew how the frequencies for the individual 

stability classes are adjusted for in the model, unless one 
, *.- 

2' 
: stability class is being used in the simulation. The 

i.. . . . ... adjustment of frequencies other than A-D should be explained 
i 6 -:. 
\ *:;.; . . in the SEIS. 
1. - '  
i 

6. Page P-8, Table F.5, Stack Information. Are the 

reported values actual stack heights? If so, then "effective 

stack heights" should also be included in the Table as 

estimated from the use of the Rupp equation. How is the 

correction made for the angular and directional release of 

the exhaust stack from the repository? Is it valid to apply 

Ruppos equation to stack(s) in question? If so, please 

document how this adjustment is made. 



7. Page F-9, Table F . 6 ,  Terrestrial Modeling Assumptions. 

How was the build-up time of 4 , 5 6 2 . 5  days for surface 

deposition obtained? What is the scientific basis for this 

determination? Why is the resuspension rate of particulate 

matter from both soils and plants not taken into account in 

the model? Also, vhy have potential contamination pathways 

involving erosion events (saltation-creep, rainsplash) been 

ignored in the model since they are important processes in 

arid sites? Why is it that physical removal of particulates 

(weathering) from plant surfaces was considered without 

including these other important processes? 

Were the reported biomass densities of forage crops 

fresh veight or dry weight? In either case, the reported 

value appears high by a factor of 2-3 above theforage 

biomass values existing at the site. These larger biomass 

densities would tend to decrease radionuclide intakes because 

.- of tissue dilution of surficial contamination and lower 

resuspension rates with increasing biomass density and crown 

cover. 

1 ' . . .  Why is a value of 15.6 kg/day utilized as a consumption 

rate in lieu of the NRC-reported value of 12.5 kg/day for 

cattle? A lag period from slaughter of beef to consumption of 

meat by humans (20 days) is used in the model although it is 

not that important for transuranics. However, it is not clear 

whether a similar and more important lag between grazing and 

slaughter has been incorporated in the model. The build-up of 

radionuclides in beef tissue during this period is 

significant, and it is not clear whether this period of 

radionuclide ingrowth in these tissues has been taken into 

consideration in making dose calculations. If not, then the 

total amount of radioactivity ingested by humans from this 

pathway would be underestimated and incorrect. More 



documentation of this process is required in the SEIS. 

A 

8. Page F-19, C2: Drum Drop From a Forklift. The use of 

the average radionuclide content of a drum (12.9 PE-Ci) is 

not conservative, even though other parameters may have been 

conservatively assumed. The maximum allowed content (1000 PE- 

Ci) would have been the most conservative approach, while a 

value at the 992 c.1. of the activity distribution would have 

been more realistic in bounding the release. Also, reference 

is made to the draft FSAR for more specific information 

concerning this scenario, yet the description is identical to 

the SEIS: hence no new needed information for evaluation of 

this scenario is available. Also, the time of exposure of the 

worker that is 20 feet away is not included in the SEIS (or 

FSAR) which does not allow straightforward verification of 

dose calculations in this case. It is not clear what type of 

exposure would be received by the forklift operator if he 

became immersed in the cloud. Furthermore, if the operator 

removed the forklift from the punctured drum before he left 
h 

the scene, then the activity from the punctured drum would 

probably reach him before he could shut down the forklift 

and take flight. This scenario is not conceptually well 

established as it now stands and needs more study. Finally, 

what is the scientific basis for the contamination dispersal 

rate used in these calculations? 

9. Page F-22, Hoist Cage Drop. The annual probabilityof a 

catastrophic accident is given as 1.7 x 10'~ and concludes 

that such an accident is not credible. Over a 30-year 

operational life of WIPP, that becomes 0.51 x 10'~. EEG has 

never agreed with the assumptions and calculations used by 

W E  and still believes such an accident is sufficiently 

credible to warrant the calculation of the consequences which 

would require a higher QA classification system than the one 

used in the hoist system. 



The assumption by W E  that faulty maintenance would be 

negligible as a contributing factor to a potential accident 

was found to be incorrect when workmen installed a valve 

backwards in the waste hoist system. Similarly, excluding 

human error as a contributing factor to a potential accident 

was found incorrect when the wrong valve was purchased and 

installed. The assumption that a poor design could not 

contribute may now be considered unreasonable based on the 

recent defects found in one of the three main bearings on the 

hoist shaft. Our position has been expressed in letters to 

the WIPP Project Manager dated May 15, 1985, October 8, 1985 

and April 8, 1986. 

EEG is aware that our request in 1980 to address the 

consequences of a fire in the mine was rejected by W E  on the 

basis that-it vas an incredible event. Earlier this month, 

there was a fire in an instrumentation panel in the mine. 

10. Page F-23, Fire Within A Drum Underground. What 

criteria were used in estimating that 801 of the heated 

aerosol uas deposited on the walls of the repository before 

leaving in the exhaust stream? 

11. Page F-24, R5: Hoist Drop With a Canister of RH Waste. 

The premise for not including this scenario as a credible 

accident is the same as C8, and is submitted without proof or 

evidence in support of the assumption. This information 

should be provided in the SEIS. 



APPENDIX G 

1. Page G-4, Summary. The formula for methylene chloride 

is CH2C12, not Ch2C12. 

2. Page G-4, 5, Fate and Transport. Reference is made to 

biodegradation of CH2C12 occurring both aerobically and 

anaerobically. A reference or documentation to this effect 

should be included in the SEIS. 

3. Page G-8, Health Effects. Reference is made to an LC50 

for rats of 14,000 mg/kg. It appears that LC50 has been 

confused with an oral LD50; otherwise what do the units refer 

to in terms of concentration? 

4. Page G-24, Long Term Risk Estimation for Non- 

Carcinogens, Routine Operations. The basis for excluding 

non-carcinogens if they are present in amounts less than 1% 

by weight is not clear. Since the reference cited is not 

readily available (Rockwell, 1985), a summary or explanation 

of its contents should be included in the SEIS. Also, in 

equation G-4, the term "Rim and RLim appear to reference the 

same variable. What is the correct usage? If Li is a 

variable, then it should be defined in the SEIS. 

5. Page G-24, 25, Risks Associated With Accident Scenarios. 

What does the phrase "...to the only occupational populationn 

mean? Also, what is the meaning of "residential exposure," 

and h w  does the assumption of filtration validate that the 

latter are assumed to be excluded from exposure? Does the 

filtration system also "filterw out VOC1s? How does dilution 

exclude persons from exposure? 



APPENDIX ti 

1. Page H-6. In the section on EEG, add the sentence "EEG 

has published 40 major reports on their investigation and 

analyses." That is far more significant than the number of 

quarterly meetings between W E  and EEG, which appears to 

trivialize the 11 years of work. 



APPENDIX I 

In general the SEIS provides information in the fcrm of 

Tables and Figures which are quite useful for verification 

purposes. However, in many cases involving dose calculations, 

some of the assumed parameters are either not present in the 

SEIS, or must be searched for in an unspecified location in 

the two volumes. Furthermore, there usually isn't any 

citation as to where these parameters may be located. This 

makes it difficult, if not impossible, to verify some of the 

SEIS dose estimates for a reader that is not familiar with 

secondary sources which provide this information. This has 

lead to the use of more than one value in the SEIS for a 

given parameter and to units for these parameters which give 

incorrect-dimensional analysis in the document itself. 

Therefore, it is imperative that the assumed values for 

parameters be presented in the SEIS at each location where 

doses are being estimated. In addition, many of the -. 

parameter estimates are "assumed valuesn and are presented 

without any validation of their worth to the reader. All 

assumed values should be more fully justified in the SEIS to 

give them more credibility. 

Several other problems arise with respect to pathway 

analyses notwithstanding those already discussed. A major 

problem is the reliance on established source codes to the 

extent that flexibility or site-specific alternative pathways 

or processes of importance to the WIPP site may be excluded. 

The rationale given in some instances is that many of these 
processes are not significant and, therefore, are not worthy 

of analysis. However, the analysis upon which these 

conclusions are based may be flawed, and have not been 

validated or proved. Investigators who utilize established 

codes are not exempt from using realistic input parameters 
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and from incorporating site-specific information if 

necessary. An example is the use of the Rupp equation for 

detemining effective stack heights of the two underground 

exhaust stacks at WIPP: the existing configuration is 

probably not amenable to this type of analysis, yet it is 

still utilized in the SEIS for this purpose. Another example 
concerns the climatology of the WIPP environment: erosion 

events which may significantly contribute to the atmospheric 

transport of contaminants to man are ignored because they are 

not readily incorporated into the codes being used in the 

analyses. The SEIS is silent on these issues. 

There also appears to be a generalized carelessness with 

respect to the assemblage of transport pathways of 

contaminants, particularly those involving the food chain. 

Some of the large discrepancies in dose estimates have been 

caused by the failure of the SEIS to properly estimate 

steady-state concentrations of contaminants in soils as a 

result of air deposition events, and by not accounting for 

ingrowth of contaminant concentrations in beef tissue beyond 

one day. These oversights should be addressed in the SEIS. 

. .:. I .  SPECIFIC COKMENTS 

, , .  

. ,' .. . ' .  1. Page 1-5, top. Arrival times at points of interest for 
. - cases U and 1B "were determined by the times at which the 

discharge rates rose to 10'18 Ci/day." This extremely low 

activity represents material discharged per day having an 

activity of only about Q&= disintegration per Y~QI! This 

represents the extreme leading edge of a distributed nuclide 

and effective arrival times are than stated. 

2. Page 1-7, The Swift 11 Groundvater Transport Code, 

Influence Functions. Figure 1.1.2.1 referred to in the text 



is missing, it should be Figure 1.1.1. 

- 
3. Page 1-13, Table 1.1.3.1, Maximum Dose Received by a 

Member of the Drilling Crew. Plutonium-239 is cited twice in 

the Table. Does the first citation refer to Pu-2387 

4. Page 1-14, Table 1.1.3.2, Radionuclide Concentrations in 

Dried Mud Pit. Not enough information was presented in the 

SEIS to reproduce the values in this Table. They were 

reproduced by using the assumptions presented in SAND 89-0462 

(p. 5-9) which was not cited for this purpose. The use of 

"drum equivalents" for TRU activities is nowhere mentioned in 

this section (we could not find it in the entire SEIS), yet 

it is not possible to estimate the values without it. Also, 

other assumptions: percent solid in mud(50%), density of 

dried mud-(1.4 g/cc) were also found in SAND 89-0462. 

Curiously, the density of the mud for plume dispersion is 

given as 2.0 g/cc which is inconsistent. The SEIS should 

setzle on one value for both calculations and "sticku to it. - 
5. Page 1-15, Table 1.1.3.3, Air Concentrations And 

Deposition fluxes. The values of Ci/M3 in this Table appear 

to be about 20+1 too low based on eq.(I-37) unless drum 

equivalent activities are being used. Our calculation is 

summarized below. 

d- % 

Assumptions: . \ /?$$ s 

Mud Density = 2.0 g/cc (p) ti% , & -  4 \ a -  Wind Velocity = 3.7 m/s (U) 
R ~ S U S ~ M S ~ O ~  Rate = 5.0653-12 (l/s) \ ,  1. 

... 
Distance Downwind = 500 Bl (d) 
Plume Vertical Standard Deviation = 40.92 m (Tz) 
Plume lateral Standard Deviation = 57.68 m (Ty) 
Depth of Resuspension Layer = 1 cm (do) 
Area of Mud Surface = 46.45 m2 (A) 

(taken from Pb plume, Page 1-29) 
Mud Activity = 1.54E-8 C i / g  (CS) for Pu-239 
Source Strength = leO4*p*do*A*K*CS, Ci/s (Q) 
Air Concentration = 2*Q/2.51*3+Ty*Tz*U 
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= (2*2*1*46.45*5.065E-12*1.54E8*1e04)/ 
(2.51*3*57.68*40.92+3.7) 

= 2.2E-18 Ci/m3 (X) 
(reported value = 1.68E-18 Ci/m3) 

Assuming a density of 1.4 g/cc yields X = 1.54 E-18 Ci/m3 for 

this parameter, however, recalculation of Ty and Tz: 

Ty = O.ll*d/(l+lE-4*d)1/2 = 53.67 m, 

TZ = 0.08*d/(l+ZE-4*d)1/2 = 36.36 m, which yields a value of: 
x = 1.863-18 Ci/m3. 

The FEIS reports a pit area of 66.9 m2 for resuspension of 

radionuclides and 46.45 m2 is reported for resuspension of Pb 

from the same mud pit in the SEIS, a factor of 1.4 difference 

for these estimates. Why do the areas vary? Which one was 

used in obtaining the reported values? If the higher value was 

used, then greater disagreement in estimates. arises. 

6. Page 1-16, Table 1.1.3.4, Steady State Soil - Concentrations. The steady state soil concentrations as 

reported in Table 1.1.3.4 appear to be very lov estimates based 

on steady state approximation. Our calculation used the 

., following assumptions from SAND89-0462, Page 7-9: 

f$$ 

$( .  Plow Layer Thickness = 0.2 m (plt) 
4 * Soil Density = 1.4e03 Kg/m3 (p) 

Sink Loss Rate = l.lE-4 /d (lr) 
Deposition Rate = 1.68E-20 Ci/m2-s 

= 1.452E-15 Ci/m2-day (I) 
Soil Radionuclide Buildup as a Function of Time, Days, QA(t), 

Ci/m2 = (I/lr)+(l-exp(-lr*t), for t=100 years and negligible 
radioactive decay. 

= (l.45E-15/1.1E-4)*(l-exp(-l.lE-4*100*365)) 
= (1.323-11) (I-. 018) 
= 1.3E-11 Ci/nU 

Mass of Soil = plt*l*p 
= 0.2+1*1.4e03 
= 28Okg/m2 

Pu-239 Concentration, Ci/kg Soil = 1.3E-11/280 
= 4.64E-14 Ci/kg 



The reported value = 5.17E-18 Ci/kg, is a factor of 8,975 too 

low. The details of how this estimate was derived is not - 
included in the SEIS, therefore, it is not possible to compare 

analytical strategies. Since the relationship between soil 

concentrations and rem doses is linear, then those contributed 

from beef, milk, vegetables, and root crops are also 

underestimated by almost four orders of magnitude. However, 

other factors also contribute further in underestimating these 

pathways. 

7. Page 1-18, Exposure From Stock Well Water. A reference 

to Table 5.7 should be to Table 5.59. The former refers to 

annual cumulative exposures from RH-TRU waste, whereas, the 

latter refers to stock well water concentrations at 1,000 

years. 

8. Page 1-19 to 21, Soil-Plant-Beef Pathway Analysis Using 

Pu-239 as an Example. The following assumptions were used: 

Soil Specific Activity = 5.18E-18 Ci/kg (CPu) 
Soil-Plant Transfer Factor = 1.4E-2 Kg-p/Kg-s (SPF) 
Forage-Meat Transfer Factor = 1.OE-6 d/Kg-meat (EMF) 
Forage Consumption Rate = 15 Kg-p/d (FCR) 
Feeding Period to Slaughter = 200 days (FP) 
Biological Half-life = 64000 days (TB) 

The concentration in beef after 1 day of feeding ,uCi/Kg- 

meat, (CBD) is estimated as: 

CBD = CPu*SPF+F'HF+FCR*leO6 uCi/Ci - .1.08573-18 uci/Kg-meat 
The concentration in beef after 200 days, uCi/Kg-meat, 

(CB200D) is estimated as: 

CB2OOD = (CBD/ ( .693/TB) (1 - exp (- ( .693/TB) +FP) ) 



If one uses the concentration in beef after one day of 

feeding, then the committed dose after one-year consumption is 

estimated as 1.95E-15 mrem/50 year integration. The reported 

value (1.98E-15) agrees with this estimate quite well, however, 

it is a factor of 199 too low if the beef concentration at 

slaughter time (200 days) is used in the estimate, providing 

all other assumptions are correct. Previously it was 

determined that soil concentrations were a factor of 8,975 too 

low, hence an underestimate of as much as 1.82E6 are reported, 

and the rem dose would be 3.7E-09 mrem/50 year integration. 

Similarly, the dose contribution from milk, vegetables, and 

root crops would be a factor of 8,975 too low because of the 

higher soil radioactivity. The corresponding corrected values 

for milk, vegetables, and root crops would be 2.8E-13, 3.43-8, 

and 1.4E-7 mrems/50 year integration period, respectively. 

These pathways would yield a total of 1.8E-7 mrems/50 years, 

whereas the reported dose total equals 1.96E-11 for this 

radionuclide or a factor of 9,183 too low. Assuming that this 

underestimate applies to all radionuclides, then the reported 

dose for these pathways (4.87E-10 mrem/SOyr) would be 

increased to about 4.5E-07 mrem/50 years. Throughout this 

analysis it has been assumed that a 2Ocm plow layer has been 

used for beef cattle grazing such as on winter wheat. If 

cattle are grazing on open range, then the thickness of the 

radionuclides deposit is closer to 2cm or the Pu-239 

concentration is a factor of ten higher than the corrected 

value or 4.643-13 Ci/Kg. Assuming that cattle at the WIPP site 

cons- one pound of soil/day from foraging in an arid 

environment, then the daily intake would be 2.1E-13 Ci/day 

from this source. The dose from this pathway alone would be 

1.68E-8 mrem/50 year integration period or about 1.3E-8 mrem/50 

year when adjusted for that present on vegetation surfaces. 



Inclusion of this pathway in the total analysis would increase 

the dose to 4.6E-07 mrem/50 yr. These values are admittedly 

small when compared to doses resulting from inhalation, but are 

not as small as that reported. As commented earlier, the 

method of estimating deposition using a constant value may 

yield lower soil activity values than one which employs 

stochastic methods involving precipitation pattern and 

precipitation amounts. Also, the contribution of beef cow 

radionuclide uptake from inhalation and translocation to 

internal organs and tissues has been ignored in these 

calculations. 

9. Page 1-19 to 21, Inhalation Pathway for Humans. The 

reported dose from this pathway (5.4E-2 mrem/50 yr) compares 

well with our estimate (5.443-2 mrem/50 yr). 

10. Page 1-20, 21, Stock Well Pathway Using Pu-239 as an 

Example and Case IIB. The values reported for Np-237, Pb-210, 

Pu-239, and Pu-240 are 1.OE06 too low (column 5); all other 

values for the rest of this column and for other columns are 

correct according to the assumptions used. The confusion comes 

from the use of the relationship presented in the footnote; 

Column H = PxGx365(days) vhere F is given in Ci/d, and G is 

given in rem/uCi, that is H must be multiplied by 1.OE06 to 

make the conversion to uCi/d before the terms can be 

multiplied. The conversions were made for all calculations 

except those noted. 

Assumptions for Beef Covs: 

Water Consumption Rate = 49 Xg/d (WCR) 
PU-239 Activity in Water = 6.663-8 Ci/Kg (CWpu) 
Water-Heat Conversion Factor = 5.OE-7 d/Xg (W) 
Feeding Period to Slaughter = 200 days (PP) 
Biological Half-Life = 64000 days (TB) 



The concentration in beef after one day of drinking water, 

Ci/Kg-meat, (CBD) is estimated as: 

CBD = CWPu*WCR*WiF*l.Oe06 uCi/Ci 

= 1.66E-6 uCi/Kg 

The concentration in beef after 200 days, uCi/Kg-meat, 

(CB200D) is estimated as : 

The dose obtained when using the Pu-239 concentration in 

beef after one day of drinking water uptake agrees quite well 

with that reported (.224 mrem/50yr vs .225 mrem/50yr), however, 

the concentration after 200 days water consumption is 199 times 

greater. Therefore, the 50-year committed dose would be 46 

mrem/50 yrs on this basis which alone exceeds the EPA 

Standard. Assuming that this analysis applies to all 

radionuclides in the water, then the following doses would be 

projected: 

Case IA: reported = 2.09E-4 corrected = .0425 mrem/50y 
Case IIB: = 72 = 14630 
Case IIC: = 129 = 26213 
Case IID: = .915 = 186 

With the exception of Case IA, all cases exceed the 

standard on this basis. 

11. Page 1-72, Calculation For Chemical Exposure Pathways. 

It is not entirely clear why lead is selected as a 

representative toxic metal in lieu of others, such as cadmium, 

which may be more toxic, other than it is present in the 



highest concentration. Some further explanation of other 

wastes, including organics, should be included in the SEIS to 

document or justify this "lead bounding'' assumption further. 

12. Page 1-23, Modeling Assumptions For Calculating Lead 

Solubility in Culebra Groundwater. Why hasn't the possibility 

of chelation of metallic ions by organic compounds been 

considered in these calculations? Some of the compounds used 

for decontamination purposes are of this type. 

13. Page 1-27, Health Effects Associated With Stable Lead 

From Wind Dispersion. Because cattle consume significant 

quantities of soil, which is present on plant surfaces as a 

result of erosion processes (lbs/day), it may not be advisable 

to ignore lead consumption by animals through this pathway. Do 

any of the-model-s employed incorporate this pathway? Also, why 

wasn't inhalation of lead contaminants taken into consideration 

from both ambient and resuspension pathways for these animals? 

14. Page 1-20, Calculation of Inhalation of Pb Containing - 
Particulates. The variable (RV) is given in units mg/m3/day 

and m3/day. Dimensional analysis indicates that the latter set 

of units is applicable. Also, the conversion factor should 

probably be in mg/g rather than ug/mg for the same reason 

(although they are equivalent). Finally, the equation 

., incorporating these variables should be: 
6 

f 

P@ 
\ 

Ir = (Cai) (RV) 4 (Tai) (A) /Wa 
\ ' . .  
\ 

To obtain the correct units for Ir: 

(g/m3) (m3/day) (mg/g) ( l / W  = mg/kg/day 

The reported equation has the variable (A) incorrectly in 

the denominator. Were the calculations in the SEIS made with 

the reported equation? - 
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15. Page 1-29, Table 1.1.4.5, Calculation of the Ambient Lead 

Concentration at Receptor Site. The equation used for these 

calculations shows 2*pi rather than the square root of 2*pi as 

required (see equation 1-37, Page 1-14). However, the actual 

estimate does use the square root value in arriving at the 

average concentration estimate. This equation should be 

corrected. 

16. Page 1-32, Intake by Beef Cattle. The parameter '49.21" 

, . ,~ 
is assumed to be the variable (Qw) referenced in Table 

,' .?,: ., j..., 1.1.4.5, however, the value reported is 49.0 l/day. Is there " & ::. 
!., y, any significance to this inconsistency? 

. i : 
i f  ! .  

'. ii : . . 
17. Page 1-35, Waste Porosity. The void ratio, e = Vv/Vrs, is 

not clear.- Is the term Wrs" actually "Vs" defined as the 

solid volume? If not, then what is "rsn? Should not the 

equation be e = Vv/Vs? 

18. Page 1-25 to 33, Lead Pathway Analysis. The reported 

value for the concentration of Pb in the drilling mud (3.6E-5 

g-Pb/g-mud) agrees with our estimate (3.602E-5 g/g) assuming a 

mud density (2g/cc), 22,000 gal (1.66538 g), and 6 Kg of Pb in 

the mud overall. Two values of air concentration at the 

designated distance downwind (500 m) are obtained depending on 

the values of Ty and Tz. Using the reported values (Ty = 57.68 
m, Tz = 40.92 m), a value of 5.15E-15 g/m3 is obtained which 

compares with the reported value (5.16E-15 g/m3) quite well. 

The value obtained when using the recalculated values of these 

parameters under the conditions specified (Ty = 53.67 m, Tz = 
36.36 a) yields a slightly higher estimate (6.233-15 g/g). The 

SEIS text is inaccurate because it confuses g/m3 with ug/m3 in 

several locations (Page 1-27). Also, when radionuclides were 

being considered, a steady-state concentration of radionuclide 



soil concentrations was used as a result of deposition at the 

receptor site (100 years). Why was only one year of Pb 

deposition utilized in these analyses assuming parallel 

exposure scenarios? The reported air deposition at the site 

after one year (1.63E-9 g/m2) compared with our estimate 

(1.62E-9 g/m2). However, assuming steady-state accumulation 

and a Pb loss rate from the plow layer equal to l.lE-4, then a 

concentration of 1.45E-5 g/m2 results over a 100-year period as 

described earlier for radionuclides. Estimation of Pb 

concentration uptakes in mg/kg/day for beef cattle via this 

pathway is based on the following assumptions: 

Soil Pb Concentration = 1.45E-5(g-Pb/m2)/280(Kg-s/m2) 
= 5.2E-8 g/Kg (CPb) 

soil-Plant Transfer Factor = 0.1 Kg-p/Kg-s (SPF) 
Forage-Meat Transfer Factor = 3.OE-4 d/Xg-meat ( M F )  
Forage Consumption Rate = 15 Kg-p/d (FCR) 
Feeding Period t o  Slaughter = 200 d (FP) 
Biological Half-Time = 1460 d (TB) 

The concentration in beef after one day of feeding, g/Kg- - 
meat, CBD is estimated as: - 

CBD = CPb*SFP*FMF*FCR 

CBD = CPb+SPF*FnF+FCR 

i t  
= 2.3E-11 g/Xg-meat 

i 

The concentration in beef after 200 days, g/Xg-meat 

(CB2OOD) is estimated as: 

This analysis agrees with the statement in the SEIS that 

this pathway contributes an insignificant Pb burden to humans. 



Pathway analysis on plant food consumption yields comparably 

low values as well, even after steady-state soil concentrations 

are reached. 

The calculation involving the inhalation of Pb by humans 

is flawed in the following ways: 

A. The relationship used is in error. The relationship 

requires the conversion factor 1000 mg/g to be in the 

numerator: 

Ir = Ca (g/m3) *RV(m3/d) *TaltA(mg/g) /Wa (Kg) 

= mg/Kg/day 

B. The concentration employed is 5.163-9 g/m3 which is 

5.16E-9 ugjm3; thus, the value 5.16E-15 g/m3 is correct. 

The calculation yields, (5.16E-15)(20)(.35)(1000)/70 = 5.16E- 
13, which yields the reported value by coincidence. In 

addition, there are two sets of units for RV. 

19. Page 1-30, Transport of Pb From Stock Water to Beef Cows. 

The reported concentration of Pb in stock vell water (2.31 

mg/l) vas obtained from a 10 mg/l prediction of SWIFT-I1 

alloving for lateral dispersion of 4.2 which gives an estimate 

of 2.38 mg/l from the ratio 10/4.2. The correction for 

dispersion was not mentioned in connection vith radionuclide 

concentrations, and the SEIS should document that SWIFT-I1 does 

not make this correction in its operation. The following 

assumptions were used to predict the transport of Pb from well 

water to beef cattle: 

Concentration of Pb in Well Water = 2.31 mg/l (CPbW) 
Water Consumption Rate = 49 Kg/d (WCR) 
Water-Heat Conversion Factor = 3.OE-4 d/Kg (W) 
Feeding Period to Slaughter = 200 d (FP) 



Biological Half-Life = 1460d (TB) 

The concentration of Pb in beef after 1 day of drinking 

water, mg/Kg-meat (CBD) is estimated as: 

CBD = CPbW*WCR*WMF 

= 0.034 mg/Kg-meat 

The concentration in beef after 200 days, mg/Kg-meat 

(CB2OOD) is estimated as: 

The reported concentration is equal to that estimated 

using one day of drinking water. However, the concentration 

after 200 days of drinking is 191 times higher than that - 
reported. Therefore, the daily intake of Pb by humans is 

- 

2.79E-3 mg/Kg/day instead of the reported value (1.46E-5 

mg/Kg/day) . The corrected hazard index (HI) is equal to 6.4 

which indicates that the EPA Standard is exceeded in this 

scenario by this amount. 



ATTACHMENT 1 

Informal Analysis of WIPP Capacity for CH and R H  Wastes 

S. E. Logan, May 1989 

Reference volumes used in calculations are as follows: 

m3 ft3 Drum Equivalents 

55 Gallon Drum 0.208 7.35 1 

Standard Waste Box 1.798 63.51 8.64 

RH Canister 0.850 30.02 

WIPP llCapacityl': 

RH TRU 2.535 

CH Waste v '- 

The capacity of 3 room is generally stated to be 6,000 

- drums. A review of the CH Criticality Safety Analysis report, 

shows that 6,750 drums can ideally be accommodated in a room if 

the slip sheet alignment tabs are oriented lengthwise in the 

room with alternate seven-packs staggered for close packing. 

This is essentially 15 drums wide, 150 drums long, and three 

tiers high. Allowing for some over packed drums and 

emplacement anomalies, the 6,000 value appears to be a 

reasonable average. 

An array of Standard Waste Boxes (SWB) six boxes wide, 

average of 55 boxes long, and three tiers high, representing a 

total of 990 boxes, can be accomplished if half of the boxes 

are placed lengthwise and half are placed crosswise across the 

room width. However, if seven boxes are placed with the small 

dimension across the room by 50 boxes long, 1,050 boxes can be 

placed in a room using three tiers (700 boxes with two tiers). 

But, the CH Criticality Analysis is ambiguous about whether two 



tiers or three tiers will be used. 

The capacity of a room becomes: 

Drums Boxes Drum Equivalents 

Drums, maximal 6,750 

nominal 6,000 6,000 

SWB, 3 tiers 1,050 9,072 

2 tiers 700 6,048 

The CH waste storage areas are calculated to be as 

follows: 

One room 

One panel - 11,664 

Total, 8 panels 93,308 

Central zone 20.382 

Total 113,690 

These areas include the effect of area 1oss.to isolation 

plugs, except no isolation plugs are included for division of 

the central zone into two halves (division is indicated in the 

SEIS) . 

The multiplier for total capacity as compared to the 

capacity of one room is: 

This assumes that the areal efficiency is the same 

throughout the CH storage area, although it has not been shown 

that drifts as narrow as 14 feet can accommodate seven-packs 

and SWB's with the same packing efficiency as in the 33 foot- 

wide rooms. Using the above multiplier, the WIPP capacity 
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becomes: 

Number Drum Equivalents ft3 

as drums 741,600 741,600 5.45E6 

All as SWB, 2 tiers - 86,520 747,533 5.49E6 
3 tiers 129,780 1,121,299 8.24E6 

The draft source term document (DOE, 1988) indicates that 

the projected division by volume between drums and the SWB is 

65% in drums and 35% in the SWB (number of containers 94.2% 

and 5.8%, respectively). 

Some calculations are needed at this point. 

Let D = number of drums 

DT = total number if drums (741,600) 

B = number of boxes 
l ' t .  

-a- BT = total number if all boxes (129,780 in 3 tiers, 
/' ,:;;~, 

: t < ,  - .  ,.. , , 

! i; .'. 86,520 in 2 tiers) 
{, 8 \.. ~d = volume of drum, ft3 (7.35) 
i!' 

Vb = volume of box, ft3 (63.51) 

C = total waste volume capacity of WIPP, ft3 

Then, for 65% by volume in drums, and 35% by volume in 

boxes : 

Solving equations 1 through 4 for D, B, and C, the 

following results are obtained for numbers of drums and boxes, 

and WIPP waste volume capacity: 



Number Drum Equivalents ft3 

546,951 546,951 4.020E6 
- 

Drums 

3 Tiers of Boxes 34.076 294.417 2.164E6 

Total 581,027 841,368 6.184E6 

Drums 483,741 483,741 3.555E6 

2 Tiers of Boxes 30,115 360.194 1.912E6 

Total 513,656 743,935 5.468E6 

Note that here waste volume is taken to be container 
volume. On this basis, the WIPP has a capacity approximately 

equal to the generally stated 6.236 ft3, providinq at least 

5.8% of the containers (35% of the volume) is emplaced in 

SWBvs, and that all SWBvs are placed three tiers high. If only 

two tiers of SWB's are used, the WIPP capacity is less than 

5.5E6 ft3 regardless of the drum/SWB mix. Adding isolation 

plugs in the central zone reduces storage area by approximately 

600 m2 or 0.5% of the total. This eliminates about 3,900 drum 

equivalents of storage space. This decreases the drum/3- .A 

tiers-of-SWB total from 841,368 drum equivalents by 3,900 to 

837,468 drum equivalents (6.155 x lo6 ft3). 

If we adjust the total waste volume slightly from 6.155 x 

lo6 ft3 to the "designw 6.2 x lo6 ft3 (a factor of 1.0073), it 
corresponds to adjusting the calculation basis of 6,000 

drums/room up to 6,044 drums/room. The net WIPP capacity then 

becomes as follows: 

Number Drum Equivalents ft3 

Drums 548,361 546,361 4.0336 

3 Tiers of Boxes 34.164 395.176 2.1736 

Total 582,525 843,537 6.2036 

Recently, major W E  documents have emerged, notably the 

SEIS, that erroneously interpret the 6.236 ft3 "waste capacityvv - 
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of WIPP to be the volume of settled contents of containers 

instead of the volume of the containers themselves. Using an 

average nfullness** of SO%, this leads the SEIS to increase the 

number of drums by a factor of 1/0.80 = 1.25, which would 
increase the actual capacity of 843,537 drum equivalents (with 

3-tier SWB component) to a fictitious 1.05 million drums (the 

SEIS uses 1.10 million). There simply is no snace for the 

'textrat* 256,463 drums! 

RH Waste 

The WIPP capacities for RH waste are generally stated as 

250,000 ft3 or 6,000 canisters. At 30 ft3 per canister, the 
r.* two values are not consistent. 250,000 ft3 represents 8,300 

canisters, and 6,000 canisters represents 180,000 ft3. The 

planned nominal spacing is eight feet along CH storage walls. 

The total CH storage perimeter has been calculated to be 26,000 

m, including the central zone between the two sets of panels. 

This would indicate a maximum number of horizontal RH storage 

holes, on 8-foot centers, of 10,663. Subtracting 672 to avoid 

interference at 336 corners and 100 for possible isolation 

plugs added in the central zone leaves a capacity, with full 

wall utilization, of 9,890, though some reports indicate the 

total requirement is for about 4,800. Looking at this another 

way, utilizing 8,300/9,890 = 84% of the available wall for RH 
would provide for 250,000 ft3, 61% of the wall would provide 

for 6,000 canisters, and 49% of the wall would provide for an 

expected 4,800 canisters. If the central zone is not available 

for RH emplacement (can the hole boring and emplacement 

equipment operate in a 14-foot-wide drift?), the wall perimeter 

is reduced 29% to 18,439 m and the corresponding number of 

emplacement holes is limited to 7,562 - 416 = '7,146. This 

would accommodate 2.1535 ft3 of RH waste (will not accomodate 

2.535 ft3). Some of this potential RH storage wall perimeter 

may not be accessible after experimental emplacement of CH 

waste. If longer holes are bored to accept two or more RH 



canisters, additional wall perimeter becomes unavailable to 

avoid interference, but a net increase in emplacement can be - 
obtained. 
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FOREWORD 

The purpose of the Environmental Evaluation Group (EEG) is to conduct an independent 

technical evaluation of the Waste Isolation Pilot Plant (WTPP) Project to ensure the protection 

of the public health, safety, and environment. The WIPP Project, located in southeastern 

New Mexico, is being constructed as a repository for permanent disposal of transuranic 

(TRU) radioactive wastes generated by the national defense programs. The EEG was 

established in 19-3 with funds provided by the U.S. Department of Energy (DOE) to the 

State of New Mexico. Public Law 100-456, the National Defense Authorization Act, Fiscal 

Year 1989, Section 1433, assigned EEG to the New Mexico Institute of Mining and 

Technology and continued the funding from DOE under contract DE-ACW79AL10752 as 

DE-AC04-89AL58309. 

- 
EEG performs independent technical analyses of the suitability of the proposed site; the 

design of the repository, its planned operation, and its long-tenn integrity; suitabiity and 

safety of the transportation systems; suitability of the Waste Acceptance Criteria and the 

generator sites' compliance with them; and related subjects. These analyses include 

assessments of reports issued by the DOE and its contractors, other federal agencies and 

organizations, as they relate to the potential health, safety and environmental impacts from 

WIPP. Another important function of EEG is independent environmental monitoring of 

background radioactivity in air, water, and soil, both on-site and in surrounding communities. 

Robert H. Neill 
DiIector 
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A decision by the U.S. Department of Energy (DOE) to proceed with the disposal of 

transumnic waste at the Waste Isolation Pilot Plant will require the DOE to determine 

compliance with Standards (40 CFR 191) issued by the Environmental Protection 

Agency (U.S. EPA, 1985).' The Standards refognize that future exploration for 

natural resources sometime during the next 10,000 years could disrupt the integrity 

of the repository and release radionuclides to the biosphere and require consideration 

of inadvertent human intrusion. The Standards appear to allow the assumption that 

active institutional control wil l  completely deter human intrusion for 100 years. At 

the WIPP, the DOE has assumed active control will prevent any human intrusion 

, during this period. After 100 years, the Standards allow credit for passive 

institutional controls such as public records and markers to reduce the risk of human 

intrusion. 

The U.S. Department of Energy (DOE) documentation wcrlooked two active oil and 

gas leases and a gas well within the WIPP Site Boundary in spite of lease, drilling, 

and production records filed by the oil company with the federal government; a 

condemnation suit filed in civil court by the federal gwernment in 1977; a 

Consultation and Coopmation Agreement between the State of New Mexico and the 

federal gw~nment;  a Memorandum of Understanding between agencies of the federal 

government ncogniting the existence of these leases; technical reports funded by the 

federal govunlmat on area oil and gas resources; and the visible existence of a 

producible gas well from the south access highway to the WIPP facility. 

'The DOE has sole regulatory authority to make a detennination of compliance 
of the WIPP fadlity with Environmental Protection Agency @PA) Standards and 
proceed with the WIPP as a repository. Legislation pending before Congress would 
transfer that authority to another agency. 



Several important DOE documents are either incorrect, silent, or inconsistent on the 
A 

existence of these leases. For example, the F i  Environmental Impact Statement 

(FEIS, U.S. DOE, 1980, pp. 8-8-8-10) identifies the oil and gas leases held by ten 

companies in March 1979, yet the 1952 Conoco and 1957 Bass leases in the southwest 

comer of the WIPP Site on Section 31 are not mentioned. The WIPP Final Safety 

Analysis Report (WPP FSAR, U.S. DOE, 19%, Section 2.1.1. I), incorrectly states 

that there are no active oil and gas leases within the WIPP Site Boundary and fails to 

chart the intruding well on its map of producible oil and gas wells. The DOE No- 

Migration Variance Petition to the EPA incorrectly states that the DOE has purchased 

all oil and gas leases in the area of the WIPP site to prevent any exploration now and 

in the future (U.S. DOE, 1990b). The Secretary of Energy's Decision Plan 

monitored the status of an active potash lease until it was purchased by the DOE but 

remained silent on the active oil and gas lease issue even after an article in the 

Albuquerque Journal raised the issue (McCutcheon, 1990). The recently published 

DOE Implementation of the Resource Disincmtive document, (US. DOE, 1991) is 

inconsistent on the number of active oil and gas leases within the WIPP Site Boundary -_ 
and on the production status of the forgotten gas well. 

, . 
!, The actual experience of forgotten oil and gas leases at the WIPP strongly suggests 

d that the U.S. Environmental Pratection Agency and the US. Department of Energy 

need to reexamhe the assumption that active institutional control wil l  be completely 

effective for 100 years after disposal and how much credit should be taken for passive 

institutional control between 100 and 10,000 years. The EPA Standards should 

require the implementing agency to publish specific plans on how the agency intends 

to maintain active institutional control. Even in the absence of such a nquirement, 

the DOE should publish plans now that specify in detail how the Department intends 

to maintain control at the site for 100 years after decommissioning and describe how 

that control will completely deter human intrusion. F i y  the DOE needs to describe 

in detail their passive institutional control svstern and show how it will provide a 

deterrence to inadvertent human intrusion after 100 years. 



1.0 STA- OF PROBLEM 

Most analyses of the safety of a nuclear repository identify scewios of inadvertent 

human intrusion for natural resource exploration as the most likely mechanism to 

return unwanted radioactive residuals to the biosphere. The question arises as to how 

long our institutions would maintain knowledge of the repository as a deterrent to an 

unplanned release. The U.S. Environmental Protection Agency (EPA) has issued 

Standards (US. EPA, 1985) which allow the implementing agency to take credit for 

active institutional control, for up to 100 years after decommissioning. Beyond 100 

years, the EPA Standards allow credit only for passive institutional controls such as 
,-*- . markers, public records and archives, govemment ownership and regulations 

g" g;:: 
regarding resource use and other methods of preserving knowledge. 

i, 
%\ b .  
\. 

On November 3, 1990, the Albuquerque Journal reported the rediscovery of a natural 

gas well that had been completed beneath the WIPP Site Boundary. 

lDepartment of Emrgy] Officials had previously believed that they had 
acquired all existing mineral leases at the site. as part of their push to open 
WIPP for testing .... officials had known of the well years ago but 
rediscovered its existence only recently.. . . Department records indicate the 
well was drilled in about 1981 or 1982 after its owners obtained permission 
from the federal Bureau of Land Management, the current owner of WIPP's 
land .... After the well was fvst drilled, its owners decided to slant it 
underground, still -ng it off the site, officials said. When WIPP's 
geographic configuratiom were later remapped, the bottom of the well wound 
up appearing inside the underground boundary of WIPP lands .... 
(McCutchwn, 1990). 

This report focuses on the history of two oil and gas leases and one well completed 

within the WIPP Site Boundary that were overlooked by the DOE for several years. 

The incident is important because it indicates that active institutional control and 

passive institutional control, such as markers and records, do not always deter 



unwanted drilling activity or ~ffectively wnvey necessary information to decision - 
makers. The report addresses the question of whether the EPA and the DOE are 

assuming more credit for the deterrent value of institutional wntrols than is 

warranted. 

The decision by the DOE to use the WlPP as a repository for defense transuranic 

waste will depend in part on results of performance assessment analyses required by 

the EPA Standards (40 CFR 191). The performance assessment analyses calculate the 

probabiity and quantities of radionuclides released into the accessible environment for 

different breach scenarios within the first 10,000 years afta disposal. The Standards 

for disposal of radioactive waste were issued by EPA in November 1985. Subpart 

B was vacated by the First C i u i t  Court of Boston in June 1987. EPA is not 

expected topromulgate the revised Standards before mid-1993 (SNL, 1991). Until 

the revised Standards are available, the State of New Mexiw and the U.S Department 

of Energy have agreed to use the 1985 Standards as a basis for performance 

assessment planning (U.S. DOE, 1981). At the present time, the Department of - 
Energy has the sole authority to use the analyses to determine if the DOE WIPP 

%, 

facility complies with the Standards yet to be repromulgated by the EPA. The 
8 I 

remanded Standards required the wnsequences of inadvertent human intrusion to be 

calculated because such an event au ld  significantly disrupt the integrity of a 

repository. 

Guidance to the Environmental Protection Agency's Environmental Strmdards for the 

Managanent and Disposal of Spenr Nuckar Fuel, High-Level and Transumnic 

Riadbdw Wartcs, 40 40 191 (U.S. EPA, 1985) allows credit to be taken for 

active institutiod control when making assumptions about the frequency and severity 

of human intrusion into the repository. Specifically, the Guidance states ". .. the 

implementing ageocy will assume that none of the active institutional wntrols prevent 

or reduce radionuclide release for more than 100 years afta disposal" (U.S. EPA, 

1985, p. 38088). The statement in the latest working draft of the Guidance remains 



unchanged (U.S. EPA, 1992, p. 30). This Guidance appears to allow the repository 

operator to assume that active institutional control will deter all inadvertent human 

innusion. In the WIPP performance assessment calculations, Sandia National 

Laboratories (SNL) has assumed active institutional control will be maintained for 100 

years and this control will be 100 percent effective in deterring human intrusion 

(Sandia National Laboratories, 1991, p. 2-5) even though the DOE has made no 

commitment to maintain active control at the WIPP for any specific length of time. 

This report does not address the issue of whether the "forgotten" gas well, which is 

completed within the WIPP Site Boundary, is a harard to the long-term safety of the 

repository. Only the implication of the effectiveness of institutional controls is being 

addressed. 



2.0 INTRODUCTION 

The Waste Isolation Pilot Plant (WlPP) is ultimately intended to serve as a repository 

for the safe disposal of transuranic waste generated by the defense activities of the 

United States Government. The anticipated inventory includes a maximum of 

176 000 cubic meters (6.2 million cubic feet or 850,000 drum equivalents) of wntact- 

handled transuranic (CH-TRU) waste and about 7100 cubic meters (250,000 cubic feet 

or 8,000 canisters) of remote-handled transuranic (RH-TRU) waste. The CH-TRU 

waste is estimated to contain 9 million curies of activity. The activity of the RH- 

TRU waste is limited to 5.1 million curies. 

The repository is located in the Los Medaiios area in southeastern New Mexico, 17 

miles (28 kilometers) east-northeast of the city of Loving and 25 miles (40 kilometers) 

east of the city of Carlsbad and the repository is sited at a depth of 2,150 feet (655 

meters) in the lower part of a 1,970-foot (600 meters) thick salt formation. 

- 
The area of land that lies within the WIPP Site Boundary is a square four miles (6.44 

kilometers) on a side. It contains 10,240 anes (4144 hectares) including Sections 

15, 16, 17, 18, 19, 20, 21, 22, 27, 28, 29, 30, 31, 32, 33, and 34 in TUS, R31E. 

NMPMinSoutheasternNewMexico(U.S. DOE, 1 m ,  Section2.1.1.1) 

Figure 1 illustrates the WIPP boundary and the areas of Zone I and Zone II. Zone 

I contains the WIPP facility surface structures, is surrounded by a chain link fence, 

and covers about 35 acres (14 hectares) in Sections 20 and 21. Zone II defines the 

maximum extent of the area for underground development. The WIPP Site Boundary 

provides a minimum one mile (1.6 kilometers) buffer area of intact salt around Zone 

n (u.s. DOE, 19%. Section 2. I. 1.1). 



Figure 1. 1990 Zone I, Zonc II, and W P  Site Boundaries. From Figure 2.1-3, 
WlPP FSAR. (U.S. DOE, 1990a, reproduced with permission). 



Although the designations of Zone III and Zone lV are no longer used, they merit a 
h 

brief description because much of the initial WIPP documentation refers to these 

zones. The location of Zones III and IV are shown in Figure 2. 

Zone 111 essentially provided a one-mile (1.6 kilometer) buffer around Zone II. In 

Zone III, all mining, other than for the repository, and deep drill holes penetrating 

through the evaporites were prohibited (U.S. DOE, 1980, p. 8-4). 

Zone N provided a one-mile (1.6 kilometer) buffer around Zone III. Within Zone 

IV, conventional potash mining would be permitted but solution mining was 

prohibited. Deep drill holes were also allowed but water flooding and massive 

hydrofracture for hydrocarbon recovery would not be permitted. The F i  

Environmqtal Impact Statement also noted existing oil and gas wells producing in this 

zone will be pennitted to continue through their useful lives. To protect the 

repository, they will be sealed as prescribed by the DOE when abandoned. New wells 

for oil and gas production may be drilled in conformance with DOE standards to 

facilitate eventual plugging (U.S. DOE, 1980, p. 8-4). 

When Zone N was relinquished by DOE as being unnecessary, the Zone III boundary 

was "squared off and the new site boundary extended into the former Zone IV at the 

four corners (Weart, 1990). Hence, the cunmt four mile (6.44 kilometers) by four 

mile WIPP Site Bounds$ also provides the onemile buffer originally established as 

Zone III. 

+rhroughout this report, the term "WIPP Site Boundary' refers to the four mile 
by four mile area described above and the term "WIPP Site Area" refers to the - 
approximately thirty-two square mile area that includes all of Zone IV. 



Figure 2. 1 9 ~  -& ac. at the W P P  SL. @sas, U.S. ME, lw* 
nproduced with *on). 



3.0 REPORTS ON PETROLEUM RESOURCES AND LEASES 

EPA's requirements for establishing a repository in a resource rich area were clearly 

stated in 40 CFR 191.14(e): 

Places where there has been mining for resources, or where there is 
a reasonable expectation of exploration for scarce or easily accessible 
resources, or where there is a significant concentration of any material 
that is not widely available from other sources, should be avoided in 

r( 

selecting disposal sites. Resources to be considered shall include 
1 . , minerals, petroleum or natural gas... . Such place shall not be used for 

r s  

disposal of the wastes covered by this part unless the favorable 
characteristics of such places compensate for their greater likelihood 
of being disturbed in the future (U.S EPA, 1985). 

From 1976 through 1980, SNL published several reports on the mineral resources 

in the Los Meda5os area. Each discussed oil and gas resources. 

A-report by the petroleum consulting firm of S i p ,  W m s o n ,  and Aycock, Inc. 

(Keesey, 1976) focused on estimating the remaining economically recoverable oil 

and gas reserves underlying the proposed disposal site. The evaluation was intended 

to serve as a guideline to SNL in determining the acceptability of the "site area" and 

the potential value to the owners of the hydrocarbon rights. 

Griswold's (1977) subsequent evaluation of site selection and mineral resources 

incorporated the information provided by Keesey (1976). 

Powers, et al. (1978) preparrd the geological characterization report for the WIPP 

citing the work of Keesey (1976) and Griswold (1977) as well as earlier work by 

Foster (1974). 



Keesey (1977) provided a more detailed analysis of the hydrocarbon resources 

including those in Section 31, T22.5, R31E, the section containing the active gas 

leases in the southwest comer of the current WIPP Site Boundary. The study was 

limited to surface and subsurface rights to 6,000 feet (1829 meters), which were 

eventually condemned and purchased by the federal government in 1979. The 

evaluation did not include the deeper resources. 

Keesey (1979a) evaluated the feasibility of directionally drilling for oil and gas 

resewes under the WIPP Site Area, which, by previousdefinition, included Zone IV. 

It was technologically feasible to driU into gas and condensate resewes underlying the 

WIPP Site Area from outside the WIPP Site Area. 

Keesey (1979b) updated the estimated potential hydrocarbon reserves and asscciated 

costs and in&mes for oil and gas underlying the WIPP. The estimates were intended 

for use in the Environmental Impact Statement for the WlPP being prepared by 

Westinghouse Electric Corporation. The estimates were not intended to represent 

future net revenue values normally used by the petroleum industry to determine the 

fair market value of oil and gas producing properties. The undiscounted value of the 

gas and condensate reserves underlying the WIPP Site Area (including Zone IV) was 

determined to be $287,502,346 (Keesey, 1979b, p. 6; U.S. DOE, 1980, p. 7-72). 



4.0 HISTORY OF NATURAL GAS EXPLORATION AND PRODUCTION - 
The WIPP site is situated in the northern portion of the Delaware Basin. While there 

were no oil or gas wells within the 32 square miles (8288 hectares) of Zone IV in 

1976, oil and gas were being y-oduced from 60 wells in a 368 square-mile (95 312 

hectares) area surrounding the site. Although the area was considered to be 

potentially rich in hydrocarbon reserves, extensive deep drilling had not been ventured 

in the New Mexico portion of the Delaware Basin. Only 10 to 15 percent of the 

available acreage had been investigated. The lack of more complete drilling and 

development was attributed to several factors including historically restrained gas 

prices, a higher exploration risk due to the varying depositional environment, a lack 

of readily available pipelines during earlier periods, and moratoriums on drilling in 

the potash areas to,pmrent methane gas from entering potash mines (Keesey, 1976; 

Powers et al., 1978). 

As noted by Griswold (1977), the energy crisis of the mid-1970's had driven up the ,-. 

of natural gas at least fourfold in just two years, prompting a renewed interest 

in previously unamactive arcas. In 1977, deep exploratory drilling for natural gas 

was underway throughout the Delaware Basin. Just prior to the publication of 

Griswold's report, three different companies applied for drilling permits in the Los 

Medaiios site area. 

Known petroleum production in the area extended from the Delaware Formation 

(mean depth 4,200 feet, 1280 meters) down to the Momw Formation (mean depth 

13,400 feet, 4084 metas). The deeper Morrow sandstones and the overlying Atoka 

sandstones of the Pennsylvanian series held the best promise for commerciai .atural 

gas production (Griswold, 1977). 



In addition to several single well fields, there were two major producing fields in the 

Los Medaiios area. Five wells were producing gas from the Morrow Formation in 

the Cabin Lake field just northwest of the WIPP site. A five-well field, the Los 

Medaiios Field, was producing gas from both the Morrow and the Atoka Formations 

just southwest of the WZPP site. 

4.1 Shell James Ranch Unit No. 1 - A Prolific C ~ F  Well 

A very productive gas well is located two thousand feet (610 meters) west of the 

WIPP site in the southwest corner of Section 36, T22S, R30E. The location is shown 

in Figure 3. Known as the Shell James Ranch Unit No. 1, the well was drilled, in 

1957, to a total depth of 17,555 feet. The well was completed in the 12,920 to 

12,929 foot (3938 to 3940 meters) interval for production of gas and oil condensate 

from the L& ~edaiibs-~toka Formation and has been producing since 1958. 

The well has been proLific throughout its production history. Initial twenty-four hour 

production was 9,000 MCF gas and 104 BBLs condensate.' As of mid-1976 

cumulative production exceeded 17,000,000 MCF (481 000 000 cubic meters) of gas 

and 200,000 barrels (32 000 cubic metas) of condensate. The gas production rate 
*a", 

F ,. from that single well in 1976, was wer 100,000 MCF (2 800 000 cubic meters) per 

month. Keesey (1976) calculated the James Ranch Unit No. 1 would ultimately 

recover 35,900,000 MCF (1 biion cubic meters) of gas and 425,000 barrels (68 000 

cubic meters) of amdensate.' The history of gas and condensate production since 

1970 is shown in F i  4. 

'An MCF is equal to one thousand standard cubic feet (28.32 cubic meters) of 
gas. A BBL is equal to one banel (0.159 cubic meters) of oil or condensate. 

'As of August 1,1991, production records filed with the U.S. BLM for the James 
Ranch Unit No. 1 show that cumulative gas production has exceeded 25,000,000 
MCF and condensate oil production has exceeded 270,000 BBLs. 



Figure 3. Five Gas W d s  Outside Southwest Coma of WIPP Site in 1977. Jam# 
Ranch Unit No's 1, 3, 4, 7 and Hudson Federal No. 1 el). (after 
Grinvold, 1977, Figure 4, highlighted and reproduced with pamission.) - 



Figure 4. Gas and Oil Production from 1965 - 1991; James Ranch Unit No. 1. Data 
provided by Roswell District Office, U.S. BLM, 1992. 



By 1977, the Shell James Ranch Unit No. 1 was flanked by an arc of four other wells .- 

on the south and west that essentially failed to tap the Atoka reservoir. The four 

wells were initially completed in the deeper Morrow Formation (Griswold, 1977). 

Figure 3 shows these wells included the Hudson Federal No. 1, Belco's James Ranch 

Unit No. 3, Belco's James Ranch Unit No. 4, and Conoco's James Ranch Unit No. 

7. 

4.2 Natural Gas Beneath the WIPP Si& 

A faulted anticline controls the Morrow reservoir in the Los Medaiios field, southwest 

of the WIPP site. This same structure probably persists up into the Atoka and both 

reservoirs probably extend toward the northeast (Griswold, 1977). 

Analysis of production decline curves through 1976 for the James Ranch No. 1 well 

indicated the well was probably draining at least five square miles (1300 hectares). 
1. 

That observation, coupled with the favorable geologic structure and the failure of 

wells drilled to the west and south, further suggested that wells drilled to the north- 

east would have a high chance of success (Keesey, 1976; Griswold, 1977; U.S. DOE, 

As part of the hydrocarbon nswr~e evaluation, potential drilling sites were selected 

based on the structure amtours of the Morrow Formation. Depending on the geologic 

structure and distance from producing wells, the potential drilling sites were ranked 

as either 1) proved undeveloped, 2) probable, or 3) possible. Proved undeveloped 

reserves identified commercially recoverable hydrocarbons to be recovered from new 

wells on undrilled acreage or from existing wells requiring a major expenditure for 

recompletion or new facilities for fluid injection. (Keesey, 1976; Griswold, 1977, 

U.S. DOE, 1980). 



The two locations ranked as "proven undeveloped" were north and east of the Shell 

James Ranch No. 1, as shown in Figure 5. The production data and geologic 

information available in 1976 indicated that much of the natural gas being produced 

from the Atoka Formation came from beneath the defined WIPP Site Boundary and 

the best place to drill a well would be in Section 31, T22S, WlE, which is precisely 

where the two active gas leases beneath the WIPP site are located. 

Keesey (1976) noted that the drilling and completion of additional wells northeast of 

the Shell James Ranch No. 1 would only enhance the rate of recovery of the Atoka 

reservoir now being drained by the one well. Ultimate recovery would remain about 

the same. 

4.3 Earlv History of Lea= 

In May 1952, Confinental Oil Inc. (Conoco) obtained an oil and gas lease CNMpM 

Lease # NM 02953) that included all 640 acres (259 hectares) of Section 31, T22S, 

WlE. In June 1953, the area was approved by the U.S. Geological Survey 

(U.S.G.S.) as the James Ranch Unit. Sid Richardson and Perry R. Bass were 

designarzd Unit operators.J 

As discussed above, Shell Oil Company drilled the James Ranch Unit No. 1 in 1957, 

on Section 36 just west of the Conoco lease. Shell began prolific production of gas 

and condensate from the newly discovered resources in the Atoka Formation in March 

'Information about drilling applications, completion records, pipelinemections, 
production records, and official memoranda concerning these leases was obtained 
from U.S. Bureau of Land Management Offices in Rowell, New Mexico and Santa 
Fe, New Mexico. 





In February 1959 the Conoco lease on Section 31 was divided. The north half of 

the section remained with Conoco and the south half was assigned to Richardson and 

Bass under lease NM 02953-C. Peny R. Bass was designated the Unit Operator, in 

March 1961. 

Keesey (1976) completed the analysis of hydrocarbon reserves for SNL, effwtive 

September 1, 1976, in which he concluded: 

that the Los Medaiios (Atoka) reservoir extends north and northeast 
underneath the 'site area' in section 31-22s-31E [Conoco's and Bass's 
undeveloped leases] and 36-22s-ME [Shell's producing lease] (Keesey, 1976, 

P. 16). 

On November 7, 1976, Bass formally fled for a permit with the U.S. Geological 

Survey to drill a well on Section 31. Three days later, November 10, 1976, Con- 

was designated as the operator and local agent for Bass "with full authority to act in 

his behalf in complying with the terms of the lease and regulations.. .." (Bass, 1976). 

On November 11, 1976, the District Engineer for the U.S.G.S., routinely notified the 

New Mexico Division of Lands and Minerals Program and Land Office in Santa Fe, 

New Mexico, of the intent of Bass Enterprises Production company to wmmence 

drilling operations. 

On December 10, 1976, a withdrawal notice appeared in the Federal Regisfer. The 

Energy Research and Development Administration O A ,  precursor of the DOE) 

applied for withdrawal of 17,000 acres (6880 hectares) of public lands in New Mexico 

for a nuclear waste disposal site including the land containing the Bass lease. 



On January 20, 1977, the U.S.G.S Area Oil and Gas Supervisor, James W. - 
Sutherland, approved the Bass application to drill for oil and gas . 

4.5 Court Condemnation of Oil and Gas Leases at the WIPP Site 

On February 9, 1977, the U.S. Government, at the request of the Acting 

Administrator for the ERDA, filed a complaint in civil wurt (Case # CIV 77-071 B) 

against Bass Enterprises et al. condemning their oil and gas lease from the surface to 

a depth of 6,000 feet (1829 meters) for the south& half of section 31. 

On April 4, 1977, the U.S. BLM Assistant Solicitor of Lands, John J. McHale, 

informed the I>irector of the U.S. BLM that an attorney for the U.S. ERDA in New 

Mexico had inquired by telephone about the impact of the Federal Land Policy and 

Management Act (FLPMA) on the land status because the issue had been raised in 

litigation. The lessee (Bass) was contending in court that the condemnation of oil and 

gas leases by the Government was illegal, arguing that the Guvemment can only - 
terminate the lease through the lease provisions. The Assistant Solicitor had advised 

the ERDA attorney, that in BLM's judgment, the land should never have been taken 

(McHale, 1977). 

On December 7, 1977, an additional wmplaint was filed in civil court (Case # CIV 

77-776 B) by the U.S. Government against Conow Inc. condemning their oil and gas 

lease from the surface to a depth of 6,000 feet (1829 meters) for the northern half of 

Section 31. 

On February 12, 1979, both cases were senled jointly. The court condemned the oil 

and gas lease from the surface to 6,000 feet (1829 meters) and assigned $1,350,000 

to Conoco, Bass Enterprises, and other defendants as just compensation for these 

leases. 



On December 11, 1981, Bass Enterprises filed a formal application to drill a wildcat 

well, James Ranch Unit No. 13, on Section 6, T-23-S, R-31-E (#NM 02887-D) with 

the intent to deviate north into Section 31, T-224, R-31-E. This section, would fall 

entirely within the defined WIPP Site Boundary fourteen months later. 

On December 14, 1981, James Pettengill, geologist with the U.S.G.S. Office in 

Roswell, filed a review of the drilling application with the U.S.G.S. District Engineer 

in Artesia. The review noted that the "completion location is within the boundaries 

of the Department of Energy's proposed Waste Isolation Pilot Project (WIPP)" 

(Pettengill, 1981). 

On December 16,1981, the U.S.G.S. District Supervisor in Roswell, James G i ,  

issued a memo to the U.S.G.S. Deputy Conservation Manager of Oil and Gas 

transmitting the request to drill and commenting that the "drillsite is not considered 

to be in a politically sensitive area" (Gillham, 1981). 

*I.- 

On December 18, 1981, the U.S.G.S A m  Manager for the Carlsbad Resource Area 

notified the DOE WIPP Project Manager of Bass's application to d d l  and requested 

advice on any special stipulations or concerns by December 28, 1981 (Koski, 1981). 

The DOE Dezember 30, 1981, response noted that the Depaament had obtained 

exclusive use of the surface and uppermost 6,000 feet (1829 maers) of subsurface for 

the specific purpose of preventing any drilling activity in Section 6, N'h,NW%, 

T23S, R31E and Section 31, T22S, R31E. The letter cautioned the BLM that "the 

approval to drill must include the stipulation that Perry R. Bass i s  not permitted to 

drill into the areas demibed above" (McGough, 1981) . 



Following the January 11, 1982, approval by the U.S.G.S. (Reitz, 1982) to drill, - 
drilling started on Febnrary 6, 1982. On September 13, 1982, the well was tested 

and produced 141 MCF of gas for an eight hour period. On September 21, 1982, 

drilling was completed. On February 14, 1983, the Natural Gas Pipeline Company 

of America connected to the well, James Ranch Unit No. 13, for the purpose of 

purchasing gas. The wellhead is shown in Figure 6 with the WIPP Waste Handling 

Building in the background. 

4.7 7me Desienation and Resource Recovery Control 

On February 17. 1983, the DOE WIPP Project Manager notified the Director of the 

Environmental Evaluation Group (EEG) that: 

the configuration of WIPP surface control zones has changed as a d t  of 
the cost duction program, the DOE rrsource management policy and 
Bureau of Land Management land withdrawal action.. . . Descriptions of the 
new control zones are alx, enclosed (McGough, 198%). 

On February 24, 1983, the DOE WIPP Project Manager further informed the EEG 

Director that: 

..' the DOE does not plan to exercise any control over resource m v e r y  
d activities outside the Site boundary and will rely, primarily, on other Federal 

% 
and State regulatory agencies to assure that the WIPP boundaries are not 
violated (McGough. 1983b). 

On Oaoba 28, 1983, the EEG requested a clarification on the DOE's conflicting 

descriptions of the Zone III boundaries and a clarification on the interim controls on 

resource recovery. The EEG was puzzled by the DOE's reference to the new WIPP 

site boundary as Zone III. The EEG was also concerned the resfriction against 

drilling into the first 6,000 feet (1829 meters) was not included in the BLM/DOE 



Figure 6. James Ranch Unit No. 13 with WIPP Waste Handling Building in 
Background. 



Memorandum of Understanding or in the Resource Management Plan. Hence, EEG -. 

suggested that there was no apparent reason for the BLM to enforce the restriction 

(NeiU, 1983a). 

On December 7, 1983, the DOE WIPP Project Manager acknowledged that: 

1. Our February 24, 1983 letter incorrectly identified the WIPP Site 
boundary as beiig the Zone III when in fact the Zone III boundary has not 
changed from that shown in the FEIS. The zone being controlled as regards 
mineral extraction, is the 16 full sections of land as shown in the sketch 
enclosed in our February 17, 1983 letter. These 16 sections comprise the 
area identified in the June 29, 1983 administrative land withdrawal. 

2. All lease rights which have been purchased by the DOE within the site 
boundary have been purchased in their entirety or alternatively we acquired 
only the upper 6,000 feet of the leases to reduce the acquisition cost to the 
DOE and to allow access to potential hydrocarbon resources below the WIPP 
Site. It was not consided necessary to detail this informaton in the -? 

DOEIBLM Memorandum of Undastaading (MOW or Resource Manage- 
ment Plan because the BLM is required to enforce mineral leaskg laws 
which prohibit violation of adjacent (in this case, DOE'S) lease boundaries 
(McGough, 1983c). 

In evaluating the suitability of the WIPP Site, the EEG (Neil1 et a,., 1983, p. iii) 

recommended that 

no potash mining will be allowed in Zones I, 11, and Ill of the WIPP site. 
Deviated drilling 'for oil and gas from outside the WIPP site to rcach under 
the WIPP site at depths greater than 6,000 feet may be allowed. The federal 
government.shall exercise active institutional control at the site for this 
purpose for at least 100 years after repository ~mmiss ion ing .  



The remmmendation was reiterated on December 6, 1983, in a letter from the EEG 

D i i t a r  (Neill, 1983b) to the W P  Project Manager on the suggested wording for 

the First Modification to the Consultation and Cooperation (C&C) Agreement between 

the U.S. Department of Energy and the State of New Mexico. On November 14, 

1984, the State of New Mexico and the U.S. Department of Energy agreed that: 

During facility construction and operation the DOE will not allow subsurface 
mining, drilling or resource exploration from within the WIPP site. The 
'WIPP site' as used here means the 4 x 4 mile (10,240 acres) area consisting 
of sections 15, 16, 17, 18, 19,20,21,22,27,28,29, 30,31,32, 33, and 
34 of Township 22 South, Range 31 East, NMPM, in Southeastern New 
Mexico. 

Deviated drilling for oil and gas from outside the WIPP may be allowed so 
long as the subsinface of the WIPP site is not penetrated above a depth of 
6,000 feet from the surface. 

EEG's recommendation to include a statement that the federal government shall 

exercise active institutional control at the site for at least 100 years after repository 

decommissioning was not included in the modification. Rather, the First Modification 

to the C&C agreement stated that: 

the consultation process concerning the length and extent of the postclosure 
institutional control, shall be negotiated and resolved by the parties in the 
future, and at least one year prior to the start of the decontamination and 
decommissioning of WIPP. 



5.0 TEE M)RGO'ITEN GAS LEASES AND WELL BENEATH THE WIPP 
sm 

The 1984 agreement between the U.S. Department of Energy and the State of New 

Mexiw to allow slant drilling under the WIPP Site changed on August 4, 1987, in 

the second modification to the C&C agreemeiii (U.S. DOE and NM, 1987), which 

states: 

The DOE will not permit subsurface mining, drilling, or resource exploration 
unrelated to the WIPP Project on the WIPP site during facility construction, 
opedon, or after decommissioning. This prohibition also predudes sfant 
drilling6 under the site from within or from outside the site. 

Several important DOE documents are either inwrrect, silent, or inconsistent on the 

existence of the two oil and gas leases and the gas well. For example, the F i  

Environmental Impact Statement (FEIS, U.S. DOE, 1980, pp. 8-8-8-10) identifies 

the oil and gas leases held by ten companies in March 1979, yet the 1952 Con- and - 
1957 Bass leases in the southwest wrner of the WIPP Site on Section 31 are not 

mentioned. The WIPP F i  Safety Analysis Report (WPP FSAR, U.S. DOE, 

1990a, Section2.1.1.1), i n m y  states thattherearenoactiveoilandgasleases 

within the WIPP Site Boundary. M o m ,  the WIPP FSAR (U.S. DOE, 1990a, 

Figure 2.2-1) fails to chart the intruding well on its map of producible oil and gas 

wells. The DOE No-Migration Variance Petition to EPA inco~er.tly states that the 

DOE has purchased all oil and gas lases in the area of the WIPP site to prevent any 

exploration now and in the future (U.S. DOE, I-). Revisions 1 through 5 of the 

SeQetary of Energy's Decision Plan were monitoring the status of an active potash 

lease until itwas purchased by the DOE. Yet Revisions 6 through 10 remained silent 

on the active oil and gas lease issue even after the article in the Albuquerque Journal 

raised the issue (McCutcheon, 1990). The recently published DOE Implementation 

6Emphasis added. 

24 



of the Resource Disincentive document, (U.S. DOE, 1991) is inconsistent on the 

number of active oil and gas leases within the WIPP Site Boundary and on the 

production status of the forgotten gas well. 

5.1 1980 WIPP Final Environmental Im~act Statement 

The WIPP Final Environmental Impact Statement (U.S. W E ,  1980) identifies the gas 

and oil leases held by ten companies in March 1979 at the WIPP Site. Figure 7 

(reproduced from the 1980 W P P  FEIS) does not show the Bass and Conoco leases 

on Section 3 1. While those two leases were condemned in February 1979 from the 

surface to 6,000 feet (1829 meters), the oil and gas leases below 6,000 feet (1829 

meters) did remain valid. 

The DOE'S stated commitment to prohibit slant drilling and the loss of h&vledge 

is also documented in the WIPP F i  Safety Analysis Report (U.S. DOE, 1990a) 

which the DOE describes as the top level document in the hierarchy of the WIPP 

safety documents. The WIPP FSAR states: 

f -  
i .  The area of land that lies within the WIPP Site Boundary and committed to 

the WIPP facility is a square four miles on a side. It contains 10,240 a m  
(16 mi3 including Sections 15-22 and 27-34 in township T22S, R3lE.. . . 

The DOE will not permit subsurface mining, drilling, or resource exploration 
unrelated to the WIPP Project within the WLPP Site Boundary during facility 
operation or after decommissioning. This prohibition precludes slant 

driUing7 under the WIPP f'aciity from within or outside the WIPP facility. 
(U.S. DOE, 1990a, Section2.1.1.1). 

'Emphasis added. 



Figure 7. Oil and Gas Leases Within the WlPP Site according to the DOE m, 
(U.S. DOE, 1980, Figure 8-6, reproduad with pamission). - 



The WIPP Final Safety Analysis Report also incorrectly states: 

... all oil and gas leases within the WIPP Site Boundary have expired (U.S. 
DOE, 1990a, Section 2.1.2.1.3). 

Furthermore, Figure 2.2-1 (Figure 8 in this report) of the WIPP FSAR fails to show 

all of the 1986 operable natural gas and oil wells within a ten mile (16.1 kilometers) 

radius. This figure shows seven wells just outside the southwest corner of the site - 
James Ranch Unit Nos. 1 ,3 ,4 ,  7, 10, 11 and Hudson Federal No. 1. James Ranch 

Unit No. 3 appears to be plotted in the wrong location. At least two wells, James 
-.. - Ranch Unit Nos. 13 and 14 shown in Figure 9, both slant drilled wells, are not shown 

in the WIPP FSAR. James Ranch Unit No. 13 and James Ranch Unit No. 14 were 

not only operable, but each was producing through the entire year of 1986, as shown 

in Figures 10 and 11. 

Table 1 @repand from data provided by the Roswell District Office of the U.S. 

BLM) lists the gas and condensate production from the James Ranch Unit No. 13. 

Production was stopped for one month in July 1985 and again for three extended 

periods of several months beginning in April 1987. Nonetheless, gas and condensate 

were produced for several months in 1987, 1988, and again in 1991. To date this 

well has produced wer 3,000,000 MCF gas. The latest available production records 

in the Roswell District Office of the US. BLM show production of 27,618 MCF gas 

and 164 BBLs condensate for February 1992 (U.S. BLM, 1992). 

James Ranch Unit No. 14 was slant drilled in 1983. The top of the well is located 

in Section 6, T23S, R31E and completed in the Los MedaTios-Momw Formation in 

Section 7, T23S, R31E. S i  production began in December 1983 records through 

February 1992 show this well has produced gas every month except for a two month 

period in 1987. 



Figure 8. 1986 operable N a n d  Gas and Oil Welts, within 10 Mile Radius (WPP 
B A R ,  U.S. DOE, 1990a. F i  2.2-1, nproduced with pumissioa). - 
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Figure 10. Production History of James Ranch Unit No. 13. Data provided by 
Roswell M c t  OfFia, U.S. BLM, 1992. 



la- 

Figure 11. Production History of James Ranch Unit No. 14. Data provided by 
Roswell Diserid Office, U.S. BLM, 1992. 



TABLE 1: PRODUCTION HISTORY OF JAMES RANCH UNJT NO. 13 

DATE 

01/31/83 
02/28/83 
03/31/83 
04/30/83 
0513 1/83 
W30I83 
07131/83 
08/31/83 
09/30/83 
10/31/83 
11/U)/83 
12/31/83 
01/31/84 
02/29/84 
0313 1/84 
04/30/84 
05/31/84 
W W 8 4  
07/31/84 
W 3  1/84 
09/30/84 
10/31/84 
11130/84 
12/31/84 
01/31/85 
02/28/85 
0313 1/85 
04/30/85 
05/31/85 
W30I85 
07/31/85 
08/31/85 
09130/85 
10/31185 
11m85 
12/31/85 
01/31/86 
W 8 6  
03/31/86 
04/30/86 
0513 1/86 
w m 8 6  

OIL 
( B W  

0 
167 
467 
501 
579 
524 
589 
546 
588 
672 
619 
43 1 
539 
508 
615 
555 
580 
567 
557 
548 
481 
562 
549 
569 
543 
393 
507 
437 
526 
410 
0 

207 
302 
250 
m 
33 
126 
189 
160 
316 
212 
241 

GAS 
( M W  

0 
32970 
63373 
66425 
76613 
81409 
82734 
76421 
86647 
91799 
85720 
84334 
93266 
88828 
86519 
86971 
89612 
87216 
88357 
88778 
80027 
89005 
8UM 
8641 1 
so505 
65972 
81783 
74131 
83292 
m 

0 
1391 
43919 
40550 
53275 
3112 
10583 
31505 
32865 
38991 
36926 
35085 
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TABLE 1 (contin 



5.3 No-Mimation Variance Petition to EPA 

The DOE No-Migration Variance Petition (U.S. DOE, 1990b) to the EPA states in 

the section on human intrusion: 

Oil and gas exploration has been and continues to occur around the WIPP 
site. The target horizons for this type of exploration are below the Castile. 
Oil and gas exploratory drilling requires permits from the state, and it is 
unlikely that prospective future well drillers would not be iufomed about the 
existence of WIPP. As an additional protective measure, the DOE has 
purchased all oil and gas leases in the area of the WIPP site' to prevent 
any exploration now and in the future (U.S. DOE, 1990b, Section 6.3.2). 

With respe to petroleum exploration and the human intrusion issue, the last sentence 

in this paragraph provided incorrect information to the EPA. The EPA subsequently 

granted a variance to the DOE in November 1990 (U.S. EPA, 1990). 

5.4 New Mexico and Minerals Degamnent Report 

The 1984 report published by the New Mexico Energy and Minerals Department 

(NMEMD) Task Force on Natural Resources (NMEMD, 1984) stated that the DOE 

had acquired several oil and gas leases at a cost of over $19.6 million dollars. The 

report stated that "As a result of these lease acquisitions, only one hydrocarbon lease 

remains within the WIPP Site Boundary... an =acre tract held by Skelly Oil 

Company ...." (NMEMD, 1984, p. 27). The report did not identify the active gas 

and oil leases in Section 31, deeper than 6,000 feet (1829 meters). 

- 
'Emphasis added. 



5.5 1990 Memorandum of Und-dine between BLM and DOE 

The U.S. Depaftment of Energy and the U.S. Department of Interior's BLM signed 

the Memorandum of Understanding on October 26, 1990, recqnizhg that: 

BLM wiU prohibit directional drilling underneath the WIPP site 
boundary, except as may be required for the development of the two 
leases located under Section 31;9 drilling may be allowed below 6,000 feet 
of the surface. 

Hence, it appears the DOE entered into an agreement in 1990 to honor these leases 

despite commitments to preclude slant drilling in the 1987 C&C Agreement with 

New Mexico and the 1990 WIPP FSAR." Apparently, the DOE accepted the fait 

accompli without considering the commitments in the C&C Agreement and the WIPP 

FSAR. 

On November 3, 1990, the Albuquerque Journal reported the discovery of the 
4 

r e  forgotten natural gas well completed within the WIPP Site Boundary. (McCutcheon, 

(.. 
c*,', r "  

On November 15, 1990, the Assistant Manager for Energy and Special Programs of 

the Albuquerque Opuations Oftice of the Department of Energy sent a letter to the 

%mphasis added. 

''On January 22, 1991, the Assistant Secretary of the Interior signed 43 CFR 
Public Lands Order 6826 (Administrative Land W~thdrawal). That Administrative 
Land Withdrawal Order cites the October 26, 1990 Memorandum of Understanding 
between the U.S. Department of Energy and the U.S. Department of the Interior 
BLM as the guiding document regarding resource management. 



Chairman of the New Mexico Radioactive Waste Consultation Task Force. The letter 

maintained: 

... at the time this deviated well was drilled, the section 31 bottom hole was 
within what was formerly termed "zone IV" of the WIPP site. A 1980 
report prepared by Sandia National Laboratories (SNL) concluded that 
extraction from within zone N would have no technical impact on repository 
performance. The 1980 Environmental Impact Statement for the WIPP stated 
that the DOE would permit drilling for natural gas in zone IV. Accordingly, 
in 1981 when Bass Enterprises filed an application to drill the well, the DOE 
stated it had no objection, so long as the operator did not encroach upon the 
surface or the first 5,000 feet condemned by the United States. Recent 
review by SNL confirms that the existence of this bottom hole more than 
14,000 feet below section 31 does not affect the performance of the 
repository. 

We do not believe that the existence of this 1982 well contravenes the August - 
4, 1987 Second Modification to our Agnement for Consultation and 
Cooperation in which we previously agreed to prospectively preclude 
"subsurface mining, drilling, or resource exploration unrelated to the WIPP 
Project on the WlPP site" [including "slant drilling under the site from within 
or from outside the site'] ... . (Bickel, 1990a). 

,' 
" 

The DOE response quins further explanation because it cited a " 1980 report" from 

Sandia National Laboratories and a " m t  review by SNL." The "1980 report" was 

a draft of a position paper on Zone IV. The 1980 memo of transmittal accompanying 

thosc draft pages also recommended that: 

well selected, realistic scenarios addressing the collsequa~ces of mining and 
drilling in Zone IV should be a part of the Zone IV position paper (Weart, 
1980). 



The cited "recent review by SNL" described in the November 15, 1990, DOE letter 

was a November 5, 1990, memo (Wean. 1990) prepared at the DOE'S request. The 

one and one-half page memo reexamined the reasoning from the 1980 draft in light 

of the new dilemma and current regulatory requirements. The memo correctly stated: 

the portion of the hole that penetrates the salt is outside the site boundary and 
thus beyond the boundary at which compliance with the standards will be 
evaluated (Weart, 1990). 

and concluded that: 

even though the Bass drill hole is bottomed within the site boundary, it is 
much more than a mile from the waste m e  and therefore exceeds the 
technical safety requirements (Weart, 1990).11 

The DOE Albuquerque Operations Office November 16, 1990, letter to the 

Coordiitor of the New Mexico Radioactive Waste Task Force stated: 

there is one producing well allowed in each 32@acre production unit. The 
south half of Section 31 has its one well, James Ranch Unit No. 13 (Bickel, 

4%'" " . . % 

"; s 
1990b). 

.< k?'+ " $ * .  
However, the letter failed to note current drilling practices in New Mexico would 

allow additional deep gas wells to be W e d  into Section 31 including the south half 

"Initially, the selection of a site required that the repository be located at least two 
miles from a borehole penetrating the Salado formation. The two mile requirement 
was believed to be collservative but was also arbitrary (Schueler, 1980). The two 
mile requirement was reduced to one mile after the site at the ERDA 6 borehole was 
found to be unacceptable (Neil1 et al., 1979, Appendix III, p. 6). The Geologic 
Characterirtion Report (Powers dal., 1979, p.2-12) stated that justification for a one 
mile criteria was based on reports by Snow and Chang (1975). Walters (1975), Fader 
(1973), and Griswold (1977). However, EEG questioned the pertinence of these 
studies and, hence, questioned the justification for the reduction to a one mile criteria 
(Neil1 et al., 1979, Appendix III, pp. 6,7). 



of that section. The lessee can request permission to drill on tighter spacing by 
h 

demonstrating to the New Mexico Oil Consmation Division that the tighter spacing 

is required to efficiently produce the gas from the formation. For example, if a 

rese~oir exhibits retrograde condensate behavior, the buildup of liquid around the 

well bore can reduce, sometimes seriously, the flow rate as the pressure declines 

below the dew point (Craft and Hawkins, 1959, p. 73). Hence, efficient production 

may require more wells on a tighter spacing. 

Also, the existing well in Section 31 could be deepened. That activity would 

constitute exploratory drilling. 

Furthermore, the lessee is still entitled to slant drill an exploratory hole into the north 

half of Sean 31, which has yet to be developed. In summary, as long as the lessee 

maintains the leases, the U.S. BLM can not deny them access to their oil and gas in 

Section 31, the southwestem section of the WrPP Site. - 
5.7 SNL WlPP Performance Assessment Division 

The SNL WIPP Performance Assessment Division issues an annual report on the 

status of the demonstration of the extent of compliance with 40 CFR Part 191. The 

December 1990 mual report stated: 

About 56 oil and gas wells are within a radius of 16 km (10 mi); the wells 
gamally tap Pennsylvanian strata, about 4,200 m (14,000 A) deep. The 

aearest well is about 3 lan (2 mi) to the south-southwest of the waste panels 
(Batram-Howg~, 1990. p. 1-20). 

There was no discussion on the status of that well. For 1991, the SNL WIPP 

Performance Assessment Division added: 



The surface location of the well, which is capable of producing gas, is 
outside the proposed land-withdrawal boundary, but the borehole is slanted 
to withdraw gas from rocks within the boundary. Except for this well, 
resource extraction is not allowed within the proposed land-withdrawal 
boundary (Sandia National Laboratory, 1991, p. 1-15). 

The 1991 document also stated in the discussion on natural resources: 

In order to gain control over the development of hydrocarbons at the WIPP, 
the DOE acquired the oil and gas leases within all the WIPP control zones. 
The only leases that are still intact are in Section 31. These leases only allow 
resource production by entry of the proposed land withdrawal area below 
6000 feet. One of these leases is currently in producti~n.'~ The upper 
6000 feet of the leases was taken by the DOE in 1979. Current policy does 
not allow any further resource development inside the proposed land 

withdradrawal bouklary (Sandia National Laboratory, 1991, p. 8-7): 

5.8 The Secretarv of E n w ' s  Decision Plan 

While the Secntary of Energy's Decision Plan for the WIPP had carefully tracked an 

active potash lease until it was purchased, successive Revisions 6 through 10 did not 

document the existence of the active oil and gas leases even after the issue had been 

raised. The potash lease pmhase was noted in Revision 5 (U.S. DOE, August 15, 

1990). The failure of subsequent revisions to mention the rediscovered gas leases 

', <.xi 
incomctly suggests that there were no outstanding leases in the WIPP Site Boundary 

E " .'., : !': (* 
,'.', < , .  

other than the one potash lease. 
i ( 

, . . , 

'%mphasis added. 
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5.9 DOE Im~lementation of the Resource Disincentive P l a  

The DOE Implementananon of the Resource Disincemive Plan in 40 CER 191.14(e) at 

the Waste Isolation Pilot Phnr (US. DOE. 1991) is inconsistent in reporting the 

number of oil and gas leases within the WIPP Site Boundary and the production status 

of those leases. First it i n c o d y  states that: 

Only one lease currently exists within the WIPP site boundary (US. DOE, 
1991, p.32). 

However, there are two active gas and oil leases within the WIPP site boundary - 
the Conow lease on the north half of Section 31 and the Bass lease on the south half 

of Section 31. 

The Resource Disincentive Plan then states: 

-. 
This lease, currently shut in for production -of oil and gas,'' is being 
exploited by a well that was initiated outside the WIPP site boundary and was 

deviated to under the site only after the depth was below 6000 feet (US. 

DOE, 1991, p.32). 

The document then reverses its position on the number of leases and their production 

status: 

In orda to gain wnml over the development of hydrocarbons within the 
WIPP site area, the DOE acquired the oil and gas leases within all the WIPP 
control zones. These acquisitions were necessary to keep the salt beds intact. 
Theonlyleasesthatarestillintactareinsection31. Theseleasesonlyallow 

"Emphasis added. 



the production of resources by entry below 6000 feet. One of these leases 
is currently in production" (U.S. DOE, 1991, p.50). 

The 3.S. Bureau of Land Management (U.S. BLM, 1992) records show the well 

produced 141,919 MCF of natural gas from March 1991 through July 1991 as shown 

in Table 1, and was shut-in effective August 1991 - coincidently, the issue date of the 

Disincentive Plan. The latest available records from the Roswell District Office of 

the U.S. BLM indicate production resumed in October 1991. 

5.10 Comments on Credit for Active and Passive Institutional Confxol 

In terms of active institutional control, the leases were forgotten by the DOE in spite 
,I 

* > 
2 - of the lease, drilling, and production reards fled with the federal government, a 

condemnation suit filed in civil court by the federal government, agreements between 

the State of New Mexico and the federal government, technical reports to the federal 

- government on area oil and gas resources, and the existence of a producible gas well 

visible from the south access highway into the WIPP facility. 

The loss of howledge in just a short few years is cause for concern. There were no 

major changes in society, government, language, culture, or technology. Yet the 

WIPP project lost knowledge of this gas well and the active oil and gas leases. The 

current wording in the EPA Standards pennits the assumption that active institutional 

control can completely deter inadvertent human intrusion for up to 100 years. 

We believe that present assumptions about the effectiveness of active institutional 

control needs to be reconsidered because of this experience of the forgotten oil and 

gas leases and a forgotten gas well. First, the EPA should newnine whether full 

credit for 100 years active institutional control is d l e  given the actual 

experience of inaccurate record keeping. Second, the DOE should examine the basis 

"Emphasis added. 
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for assuming full credit for 100 years control and consider using a lesser value to - 
reflect the actual experience of the WIPP project. Third, the EPA Standards should 

require the implementing agency to publish specific plans on how the agency intends 

to maintain active institutional control. Fourth, even in the absence of such a 

requirement, the DOE should publish plans now that specify in detail how the 

Department intends to maintain full control of activities in the area of the repository 

for 100 years after decontamination and decommissioning and how that control will 

completely deter human intrusion. 

At this time the DOE commitment is effectively Limited to a statement in the First 

Modification to the C&C Agreement which states: 

the postclosure institutional control, shall be negotiated and resolved by the 
parks in the future, and at least one year prior to the start of the 
decontamination and deoornrnissioning of WIPP (U.S. DOE, 1981). 

-, 

In the Second Modification to the C&C Agreement, the DOE agreed to provide a 

plan by February 1, 1988, which would: 

umtain an estimated schedule and a description of the proass DOE will use 
to: identify needed active institutional amtrok, gather data for the 
implementation of such controls, develop and implement a monitoring plan 
for passive institutional controls, determime the barriers to be used, assess f k  

selection of the WIPP site in view of the resources at the site, and review the 
recoverability of the waste for a reasonable period after disposal. 

However, the DOE Plan: 

merely describes the steps that the DOE will undertake to implement 
compliana to one portion of the Standard [40 CFR 191 Subpart B]. For 
most of the Assurance Requirements, the information needed to specify 
detailed plans and activities for implementation is not yet available.. . . Other -. 



information will not be available until close to the time that the Project has 
completed its mission and the WIPP is closed (U.S. DOE, 1987, p.1). 

Furthermore, the remanded EPA Standards allow credit for the use of passive 

institutional controls to deter inadvertent human intrusion (U.S. EPA, 1985, p. 

38080). However, excessive credit for passive controls, such as markers and public 

records, could reduce the estimated probability of inadvertent human intrusion in the 

performance assessment calculations and underestimate the actual risk. As discussed 

above, there is inaccurate information in key W E  documents which can be 

considered public records. There was the presence of a gas wellhead, visible from 

the south access highway and aMilabity of lease and production records in the 

Roswell District Office of the U.S. BLM. Yet that marker and these public records 

were not effective in notifying the preparers of the W E  documentation of the gas and 

condensate product.& activity beneath the WLPP site and the existine of active leases 

with the WIPP Site Boundary. 



6.0 PROPOSED CONGRESSIONAL LEGISLATION 

The issue of allowing the existing oil and gas leases and a well to produce 

hydrocarbons from beneath the WIPP Site has been addressed by the U.S. Congress 

in the various bills for the WPP land withdrawal. 

The bill passed by the Senate (S. 1671) would: 

t prohibit slant drilling from within or without the site 

t require the Department of the Interior, in consultation with the Department of 
Energy, to determine the effects of the oil and gas leases on the activities at 
the WIPP and to recommend as to the advisability of trading or cancelling the 
leases. 

t authorize funds to be appropriated to the Department of Energy for the 
cancellation of the leases. 

The House Armed Services Committee Bill (H.R. 2637) is identical to S. 1671 except 

that it does not authorize funds to cancel the lease. 

The bills passed by the House Committee on Interior and Insular Affairs (H.R. 2637) 

and the House C o d t t e e  on Energy and Commerce (H.R. 2637) would both: 

t prohibit slant drilling from outside the WIPP boundary, 



7.0 CONCLUSIONS 

Several U.S. Department of Energy documents failed to record the existence of two 

active oil and gas leases and a producible gas well within the WIPP Site Boundary. 

In its performance assessment calculations, the WIPP project has assumed that active 

institutional control would deter human intrusion for 100 years after decommissioning. 

The EPA should reexamhe whether full credit for 100 years active institutional 

control is reasonable given the actual experience of inaccurate record keeping. The 

DOE should also examine the basis for assuming full credit for 100 years control and 

consider using a lesser amount to reflect the actual experience of the WIPP Project. 

The EPA Standards should require the implementing agency to publish specific plans 

on how the agency intends to maintain active institutional control. Even in the 

absence of such a requirement, the DOE should publish plans now that specify in 

detail how the Department intends to maintain full control of activities in the area of 

the repository for 109 years after decontamination and decommissioning and demibe 

how that control wiU completely deter human intrusion. Finally the DOE needs to 

describe in detail their passive institutional control system and describe how it will 

provide a deterrence to inadvertent human intrusion after 100 years. 
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FOREWORD 

This is the Environmental Evaluation Group's (EEG) appraisal of the 1992 performance as- 

sessment for the Waste Isolation Pilot Plant. Performance assessments have been performed 

by Sandia National Lahoratories for the U. S. Department of Energy to predict the long- 

term safety of the Waste Isolation Pilot Plant. The 199? Performance Assessment, entitled 

Preliminary Perfonnonce Assessment for the Waste Isolation Pilot Plant, December 1992, is in 

five volumes: 

vol. 1: Third Comparison with 40 CFR 191, Part B; 
! ,  , . . 

vol. 2: Technical Basis; ; :I, 5 i 
; : I  , 

vol. 3: Model Parameters; 1 "  \, , . ,  , . 
vol. 4: Uncertainty and Sensitivity Analysis for 40 CFR 191, Part B; 4 ,-' 

vol. 5: Uncertainty and Sensitivity Analysis for Gas and Brine Migration for Undisturbed 

Performance. 

This current appraisal incorporates EEG's preliminary comments on volumes 1, 2, and 3 

transmitted to the U. S. Department of Energy on September 13, 1993, and volumes 4 and 

5 received October 27, 1993. 

The purpose of the New Mexico Environmental Evaluation Group is to conduct an inde- 

pendent technical evaluation of the Waste Isolation Pilot Plant (WIPP) Project to ensure 

the protection of the public health and safety and the environment. The WIPP Project, 

located in southeastern New Mexico, is being constructed a s  a repository for the disposal 

of transuranic (TRU) radioactive wastes generated by the national defense programs. The 

EEG was established in 1978 with funds provided by the U.S. Department of Energy (DOE) 

to  the State of New Mexico. Public Law 100-456, the National Defense Authorization Act, 

Fiscal Year 1989, Section 1433, assigned EEG to the New Mexico Institute of Mining and 

Technology and continued the original contract DEAC04-79AL10752 through DOE contract 

DEAC0489AL58309. The National Defense Authorization Act for Fiscal Year 1994, Public 

Law 103-160, continues the authorization. 

EEG performs independent technical analyses of the suitability of the proposed site; the 

design of the repository, its planned operation, and its long-term integrity; suitability and 

safety of the transportation systems; suitability of the Waste Acceptance Criteria and the - 
generator sites' compliance with them; and related subjects. These analyses include as- 



sessments of reports issued by the DOE and its contractors, other federal agencies and - 
organizations, as they relate to the potential health, safety and environmental impacts from 

WIPP. Another important function of EEG is the independent environmental monitoring of 

background radioactivity in air, water, and soil, both on-site and off-site. 

~ o h e r t  H. Neill 

Director 
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EXECUTIVE SUMMARY - 
The Environmental Evaluation Group (EEG) has reviewed the WIPP1992 P e r f i m c e  As- 
sessment. The Santlia team sho~~ld  be commended for both the substance of this work, and a 
sound theoretical foundation. Progress has been made towards assessing WIPP's compliance 
with the U.S. Environmental Protection Agency's Standards for high-level and transuranic 
waste. Our comments on the I992 Performance Assessment are organized into Major Issues, 
and Detailed Comments. Specific recommendations on major issues follow. 

1. Claimed Improvements in the 1992 Performnnce Assessment. 
- 1 . 1  Apply available fully coupled codes to make explicit the relationship between the 

complex processes of gas generation, brine flow and room closure. 
R-1.2 Abandon further statistical manipulation of transmissivity fields in the Culebra 

in favor of additional field and laboratory work to better define multi-well flow 
and transport characteristics, including flow and tracer tests (sorbing and non- 
sorbing) at additional locations. 

R-1.3 Abandon claiming credit for matrix diffusion and corrensite sorption until exper- 
imental data can substantiate the claim. 

2. Displaying Uncertainty in Final Results 
R-2 Show the full uncertainty band of CCDFs when comparison with the containment 

requirement (40 CFR 191) is made. - 
3. Use of Judgment in Performance Assessment 

, R-3.1 As experimental solubility values become available (e.g. Nitsche et d, 1992; 
,i 

,,' 
~ .. 1993), use them in performance assessment. 
' '.., :*, ,*, .3, 

, v,, 
.,' . . , 

R-3.2 Use only demonstrable retardation coefficients in performance assessment. 
..; 

, . 
. ' , ,. 

R-3.3 Discard the subjective probabilities for human intrusion used in the 1992 Peijor- 
munce Assessment and adopt the specific suggestion in Section 3.4. 

4. Computer Code Documentation 
R-4 Establish a workable system to provide EEG with relevant documentation, so 

that EEG has reasonable access to  perform its work. 

5. The Culebra as a Natural Barrier 
R-5 Quantify the extent of matrix diffusion and sorption through accelerated exper- 

imentation. 

6. Effects of Gas Generation 
R-6 In future analysis, the deleterious effect of gas generation should be included. 

7. Correlation Among Variables 
R-7 The performance assessment should either give reasons why physical correlations -. 

have been ignored, or show results with correlations. 



8. Natural Resources Near the WIPP - R-8 Performance assessment reports should accurately reflect the status of resource 
development near the WIPP site. 

9. Oil and Gas Production Near the WIPP 
R-9 The performance assessment effort should use the latest and verifiable data on oil 

and gas production near the WIPP, because the extent of oil and gas resources in 
this area is likely to he an important determinant of inadvertent human intrusion, 
and oil and gas production can potentially affect the hydrogeology at the WIPP 
site. 

10. Gas Generation 
R-lOa The gas generation calculations sho;..d include 

(a) methane generation, 
(b) radiolytically generated hydrogen. 

R-lob The relationships in the gas generation model should be validated before the gas 
generation modcl is incorporated into BRAGFLO. 

11. Unanalyzed Scenarios ' 

R-111 The criticality issue needs to be th-roughly evaluated before it can be concluded 
that its effects are negligible. 

R-11.2 Subsidence effects need to be evaluated in much more detail and incorporated, 
in some manner, into the human intrusion scenarios. 

R-11.3 Provide results of the abovementioned analyses, and include contaminated brine 
flow to the ground surface in future versions of human intrusion scenarios. 

R-11.4 Perform a complete analysis of a brine-slurry release scenario. In addition, vari- 
ants of the brine-slurry scenario in undisturbed performance and in the E2 sce- 
nario need to be better understood. 

R-11.5 Performance Assessment should not assume perfect plugging of abandoned oil 
and gas wells near the WIPP. For the human intrusion borehole, the range of 
degraded permeabilities should span sand and gavel. 

12. Analysis of Direct Discharge to the Ground Surface 
R-12 Future performance assessments need to  include erosion of waste by helical tur- 

bulent flow and the effect of sediment erosion. Also needed is analysis of other 
relevant scenarios, such as the E1E2 with brine slurry discharge to the surface. 

13. Inventory 
R-13.1 Include la%, lZ9I and -Tc and other fission product nuclides as appropriate in 

future performance assessments. 
R-13.2 Show the basis for inventories used. 

14. Solubilities 



R-14 In future performance assessments, limit the sampling range to the error bands 
-. 

in experimental data. 

15. Transport Modeling of Volatile Organics 
R-15 Two-phase transport of volatile organic compounds through gas-fractured in- 

terbeds should be analyzed in the future. 

16. Corrensite Retardation in the Culchra 
R-16 Abandon claiming credit for corrensite sorption as well as additional experiments 

with corrensite, unless the extent of corrensite or other clay minerals can be 
quantified along postulated flow paths. 

17. Ideal Gas Assumption in VOC Migration 
R-17 Unless there is experimental evidence that VOC vapors move as  ideal gases and 

move with the low-molecular-weight gases generated by radiolysis, corrosion, or 
microbial action, movement of VOC vapors should not be modeled as ideal gas 
flow in showing compliance with 40 CFR 268. 



- I. INTRODUCTION 

The Environmental Evaluation Group (EEG) has reviewed tile WIPP 1992 Performance 

Asressment (Sandia WIPP Performance Assessment Department, 1992). Although this 

performance assessment was released after the October 1992 passage of the WIPP Land 

Witldrawal Act (PL 102-579), the work preceded the Act. For individual and ground-water 

protection, calculations have been done for 1000 years post closure, whereas the U.S. Envi- 

ronmental Protection Agency's Standards (40 CFR 191) issued in 1993 require calculations 

for 10000 years. 

This is the third iterative performance assessment of the Waste Isolation Pilot Plant (Sandia 

WIPP Performance Assessment Department, 1992; 1991; Bertram-Howery et d., 1990). 

EEG believes the Sandia team should be commended for both the substance of this work, 

and a sound theoretical foundation for performance assessment. The 199s Performance 

Assessment continues to  assimilate improved understanding of the geology and hydrogeology 

of the site, and evolving conceptual models of natural barriers. Progress has been made 

towards assessing WIPP's compliance with the U.S. Environmental Protection Agency's 
A 

Standards (40 CFR 191). 

The 1992 Performance Assessment has addressed several items of major concern to EEG, 

outlined in our July 1992 review of the 1991 performance assessment (Neill e t  al., 1992). 

In particular, we are pleased that some key results in this performance assessment, shown 

in Chapter 5 of volume 1, deal with sensitivity of the calculated complementary cumulative 

distribution functions (CCDF) to  alternate conceptual models proposed by EEG-that flow 

in the Culebra be treated as single-porosity fracture-flow; with no sorption retardation unless 

substantiated by experimental data. We look forward to results of additional analysis using 

scenarios and assumptions that EEG has suggested in the past and hereinafter. 

Our review is organized into Major Issues, and Detailed Comments. 



1. Claimed Improvements in the 1992 Pe$ormcmce Assessment 

The overall conclusions of the 1992 Performance Assessment are stated in chapter 9 of 

volume 4. Several improvements over previous assessments are noted, and we discuss the 

claimrd improvements below. 

1.1 Wlde the first major improvement noted is the coupling of repository creep closure 

modeling to gas generation and brine flow, the coupling is not entirely satisfactory. The 

geomcchanical closure calculated by SANTOS is passed onto BRAGFLO although the two 

computer codes use different conceptual models, geometries, and time scale. 

Recommendation 1.1. Apply available fully coupled codes to make explicit the relationship 

I between the complex processes of gas generation, brine flow and creep closure. I 
1.2 The 1992 Performance Assessment accounts for spatial variation of transmissivity in the 

Culebra using improved methods. Table 8.4-1 in volume 4 shows that variation in Culebra 

transmissivity fields accounted for a mere 6% of the variation in total integrated releases. 

The respective solubilities of Am, Np, Pu, Th and U accounted for more of the variation in 

release rates. 

1 Recommendation 1.2 Abandon further statistical manipula?ion of h-aasmissivity fietds in the 1 
Culebra in favor of additional field and laboratory work to better deline flow and transport 
characteristks, including flow and tracer tests (sorbing and wn-sorbing) at additional 

locations. 

1.3 The l99!? Perfonnonee Assessment accounts for radionuclide transport in the Culebra 

'more accurately" (sic]. To be accurate implies the existence of an unique and correct stan- 

dard which does not exist in this case. The 1992 Petfomance Assessment considers three 

radionuclide retardation mechanisms in the Culebra: equilibrium sorption, matrix diffusion 

and clay sorption. For equilibrium sorption, the second modiication of the Consultation 

and Cooperation Agreement between the Department of Energy (USDOE) and the State of 

New Mexico specifies that retardation coefficients shall be set to zero unless there are exper- 

imental data otherwise. The 1992 Performance Assessment offers no experimental evidence 

for matrix diffusion. No clear evidence is given for the extent of corrensite in the calculatec-' 



flow paths. Moreover, clay in fractures can act either as an ndditional sorption agent, or - 
serve to block mass transier between the fracture and the matrix. The 1992 Performance 

Assemment has eliminated the latter role [vol. 2, p. 7-23, line 111. This is double counting 

for a mechanism which may not exist. We deal with the role of corrensite in detail in 16. 

Recommendation 1.3 Abandon claiming credit for matrix diffusion and corrensite sorption 

until experimental data can substantiate the claim. 

The 1992 Performance Assessment 

. . .accounts for the effects of passive marker systems through time-varying drilling 

intensities within the Poisson model for calculating intrusion probabilities [vol. 4, 

p. 9-11. 

What this means is that subjectively elicited probabilities of drilling intrusion that are orders 

of magnitude below the USEPA guidance (40 CFR 191, Appendix C) have been used. The 

EEG objects to the ;se of these probabilities as elicited. We deal with this topic in 3b below. 

The 1992 Performance Asaeasment states that the following improvements will be made in 

future performance assessments: 

modeling pressure fracturing of anhydrite interbeds, 

0 modeling threedimensional flow in the Rustler, especially the effects of subsidence of 

potash mine excavations, 

0 incorporating plug degradation, 

0 modeling spalling in drilling intrusions, 

0 acquiring experimental data on actinide solubilities and retardation, 

0 determining the most appropriate conceptual model for radionuclide transport in the Cule- 

bra. 

-...., 
I' . .,, Lid . . 

' We have called for these improvements for several years, and welcome the oommitment. 
" ,. 

i ">;, 

? I ! ,  

I '  2. Displaying Uncertainty in Final Resub 
3 .  

In previous performance assessments, the USDOE noted that the calculated CCDF's were 

at least an order of magnitude below the allowable limits in the USEPA Standards (Sandia 

WIPP Performance Assessment Department 1991). In the 199t Performance Assessment, 

for the case of total release from repository/shaft barrier only, and a [O, 30) sampled intrusion 



rate, the mean CCDF comes to within a factor of two or three of the USEPA containment 
--z 

requirement [vol. 4, Fig. 9-1, curve 11. This suggests several vectors of CCDF lie in the zone 

of violation of the containment requirement. This mean CCDF is not as conservative as it 

may appear because subjectively elicited solubilities are incorporated. The non-conservative 

basis of curve 1 in Figure 9-1 is illustrated in Figure 1. Using BRAGFLO-calculated brine 

flow from the repository up to the Culebra (70 vectors for both the E2 and E1E2 scenarios), 

all actinide solubilities at lo-' and lo-' M, and the human intrusion rate sampled 

uniformly between 0 and 30 boreholes/km2/10,000 years, the mean CCDFs are shown in 

Figure 1, along with curve 1 from Figure 9-1 (vol. 4). If the extremely low subjectively 

elicited solubilities are not used, then the mean CCDF for the case of engineered barriers 

alone may not meet the containment requirement. See also 14 below. 

The EEG has also suggested to the USEPA that for comparison with the containment 

requirement, that the 90% curve be used to be conservative. 

Recommendation 2. Show the lull uncertainty band of CCDFs when comparison with the 
containment requirement (40 CFR 191) is made. 

3. Use of Judgment in Performance Assessment 

3.1 Beginning with the 1992 Performance Assessment, "expert judgmentn is used to  esti- 

mate 

a. solubilities of actinides; 

b. retardation coefficients of radionuclides; and 

c. probabilities of inadvertent intrusion. 

Experimental programs are underway to measure solubility and retardation coeffidents, for 

conditions relevant to  the WIPP. 

I Recommendation 3.1. As experimental solubility values become available ( e . ~  Nitsche ef 1 
d, 1992; 1993); use them in performance assessmnt. 1 
3.2 The second modification of the Cooperation and Consultation Agreement between the 

Department of Energy and the State of New Mexico specifies that retardation coefficients 

be set to  zero unless experimental data shows otherwise. Results using zero and nonzero 

retardation coefficients appear in chapter 5 of volume 1. 
-~ 



Figure 1. Comparison of mean CCDFs from the EEG scenario of direct ground discharge 
for all actinide solubilities set at lo-=, and lo-' M with Curve 1 from Figure 
9-1 of SAND92-070014. 



I Recommendation 3.2. Use only experimental retardation coefficients. 
h 

3.3 EEG is concerned about the use of subjective probabilities in human intrusion analysis. 

While human judgment may be the only method of estimating these probabilities. we disagree 

with the procedure used in the 1992 Performance Assessment to estimate human intrusion 

probabilities. 

3.3.1 The disagreement between EEG and SNL centers around how the problem of subjective 

elicitation is to be formulated, whom to use as panelists and what information should be 

supplied to the panels. Elicitation should have been for the probability of future human 

intrusion by drilling for resources, the judges should have been people experienced in oil and 

gas and energy futures, and factual information should have been given to  the judges during 

orientation. 

Table I summarks the divergence. 

Table I. Summary of Disagreement on Subjective Elicitation 

Problem Formulation 

Briefing 

SNL prefers to set no limits on the exercise, whereas EEG believes the problem must be 

well-defined. The divergence is clear from the SNL definition of an expert: 

h SNL 

Open 

Knowledgeable in a subject 

Available information 

An expert possesses exceptional knowledge about a subject [Hora to  the Futures 

Panel, August 13, 1990 and to the Marker Panel, November 4, 19911. 

EEG 

Focused 

Knowledgeable in the focused subject 

Verified Information 

EEG claims that the relevant definition should be 

An expert possesses exceptional knowledge about the subject. 

3.3.2 The probabilities that have been elicited from panels for the purpose of estimating 

future intrusion intensity (Hora, von Winterfeldt and Trauth, 1991) are subjective probabil- 

ities. To call them "expert judgmentw is to  give them an aura of respectability they do not 
*-. 

deserve. The methods for eliciting such probabilities come from statistics (Savage, 1954) anr  



experimental psychology (Edwards, 1954). There are futurologists, such as Alvin Toffler or - 
John Naisbitt, but the SNL Futures Panel was not composed of these people. While the elic- 

itation of opinions is valid, the elicitation of expert opinion on the future is gratuitous. The 

WIPP Performance Assessment Department undertook an "extensive and impartial processn 

to select the panelists, but the process alone did not ensure the appropriateness of the cho- 

sen candidates. No attempt appears to have been made to establish the qualifications of the 

panel members as experts on the future. If the WIPP Performance Assessment Department 

had defined the problem properly, then it would be much easier to establish the expertise of 

the panelists. 

3.3.3 The WIPP Performance Assessment Department invokes the interdisciplinary nature 

of an expert judgment panel as a reason to use such a panel. But "interdisciplinary" is 

not a synonym for "goodn or "appropriaten any more than 'single disciplinary" is a syn- 

onym for "badn or-"inappropriate." The advantage of multidisciplinary data interpretation 

over interpretation by an expert in a single discipline is not at all clear. For example, the 

marker panel (Rechard et al., 1993; Table I) lists experts in materials science, architecture, 

linguistics, communications, etc. How is the judgment of a linguist on materials hardness 

and durability relevant? Either the linguist accepts the materials scientist's judgment, in 

which case the interpretation is not interdisciplinary, or the two differ in interpretation, in 

which case the materials scientist's interpretation is clearly the more valid and that judgment 

should not be diluted. 

3.3.4 In the attempt to find general experts in lieu of futurologists, SNL might have em- 

paneled representatives from diverse backgrounds, but failed to do so. The panels are not 

representative of modern United States, not representative of the modern world, and not 

representative of the historical continuity of the human race. While there were historians, 

sociologists and anthropologists, there was only one woman on the markers panels and none 

on the futures panels. There are no representatives of indigenous cultures of the southwestern 

United States. 

In the USDOE response to the preliminary comments from the EEG, SNL stated 

The EEG should note, in fairness, that the range of organizations from which the 

experts were selected (Natural Resources Defense Council, universities, institutions, 



etc.) provides rich diversity in political and environmental organizations. - 
This statement is counter to the claim that panelists were selected on the basis of their 

individual qualifications. 

3.3.5 The elicitation process used was open-ended. While it is true that what will be mined 

over 10,000 years is unknown, let alone where to mine it, the problem is simpler for a 

specific area with known minerals. For example the Outer Continental Shelf Lands Act 

allows oil and gas drilling in the sea beyond the three-mile limit, but includes a clause for 

"other minerals." When thc Outer Continental Shelf Lands Act was first passed in 1953, 

"other mineralsn referred to sulfur. By the mid-1970s the focus of other minerals became 

construction aggregates around coastal cities, and in the early 1990s, manganese crusts. At 

a specific location, with geologic information, we know what can be mined now and in the 

future. The minerals to be mined will change only if society's needs change dramatically. I£ 
that had beem home in .mind, the problem would have been much more circumscribed, and 

the results more realistic and reliable. 

In the USDOE response to  the preliminary comments from the EEG, SNL stated - 
This comment [above] proposes that the experts be directed as to what potentially 

intrusive activities to study. We believe that this is inappropriate and would not 

stand up under peer review due to  extensive direction by the analytic staff. 
5, 

4 " All elicitations have to be circumscribed, if only to  ensure that the problem is within the 
' ". 

expertise of the judges. Figure 2 is a reproduction of a SNL viewgraph shown to the panelists, 

demonstrating how the SNL analysts defined the problem and may have biased the panelists. 

3.3.6 Results of the open-ended elicitation process used by Hora (Hora, von Witerfeldt and 

Trauth, 1991) appear t o  have been used selectively. If a more circumscribed process had been 

used, then the methods available to combat cognitive bias (Tversky and Kahneman, 1974) 

could have been used. Unfortunately, the results used in the 1992 Performance Assessment 

strongly r d w t  the intervention of the analyst. The final nsult used a form 

where X is the intrusion intensity, number of holes per time, d is the raw drilling intensity - 
number of h ~ l e s  per time, pl is the probability of markers surviving, and p2 is the probability 



How Will the Expert Judgments Be Used 
in the WlPP Performance Assessment? 

The findings of the expert teams will provide modes 
of intrusion. These modes will be grouped into 
similar types of intrusions and modeled. 

The frequencies of intrusion given by the experts 
will be encoded as rates and used as input to 
simulation studies.' 

The expert judgments will be both analyzed 
separately and combined into a base case. The 
analyses will preserve the findings of the individual 
teams. 

Pigun 2. Reproduction of a viewgraph shown to the Future and Markers Panels by SNL. show- 
ing SNL's formulation of the problem. 



that surviving markers :re effective in deterring drilling, all functions of time. The paradigm 

way not elicited from any one panel, but the result is a mixture of results from the panelists, r^-r 

who may not have understood how their inputs would be used. 

The USDOE response to the preliminary comments from the EEG referred to a SNL view- 

graph (Figure 3) entitled 'Logic Tree for Deterrence by Markers Given Time, Society, Mode 

of Intrusion, and Marker Criteria." If one defines each of the branches in Figure 3 as 

PI,  m, m and p4, then deterrence is 

and eq. (1) does not obtain. Eq. (1) does NOT appear anywhere in the hundreds of 

viewgraphs shown to the Futures and Markers Panels. 

An example of the intervention of the analyst occurred when elicited probabilities of the 

Washington A-and B Teams and the Southwest Team for the period 0 to 100 years after 

closure were ignored. Professor Hora states [vol. 3, p. A-87) 

In contrast, the two Wayhington teams gave assessment beginning immediately after 
/-& closure and thus did not allow for the period of continuing administrative control. 
,q, t"4 x % 

- 
6 The performance assessment, however, assumes that the drilling rate is efFectivdy 

nil during the first 100 years after dosure [emphasis supplied]. 

Clearly these three teams would not have agreed with SNL's use of their opinion in meeting 

the USEPA Standards (USEPA 1993). 

3.3.7 A flagrant and important abuse of the analyst-assessor role occurred when the WIPP 

Performance Assessment Department assumed that there will be no intrusions after 2000 

years (vol. 4, p. 2-19, lines 4 and 20). For consequence calculations, the 1992 Performance 

Assessment considered only a single intrusion at 1000 years. This is clearly counter to the 

spirit and letter of analyzing human intrusions for the entire 10000-year regulatory period. 

If one assumes that the computer program by Professor Hora [vol. 3, p. A-92fIl captures 

the essence of the Futures and Markers Panels (which we do not) Appendix D of vol. 3 

of the 1992 Performance Assessment contains 12 pages of realizations of drilling intensity 

functions. The gaphs in Appendix D show the intrusion rate and cumulative number of 

intrusions as a function of time to 10,000 years. Showing these gaphs to 10,000 years is 

misleading because the WIPP Performance Assessment Department discarded the Panels1- 



Logic Tree for Deterrence by Markers 
Given Time, Society, Mode of Intrusion, and Marker Criteria 

Figurc 3. Reproduction of a viewgraph shown to the Futun end Markers Panels by SNL, show- 
ing SNL's concept of the elicitation. 



recommendations, assuming the intrusion rate to be zero after 2000 years. 
.I 

3.3.8 The elicitation process is described in the Hora memo, vol. 3, pp. A-71 through A- 

99. The memo includes a FORTRAN program to sample among the panels, and produces 

realizations of intrusion intensities as functions of time for use in the 70 Monte Carlo runs. 

On page A-94, line 13. a three-dimensional array BOSTAB2 is undimensioned and undefined, 

thus the program cannot possibly work. In May 1993, EEG requested a working copy of this 

program, first from Professor Hora, then from WIPP Performance Assessment Department, 

and finally obtained a copy on December 31, 1993. This program creates Monte Carlo 

realizations of rates of human intrusion, drawn primarily from Prof. Hora's interpretation of 

the Futures and Markers Panels. 

3.4 EEG suggests a simplified, focused and understandable alternative. 

Figure 4 shows what EEG believes the exploratory drilling rate to be in any specific area, 

and illustrates the evolution of oil and gas drilling as a function of time. 

Figure 4 shows a historical record of drilling in this area, a known rate, a holes per area per 

year, a > 0. The U.S. Environmental Protection Agency's guidance (40 CFR 141, Appendix - 
C) of thirty boreholes per kilomete? over 10,000 years is such a rate. 

Giving no credit for passive institutional control, because of recent experience ( S i  1994), 

we extend the historical drilling rate some time into the future, b years, b > 0. Geologic 

knowledge should be used for this extension. If there is current oil and gas drilling, then it is 

likely for the exploration and development to continue for some time. If there is no current 

drilling in this area, then there may not be any drilling until some new mineral is discovered 

in this area. This extension should extend beyond the period of active institutional control. 

Given our present understanding of energy economics, we may postulate a decrease in oil and 

gas drilling, after a period or time, due to either exhaustion of the resource, or technological 

developments in some other fuel sources, or both. This decline can be represented by an 

exponential decay function, y = yoexp-d. The rate of decrease is characterized by a single 

parameter, c. 
= . ~ -  

% 

For the long-term, there should be a rate of intrusion that is , .,:. . . i:..;, 
; ? : ,  :~' . < 

(a) non-zero; and v .: 
h 

::., 
i j 

i ;', .. 
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Figure 4. EEG's s~cggmtion for a rate of I~urnan intrr~sion by drilling. 



(b) above the USEPA thresllold probability for events and scenarios to be considered, or 
h 

per year. Call the rate d holes per area per year, d 2 per year. 

Because the waste will not have decayed to harmless levels after 10,000 years, and because 

the site may still contain resources, the intrusion rate should not be zero for any time within 

the regulatory period. To ignore such probabilities is to do an incomplete analysis. 

The parameters a, b, c, and d completely specify the rate of inadvertent human intrusion in a 

readily understandable way. Subjective elicitation can now focus on these four parameters. 

The Department of Energy has experts in the history of oil and gas fields in the Energy 

Information Administration, and also experts in prospects for solar and other new energy 

sources. 

In the USDOE response to EEG's preliminary comments, SNL stated four principles upon 

which to object to  EEG's snggestion. In brief they are: Avoid Problem Definition, Avoid 

Bias, Put  ati ion ale  re Results, and Do Elicitation Only on Physical Quantities. 

A subjective elicitation requires problem definition. Figure 2 shows SNL's definition before 

the elicitations. Apparently SNL fitted the results of the elicitation into its preconceived 
.I 

structure. Although the EEG is not free of judgment, it focuses judgment on relevant 

parameters. SNL should heed its own advice about following USEPA's guidance and limit - .  
i'" " the elicitation to  inadvertrnt drilling for minerals, without exploring irrelevant intrusion 

modes. 

We will illustrate the bias that SNL imparted to the panelists on the topic of oil and gas 

resources at WIPP. In the orientations, SNL cited three different studies that there is no 

economically recoverable oil near WIPP, shown in Figures 5 , 6 ,  and 7, augmented by SNL's 

own conclusion that (Figure 8) 

Crude oil will not be the target for exploration unless the price is drastically higher 

than the present [1990]. 

Figure 9 shows the number of oil wells near the WIPP site in October 1993. Table I1 shows 

the recent history of wells in the same locations. Figure 9 and Table I1 belie the suggestion 

that there is no economically recoverable oil near WIPP. Actually, SNL did tell the panelists 

about oil and gas production near the WIPP. Figure 10 is a viewgraph shown to the panels 

by the speaker on cultural resouras. That the panelists did not raise questions suggests that -' 



TOTAL MINERAL AND ENERGY RESOURCES 
(Brausch and others, 1982) 

ESTIMATES ARE FOR ALL FOUR CONTROL ZONES 

RESOURCE 
Callche 
Gypsum 
Salt 

Potash 
syhrlte 
Langbelnlte 

H rocarbon8 PL or 
Natural Gas 
Dlstlllate 

185 MT 
1.3 BT 
198 BT 

133.2 MT 
351.0 MT 

37.50 MB 
490 BCF 
5.72 MB 

at' surface. 
3OO-l,SOO R 
5009,ooOR 

Not a reserve 
Not a reserve 
Not a reserve 

27.43 MT reserves 
48.46 MT reserves 

Not a reserve 
44.62 BCF at 14K R 
0.12 MB at 14K R 

Figure 5. Reproduction of a viewgraph shown to the Futulr: and Marken Panels by SNL, show- 
ing the conclusion of a rcsource study. 



ESTIMATES OF UNDISCOVERED HYDROCARBON 
RESOURCES-PROVINCE 092 

(Mast and others, 1'989) 

RESOURCE rYlwl. E95 E5 

Crude 011 
recoverabk 0.02 88 Negl. 0.05 BB 
eco~~llcally recoverable 0.02 BE . Negl. 0.05 BB 

Natural Gas 
recoverable 0.24 TCF 0.05 TCF 0.67 TCF 
economically nmwerable 0.24 TCF 0.05 TCF 0.67 TCF 

Natural-Gas Uquids 
mcoverable 0.00 0.00 0.00 
ecom~llcally recoverable . . 0.00 0.00 0.00 

Figure 6. Reproduction of a viewgraph shown to the Future and Markers Panels by SNL, show- 
ing the conclusion of a second resource study. 



GEOLOGICAL CHARACTERIZATION REPORT 
(Powers and others, 1978) 

POTENTIAL RESOURCES EXAMINED 

Calkhe H" -- ". /w-*-7 
Gypsum 2 

Salt 
Uranlum 
Sulfur 
Uthlum 
Potash 
Hydrocarbons (crude oll, natural gas) 

CONCLUDED 

Only potash and natural gas have potentlal as slgnlflcant exploitable 
deposits. . . 

Figu~e 7. Reproduction of a viewgraph shown to the Future and Markers Panels by SNL, show- 
ing the conclusion of a third rcsowcc study. 



CONCLUSIONS ABOUT THE POTENTIAL FOR 
ECONOMICALLY IMPORTANT NATURAL 

RESOURCES AT THE WIPP 

Crude dl will not be the target tor e ~ p i ~ r a t l ~ n  unless the price is 
drastically higher than at present. 

Natural as In the Morrow Formation is the only hydrocarbon of 
potentla f economic Importance in the area. 

All currently nrcognlzed potash resources are confined to a zone 
above the waste-tilled rooms and drifts. 

Only the lowest grade of potash ore overlies part of two waste 
panels. 

Other resources are present, but because of abundance and greater 
accessiblllty elsewhere, these resources at the WIPP are of no 
economic interest. 

r--t 
7 -,,--r\ 

P i g m  8. Reproduction of a viewgraph shown to the Future and Markers Panels by SNL, show- 
ing SNL's conclusion on oil resources near the WIPP. 
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0 Locatioo (Notice of Stakiog or A p p l i c n  
peoding. approved. a &OM) 

Roduciogoiwel l  

Q RoducigGnwCll 

Combiomioo Oil aod Gas Well 

X Bottom bole location of dii ionrlly drilled well 

Stlt Wsta Disposal Wdl 

AbaadoDedGasWcll 

W h o *  

MILES 

Figure 9. Oil and gas wells near the WIPP, October 1993. 



Figm 10. Reproduction of a map shown to the Futurc and Markem Panels by SNL, showing oil 
and gas ~C.SOUCC~S near the WIPP. 



Table 11. Drilling rate for a 124 km2 area immediately surrounding the WIPP*. 

I year  r ~ a s z  I Oil Wells I 
- -- 

*Source: Silva (1994) 

SNL was successful in putting bias in the mind of the panelists. 

To say that this elicitation puts rationale before numerical results belies the purpose of 

the effort. The emphasis on rationale may have prompted Prof. Hora to make arbitrary 

assumptions to obtain numerical results. 

The information for the drilling intensity from the Washington B team indicates 

that if minerals are extracted in the WIPP region, exploration will occur in the first 

200 years or in the next 300 years, but not in both periods. There does not seem to 

be adequate inlormation from this team to model with dependence without making 

arbitrary asumptio us....[ Sandia WIPP Performance Assessment Department 1992; 

vol. 3, p. A-87, emphasis supplied]. 

To object to elicitation for parameters without physical meaning is a surprise to us. One 

of the most frequently cited elicitation exercises is on perceived risk (Slovic, Fischhoff and 

Lichtenstein lW), in which judges were asked to rank order risks from 40 technologies. The 

resulting ordinal ranking has no physical meaning. A greater surprise is that SNL would 

object to eliciting parameten on human intrusion when the entire Future and Markers Panels 

effort is attempting the same. 

3.5 The Effect of Using Subjective Probabiiities 

We ate now in a position to examine the consequences of using subjectively elicited probabii- 
.-. ities. EEG has long maintained that a more reasonable conceptual model for intrusion would 



include a degrading plug, with the contaminated brine reaching the accessible environment - at the ground surface, release Path b in Figure 11. Current oilfield practice in the Delaware 

Basin is to case the wells down to the top of the salt deposits, preventing contaminated 

brine from entering the water-bearing zones above the salt. Figure 12 shows CCDFs for :be 

following conditions: 

r Brine flow calculated for flow up the borehole, from the 1992 Performance A.wessmenc 

Solubilities of all actinides set at  M; 

r Intrusion probabilities from subjective elicitation, constant 30 boreholes/km2/10000 years, 

or sampled between 0 and 30 boreholes/km2/10000 years. 

Figure 12 shows that if all actinide solubilities are M, the mean CCDF of 70 would be 

very close to violating the containment requirement, unless subjective probabilities are used. 
r 

Recommendation 3.3. Discard the subjective probabilities for human intrusion used in the 

1992 Performance Assessment and adopt EEG's spedfic suggestion in Section 3.4. 

4. Computer Code Documentation 

4.1 The EEG has been concerned about the lack of documentation of computer codes used - 
in the 1992 Performance Assessment. Of the major codes used in the 199g Performance 

Assessment, as shown in vol. 1, Figure 44 ,  only SANCHO and GENII-S have complete 

documentation. Ironically, no direct results from SANCHO and GENII are shown in the 1992 

Performance Assessment. In response to  an EEG inquiry, USDOE provided the following 

schedule for complete documentation of computer codes shown in Figure 4 4  of vol. 1 (Arthur 

.s"" 1993): 

{@% 

[, e- .. Complete documentation is a requirement of Sandia's own software quality apsurance pro- 

\, J 
% 

gram. For most of the codes shown in Figure 4 4 ,  volume 1, only brief descriptions appear 

in the 1992 Performance Assessment, and such descriptions do not present sufficient de- 

tails for reviewers. As shown in our discussion of human intrusion, it is necessary to review 

the computational tools a t  that lwel of detail. In June 1994, EEG learned that complete 

documentation of all codes will be available by January 3, 1995. 

Technical papers are no substitute for documentation, because technical papers and docu- 

mentation have different purposes. Documentation is intended to communicate effectivek" 





le-05 1 Mcm CCDF of 70 
All soluljitics = 1@ h 

Figure 12. Mean CCDFs from the EEG scenario of direct ground discharge for all actinide 
solubilities set at lo-# M, using 3 methods of deriving the rate of human intru- 
sion, constant 30 boreholes/km2/10,000 years, uniform sampling between 0 and 
30 boreholes/h~ /10,000 years, and subjectively elicited probabilites. 



Tahle 111. Schcdulc for Pcrformanre Assessment Computer Code Documentation 

Code Aug 9.93* 1 Jun 10, 01* I 
I DEC 94 I Dec 1 . 9 4 1  

I BRXGFLO 

I 

p-~~ - ~ 

* Dates of USDOE promise by letter. 

I DEC 97 

CllTTINGS 

GENII 

PANEL 

SECOFL2D 

SECOTP2D 

the details of t.he code design and operation so that people with different interests can be 

convinced of the usefulness-and validity of the computer code. Documentation presents the 

code's logical structure, equations and methods, assumptions and limitations affecting the 

code's applicability, essential for an effective review. 

Sep 1, 94 

The brief descriptions in the 1 !?!I2 Performance Assessment are inadequate as documentation 

for the following reasons. 

4.2 According to SAND92-0700/3, p. 1-36, PANEL calculates 

I DEC 96 

DEC 96 

DEC 97 

DEC 97 

DEC 97 

,- 
r ??,* where Mi is the mass of the ith nuclide in dissolved form, .. :..- , , 

I ::I 
Q is the brine flow rate, .and i , .  

:i :I i 
I I X is the nuclide's decay constant. c ... 

\..%>, ". .,. 
The concrntration is calculated 

Mi 
cdi= ~ . ~ . s i ,  (4) 

1 

Oct 1, 94 

Jul 1,94 

Oct 1, 94 

Jul 1, 94 

Jul 1.94 

where Si is the concentration in saturated solution, and this quat ion calculates the isotopic 

fraction of solubility over j isotopes. 

According to  the February 22,1991 USDOE presentation to USEPA, PANEL actually solves 



where Ii(t) is the inventory of element i at time t ,  and 

V ( t )  is the brine volume in the panel at t. Eq. (4a) incorporates a different concept than 

eq. (4). This kind of information is needed to fully understand the 1992 Performance 

Assessment. 

4.3 The transport code SECOTP2D offers the best examples of the need for full documen- 

tation. Roache (1993) does not explain how the following important items are handled. 

SECOTPZD is a tw*dimensional code. How does it handle the conversion of the source 

term from zeroth dimension, the solubility, to two dimensions? The source is Qc, where Q is 

the well injection rate. How is Q determined? Is Qc spread uniformly vertically, uniformly 

laterally to infinity, making it an infinite line source? 

Two types of matrix diffusion are claimed for the Culebra, in the dolomite and in the 

clay layer. Is the classic Neretnieks equation for matrix diffusion used for calculating these 

effects? 

Over the years several codes have been used for the calculation of flow and transport in -, 

the Culebra, such as SWIFT, and STAFFZD. Are there benchmarking results? 

c. To further demonstrate the inadequacies of technical papers as docu 

lowing comments are offered on the Roache paper. 

The paper touts the TVD algorithm but failed to define TVD. 

The algorithm begins with a variable transformation. A key variable J in the transformk 

tion is not defined. I .I 
i ,.* 

j 2.0  [ i:: a 

No results are given for verification of the dual porosity option. 
i , 

Finally, it is often claimed that because a computer code is undergoing c o n t i n & ~ - ~ w e l -  

opment, its documentation cannot be released. This is simply not the case. A calculation 

done with a computer wde is made with a specific version. Subsequent calculations may 

use the next version. However, for the purpose of documentation, a calculation and the tool 

(computer code) are inextricably intertwined. For a meaningful review, the code version ---. 
used and the extant documentation must be made available. 



5. The Culebra as a Natural Barrier 

The 1992 Performance Assessment elucidates the role of the Culebra a s  an isolation bar- 

rier. Figure 5-6 of vol. 1, claims that WIPP can meet the USEPA's containment requirement 

(USEPA 1993) without the Culebra as an isolation barrier. That is, if the USEPA contain- 

ment limit is applied where brine is diverted into the Culebra, WIPP would still be in 

compliance. With matrix dillusion and sorption, the Culebra would contribute additional 

isolation. 

.- 

Recommendation 5. Quantify the extent of matrix diffusion and sorption through acceler- 

ated experimentation. 
- 

/ 8 

6. Enects of Gas Generation 

While the USDOE has analyzed the beneficial effects of gas generation, the EEG continues 

Recommendation 4. Establish a workable system to provide EEG with relevant documen- 

tation, so that EEG has reasonable access to perform its work. 

- to be concerned that the deleterious effect of gas generation, particularly the opening of new 

discharge pathways, has not been analyzed. 

Recommendation 6. In future analysis, the deleterious effect of gas generation should be 

7. Correlation Among Variables 

No correlation has been assumed between sampled variables using Latin Hypercube sampling. 

In real life, many of the variables are related. For example, there is an inverse correlation 

between VWOOD, the fraction of waste that is wood, and VMETAL, the fraction of waste 

that is metal. 

1 Recommendation 7. The perfonmanee asesment sbould either give reasons why phydcsl) 

correlations have been ignored, or show results with a n ' d a t i o ~ ~ .  I 
8. Natural Resources Near the WIPP 

The 1998 Performance Assessment is unclear on the extent of natural resources extraction 

near the WIPP site, and particularly the possible impact of human ihtrusiop. In vol. 1, 
r 'i 



Section 2.2 an incorrect statement is made: 

About 56 productive oil and gas wells are located within a radius of 16 km (10 

mi) from the WIPP; the wells generally tap Pennsylvanian strata, about 4,200 m 

(14,000 ft) deep (p.2-4). 

This statement is incorrect because there are many more oil and gas wells. The estimate 

of 56 producing oil and gas wells is based on 1986 data. EEG showed (Silva and Channell, 

1992) that some of the 1986 data were incorrect. Furthermore, if the USDOE wishes to 

take credit for current and accurate public records, then USDOE should have used current 

information and not obsolete information. Given the importance of drilling for oil and gas 

on the performance assessment calculations, future iterations should use a more accurate 

representation of the drilling activity near the WIPP facility. One method of so doing is to 

show uptc-date and accurate locations of oil and gas wells on a map. Most of the oil and 

gas wells drilled in the last four years do not tap the deeper Pennsylvanian Formation, but 

produce from various shallow (1200 to 2400 m) wnes within the Delaware Mountain Group 

Formation. -. 

The statement in the 1993 Performance Assessment continues: 

The hydrocarbon well closest to the land withdrawal boundary is about 3 km (2 mi) 

to the south-southwest of the waste panels, and has produced natural gas since 1982 

t7. 
(Silva and Channell, 1992). The surface location of the well is outside the land- 

i ; s, 
withdrawal boundary, but the borehole is slanted to withdraw gas from rocks below 

the WIPP horizon within the boundary. Except for this well, resource extraction 
- - .  is not allowed within the proposed land-withdrawal boundary (vol. 1, p.2-4). 

The 1992 WIPP Land Withdrawal A d  recognizes the validity of two specific oil and gas 

leases in &ion 31, within the WIPP Site Boundary. The owner of one of these leases has 

recently filed an application for permits to drill eight directionally drilled oil web that would 

be completed within the WIPP Site Boundary but at depths greater than 2,000 m (6,000 

ft) to produce oil from within the WIPP Site Boundary. While there was no restriction 

on drilling within the WIPP Site Boundary contained in the Consultation and Cooperation 

Agreement between the USDOE and the State of New Mexico, the second modification - 
restricted slant drilling. 

28 



The following statement appears in vol. 1, section 3.3.3 (p. 3-10): 
.A 

... the DOE agreed to prohibit further subsurface mining, drilling, slant drilling 

under the withdrawal area, or resource exploration unrelated to the WIPP Project 

from the land surface to 6,000 feet (1,830 m) in the subsurface for the 16 square 

miles under DOE control. 

The second modification to the Cooperation & Consultation Agreement has been incorrectly 

interpreted. The Agreement is not limited to the first 6,000 feet (2,000 m) of depth. The 

Agreement states "The DOE will not permit subsurface mining, drilling, . . ." 

1 ~ecommendation 8. Performance assessment .reports should accurately reflect the status1 

/of resource development near the WIPP site. 

9. Oil and Gas Pmductior Near the WlPP 

In vol. 1, section 5.3.5, the following statement is made regarding the Assurance Requirement 

(40 CFR 191.14) for natural resources: 

Future societies might attempt to exploit natural resources near the WIPP and - 
thereby create the potential for a release of radionuclides into the accessible en- 

vironment. These issues have been evaluated in several reports (USDOE, 1980, 

1981b; USDOE and State of New Mexico, 1981, as modified; Brausch et al., 1982; 

Weart, 1983; USDOE, 1990a). A recent report summarizes these earlier reports 

(USDOE, 1991a), and the DOE will continue to document information about nat- 

ural resources that was used in making the decision to proceed with the WIPP 

Project (I, p. 5-20). 

A detailed reading of the references cited does not appear to support the text. 

SiIva and Channel1 (1992) showed that the USDOE Implementution of the Resource Disin- 

centive Plan in # O  CFR 191.l#(e) at the Waate Isolation Pilot Plant (USDOE, 1991a) is 

inconsistent in reporting the number of oil and gas leasea within the WIPP Site Boundary 

and the production status of those leases. 

The No-Migation Variance Petition (USDOE, 1990a) states: 

Oil and gas exploration has been and continues to occur around the WIPP site. 

The target horizons for this type of exploration are below the Castile 

29 



gas exploratory drilling requires permits from the state, and it is unlikely that 

prospective future well drillers would not be informed about the existence of WIPP. 

As an additional protective measure. the DOE has purchased all oil and gas leasea 

in the area of the WIPP site to prevent any exploration now and in the future 

(Section 6.3.2). 

The last sentence above is incorrect. Weart (1983), Brausch el al. (1982) and Weart et al. 

(1991) failed to recognize the potential crude oil resources for this area. Crude oil is now 

being produced from the former control zone IV. 

Recommendation 9. The performance assessment Mort should use the latest and verifiable 

data on oil and gas production near the WIPP, because the extent of oil and gas resources 

in this area is likely to be an important determinant of inadvertent human intrusion, 

( a d  oil and p production a" potentially affect the hydrogeology at  and near the WIPP~ 

10. Gas Generation 

10.1 BRAGFLO is one of the most important codes in the WIPP performance assessment. 

A brief summary of BRAGFLO is given in vol. 3, section 1.4.1. Equations 1.4.1-1 and 

" *+ 1.4.1-2 use rate constants and mole fractions (called 'stoichiometry factorsn) to calculate 

';/ the rate of gas generation. These factors, although not specifically referenced in this section, 
f 
are referred to in the discussion on pp. 3-44 to 3-45. Median corrosion gas production rates 

are given as 6.3 x10-' moles II2/m2-s for inundated steel and 0.1 [-I for humid steel under 

aerobic conditions, and 0.5 [-] for inundated steel under anoxic conditions. An analogous set 

of rates are given for microbial gas generation, with units of moles of gas/kg cellulosics given 

only for inundated conditions. It should be noted that in the development of the equations 

on pp. 1-24 to 1-26, the rate constants and stoichiometric factors are given with acceptable 

units. Why aren't the dimensions the same for all these rates, if they are used for the same 

variable in BRAGFLO? How can a corrosion rate have the units of moles per unit area of 

exposed substrate in one case and no units in another? How can a dimensionlesr variable be 

used interchangeably with a variable with units? 

10.2 A more serious question arises about the use of these results. The gas generation 

rates and stoichiometry factors cited are those calculated by a model and are thus t h  



result of model inputs rather than experimental data. Table IV summarizes the results of - 
the SNL scientific investigations into gas generation, and distinguishes model calculations 

from experimental measurements. Model results are only as good as model inputs. Some 

model inputs include unsupported assumptions, such as the failure to include methane. 

Experimental data exist - see Table IV- but have not been used in modeling. Moreover, as 

the Table IV shows, models give different gas generation rates when given different inputs 

and assumptions, and the median of such calcnlated rates has little validity. 

Although the assumption that radiolysis will contribute only negligible hydrogen formation 

at WIPP appears to have found general acceptance, the data developed by Kosiewicz (1981) 

show this need not be the case. In fact, the gas generation problem was first noticed in stored 

drums of TRU waste in which hydrogen had been generated by radiolysis. Moreover, the 

microbid generation model does not recognize the dependence of the microbial gas generation 

rate on the initial and continued presence and availability of microbes. Radiolysis can be 

the principal sourceof gas from Pu-238 heat source waste. 

- (a) methane generation, 

(b) radiolytidy generated hydrogen. 

Reammendation lob. The relationships in the gas generation model should be validated 
before the gas generation model is incorporated Into BRAGFLO. 

11. Unanalyzed Scenarios 
As Helton (1993) so aptly pointed out, the formulation of scenarios is an integral part of 

performance assessment. There are a number of assumptions used in the human intrusion 

scenarios to  date that EEG believes need to  be reconsidered and either changed or better 

justified. These have all been related to  USDOE in previous written comments and discussed 

in meetings. For completeness of the record, all significant items are mentioned below. 

Some scenarios not currently analyzed in performance assessment need to  be considered. See 

especially the lower half of Figure 4-1 (vol. 2) in the 1992 Performance Aasessmmt. 



Tabk IV. Gas Generation as Modeled and 'h ied 

I I Source I Gas Fkom I ~ e a u ~ t  ( can 6om 1050 ( ~ressure I P = ~ R T / V  ( -1 
I I I 1 moles/drurn/a drums in an alcove 

. I I Po I per annum 1 end of year one I 
Ha 

Tolal gas 

HI - 3 mar. 

HI - 6 mas. 

HY - 12 mae. 

Total g~ 

Brush et d ,  (1993) 

Brush el el., (1993) 

Brush el a t ,  (1993) 

Brush el el., (1993) 

Brush el aL. (19931 

Koeiewicr (1980) 

anoxic corrosion 

microbio. deg. 

anoxic corrosion 

anoxic cormion 

anoxic cormion 

radiolyais 

2.0 

1.0 ' 

1.97 x 

1.72 x 

0.3 

0.11 

0.016 

(mol-/a) 

2,100 

. 1,050 

0.0 

0.0 

1.23 x 1 0.0 

315 

770 

115 

(atm) 

1 .O 

1.0 

1 .O 

1.0 

1 .O 

1.0 

1 .O 

1 .O 

( a t 4  

0.0568 

0.0284 

0.0 

0.0 

PI = PO + P 

1.06 

1.03 

1 .O 

1 .O 

0.0 

0.04 

0.01 

0.0031 

1 .O 

1.04 

1.01 

1.00 



11.1 A Scenario Involving Nuclear Criticality 
.A 

In 1984 S. Cohen, an EEG consultant, analyzed potential nuclear criticality in the Culebra 

Aquifer and concluded that this needed to be thoroughly evaluated by USDOE. 

The potential nuclear criticality could occur if: 

(1) sufficient quantities of a fissile radionuclide such as Pu-239 or U-233 are adsorbed on a 

large enough volume of aquifer matrix; 

(2) there is sufficient hydrogen or other moderator available in the brine or matrix; 

(3) the matrix or brine does not contain sufficient quantities of stable nuclides that can 

"poisonn the reaction. 

EEG's analysis indicated that, with the expected elemental composition of the brine and the 

Culebra aquifer matrix, nuclear criticality could occur in a block 7 m high x 0.5 m wide x 

1 m long if the product of the distribution coefficient (Kd,  mL/g) and plutonium solubility 

(S, moles/L) was geater than about 5.6 x moles/g. 

The possibility of a KdS product of > 5.6 x moles/g is credible. For example, the 

probability distributions for Kd and solubility from volume 3 of SAND 91-0893 (pages 2-104 - and 3-64) have approximate probabilities of occurrence given in Table V. 

Table V. Probabilities of Criticality From Sorbed Fissionable Spedea 

In response to EEG's wmments on the 1990 Preliminary Comparison, SNL responded that 

A performance assessment task has been initiated to examine the potential for 

nuclear criticality from post closure processes. 

Two pages were devoted to discussing nuclear criticality in the 1991 Preliminary Comparison 

(vol. 1, page 452). SNL recognized that sorption can also occur in the b& and at  certain 
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of a high-yield nuclear explosion is also discussed. We find no analysis of nuclear criticality - 
in the 1992 Performance Asse.wment. No schedule has been given for performing additional 

criticality evaluations. 

EEG also believes the possibility of a high-yield nuclear explosion is very remote. One 

concern is with an instantaneous criticality excursion in which there is a brief burst of energy, 

neutrons, and gamma radiation. Perhaps more likely in this situation, where fissile material 

is being added very slowly in a solution, is a delayed criticality where the system does not 

become promptly critical. Such a system would behave much like a nuclear reactor and 

could produce fissions, perhaps in bursts, for extended periods of time. This phenomenon 

has occurred in several process criticality accidents in the U.S., e.g. at Hanford in 1962 one 

system boiled for 37 hours (Thomas 1978). The Oklo "natural reactorn in Gabon is believed 

to have operated in a similar iasliion. 

It is not obvious that a criticality accident would have a significant effect on a repository 

waste disposal system, even if a criticality accident occurs. Considerable heat would be 

produced, some brine would be vaporized, and minor amounts of fission products would be 

formed. It takes 8 x loZ0 fissions to produce one curie of Cs-137. Also, the relatively high Kd ,. 
values that would be necessary to make criticality possible are otherwise a benefit because 

they retard radionuclide transport. 

Recommendation 11.1 The criticality issue needs to be UloroyOBly evaluated before it cau 

11.2 Subsidence 

Subsidence could occur in the area overlying the WIPP some time after repository de.--m- 

missioning. Subsidence can also occur from nearby potash mining. The 1992 Performance 

Assessment identifies an event TS which is subsidence from mining of potash, but TS has 

not been analyzed. 

SNL discussed the potential for subsidence in the 1990 Pnliminaty Comparison. They 

recognized that 'subsidence could in turn conceivably affect the disposal system in three 

ways: by increasing hydraulic conductivity of the Salado Formation, by creating fractures 

through the Salado Formation, or by disturbing the surface drainage and groundwater flow 
A 

in overlying units." The incorporation of the effects of subsidence %to the performanu 
i 



- assessment is still planned. In the 1991 Preliminary Comparison SNL presented an analysis 

of possible caving and subsidence over the waste storage areas from room closure. 

SNL's analysis of subsidence concluded that no problems were likely to result for the waste 

disposal system. The maximum sr~bsidence at  the surface was calculated to be only 0.13 

meter over an area of 1.54 x lo6 m2. The affected area at the surface was determined by 

assuming an angle of draw of 35'. It was further stated that if the Rustler-Salado contact 

residuum had (historically) lost ahout 400 meters due to dissolution without disrupting the 

confined wa:er-producing Culebra and Magenta dolomite aquifers, subsidence should not be 

..~. a problem. 
,.,. 

No evaluation has yet been mad? of subsidence from potash mining. There are significant 

potash resources within the WIPP site boundary. However, the USEPA Standards requires 

analysis of only resource exploration drilling on site. However, it is appropriate to consider 

subsidence effects from p t a s h  mining offsite. 

Offsite potash mining is highly probable. There are reserves on all sides of the site. Sections - 
to the south of the site are already leased, sections to the north and east are under litigation 

for potash leases, and the entire western border is leased or expected to be leased. Because 

the areas leased or expected to be leased to  the north and south include the flow path of 

the Culebra Aquifer across the waste storage area, a potential exists for both upstream and 

downstream effects on the Culebra. Catchment area could be formed to the north from 

subsidence and shafts could provide access to the Culebra for recharge. To the south there 

could be increased transrnissivity from subsidence dfects. With the assumption that mining 

occurs up to  the site boundary and the angle of draw is 3S0 the extent of influence at the 

Culebra Aquifer horizon would be about 200 meters onto the site. Another possibility is 

that mining activity near the South Boundary could result in vertical drainage (via shafts or 

boreholes) from the Culebra Aquifer into underlying mined out areas. This could significantly 

increase the hydraulic gradient between the injection point of contaminated brine and the 

site boundary. 

Reammendation 11.2 Subsidence ell- need to be evaluated in much more detail and in- 

- corporated, in some manner, into the human intrusion scenarios Some scenarios currently 
snalyzed in performance assessment should be re-formulated. 



11.3 Contaminated Brine Flows to the Surface - 
The El,  E2 and E1E2 scenarios assume that the only material reaching the surface is drill-bit 

cuttings and some "cavings" from the annulus about the drill bit in t,he waste storage room. 

Brine flowing to the surface from an encounter with a pressurized Castile brine reservoir was 

not assumed. EEG believes that brine flows to the surface should be assumed and that the 

consequences could be significant for the E1E2 scenario. 

Sandia and USDOE have described typical drilling practices elsewhere (Appendix C of SAND 

89-0462 and in USDOE February 7, 1990 response to EEG's comments on the Draft Supple- 

ment EIS). These responses explain how it is possible to have very little flow to the surface 

by closing in blow-out prwenters within a few minutes, determining the pressure, and then 

preparing drilling mud of sufficient density to stop the flow before resuming drilling. For 

example, USDOE stated in a February 7,1990 letter that only 51 barrels flowed at WIPP-12 

before shut in by a blow-out preventer. 

The February 7, 1990 USDOE letter went on to say that at WIPP-12 an at'?itional49,224 

barrels flowed during deepening, geophysical logging, and further deepening before it was - 
finally shut in for subsequent hydrologic testing. This additional flow was described as 

resulting from a Yconscious decision." 

Virtually every time a pressurized Castile'brine r e se~o i r  was encountered in the vicinity of 

WIPP, "conscious decisions" were made to allow varying amounts of brine to flow to the 

surface. Table VI, extracted from two WIPP reports (USDOE 1981a; 1983), describes the 

remedial measures taken. Although the available data are not as detailed or as quantitative 

as one would like, it is clear that drilling practice through 1982 included release of brine at 

the surface whenever pressurized Castile brine reservoirs were encountered. There has been 

I el 
considerable drilling activity around the WIPP Site in the last few years, and brine has been 

reported in seven wells. In two of these wells brine was reported to have flowed for three 

hours before being stopped, and in another, brine flowed for at least 12 hours. Records did 

not indicate how long the remaining wells flowed. It appears that, in most cases, significant 

amounts of brine flow to the surface before being controlled and performance assessment 

scenarios should assume that any intruding driller will face similar situations. Also, minor 

flows may not always be recorded in drilling logs, or perhaps even recognized. Furthermore, - 
it is likely that not all Castile brine encounters have ban reported. 



Figure 1. 1990 Zom I, Zonc II, and W P  Site Boundaries. From Figure 2.1-3, 
WlPP FSAR. (U.S. DOE, 1990a, reproduced with permission). 



Although the designations of Zone III and Zone lV are no longer used, they merit a 
h 

brief description because much of the initial WIPP documentation refers to these 

zones. The location of Zones III and IV are shown in Figure 2. 

Zone 111 essentially provided a one-mile (1.6 kilometer) buffer around Zone II. In 

Zone III, all mining, other than for the repository, and deep drill holes penetrating 

through the evaporites were prohibited (U.S. DOE, 1980, p. 8-4). 

Zone N provided a one-mile (1.6 kilometer) buffer around Zone III. Within Zone 

IV, conventional potash mining would be permitted but solution mining was 

prohibited. Deep drill holes were also allowed but water flooding and massive 

hydrofracture for hydrocarbon recovery would not be permitted. The F i  

Environmqtal Impact Statement also noted existing oil and gas wells producing in this 

zone will be pennitted to continue through their useful lives. To protect the 

repository, they will be sealed as prescribed by the DOE when abandoned. New wells 

for oil and gas production may be drilled in conformance with DOE standards to 

facilitate eventual plugging (U.S. DOE, 1980, p. 8-4). 

When Zone N was relinquished by DOE as being unnecessary, the Zone III boundary 

was "squared off and the new site boundary extended into the former Zone IV at the 

four corners (Weart, 1990). Hence, the cunmt four mile (6.44 kilometers) by four 

mile WIPP Site Bounds$ also provides the onemile buffer originally established as 

Zone III. 

+rhroughout this report, the term "WIPP Site Boundary' refers to the four mile 
by four mile area described above and the term "WIPP Site Area" refers to the - 
approximately thirty-two square mile area that includes all of Zone IV. 



Figure 2. 1 9 ~  -& ac. at the W P P  SL. @sas, U.S. ME, lw* 
nproduced with *on). 



3.0 REPORTS ON PETROLEUM RESOURCES AND LEASES 

EPA's requirements for establishing a repository in a resource rich area were clearly 

stated in 40 CFR 191.14(e): 

Places where there has been mining for resources, or where there is 
a reasonable expectation of exploration for scarce or easily accessible 
resources, or where there is a significant concentration of any material 
that is not widely available from other sources, should be avoided in 

r( 

selecting disposal sites. Resources to be considered shall include 
1 . , minerals, petroleum or natural gas... . Such place shall not be used for 

r s  

disposal of the wastes covered by this part unless the favorable 
characteristics of such places compensate for their greater likelihood 
of being disturbed in the future (U.S EPA, 1985). 

From 1976 through 1980, SNL published several reports on the mineral resources 

in the Los Meda5os area. Each discussed oil and gas resources. 

A-report by the petroleum consulting firm of S i p ,  W m s o n ,  and Aycock, Inc. 

(Keesey, 1976) focused on estimating the remaining economically recoverable oil 

and gas reserves underlying the proposed disposal site. The evaluation was intended 

to serve as a guideline to SNL in determining the acceptability of the "site area" and 

the potential value to the owners of the hydrocarbon rights. 

Griswold's (1977) subsequent evaluation of site selection and mineral resources 

incorporated the information provided by Keesey (1976). 

Powers, et al. (1978) preparrd the geological characterization report for the WIPP 

citing the work of Keesey (1976) and Griswold (1977) as well as earlier work by 

Foster (1974). 



Keesey (1977) provided a more detailed analysis of the hydrocarbon resources 

including those in Section 31, T22.5, R31E, the section containing the active gas 

leases in the southwest comer of the current WIPP Site Boundary. The study was 

limited to surface and subsurface rights to 6,000 feet (1829 meters), which were 

eventually condemned and purchased by the federal government in 1979. The 

evaluation did not include the deeper resources. 

Keesey (1979a) evaluated the feasibility of directionally drilling for oil and gas 

resewes under the WIPP Site Area, which, by previousdefinition, included Zone IV. 

It was technologically feasible to driU into gas and condensate resewes underlying the 

WIPP Site Area from outside the WIPP Site Area. 

Keesey (1979b) updated the estimated potential hydrocarbon reserves and asscciated 

costs and in&mes for oil and gas underlying the WIPP. The estimates were intended 

for use in the Environmental Impact Statement for the WlPP being prepared by 

Westinghouse Electric Corporation. The estimates were not intended to represent 

future net revenue values normally used by the petroleum industry to determine the 

fair market value of oil and gas producing properties. The undiscounted value of the 

gas and condensate reserves underlying the WIPP Site Area (including Zone IV) was 

determined to be $287,502,346 (Keesey, 1979b, p. 6; U.S. DOE, 1980, p. 7-72). 



4.0 HISTORY OF NATURAL GAS EXPLORATION AND PRODUCTION - 
The WIPP site is situated in the northern portion of the Delaware Basin. While there 

were no oil or gas wells within the 32 square miles (8288 hectares) of Zone IV in 

1976, oil and gas were being ?reduced from 60 wells in a 368 square-mile (95 312 

hectares) area surrounding the site. Although the area was considered to be 

potentially rich in hydrocarbon reserves, extensive deep drilling had not been ventured 

in the New Mexico portion of the Delaware Basin. Only 10 to 15 percent of the 

available acreage had been investigated. The lack of more complete drilling and 

development was attributed to several factors including historically restrained gas 

prices, a higher exploration risk due to the varying depositional environment, a lack 

of readily available pipelines during earlier periods, and moratoriums on drilling in 

the potash areas to,pmrent methane gas from entering potash mines (Keesey, 1976; 

Powers et al., 1978). 

As noted by Griswold (1977), the energy crisis of the mid-1970's had driven up the ,-. 

of natural gas at least fourfold in just two years, prompting a renewed interest 

in previously unamactive areas. In 1977, deep exploratory drilling for natural gas 

was underway throughout the Delaware Basin. Just prior to the publication of 

Griswold's report, three different companies applied for drilling permits in the Los 

Medaiios site area. 

Known petroleum production in the area extended from the Delaware Formation 

(mean depth 4,200 feet, 1280 meters) down to the Morrow Formation (mean depth 

13,400 feet, 4084 metas). The deeper Morrow sandstones and the overlying Atoka 

sandstones of the Pennsylvanian series held the best promise for commerciai .atural 

gas production (Griswold, 1977). 



In addition to several single well fields, there were two major producing fields in the 

Los Medaiios area. Five wells were producing gas from the Morrow Formation in 

the Cabin Lake field just northwest of the WIPP site. A five-well field, the Los 

Medaiios Field, was producing gas from both the Morrow and the Atoka Formations 

just southwest of the WZPP site. 

4.1 Shell James Ranch Unit No. 1 - A Prolific C ~ F  Well 

A very productive gas well is located two thousand feet (610 meters) west of the 

WIPP site in the southwest corner of Section 36, T22S, R30E. The location is shown 

in Figure 3. Known as the Shell James Ranch Unit No. 1, the well was drilled, in 

1957, to a total depth of 17,555 feet. The well was completed in the 12,920 to 

12,929 foot (3938 to 3940 meters) interval for production of gas and oil condensate 

from the L& ~edaiibs-~toka Formation and has been producing since 1958. 

The well has been proLific throughout its production history. Initial twenty-four hour 

production was 9,000 MCF gas and 104 BBLs condensate.' As of mid-1976 

cumulative production exceeded 17,000,000 MCF (481 000 000 cubic meters) of gas 

and 200,000 barrels (32 000 cubic metas) of condensate. The gas production rate 
*a", 

F ,. from that single well in 1976, was wer 100,000 MCF (2 800 000 cubic meters) per 

month. Keesey (1976) calculated the James Ranch Unit No. 1 would ultimately 

recover 35,900,000 MCF (1 biion cubic meters) of gas and 425,000 barrels (68 000 

cubic meters) of amdensate.' The history of gas and condensate production since 

1970 is shown in F i  4. 

'An MCF is equal to one thousand standard cubic feet (28.32 cubic meters) of 
gas. A BBL is equal to one banel (0.159 cubic meters) of oil or condensate. 

'As of August 1,1991, production records filed with the U.S. BLM for the James 
Ranch Unit No. 1 show that cumulative gas production has exceeded 25,000,000 
MCF and condensate oil production has ex& 270,000 BBLs. 



Figure 3. Five Gas Wells Outside Southwest Coma of WIPP Site in 1977. Jam# 
Ranch Unit No's 1, 3, 4, 7 and Hudson Federal No. 1 el). (after 
Grinvold, 1977, Figure 4, highlighted and reproduced with pamission.) - 



Figure 4. Gas and Oil Production from 1965 - 1991; James Ranch Unit No. 1. Data 
provided by Roswell District Office, U.S. BLM, 1992. 



By 1977, the Shell James Ranch Unit No. 1 was flanked by an arc of four other wells .- 

on the south and west that essentially failed to tap the Atoka reservoir. The four 

wells were initially completed in the deeper Morrow Formation (Griswold, 1977). 

Figure 3 shows these wells included the Hudson Federal No. 1, Belco's James Ranch 

Unit No. 3, Belco's James Ranch Unit No. 4, and Conoco's James Ranch Unit No. 

7. 

4.2 Natural Gas Beneath the WIPP Si& 

A faulted anticline controls the Morrow reservoir in the Los Medaiios field, southwest 

of the WIPP site. This same structure probably persists up into the Atoka and both 

reservoirs probably extend toward the northeast (Griswold, 1977). 

Analysis of production decline curves through 1976 for the James Ranch No. 1 well 

indicated the well was probably draining at least five square miles (1300 hectares). 
1. 

That observation, coupled with the favorable geologic structure and the failure of 

wells drilled to the west and south, further suggested that wells drilled to the north- 

east would have a high chance of success (Keesey, 1976; Griswold, 1977; U.S. DOE, 

As part of the hydrocarbon nswr~e evaluation, potential drilling sites were selected 

based on the structure amtours of the Morrow Formation. Depending on the geologic 

structure and distance from producing wells, the potential drilling sites were ranked 

as either 1) proved undeveloped, 2) probable, or 3) possible. Proved undeveloped 

reserves identified commercially recoverable hydrocarbons to be recovered from new 

wells on undrilled acreage or from existing wells requiring a major expenditure for 

recompletion or new facilities for fluid injection. (Keesey, 1976; Griswold, 1977, 

U.S. DOE, 1980). 



The two locations ranked as "proven undeveloped" were north and east of the Shell 

James Ranch No. 1, as shown in Figure 5. The production data and geologic 

information available in 1976 indicated that much of the natural gas being produced 

from the Atoka Formation came from beneath the defined WIPP Site Boundary and 

the best place to drill a well would be in Section 31, T22S, WlE, which is precisely 

where the two active gas leases beneath the WIPP site are located. 

Keesey (1976) noted that the drilling and completion of additional wells northeast of 

the Shell James Ranch No. 1 would only enhance the rate of recovery of the Atoka 

reservoir now being drained by the one well. Ultimate recovery would remain about 

the same. 

4.3 Earlv History of Lea= 

In May 1952, Confinental Oil Inc. (Conoco) obtained an oil and gas lease CNMpM 

Lease # NM 02953) that included all 640 acres (259 hectares) of Section 31, T22S, 

WlE. In June 1953, the area was approved by the U.S. Geological Survey 

(U.S.G.S.) as the James Ranch Unit. Sid Richardson and Perry R. Bass were 

designarzd Unit operators.J 

As discussed above, Shell Oil Company drilled the James Ranch Unit No. 1 in 1957, 

on Section 36 just west of the Conoco lease. Shell began prolific production of gas 

and condensate from the newly discovered resources in the Atoka Formation in March 

'Information about drilling applications, completion records, pipelinemections, 
production records, and official memoranda concerning these leases was obtained 
from U.S. Bureau of Land Management Offices in Rowell, New Mexico and Santa 
Fe, New Mexico. 





In February 1959 the Conoco lease on Section 31 was divided. The north half of 

the section remained with Conoco and the south half was assigned to Richardson and 

Bass under lease NM 02953-C. Peny R. Bass was designated the Unit Operator, in 

March 1961. 

Keesey (1976) completed the analysis of hydrocarbon reserves for SNL, effwtive 

September 1, 1976, in which he concluded: 

that the Los Medaiios (Atoka) reservoir extends north and northeast 
underneath the 'site area' in section 31-22s-31E [Conoco's and Bass's 
undeveloped leases] and 36-22s-ME [Shell's producing lease] (Keesey, 1976, 

P. 16). 

On November 7, 1976, Bass formally fled for a permit with the U.S. Geological 

Survey to drill a well on Section 31. Three days later, November 10, 1976, Con- 

was designated as the operator and local agent for Bass "with full authority to act in 

his behalf in complying with the terms of the lease and regulations.. .." (Bass, 1976). 

On November 11, 1976, the District Engineer for the U.S.G.S., routinely notified the 

New Mexico Division of Lands and Minerals Program and Land Office in Santa Fe, 

New Mexico, of the intent of Bass Enterprises Production company to wmmence 

drilling operations. 

On December 10, 1976, a withdrawal notice appeared in the Federal Regisfer. The 

Energy Research and Development Administration O A ,  precursor of the DOE) 

applied for withdrawal of 17,000 acres (6880 hectares) of public lands in New Mexico 

for a nuclear waste disposal site including the land containing the Bass lease. 



On January 20, 1977, the U.S.G.S Area Oil and Gas Supervisor, James W. - 
Sutherland, approved the Bass application to drill for oil and gas . 

4.5 Court Condemnation of Oil and Gas Leases at the WIPP Site 

On February 9, 1977, the U.S. Government, at the request of the Acting 

Administrator for the ERDA, filed a complaint in civil wurt (Case # CIV 77-071 B) 

against Bass Enterprises et al. condemning their oil and gas lease from the surface to 

a depth of 6,000 feet (1829 meters) for the south& half of section 31. 

On April 4, 1977, the U.S. BLM Assistant Solicitor of Lands, John J. McHale, 

informed the I>irector of the U.S. BLM that an attorney for the U.S. ERDA in New 

Mexico had inquired by telephone about the impact of the Federal Land Policy and 

Management Act (FLPMA) on the land status because the issue had been raised in 

litigation. The lessee (Bass) was contending in court that the condemnation of oil and 

gas leases by the Government was illegal, arguing that the Guvemment can only - 
terminate the lease through the lease provisions. The Assistant Solicitor had advised 

the ERDA attorney, that in BLM's judgment, the land should never have been taken 

(McHale, 1977). 

On December 7, 1977, an additional wmplaint was filed in civil court (Case # CIV 

77-776 B) by the U.S. Government against Conow Inc. condemning their oil and gas 

lease from the surface to a depth of 6,000 feet (1829 meters) for the northern half of 

Section 31. 

On February 12, 1979, both cases were senled jointly. The court condemned the oil 

and gas lease from the surface to 6,000 feet (1829 meters) and assigned $1,350,000 

to Conoco, Bass Enterprises, and other defendants as just compensation for these 

leases. 



On December 11, 1981, Bass Enterprises filed a formal application to drill a wildcat 

well, James Ranch Unit No. 13, on Section 6, T-23-S, R-31-E (#NM 02887-D) with 

the intent to deviate north into Section 31, T-224, R-31-E. This section, would fall 

entirely within the defined WIPP Site Boundary fourteen months later. 

On December 14, 1981, James Pettengill, geologist with the U.S.G.S. Office in 

Roswell, filed a review of the drilling application with the U.S.G.S. District Engineer 

in Artesia. The review noted that the "completion location is within the boundaries 

of the Department of Energy's proposed Waste Isolation Pilot Project (WIPP)" 

(Pettengill, 1981). 

On December 16,1981, the U.S.G.S. District Supervisor in Roswell, James G i ,  

issued a memo to the U.S.G.S. Deputy Conservation Manager of Oil and Gas 

transmitting the request to drill and commenting that the "drillsite is not considered 

to be in a politically sensitive area" (Gillham, 1981). 

*I.- 

On December 18, 1981, the U.S.G.S A m  Manager for the Carlsbad Resource Area 

notified the DOE WIPP Project Manager of Bass's application to d d l  and requested 

advice on any special stipulations or concerns by December 28, 1981 (Koski, 1981). 

The DOE Dezember 30, 1981, response noted that the Depaament had obtained 

exclusive use of the surface and uppermost 6,000 feet (1829 maers) of subsurface for 

the specific purpose of preventing any drilling activity in Section 6, N'h,NW%, 

T23S, R31E and Section 31, T22S, R31E. The letter cautioned the BLM that "the 

approval to drill must include the stipulation that Perry R. Bass i s  not permitted to 

drill into the areas demibed above" (McGough, 1981) . 



Following the January 11, 1982, approval by the U.S.G.S. (Reitz, 1982) to drill, - 
drilling started on Febnrary 6, 1982. On September 13, 1982, the well was tested 

and produced 141 MCF of gas for an eight hour period. On September 21, 1982, 

drilling was completed. On February 14, 1983, the Natural Gas Pipeline Company 

of America connected to the well, James Ranch Unit No. 13, for the purpose of 

purchasing gas. The wellhead is shown in Figure 6 with the WIPP Waste Handling 

Building in the background. 

4.7 7me Desienation and Resource Recovery Control 

On February 17. 1983, the DOE WIPP Project Manager notified the Director of the 

Environmental Evaluation Group (EEG) that: 

the configuration of WIPP surface control zones has changed as a d t  of 
the cost duction program, the DOE rrsource management policy and 
Bureau of Land Management land withdrawal action.. . . Descriptions of the 
new control zones are alx, enclosed (McGough, 198%). 

On February 24, 1983, the DOE WIPP Project Manager further informed the EEG 

Director that: 

..' the DOE does not plan to exercise any control over resource m v e r y  
d activities outside the Site boundary and will rely, primarily, on other Federal 

% 
and State regulatory agencies to assure that the WIPP boundaries are not 
violated (McGough. 1983b). 

On Oaoba 28, 1983, the EEG requested a clarification on the DOE's conflicting 

descriptions of the Zone III boundaries and a clarification on the interim controls on 

resource recovery. The EEG was puzzled by the DOE's reference to the new WIPP 

site boundary as Zone III. The EEG was also concerned the resfriction against 

drilling into the first 6,000 feet (1829 meters) was not included in the BLM/DOE 



Figure 6. James Ranch Unit No. 13 with WIPP Waste Handling Building in 
Background. 



Memorandum of Understanding or in the Resource Management Plan. Hence, EEG -. 

suggested that there was no apparent reason for the BLM to enforce the restriction 

(NeiU, 1983a). 

On December 7, 1983, the DOE WIPP Project Manager acknowledged that: 

1. Our February 24, 1983 letter incorrectly identified the WIPP Site 
boundary as beiig the Zone III when in fact the Zone III boundary has not 
changed from that shown in the FEIS. The zone being controlled as regards 
mineral extraction, is the 16 full sections of land as shown in the sketch 
enclosed in our February 17, 1983 letter. These 16 sections comprise the 
area identified in the June 29, 1983 administrative land withdrawal. 

2. All lease rights which have been purchased by the DOE within the site 
boundary have been purchased in their entirety or alternatively we acquired 
only the upper 6,000 feet of the leases to reduce the acquisition cost to the 
DOE and to allow access to potential hydrocarbon resources below the WIPP 
Site. It was not consided necessary to detail this informaton in the -? 

DOEIBLM Memorandum of Undastaading (MOW or Resource Manage- 
ment Plan because the BLM is required to enforce mineral leaskg laws 
which prohibit violation of adjacent (in this case, DOE'S) lease boundaries 
(McGough, 1983c). 

In evaluating the suitability of the WIPP Site, the EEG (Neil1 et a,., 1983, p. iii) 

recommended that 

no potash mining will be allowed in Zones I, 11, and Ill of the WIPP site. 
Deviated drilling 'for oil and gas from outside the WIPP site to rcach under 
the WIPP site at depths greater than 6,000 feet may be allowed. The federal 
government.shall exercise active institutional control at the site for this 
purpose for at least 100 years after repository ~mmiss ion ing .  



The remmmendation was reiterated on December 6, 1983, in a letter from the EEG 

D i i t a r  (Neill, 1983b) to the W P  Project Manager on the suggested wording for 

the First Modification to the Consultation and Cooperation (C&C) Agreement between 

the U.S. Department of Energy and the State of New Mexico. On November 14, 

1984, the State of New Mexico and the U.S. Department of Energy agreed that: 

During facility construction and operation the DOE will not allow subsurface 
mining, drilling or resource exploration from within the WIPP site. The 
'WIPP site' as used here means the 4 x 4 mile (10,240 acres) area consisting 
of sections 15, 16, 17, 18, 19,20,21,22,27,28,29, 30,31,32, 33, and 
34 of Township 22 South, Range 31 East, NMPM, in Southeastern New 
Mexico. 

Deviated drilling for oil and gas from outside the WIPP may be allowed so 
long as the subsinface of the WIPP site is not penetrated above a depth of 
6,000 feet from the surface. 

EEG's recommendation to include a statement that the federal government shall 

exercise active institutional control at the site for at least 100 years after repository 

decommissioning was not included in the modification. Rather, the First Modification 

to the C&C agreement stated that: 

the consultation process concerning the length and extent of the postclosure 
institutional control, shall be negotiated and resolved by the parties in the 
future, and at least one year prior to the start of the decontamination and 
decommissioning of WIPP. 



5.0 TEE M)RGO'ITEN GAS LEASES AND WELL BENEATH THE WIPP 
sm 

The 1984 agreement between the U.S. Department of Energy and the State of New 

Mexiw to allow slant drilling under the WIPP Site changed on August 4, 1987, in 

the second modification to the C&C agreemeiii (U.S. DOE and NM, 1987), which 

states: 

The DOE will not permit subsurface mining, drilling, or resource exploration 
unrelated to the WIPP Project on the WIPP site during facility construction, 
opedon, or after decommissioning. This prohibition also predudes sfant 
drilling6 under the site from within or from outside the site. 

Several important DOE documents are either inwrrect, silent, or inconsistent on the 

existence of the two oil and gas leases and the gas well. For example, the F i  

Environmental Impact Statement (FEIS, U.S. DOE, 1980, pp. 8-8-8-10) identifies 

the oil and gas leases held by ten companies in March 1979, yet the 1952 Con- and - 
1957 Bass leases in the southwest wrner of the WIPP Site on Section 31 are not 

mentioned. The WIPP F i  Safety Analysis Report (WPP FSAR, U.S. DOE, 

1990a, Section2.1.1.1), i n m y  states thattherearenoactiveoilandgasleases 

within the WIPP Site Boundary. M o m ,  the WIPP FSAR (U.S. DOE, 1990a, 

Figure 2.2-1) fails to chart the intruding well on its map of producible oil and gas 

wells. The DOE No-Migration Variance Petition to EPA inco~er.tly states that the 

DOE has purchased all oil and gas lases in the area of the WIPP site to prevent any 

exploration now and in the future (U.S. DOE, I-). Revisions 1 through 5 of the 

SeQetary of Energy's Decision Plan were monitoring the status of an active potash 

lease until itwas purchased by the DOE. Yet Revisions 6 through 10 remained silent 

on the active oil and gas lease issue even after the article in the Albuquerque Journal 

raised the issue (McCutcheon, 1990). The recently published DOE Implementation 

6Emphasis added. 
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of the Resource Disincentive document, (U.S. DOE, 1991) is inconsistent on the 

number of active oil and gas leases within the WIPP Site Boundary and on the 

production status of the forgotten gas well. 

5.1 1980 WIPP Final Environmental Im~act Statement 

The WIPP Final Environmental Impact Statement (U.S. W E ,  1980) identifies the gas 

and oil leases held by ten companies in March 1979 at the WIPP Site. Figure 7 

(reproduced from the 1980 W P P  FEIS) does not show the Bass and Conoco leases 

on Section 3 1. While those two leases were condemned in February 1979 from the 

surface to 6,000 feet (1829 meters), the oil and gas leases below 6,000 feet (1829 

meters) did remain valid. 

The DOE'S stated commitment to prohibit slant drilling and the loss of h&vledge 

is also documented in the WIPP F i  Safety Analysis Report (U.S. DOE, 1990a) 

which the DOE describes as the top level document in the hierarchy of the WIPP 

safety documents. The WIPP FSAR states: 

f -  
i .  The area of land that lies within the WIPP Site Boundary and committed to 

the WIPP facility is a square four miles on a side. It contains 10,240 a m  
(16 mi3 including Sections 15-22 and 27-34 in township T22S, R3lE.. . . 

The DOE will not permit subsurface mining, drilling, or resource exploration 
unrelated to the WIPP Project within the WLPP Site Boundary during facility 
operation or after decommissioning. This prohibition precludes slant 

driUing7 under the WIPP f'aciity from within or outside the WIPP facility. 
(U.S. DOE, 1990a, Section2.1.1.1). 

'Emphasis added. 



Figure 7. Oil and Gas Leases Within the WlPP Site according to the DOE m, 
(U.S. DOE, 1980, Figure 8-6, reproduad with pamission). - 



The WIPP Final Safety Analysis Report also incorrectly states: 

... all oil and gas leases within the WIPP Site Boundary have expired (U.S. 
DOE, 1990a, Section 2.1.2.1.3). 

Furthermore, Figure 2.2-1 (Figure 8 in this report) of the WIPP FSAR fails to show 

all of the 1986 operable natural gas and oil wells within a ten mile (16.1 kilometers) 

radius. This figure shows seven wells just outside the southwest corner of the site - 
James Ranch Unit Nos. 1 ,3 ,4 ,  7, 10, 11 and Hudson Federal No. 1. James Ranch 

Unit No. 3 appears to be plotted in the wrong location. At least two wells, James 
-.. - Ranch Unit Nos. 13 and 14 shown in Figure 9, both slant drilled wells, are not shown 

in the WIPP FSAR. James Ranch Unit No. 13 and James Ranch Unit No. 14 were 

not only operable, but each was producing through the entire year of 1986, as shown 

in Figures 10 and 11. 

Table 1 @repand from data provided by the Roswell District Office of the U.S. 

BLM) lists the gas and condensate production from the James Ranch Unit No. 13. 

Production was stopped for one month in July 1985 and again for three extended 

periods of several months beginning in April 1987. Nonetheless, gas and condensate 

were produced for several months in 1987, 1988, and again in 1991. To date this 

well has produced wer 3,000,000 MCF gas. The latest available production records 

in the Roswell District Office of the US. BLM show production of 27,618 MCF gas 

and 164 BBLs condensate for February 1992 (U.S. BLM, 1992). 

James Ranch Unit No. 14 was slant drilled in 1983. The top of the well is located 

in Section 6, T23S, R31E and completed in the Los MedaTios-Momw Formation in 

Section 7, T23S, R31E. S i  production began in December 1983 records through 

February 1992 show this well has produced gas every month except for a two month 

period in 1987. 



Figure 8. 1986 operable N a n d  Gas and Oil Welts, within 10 Mile Radius (WPP 
B A R ,  U.S. DOE, 1990a. F i  2.2-1, nproduced with pumissioa). - 
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Figure 10. Production History of James Ranch Unit No. 13. Data provided by 
Roswell District OfFia, U.S. BLM, 1992. 



la- 

Figure 11. Production History of James Ranch Unit No. 14. Data provided by 
Roswell Diserid Office, U.S. BLM, 1992. 



TABLE 1: PRODUCTION HISTORY OF JAMES RANCH UNJT NO. 13 

DATE 

01/31/83 
02/28/83 
03/31/83 
04/30/83 
0513 1/83 
W30I83 
07131/83 
08/31/83 
09/30/83 
10/31/83 
11/U)/83 
12/31/83 
01/31/84 
02/29/84 
0313 1/84 
04/30/84 
05/31/84 
W W 8 4  
07/31/84 
W 3  1/84 
09/30/84 
10/31/84 
11130/84 
12/31/84 
01/31/85 
02/28/85 
0313 1/85 
04/30/85 
05/31/85 
W30I85 
07/31/85 
08/31/85 
09130/85 
10/31185 
11m85 
12/31/85 
01/31/86 
W 8 6  
03/31/86 
04/30/86 
0513 1/86 
w m 8 6  

OIL 
( B W  

0 
167 
467 
501 
579 
524 
589 
546 
588 
672 
619 
43 1 
539 
508 
615 
555 
580 
567 
557 
548 
481 
562 
549 
569 
543 
393 
507 
437 
526 
410 
0 

207 
302 
250 
m 
33 
126 
189 
160 
316 
212 
241 

GAS 
( M W  

0 
32970 
63373 
66425 
76613 
81409 
82734 
76421 
86647 
91799 
85720 
84334 
93266 
88828 
86519 
86971 
89612 
87216 
88357 
88778 
80027 
89005 
8UM 
8641 1 
so505 
65972 
81783 
74131 
83292 
m 

0 
1391 
43919 
40550 
53275 
3112 
10583 
31505 
32865 
38991 
36926 
35085 
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TABLE 1 (contin 



5.3 No-Mimation Variance Petition to EPA 

The DOE No-Migration Variance Petition (U.S. DOE, 1990b) to the EPA states in 

the section on human intrusion: 

Oil and gas exploration has been and continues to occur around the WIPP 
site. The target horizons for this type of exploration are below the Castile. 
Oil and gas exploratory drilling requires permits from the state, and it is 
unlikely that prospective future well drillers would not be iufomed about the 
existence of WIPP. As an additional protective measure, the DOE has 
purchased all oil and gas leases in the area of the WIPP site' to prevent 
any exploration now and in the future (U.S. DOE, 1990b, Section 6.3.2). 

With respe to petroleum exploration and the human intrusion issue, the last sentence 

in this paragraph provided incorrect information to the EPA. The EPA subsequently 

granted a variance to the DOE in November 1990 (U.S. EPA, 1990). 

5.4 New Mexico and Minerals Degamnent Report 

The 1984 report published by the New Mexico Energy and Minerals Department 

(NMEMD) Task Force on Natural Resources (NMEMD, 1984) stated that the DOE 

had acquired several oil and gas leases at a cost of over $19.6 million dollars. The 

report stated that "As a result of these lease acquisitions, only one hydrocarbon lease 

remains within the WIPP Site Boundary... an =acre tract held by Skelly Oil 

Company ...." (NMEMD, 1984, p. 27). The report did not identify the active gas 

and oil leases in Section 31, deeper than 6,000 feet (1829 meters). 

- 
'Emphasis added. 



5.5 1990 Memorandum of Und-dine between BLM and DOE 

The U.S. Depaftment of Energy and the U.S. Department of Interior's BLM signed 

the Memorandum of Understanding on October 26, 1990, recqnizhg that: 

BLM wiU prohibit directional drilling underneath the WIPP site 
boundary, except as may be required for the development of the two 
leases located under Section 31;9 drilling may be allowed below 6,000 feet 
of the surface. 

Hence, it appears the DOE entered into an agreement in 1990 to honor these leases 

despite commitments to preclude slant drilling in the 1987 C&C Agreement with 

New Mexico and the 1990 WIPP FSAR." Apparently, the DOE accepted the fait 

accompli without considering the commitments in the C&C Agreement and the WIPP 

FSAR. 

On November 3, 1990, the Albuquerque Journal reported the discovery of the 
4 

r e  forgotten natural gas well completed within the WIPP Site Boundary. (McCutcheon, 

(.. 
c*,', r "  

On November 15, 1990, the Assistant Manager for Energy and Special Programs of 

the Albuquerque Opuations Oftice of the Department of Energy sent a letter to the 

%mphasis added. 

''On January 22, 1991, the Assistant Secretary of the Interior signed 43 CFR 
Public Lands Order 6826 (Administrative Land W~thdrawal). That Administrative 
Land Withdrawal Order cites the October 26, 1990 Memorandum of Understanding 
between the U.S. Department of Energy and the U.S. Department of the Interior 
BLM as the guiding document regarding resource management. 



Chairman of the New Mexico Radioactive Waste Consultation Task Force. The letter 

maintained: 

... at the time this deviated well was drilled, the section 31 bottom hole was 
within what was formerly termed "zone IV" of the WIPP site. A 1980 
report prepared by Sandia National Laboratories (SNL) concluded that 
extraction from within zone N would have no technical impact on repository 
performance. The 1980 Environmental Impact Statement for the WIPP stated 
that the DOE would permit drilling for natural gas in zone IV. Accordingly, 
in 1981 when Bass Enterprises filed an application to drill the well, the DOE 
stated it had no objection, so long as the operator did not encroach upon the 
surface or the first 5,000 feet condemned by the United States. Recent 
review by SNL confirms that the existence of this bottom hole more than 
14,000 feet below section 31 does not affect the performance of the 
repository. 

We do not believe that the existence of this 1982 well contravenes the August - 
4, 1987 Second Modification to our Agnement for Consultation and 
Cooperation in which we previously agreed to prospectively preclude 
"subsurface mining, drilling, or resource exploration unrelated to the WIPP 
Project on the WlPP site" [including "slant drilling under the site from within 
or from outside the site'] ... . (Bickel, 1990a). 

,' 
" 

The DOE response quires further explanation because it cited a " 1980 report" from 

Sandia National Laboratories and a " m t  review by SNL." The "1980 report" was 

a draft of a position paper on Zone IV. The 1980 memo of transmittal accompanying 

those draft pages also recommended that: 

well selected, realistic scenarios addressing the collsequ~1ces of mining and 
drilling in Zone IV should be a part of the Zone IV position paper (Weart, 
1980). 



The cited "recent review by SNL" described in the November 15, 1990, DOE letter 

was a November 5, 1990, memo (Wean. 1990) prepared at the DOE'S request. The 

one and one-half page memo reexamined the reasoning from the 1980 draft in light 

of the new dilemma and current regulatory requirements. The memo correctly stated: 

the portion of the hole that penetrates the salt is outside the site boundary and 
thus beyond the boundary at which compliance with the standards will be 
evaluated (Weart, 1990). 

and concluded that: 

even though the Bass drill hole is bottomed within the site boundary, it is 
much more than a mile from the waste m e  and therefore exceeds the 
technical safety requirements (Weart, 1990).11 

The DOE Albuquerque Operations Office November 16, 1990, letter to the 

Coordiitor of the New Mexico Radioactive Waste Task Force stated: 

there is one producing well allowed in each 32@acre production unit. The 
south half of Section 31 has its one well, James Ranch Unit No. 13 (Bickel, 

4%'" " . . % 

"; s 
1990b). 

.< k?'+ " $ * .  
However, the letter failed to note current drilling practices in New Mexico would 

allow additional deep gas wells to be W e d  into Section 31 including the south half 

"Initially, the selection of a site required that the repository be located at least two 
miles from a borehole penetrating the Salado formation. The two mile requirement 
was believed to be collservative but was also arbitrary (Schueler, 1980). The two 
mile requirement was reduced to one mile after the site at the ERDA 6 borehole was 
found to be unacceptable (Neil1 et al., 1979, Appendix III, p. 6). The Geologic 
Characterirtion Report (Powers dal., 1979, p.2-12) stated that justification for a one 
mile criteria was based on reports by Snow and Chang (1975). Walters (1975), Fader 
(1973), and Griswold (1977). However, EEG questioned the pertinence of these 
studies and, hence, questioned the justification for the reduction to a one mile criteria 
(Neil1 et al., 1979, Appendix III, pp. 6,7). 



of that section. The lessee can request permission to drill on tighter spacing by 
h 

demonstrating to the New Mexico Oil Consmation Division that the tighter spacing 

is required to efficiently produce the gas from the formation. For example, if a 

rese~oir exhibits retrograde condensate behavior, the buildup of liquid around the 

well bore can reduce, sometimes seriously, the flow rate as the pressure declines 

below the dew point (Craft and Hawkins, 1959, p. 73). Hence, efficient production 

may require more wells on a tighter spacing. 

Also, the existing well in Section 31 could be deepened. That activity would 

constitute exploratory drilling. 

Furthermore, the lessee is still entitled to slant drill an exploratory hole into the north 

half of Sean 31, which has yet to be developed. In summary, as long as the lessee 

maintains the leases, the U.S. BLM can not deny them access to their oil and gas in 

Section 31, the southwestem section of the WrPP Site. - 
5.7 SNL WlPP Performance Assessment Division 

The SNL WIPP Performance Assessment Division issues an annual report on the 

status of the demonstration of the extent of compliance with 40 CFR Part 191. The 

December 1990 mual report stated: 

About 56 oil and gas wells are within a radius of 16 km (10 mi); the wells 
gamally tap Pennsylvanian strata, about 4,200 m (14,000 A) deep. The 

aearest well is about 3 lan (2 mi) to the south-southwest of the waste panels 
(Batram-Howg~, 1990. p. 1-20). 

There was no discussion on the status of that well. For 1991, the SNL WIPP 

Performance Assessment Division added: 



The surface location of the well, which is capable of producing gas, is 
outside the proposed land-withdrawal boundary, but the borehole is slanted 
to withdraw gas from rocks within the boundary. Except for this well, 
resource extraction is not allowed within the proposed land-withdrawal 
boundary (Sandia National Laboratory, 1991, p. 1-15). 

The 1991 document also stated in the discussion on natural resources: 

In order to gain control over the development of hydrocarbons at the WIPP, 
the DOE acquired the oil and gas leases within all the WIPP control zones. 
The only leases that are still intact are in Section 31. These leases only allow 
resource production by entry of the proposed land withdrawal area below 
6000 feet. One of these leases is currently in producti~n.'~ The upper 
6000 feet of the leases was taka by the DOE in 1979. Current policy does 
not allow any further resource development inside the proposed land 

withdradrawal bouklary (Sandia National Laboratory, 1991, p. 8-7): 

5.8 The Secretarv of E n w ' s  Decision Plan 

While the Secrewy of Energy's Decision Plan for the WIPP had carefully tracked an 

active potash lease until it was purchased, successive Revisions 6 through 10 did not 

document the existence of the active oil and gas leases even after the issue had been 

raised. The potash lease pmhase was noted in Revision 5 (U.S. DOE, August 15, 

1990). The failure of subsequent revisions to mention the rediscovered gas leases 

', <.xi 
incomctly suggests that there were no outstanding leases in the WIPP Site Boundary 

E " .'., : !': (* 
,'.', < , .  

other than the one potash lease. 
i ( 

, . . , 

'%mphasis added. 
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5.9 DOE Im~lementation of the Resource Disincentive P l a  

The DOE Implementananon of the Resource Disincemive Plan in 40 CER 191.14(e) at 

the Waste Isolation Pilot Phnr (US. DOE. 1991) is inconsistent in reporting the 

number of oil and gas leases within the WIPP Site Boundary and the production status 

of those leases. First it i n c o d y  states that: 

Only one lease currently exists within the WIPP site boundary (US. DOE, 
1991, p.32). 

However, there are two active gas and oil leases within the WIPP site boundary - 
the Conow lease on the north half of Section 31 and the Bass lease on the south half 

of Section 31. 

The Resource Disincentive Plan then states: 

-. 
This lease, currently shut in for production -of oil and gas,'' is being 
exploited by a well that was initiated outside the WIPP site boundary and was 

deviated to under the site only after the depth was below 6000 feet (US. 

DOE, 1991, p.32). 

The document then reverses its position on the number of leases and their production 

status: 

In orda to gain wnml over the development of hydrocarbons within the 
WIPP site area, the DOE acquired the oil and gas leases within all the WIPP 
control zones. These acquisitions were necessary to keep the salt beds intact. 
Theonlyleasesthatarestillintactareinsection31. Theseleasesonlyallow 

"Emphasis added. 



the production of resources by entry below 6000 feet. One of these leases 
is currently in production" (U.S. DOE, 1991, p.50). 

The 3.S. Bureau of Land Management (U.S. BLM, 1992) records show the well 

produced 141,919 MCF of natural gas from March 1991 through July 1991 as shown 

in Table 1, and was shut-in effective August 1991 - coincidently, the issue date of the 

Disincentive Plan. The latest available records from the Roswell District Office of 

the U.S. BLM indicate production resumed in October 1991. 

5.10 Comments on Credit for Active and Passive Institutional Confxol 

In terms of active institutional control, the leases were forgotten by the DOE in spite 
,I 

* > 
2 - of the lease, drilling, and production reards fled with the federal government, a 

condemnation suit filed in civil court by the federal government, agreements between 

the State of New Mexico and the federal government, technical reports to the federal 

- government on area oil and gas resources, and the existence of a producible gas well 

visible from the south access highway into the WIPP facility. 

The loss of howledge in just a short few years is cause for concern. There were no 

major changes in society, government, language, culture, or technology. Yet the 

WIPP project lost knowledge of this gas well and the active oil and gas leases. The 

current wording in the EPA Standards pennits the assumption that active institutional 

control can completely deter inadvertent human intrusion for up to 100 years. 

We believe that present assumptions about the effectiveness of active institutional 

control needs to be reconsidered because of this experience of the forgotten oil and 

gas leases and a forgotten gas well. First, the EPA should newnine whether full 

credit for 100 years active institutional control is d l e  given the actual 

experience of inaccurate record keeping. Second, the DOE should examine the basis 

"Emphasis added. 
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for assuming full credit for 100 years control and consider using a lesser value to - 
reflect the actual experience of the WIPP project. Third, the EPA Standards should 

require the implementing agency to publish specific plans on how the agency intends 

to maintain active institutional control. Fourth, even in the absence of such a 

requirement, the DOE should publish plans now that specify in detail how the 

Department intends to maintain full control of activities in the area of the repository 

for 100 years after decontamination and decommissioning and how that control will 

completely deter human intrusion. 

At this time the DOE commitment is effectively Limited to a statement in the First 

Modification to the C&C Agreement which states: 

the postclosure institutional control, shall be negotiated and resolved by the 
parries in the future, and at least one year prior to the start of the 
decontamination and deoornrnissioning of WIPP (U.S. DOE, 1981). 

-, 

In the Second Modification to the C&C Agreement, the DOE agreed to provide a 

plan by February 1, 1988, which would: 

umtain an estimated schedule and a description of the proass DOE will use 
to: identify needed active institutional amtroIs, gather data for the 
implementation of such controls, develop and implement a monitoring plan 
for passive institutional controls, determime the barriers to be used, assess f k  

selection of the WIPP site in view of the resources at the site, and review the 
recoverability of the waste for a reasonable period after disposal. 

However, the DOE Plan: 

merely describes the steps that the DOE will undertake to implement 
compliana to one portion of the Standard [40 CFR 191 Subpart B]. For 
most of the Assurance Requirements, the information needed to specify 
detailed plans and activities for implementation is not yet available.. . . Other -. 



information will not be available until close to the time that the Project has 
completed its mission and the WIPP is closed (U.S. DOE, 1987, p.1). 

Furthermore, the remanded EPA Standards allow credit for the use of passive 

institutional controls to deter inadvertent human intrusion (U.S. EPA, 1985, p. 

38080). However, excessive credit for passive controls, such as markers and public 

records, could reduce the estimated probability of inadvertent human intrusion in the 

performance assessment calculations and underestimate the actual risk. As discussed 

above, there is inaccurate information in key W E  documents which can be 

considered public records. There was the presence of a gas wellhead, visible from 

the south access highway and aMilabity of lease and production records in the 

Roswell District Office of the U.S. BLM. Yet that marker and these public records 

were not effective in notifying the preparers of the W E  documentation of the gas and 

condensate product.& activity beneath the WLPP site and the existine of active leases 

with the WIPP Site Boundary. 



6.0 PROPOSED CONGRESSIONAL LEGISLATION 

The issue of allowing the existing oil and gas leases and a well to produce 

hydrocarbons from beneath the WIPP Site has been addressed by the U.S. Congress 

in the various bills for the WPP land withdrawal. 

The bill passed by the Senate (S. 1671) would: 

t prohibit slant drilling from within or without the site 

t require the Department of the Interior, in consultation with the Department of 
Energy, to determine the effects of the oil and gas leases on the activities at 
the WIPP and to recommend as to the advisability of trading or cancelling the 
leases. 

t authorize funds to be appropriated to the Department of Energy for the 
cancellation of the leases. 

The House Armed Services Committee Bill (H.R. 2637) is identical to S. 1671 except 

that it does not authorize funds to cancel the lease. 

The bills passed by the House Committee on Interior and Insular Affairs (H.R. 2637) 

and the House C o d t t e e  on Energy and Commerce (H.R. 2637) would both: 

t prohibit slant drilling from outside the WIPP boundary, 



7.0 CONCLUSIONS 

Several U.S. Department of Energy documents failed to record the existence of two 

active oil and gas leases and a producible gas well within the WIPP Site Boundary. 

In its performance assessment calculations, the WIPP project has assumed that active 

institutional control would deter human intrusion for 100 years after decommissioning. 

The EPA should reexamhe whether full credit for 100 years active institutional 

control is reasonable given the actual experience of inaccurate record keeping. The 

DOE should also examine the basis for assuming full credit for 100 years control and 

consider using a lesser amount to reflect the actual experience of the WIPP Project. 

The EPA Standards should require the implementing agency to publish specific plans 

on how the agency intends to maintain active institutional control. Even in the 

absence of such a requirement, the DOE should publish plans now that specify in 

detail how the Department intends to maintain full control of activities in the area of 

the repository for 109 years after decontamination and decommissioning and demibe 

how that control wiU completely deter human intrusion. Finally the DOE needs to 

describe in detail their passive institutional control system and describe how it will 

provide a deterrence to inadvertent human intrusion after 100 years. 
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FOREWORD 

This is the Environmental Evaluation Group's (EEG) appraisal of the 1992 performance as- 

sessment for the Waste Isolation Pilot Plant. Performance assessments have been performed 

by Sandia National Lahoratories for the U. S. Department of Energy to predict the long- 

term safety of the Waste Isolation Pilot Plant. The 199? Performance Assessment, entitled 

Preliminary Perfonnonce Assessment for the Waste Isolation Pilot Plant, December 1992, is in 

five volumes: 

vol. 1: Third Comparison with 40 CFR 191, Part B; 
! ,  , . . 

vol. 2: Technical Basis; ; :I, 5 i 
; : I  , 

vol. 3: Model Parameters; 1 "  \, , . ,  , . 
vol. 4: Uncertainty and Sensitivity Analysis for 40 CFR 191, Part B; 4 ,-' 

vol. 5: Uncertainty and Sensitivity Analysis for Gas and Brine Migration for Undisturbed 

Performance. 

This current appraisal incorporates EEG's preliminary comments on volumes 1, 2, and 3 

transmitted to the U. S. Department of Energy on September 13, 1993, and volumes 4 and 

5 received October 27, 1993. 

The purpose of the New Mexico Environmental Evaluation Group is to conduct an inde- 

pendent technical evaluation of the Waste Isolation Pilot Plant (WIPP) Project to ensure 

the protection of the public health and safety and the environment. The WIPP Project, 

located in southeastern New Mexico, is being constructed a s  a repository for the disposal 

of transuranic (TRU) radioactive wastes generated by the national defense programs. The 

EEG was established in 1978 with funds provided by the U.S. Department of Energy (DOE) 

to  the State of New Mexico. Public Law 100-456, the National Defense Authorization Act, 

Fiscal Year 1989, Section 1433, assigned EEG to the New Mexico Institute of Mining and 

Technology and continued the original contract DEAC04-79AL10752 through DOE contract 

DEAC0489AL58309. The National Defense Authorization Act for Fiscal Year 1994, Public 

Law 103-160, continues the authorization. 

EEG performs independent technical analyses of the suitability of the proposed site; the 

design of the repository, its planned operation, and its long-term integrity; suitability and 

safety of the transportation systems; suitability of the Waste Acceptance Criteria and the - 
generator sites' compliance with them; and related subjects. These analyses include as- 



sessments of reports issued by the DOE and its contractors, other federal agencies and - 
organizations, as they relate to the potential health, safety and environmental impacts from 

WIPP. Another important function of EEG is the independent environmental monitoring of 

background radioactivity in air, water, and soil, both on-site and off-site. 

~ o h e r t  H. Neill 

Director 
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EXECUTIVE SUMMARY - 
The Environmental Evaluation Group (EEG) has reviewed the WIPP1992 P e r f i m c e  As- 
sessment. The Santlia team sho~~ld  be commended for both the substance of this work, and a 
sound theoretical foundation. Progress has been made towards assessing WIPP's compliance 
with the U.S. Environmental Protection Agency's Standards for high-level and transuranic 
waste. Our comments on the I992 Performance Assessment are organized into Major Issues, 
and Detailed Comments. Specific recommendations on major issues follow. 

1. Claimed Improvements in the 1992 Performnnce Assessment. 
- 1 . 1  Apply available fully coupled codes to make explicit the relationship between the 

complex processes of gas generation, brine flow and room closure. 
R-1.2 Abandon further statistical manipulation of transmissivity fields in the Culebra 

in favor of additional field and laboratory work to better define multi-well flow 
and transport characteristics, including flow and tracer tests (sorbing and non- 
sorbing) at additional locations. 

R-1.3 Abandon claiming credit for matrix diffusion and corrensite sorption until exper- 
imental data can substantiate the claim. 

2. Displaying Uncertainty in Final Results 
R-2 Show the full uncertainty band of CCDFs when comparison with the containment 

requirement (40 CFR 191) is made. - 
3. Use of Judgment in Performance Assessment 

, R-3.1 As experimental solubility values become available (e.g. Nitsche et d, 1992; 
,i 

,,' 
~ .. 1993), use them in performance assessment. 
' '.., :*, ,*, .3, 

, v,, 
.,' . . , 

R-3.2 Use only demonstrable retardation coefficients in performance assessment. 
..; 

, . 
. ' , ,. 

R-3.3 Discard the subjective probabilities for human intrusion used in the 1992 Peijor- 
munce Assessment and adopt the specific suggestion in Section 3.4. 

4. Computer Code Documentation 
R-4 Establish a workable system to provide EEG with relevant documentation, so 

that EEG has reasonable access to  perform its work. 

5. The Culebra as a Natural Barrier 
R-5 Quantify the extent of matrix diffusion and sorption through accelerated exper- 

imentation. 

6. Effects of Gas Generation 
R-6 In future analysis, the deleterious effect of gas generation should be included. 

7. Correlation Among Variables 
R-7 The performance assessment should either give reasons why physical correlations -. 

have been ignored, or show results with correlations. 



8. Natural Resources Near the WIPP - R-8 Performance assessment reports should accurately reflect the status of resource 
development near the WIPP site. 

9. Oil and Gas Production Near the WIPP 
R-9 The performance assessment effort should use the latest and verifiable data on oil 

and gas production near the WIPP, because the extent of oil and gas resources in 
this area is likely to he an important determinant of inadvertent human intrusion, 
and oil and gas production can potentially affect the hydrogeology at the WIPP 
site. 

10. Gas Generation 
R-lOa The gas generation calculations sho;..d include 

(a) methane generation, 
(b) radiolytically generated hydrogen. 

R-lob The relationships in the gas generation model should be validated before the gas 
generation modcl is incorporated into BRAGFLO. 

11. Unanalyzed Scenarios ' 

R-111 The criticality issue needs to be th-roughly evaluated before it can be concluded 
that its effects are negligible. 

R-11.2 Subsidence effects need to be evaluated in much more detail and incorporated, 
in some manner, into the human intrusion scenarios. 

R-11.3 Provide results of the abovementioned analyses, and include contaminated brine 
flow to the ground surface in future versions of human intrusion scenarios. 

R-11.4 Perform a complete analysis of a brine-slurry release scenario. In addition, vari- 
ants of the brine-slurry scenario in undisturbed performance and in the E2 sce- 
nario need to be better understood. 

R-11.5 Performance Assessment should not assume perfect plugging of abandoned oil 
and gas wells near the WIPP. For the human intrusion borehole, the range of 
degraded permeabilities should span sand and gavel. 

12. Analysis of Direct Discharge to the Ground Surface 
R-12 Future performance assessments need to  include erosion of waste by helical tur- 

bulent flow and the effect of sediment erosion. Also needed is analysis of other 
relevant scenarios, such as the E1E2 with brine slurry discharge to the surface. 

13. Inventory 
R-13.1 Include la%, lZ9I and -Tc and other fission product nuclides as appropriate in 

future performance assessments. 
R-13.2 Show the basis for inventories used. 

14. Solubilities 



R-14 In future performance assessments, limit the sampling range to the error bands 
-. 

in experimental data. 

15. Transport Modeling of Volatile Organics 
R-15 Two-phase transport of volatile organic compounds through gas-fractured in- 

terbeds should be analyzed in the future. 

16. Corrensite Retardation in the Culchra 
R-16 Abandon claiming credit for corrensite sorption as well as additional experiments 

with corrensite, unless the extent of corrensite or other clay minerals can be 
quantified along postulated flow paths. 

17. Ideal Gas Assumption in VOC Migration 
R-17 Unless there is experimental evidence that VOC vapors move as  ideal gases and 

move with the low-molecular-weight gases generated by radiolysis, corrosion, or 
microbial action, movement of VOC vapors should not be modeled as ideal gas 
flow in showing compliance with 40 CFR 268. 



- I. INTRODUCTION 

The Environmental Evaluation Group (EEG) has reviewed tile WIPP 1992 Performance 

Asressment (Sandia WIPP Performance Assessment Department, 1992). Although this 

performance assessment was released after the October 1992 passage of the WIPP Land 

Witldrawal Act (PL 102-579), the work preceded the Act. For individual and ground-water 

protection, calculations have been done for 1000 years post closure, whereas the U.S. Envi- 

ronmental Protection Agency's Standards (40 CFR 191) issued in 1993 require calculations 

for 10000 years. 

This is the third iterative performance assessment of the Waste Isolation Pilot Plant (Sandia 

WIPP Performance Assessment Department, 1992; 1991; Bertram-Howery et d., 1990). 

EEG believes the Sandia team should be commended for both the substance of this work, 

and a sound theoretical foundation for performance assessment. The 199s Performance 

Assessment continues to  assimilate improved understanding of the geology and hydrogeology 

of the site, and evolving conceptual models of natural barriers. Progress has been made 

towards assessing WIPP's compliance with the U.S. Environmental Protection Agency's 
A 

Standards (40 CFR 191). 

The 1992 Performance Assessment has addressed several items of major concern to EEG, 

outlined in our July 1992 review of the 1991 performance assessment (Neill e t  al., 1992). 

In particular, we are pleased that some key results in this performance assessment, shown 

in Chapter 5 of volume 1, deal with sensitivity of the calculated complementary cumulative 

distribution functions (CCDF) to  alternate conceptual models proposed by EEG-that flow 

in the Culebra be treated as single-porosity fracture-flow; with no sorption retardation unless 

substantiated by experimental data. We look forward to results of additional analysis using 

scenarios and assumptions that EEG has suggested in the past and hereinafter. 

Our review is organized into Major Issues, and Detailed Comments. 



1. Claimed Improvements in the 1992 Pe$ormcmce Assessment 

The overall conclusions of the 1992 Performance Assessment are stated in chapter 9 of 

volume 4. Several improvements over previous assessments are noted, and we discuss the 

claimrd improvements below. 

1.1 Wlde the first major improvement noted is the coupling of repository creep closure 

modeling to gas generation and brine flow, the coupling is not entirely satisfactory. The 

geomcchanical closure calculated by SANTOS is passed onto BRAGFLO although the two 

computer codes use different conceptual models, geometries, and time scale. 

Recommendation 1.1. Apply available fully coupled codes to make explicit the relationship 

I between the complex processes of gas generation, brine flow and creep closure. I 
1.2 The 1992 Performance Assessment accounts for spatial variation of transmissivity in the 

Culebra using improved methods. Table 8.4-1 in volume 4 shows that variation in Culebra 

transmissivity fields accounted for a mere 6% of the variation in total integrated releases. 

The respective solubilities of Am, Np, Pu, Th and U accounted for more of the variation in 

release rates. 

1 Recommendation 1.2 Abandon further statistical manipula?ion of h-aasmissivity fietds in the 1 
Culebra in favor of additional field and laboratory work to better deline flow and transport 
characteristks, including flow and tracer tests (sorbing and wn-sorbing) at additional 

locations. 

1.3 The l99!? Perfonnonee Assessment accounts for radionuclide transport in the Culebra 

'more accurately" (sic]. To be accurate implies the existence of an unique and correct stan- 

dard which does not exist in this case. The 1992 Petfomance Assessment considers three 

radionuclide retardation mechanisms in the Culebra: equilibrium sorption, matrix diffusion 

and clay sorption. For equilibrium sorption, the second modiication of the Consultation 

and Cooperation Agreement between the Department of Energy (USDOE) and the State of 

New Mexico specifies that retardation coefficients shall be set to zero unless there are exper- 

imental data otherwise. The 1992 Performance Assessment offers no experimental evidence 

for matrix diffusion. No clear evidence is given for the extent of corrensite in the calculatec-' 



flow paths. Moreover, clay in fractures can act either as an ndditional sorption agent, or - 
serve to block mass transier between the fracture and the matrix. The 1992 Performance 

Assemment has eliminated the latter role [vol. 2, p. 7-23, line 111. This is double counting 

for a mechanism which may not exist. We deal with the role of corrensite in detail in 16. 

Recommendation 1.3 Abandon claiming credit for matrix diffusion and corrensite sorption 

until experimental data can substantiate the claim. 

The 1992 Performance Assessment 

. . .accounts for the effects of passive marker systems through time-varying drilling 

intensities within the Poisson model for calculating intrusion probabilities [vol. 4, 

p. 9-11. 

What this means is that subjectively elicited probabilities of drilling intrusion that are orders 

of magnitude below the USEPA guidance (40 CFR 191, Appendix C) have been used. The 

EEG objects to the ;se of these probabilities as elicited. We deal with this topic in 3b below. 

The 1992 Performance Asaeasment states that the following improvements will be made in 

future performance assessments: 

modeling pressure fracturing of anhydrite interbeds, 

0 modeling threedimensional flow in the Rustler, especially the effects of subsidence of 

potash mine excavations, 

0 incorporating plug degradation, 

0 modeling spalling in drilling intrusions, 

0 acquiring experimental data on actinide solubilities and retardation, 

0 determining the most appropriate conceptual model for radionuclide transport in the Cule- 

bra. 

-...., 
I' . .,, Lid . . 

' We have called for these improvements for several years, and welcome the oommitment. 
" ,. 

i ">;, 

? I ! ,  

I '  2. Displaying Uncertainty in Final Resub 
3 .  

In previous performance assessments, the USDOE noted that the calculated CCDF's were 

at least an order of magnitude below the allowable limits in the USEPA Standards (Sandia 

WIPP Performance Assessment Department 1991). In the 199t Performance Assessment, 

for the case of total release from repository/shaft barrier only, and a [O, 30) sampled intrusion 



rate, the mean CCDF comes to within a factor of two or three of the USEPA containment 
--z 

requirement [vol. 4, Fig. 9-1, curve 11. This suggests several vectors of CCDF lie in the zone 

of violation of the containment requirement. This mean CCDF is not as conservative as it 

may appear because subjectively elicited solubilities are incorporated. The non-conservative 

basis of curve 1 in Figure 9-1 is illustrated in Figure 1. Using BRAGFLO-calculated brine 

flow from the repository up to the Culebra (70 vectors for both the E2 and E1E2 scenarios), 

all actinide solubilities at lo-' and lo-' M, and the human intrusion rate sampled 

uniformly between 0 and 30 boreholes/km2/10,000 years, the mean CCDFs are shown in 

Figure 1, along with curve 1 from Figure 9-1 (vol. 4). If the extremely low subjectively 

elicited solubilities are not used, then the mean CCDF for the case of engineered barriers 

alone may not meet the containment requirement. See also 14 below. 

The EEG has also suggested to the USEPA that for comparison with the containment 

requirement, that the 90% curve be used to be conservative. 

Recommendation 2. Show the lull uncertainty band of CCDFs when comparison with the 
containment requirement (40 CFR 191) is made. 

3. Use of Judgment in Performance Assessment 

3.1 Beginning with the 1992 Performance Assessment, "expert judgmentn is used to  esti- 

mate 

a. solubilities of actinides; 

b. retardation coefficients of radionuclides; and 

c. probabilities of inadvertent intrusion. 

Experimental programs are underway to measure solubility and retardation coeffidents, for 

conditions relevant to  the WIPP. 

I Recommendation 3.1. As experimental solubility values become available ( e . ~  Nitsche ef 1 
d, 1992; 1993); use them in performance assessmnt. 1 
3.2 The second modification of the Cooperation and Consultation Agreement between the 

Department of Energy and the State of New Mexico specifies that retardation coefficients 

be set to  zero unless experimental data shows otherwise. Results using zero and nonzero 

retardation coefficients appear in chapter 5 of volume 1. 
-~ 



Figure 1. Comparison of mean CCDFs from the EEG scenario of direct ground discharge 
for all actinide solubilities set at lo-=, and lo-' M with Curve 1 from Figure 
9-1 of SAND92-070014. 



I Recommendation 3.2. Use only experimental retardation coefficients. 
h 

3.3 EEG is concerned about the use of subjective probabilities in human intrusion analysis. 

While human judgment may be the only method of estimating these probabilities. we disagree 

with the procedure used in the 1992 Performance Assessment to estimate human intrusion 

probabilities. 

3.3.1 The disagreement between EEG and SNL centers around how the problem of subjective 

elicitation is to be formulated, whom to use as panelists and what information should be 

supplied to the panels. Elicitation should have been for the probability of future human 

intrusion by drilling for resources, the judges should have been people experienced in oil and 

gas and energy futures, and factual information should have been given to  the judges during 

orientation. 

Table I summarks the divergence. 

Table I. Summary of Disagreement on Subjective Elicitation 

Problem Formulation 

Briefing 

SNL prefers to set no limits on the exercise, whereas EEG believes the problem must be 

well-defined. The divergence is clear from the SNL definition of an expert: 

h SNL 

Open 

Knowledgeable in a subject 

Available information 

An expert possesses exceptional knowledge about a subject [Hora to  the Futures 

Panel, August 13, 1990 and to the Marker Panel, November 4, 19911. 

EEG 

Focused 

Knowledgeable in the focused subject 

Verified Information 

EEG claims that the relevant definition should be 

An expert possesses exceptional knowledge about the subject. 

3.3.2 The probabilities that have been elicited from panels for the purpose of estimating 

future intrusion intensity (Hora, von Winterfeldt and Trauth, 1991) are subjective probabil- 

ities. To call them "expert judgmentw is to  give them an aura of respectability they do not 
*-. 

deserve. The methods for eliciting such probabilities come from statistics (Savage, 1954) anr  



experimental psychology (Edwards, 1954). There are futurologists, such as Alvin Toffler or - 
John Naisbitt, but the SNL Futures Panel was not composed of these people. While the elic- 

itation of opinions is valid, the elicitation of expert opinion on the future is gratuitous. The 

WIPP Performance Assessment Department undertook an "extensive and impartial processn 

to select the panelists, but the process alone did not ensure the appropriateness of the cho- 

sen candidates. No attempt appears to have been made to establish the qualifications of the 

panel members as experts on the future. If the WIPP Performance Assessment Department 

had defined the problem properly, then it would be much easier to establish the expertise of 

the panelists. 

3.3.3 The WIPP Performance Assessment Department invokes the interdisciplinary nature 

of an expert judgment panel as a reason to use such a panel. But "interdisciplinary" is 

not a synonym for "goodn or "appropriaten any more than 'single disciplinary" is a syn- 

onym for "badn or-"inappropriate." The advantage of multidisciplinary data interpretation 

over interpretation by an expert in a single discipline is not at all clear. For example, the 

marker panel (Rechard et al., 1993; Table I) lists experts in materials science, architecture, 

linguistics, communications, etc. How is the judgment of a linguist on materials hardness 

and durability relevant? Either the linguist accepts the materials scientist's judgment, in 

which case the interpretation is not interdisciplinary, or the two differ in interpretation, in 

which case the materials scientist's interpretation is clearly the more valid and that judgment 

should not be diluted. 

3.3.4 In the attempt to find general experts in lieu of futurologists, SNL might have em- 

paneled representatives from diverse backgrounds, but failed to do so. The panels are not 

representative of modern United States, not representative of the modern world, and not 

representative of the historical continuity of the human race. While there were historians, 

sociologists and anthropologists, there was only one woman on the markers panels and none 

on the futures panels. There are no representatives of indigenous cultures of the southwestern 

United States. 

In the USDOE response to the preliminary comments from the EEG, SNL stated 

The EEG should note, in fairness, that the range of organizations from which the 

experts were selected (Natural Resources Defense Council, universities, institutions, 



etc.) provides rich diversity in political and environmental organizations. - 
This statement is counter to the claim that panelists were selected on the basis of their 

individual qualifications. 

3.3.5 The elicitation process used was open-ended. While it is true that what will be mined 

over 10,000 years is unknown, let alone where to mine it, the problem is simpler for a 

specific area with known minerals. For example the Outer Continental Shelf Lands Act 

allows oil and gas drilling in the sea beyond the three-mile limit, but includes a clause for 

"other minerals." When thc Outer Continental Shelf Lands Act was first passed in 1953, 

"other mineralsn referred to sulfur. By the mid-1970s the focus of other minerals became 

construction aggregates around coastal cities, and in the early 1990s, manganese crusts. At 

a specific location, with geologic information, we know what can be mined now and in the 

future. The minerals to be mined will change only if society's needs change dramatically. I£ 
that had beem home in .mind, the problem would have been much more circumscribed, and 

the results more realistic and reliable. 

In the USDOE response to  the preliminary comments from the EEG, SNL stated - 
This comment [above] proposes that the experts be directed as to what potentially 

intrusive activities to study. We believe that this is inappropriate and would not 

stand up under peer review due to  extensive direction by the analytic staff. 
5, 

4 " All elicitations have to be circumscribed, if only to  ensure that the problem is within the 
' ". 

expertise of the judges. Figure 2 is a reproduction of a SNL viewgraph shown to the panelists, 

demonstrating how the SNL analysts defined the problem and may have biased the panelists. 

3.3.6 Results of the open-ended elicitation process used by Hora (Hora, von Witerfeldt and 

Trauth, 1991) appear t o  have been used selectively. If a more circumscribed process had been 

used, then the methods available to combat cognitive bias (Tversky and Kahneman, 1974) 

could have been used. Unfortunately, the results used in the 1992 Performance Assessment 

strongly r d w t  the intervention of the analyst. The final nsult used a form 

where X is the intrusion intensity, number of holes per time, d is the raw drilling intensity - 
number of h ~ l e s  per time, pl is the probability of markers surviving, and p2 is the probability 



How Will the Expert Judgments Be Used 
in the WlPP Performance Assessment? 

The findings of the expert teams will provide modes 
of intrusion. These modes will be grouped into 
similar types of intrusions and modeled. 

The frequencies of intrusion given by the experts 
will be encoded as rates and used as input to 
simulation studies.' 

The expert judgments will be both analyzed 
separately and combined into a base case. The 
analyses will preserve the findings of the individual 
teams. 

Pigun 2. Reproduction of a viewgraph shown to the Future and Markers Panels by SNL. show- 
ing SNL's formulation of the problem. 



that surviving markers :re effective in deterring drilling, all functions of time. The paradigm 

way not elicited from any one panel, but the result is a mixture of results from the panelists, r^-r 

who may not have understood how their inputs would be used. 

The USDOE response to the preliminary comments from the EEG referred to a SNL view- 

graph (Figure 3) entitled 'Logic Tree for Deterrence by Markers Given Time, Society, Mode 

of Intrusion, and Marker Criteria." If one defines each of the branches in Figure 3 as 

PI,  m, m and p4, then deterrence is 

and eq. (1) does not obtain. Eq. (1) does NOT appear anywhere in the hundreds of 

viewgraphs shown to the Futures and Markers Panels. 

An example of the intervention of the analyst occurred when elicited probabilities of the 

Washington A-and B Teams and the Southwest Team for the period 0 to 100 years after 

closure were ignored. Professor Hora states [vol. 3, p. A-87) 

In contrast, the two Wayhington teams gave assessment beginning immediately after 
/-& closure and thus did not allow for the period of continuing administrative control. 
,q, t"4 x % 

- 
6 The performance assessment, however, assumes that the drilling rate is efFectivdy 

nil during the first 100 years after dosure [emphasis supplied]. 

Clearly these three teams would not have agreed with SNL's use of their opinion in meeting 

the USEPA Standards (USEPA 1993). 

3.3.7 A flagrant and important abuse of the analyst-assessor role occurred when the WIPP 

Performance Assessment Department assumed that there will be no intrusions after 2000 

years (vol. 4, p. 2-19, lines 4 and 20). For consequence calculations, the 1992 Performance 

Assessment considered only a single intrusion at 1000 years. This is clearly counter to the 

spirit and letter of analyzing human intrusions for the entire 10000-year regulatory period. 

If one assumes that the computer program by Professor Hora [vol. 3, p. A-92fIl captures 

the essence of the Futures and Markers Panels (which we do not) Appendix D of vol. 3 

of the 1992 Performance Assessment contains 12 pages of realizations of drilling intensity 

functions. The gaphs in Appendix D show the intrusion rate and cumulative number of 

intrusions as a function of time to 10,000 years. Showing these gaphs to 10,000 years is 

misleading because the WIPP Performance Assessment Department discarded the Panels1- 



Logic Tree for Deterrence by Markers 
Given Time, Society, Mode of Intrusion, and Marker Criteria 

Figurc 3. Reproduction of a viewgraph shown to the Futun end Markers Panels by SNL, show- 
ing SNL's concept of the elicitation. 



recommendations, assuming the intrusion rate to be zero after 2000 years. 
.I 

3.3.8 The elicitation process is described in the Hora memo, vol. 3, pp. A-71 through A- 

99. The memo includes a FORTRAN program to sample among the panels, and produces 

realizations of intrusion intensities as functions of time for use in the 70 Monte Carlo runs. 

On page A-94, line 13. a three-dimensional array BOSTAB2 is undimensioned and undefined, 

thus the program cannot possibly work. In May 1993, EEG requested a working copy of this 

program, first from Professor Hora, then from WIPP Performance Assessment Department, 

and finally obtained a copy on December 31, 1993. This program creates Monte Carlo 

realizations of rates of human intrusion, drawn primarily from Prof. Hora's interpretation of 

the Futures and Markers Panels. 

3.4 EEG suggests a simplified, focused and understandable alternative. 

Figure 4 shows what EEG believes the exploratory drilling rate to be in any specific area, 

and illustrates the evolution of oil and gas drilling as a function of time. 

Figure 4 shows a historical record of drilling in this area, a known rate, a holes per area per 

year, a > 0. The U.S. Environmental Protection Agency's guidance (40 CFR 141, Appendix - 
C) of thirty boreholes per kilomete? over 10,000 years is such a rate. 

Giving no credit for passive institutional control, because of recent experience ( S i  1994), 

we extend the historical drilling rate some time into the future, b years, b > 0. Geologic 

knowledge should be used for this extension. If there is current oil and gas drilling, then it is 

likely for the exploration and development to continue for some time. If there is no current 

drilling in this area, then there may not be any drilling until some new mineral is discovered 

in this area. This extension should extend beyond the period of active institutional control. 

Given our present understanding of energy economics, we may postulate a decrease in oil and 

gas drilling, after a period or time, due to either exhaustion of the resource, or technological 

developments in some other fuel sources, or both. This decline can be represented by an 

exponential decay function, y = yoexp-d. The rate of decrease is characterized by a single 

parameter, c. 
= . ~ -  

% 

For the long-term, there should be a rate of intrusion that is , .,:. . . i:..;, 
; ? : ,  :~' . < 

(a) non-zero; and v .: 
h 

::., 
i j 

i ;', .. 
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Figure 4. EEG's s~cggmtion for a rate of I~urnan intrr~sion by drilling. 



(b) above the USEPA thresllold probability for events and scenarios to be considered, or 
h 

per year. Call the rate d holes per area per year, d 2 per year. 

Because the waste will not have decayed to harmless levels after 10,000 years, and because 

the site may still contain resources, the intrusion rate should not be zero for any time within 

the regulatory period. To ignore such probabilities is to do an incomplete analysis. 

The parameters a, b, c, and d completely specify the rate of inadvertent human intrusion in a 

readily understandable way. Subjective elicitation can now focus on these four parameters. 

The Department of Energy has experts in the history of oil and gas fields in the Energy 

Information Administration, and also experts in prospects for solar and other new energy 

sources. 

In the USDOE response to EEG's preliminary comments, SNL stated four principles upon 

which to object to  EEG's snggestion. In brief they are: Avoid Problem Definition, Avoid 

Bias, Put  ati ion ale  re Results, and Do Elicitation Only on Physical Quantities. 

A subjective elicitation requires problem definition. Figure 2 shows SNL's definition before 

the elicitations. Apparently SNL fitted the results of the elicitation into its preconceived 
.I 

structure. Although the EEG is not free of judgment, it focuses judgment on relevant 

parameters. SNL should heed its own advice about following USEPA's guidance and limit - .  
i'" " the elicitation to  inadvertrnt drilling for minerals, without exploring irrelevant intrusion 

modes. 

We will illustrate the bias that SNL imparted to the panelists on the topic of oil and gas 

resources at WIPP. In the orientations, SNL cited three different studies that there is no 

economically recoverable oil near WIPP, shown in Figures 5 , 6 ,  and 7, augmented by SNL's 

own conclusion that (Figure 8) 

Crude oil will not be the target for exploration unless the price is drastically higher 

than the present [1990]. 

Figure 9 shows the number of oil wells near the WIPP site in October 1993. Table I1 shows 

the recent history of wells in the same locations. Figure 9 and Table I1 belie the suggestion 

that there is no economically recoverable oil near WIPP. Actually, SNL did tell the panelists 

about oil and gas production near the WIPP. Figure 10 is a viewgraph shown to the panels 

by the speaker on cultural resouras. That the panelists did not raise questions suggests that -' 



TOTAL MINERAL AND ENERGY RESOURCES 
(Brausch and others, 1982) 

ESTIMATES ARE FOR ALL FOUR CONTROL ZONES 

RESOURCE 
Callche 
Gypsum 
Salt 

Potash 
syhrlte 
Langbelnlte 

H rocarbon8 PL or 
Natural Gas 
Dlstlllate 

185 MT 
1.3 BT 
198 BT 

133.2 MT 
351.0 MT 

37.50 MB 
490 BCF 
5.72 MB 

at' surface. 
3OO-l,SOO R 
5009,ooOR 

Not a reserve 
Not a reserve 
Not a reserve 

27.43 MT reserves 
48.46 MT reserves 

Not a reserve 
44.62 BCF at 14K R 
0.12 MB at 14K R 

Figure 5. Reproduction of a viewgraph shown to the Futulr: and Marken Panels by SNL, show- 
ing the conclusion of a rcsource study. 



ESTIMATES OF UNDISCOVERED HYDROCARBON 
RESOURCES-PROVINCE 092 

(Mast and others, 1'989) 

RESOURCE rYlwl. E95 E5 

Crude 011 
recoverabk 0.02 88 Negl. 0.05 BB 
eco~~llcally recoverable 0.02 BE . Negl. 0.05 BB 

Natural Gas 
recoverable 0.24 TCF 0.05 TCF 0.67 TCF 
economically nmwerable 0.24 TCF 0.05 TCF 0.67 TCF 

Natural-Gas Uquids 
mcoverable 0.00 0.00 0.00 
ecom~llcally recoverable . . 0.00 0.00 0.00 

Figure 6. Reproduction of a viewgraph shown to the Future and Markers Panels by SNL, show- 
ing the conclusion of a second resource study. 



GEOLOGICAL CHARACTERIZATION REPORT 
(Powers and others, 1978) 

POTENTIAL RESOURCES EXAMINED 

Calkhe H" -- ". /w-*-7 
Gypsum 2 

Salt 
Uranlum 
Sulfur 
Uthlum 
Potash 
Hydrocarbons (crude oll, natural gas) 

CONCLUDED 

Only potash and natural gas have potentlal as slgnlflcant exploitable 
deposits. . . 

Figu~e 7. Reproduction of a viewgraph shown to the Future and Markers Panels by SNL, show- 
ing the conclusion of a third rcsowcc study. 



CONCLUSIONS ABOUT THE POTENTIAL FOR 
ECONOMICALLY IMPORTANT NATURAL 

RESOURCES AT THE WIPP 

Crude dl will not be the target tor e ~ p i ~ r a t l ~ n  unless the price is 
drastically higher than at present. 

Natural as In the Morrow Formation is the only hydrocarbon of 
potentla f economic Importance in the area. 

All currently nrcognlzed potash resources are confined to a zone 
above the waste-tilled rooms and drifts. 

Only the lowest grade of potash ore overlies part of two waste 
panels. 

Other resources are present, but because of abundance and greater 
accessiblllty elsewhere, these resources at the WIPP are of no 
economic interest. 

r--t 
7 -,,--r\ 

P i g m  8. Reproduction of a viewgraph shown to the Future and Markers Panels by SNL, show- 
ing SNL's conclusion on oil resources near the WIPP. 
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0 Locatioo (Notice of Stakiog or A p p l i c n  
peoding. approved. a &OM) 

Roduciogoiwel l  

Q RoducigGnwCll 

Combiomioo Oil aod Gas Well 

X Bottom bole location of dii ionrlly drilled well 

Stlt Wsta Disposal Wdl 

AbaadoDedGasWcll 

W h o *  

MILES 

Figure 9. Oil and gas wells near the WIPP, October 1993. 



Figm 10. Reproduction of a map shown to the Futurc and Markem Panels by SNL, showing oil 
and gas ~C.SOUCC~S near the WIPP. 



Table 11. Drilling rate for a 124 km2 area immediately surrounding the WIPP*. 

I year  r ~ a s z  I Oil Wells I 
- -- 

*Source: Silva (1994) 

SNL was successful in putting bias in the mind of the panelists. 

To say that this elicitation puts rationale before numerical results belies the purpose of 

the effort. The emphasis on rationale may have prompted Prof. Hora to make arbitrary 

assumptions to obtain numerical results. 

The information for the drilling intensity from the Washington B team indicates 

that if minerals are extracted in the WIPP region, exploration will occur in the first 

200 years or in the next 300 years, but not in both periods. There does not seem to 

be adequate inlormation from this team to model with dependence without making 

arbitrary asumptio us....[ Sandia WIPP Performance Assessment Department 1992; 

vol. 3, p. A-87, emphasis supplied]. 

To object to elicitation for parameters without physical meaning is a surprise to us. One 

of the most frequently cited elicitation exercises is on perceived risk (Slovic, Fischhoff and 

Lichtenstein lW), in which judges were asked to rank order risks from 40 technologies. The 

resulting ordinal ranking has no physical meaning. A greater surprise is that SNL would 

object to eliciting parameten on human intrusion when the entire Future and Markers Panels 

effort is attempting the same. 

3.5 The Effect of Using Subjective Probabiiities 

We ate now in a position to examine the consequences of using subjectively elicited probabii- 
.-. ities. EEG has long maintained that a more reasonable conceptual model for intrusion would 



include a degrading plug, with the contaminated brine reaching the accessible environment - at the ground surface, release Path b in Figure 11. Current oilfield practice in the Delaware 

Basin is to case the wells down to the top of the salt deposits, preventing contaminated 

brine from entering the water-bearing zones above the salt. Figure 12 shows CCDFs for :be 

following conditions: 

r Brine flow calculated for flow up the borehole, from the 1992 Performance A.wessmenc 

Solubilities of all actinides set at  M; 

r Intrusion probabilities from subjective elicitation, constant 30 boreholes/km2/10000 years, 

or sampled between 0 and 30 boreholes/km2/10000 years. 

Figure 12 shows that if all actinide solubilities are M, the mean CCDF of 70 would be 

very close to violating the containment requirement, unless subjective probabilities are used. 
r 

Recommendation 3.3. Discard the subjective probabilities for human intrusion used in the 

1992 Performance Assessment and adopt EEG's spedfic suggestion in Section 3.4. 

4. Computer Code Documentation 

4.1 The EEG has been concerned about the lack of documentation of computer codes used - 
in the 1992 Performance Assessment. Of the major codes used in the 199g Performance 

Assessment, as shown in vol. 1, Figure 44 ,  only SANCHO and GENII-S have complete 

documentation. Ironically, no direct results from SANCHO and GENII are shown in the 1992 

Performance Assessment. In response to  an EEG inquiry, USDOE provided the following 

schedule for complete documentation of computer codes shown in Figure 4 4  of vol. 1 (Arthur 

.s"" 1993): 

{@% 

[, e- .. Complete documentation is a requirement of Sandia's own software quality apsurance pro- 

\, J 
% 

gram. For most of the codes shown in Figure 4 4 ,  volume 1, only brief descriptions appear 

in the 1992 Performance Assessment, and such descriptions do not present sufficient de- 

tails for reviewers. As shown in our discussion of human intrusion, it is necessary to review 

the computational tools a t  that lwel of detail. In June 1994, EEG learned that complete 

documentation of all codes will be available by January 3, 1995. 

Technical papers are no substitute for documentation, because technical papers and docu- 

mentation have different purposes. Documentation is intended to communicate effectivek" 





le-05 1 Mcm CCDF of 70 
All soluljitics = 1@ h 

Figure 12. Mean CCDFs from the EEG scenario of direct ground discharge for all actinide 
solubilities set at lo-# M, using 3 methods of deriving the rate of human intru- 
sion, constant 30 boreholes/km2/10,000 years, uniform sampling between 0 and 
30 boreholes/h~ /10,000 years, and subjectively elicited probabilites. 



Tahle 111. Schcdulc for Pcrformanre Assessment Computer Code Documentation 

Code Aug 9.93* 1 Jun 10, 01* I 
I DEC 94 I Dec 1 . 9 4 1  

I BRXGFLO 

I 

p-~~ - ~ 

* Dates of USDOE promise by letter. 

I DEC 97 

CllTTINGS 

GENII 

PANEL 

SECOFL2D 

SECOTP2D 

the details of t.he code design and operation so that people with different interests can be 

convinced of the usefulness-and validity of the computer code. Documentation presents the 

code's logical structure, equations and methods, assumptions and limitations affecting the 

code's applicability, essential for an effective review. 

Sep 1, 94 

The brief descriptions in the 1 !?!I2 Performance Assessment are inadequate as documentation 

for the following reasons. 

4.2 According to SAND92-0700/3, p. 1-36, PANEL calculates 

I DEC 96 

DEC 96 

DEC 97 

DEC 97 

DEC 97 

,- 
r ??,* where Mi is the mass of the ith nuclide in dissolved form, .. :..- , , 

I ::I 
Q is the brine flow rate, .and i , .  

:i :I i 
I I X is the nuclide's decay constant. c ... 

\..%>, ". .,. 
The concrntration is calculated 

Mi 
cdi= ~ . ~ . s i ,  (4) 

1 

Oct 1, 94 

Jul 1,94 

Oct 1, 94 

Jul 1, 94 

Jul 1.94 

where Si is the concentration in saturated solution, and this quat ion calculates the isotopic 

fraction of solubility over j isotopes. 

According to  the February 22,1991 USDOE presentation to USEPA, PANEL actually solves 



where Ii(t) is the inventory of element i at time t ,  and 

V ( t )  is the brine volume in the panel at t. Eq. (4a) incorporates a different concept than 

eq. (4). This kind of information is needed to fully understand the 1992 Performance 

Assessment. 

4.3 The transport code SECOTP2D offers the best examples of the need for full documen- 

tation. Roache (1993) does not explain how the following important items are handled. 

SECOTPZD is a tw*dimensional code. How does it handle the conversion of the source 

term from zeroth dimension, the solubility, to two dimensions? The source is Qc, where Q is 

the well injection rate. How is Q determined? Is Qc spread uniformly vertically, uniformly 

laterally to infinity, making it an infinite line source? 

Two types of matrix diffusion are claimed for the Culebra, in the dolomite and in the 

clay layer. Is the classic Neretnieks equation for matrix diffusion used for calculating these 

effects? 

Over the years several codes have been used for the calculation of flow and transport in -, 

the Culebra, such as SWIFT, and STAFFZD. Are there benchmarking results? 

c. To further demonstrate the inadequacies of technical papers as docu 

lowing comments are offered on the Roache paper. 

The paper touts the TVD algorithm but failed to define TVD. 

The algorithm begins with a variable transformation. A key variable J in the transformk 

tion is not defined. I .I 
i ,.* 

j 2.0  [ i:: a 

No results are given for verification of the dual porosity option. 
i , 

Finally, it is often claimed that because a computer code is undergoing c o n t i n & ~ - ~ w e l -  

opment, its documentation cannot be released. This is simply not the case. A calculation 

done with a computer wde is made with a specific version. Subsequent calculations may 

use the next version. However, for the purpose of documentation, a calculation and the tool 

(computer code) are inextricably intertwined. For a meaningful review, the code version ---. 
used and the extant documentation must be made available. 



5. The Culebra as a Natural Barrier 

The 1992 Performance Assessment elucidates the role of the Culebra a s  an isolation bar- 

rier. Figure 5-6 of vol. 1, claims that WIPP can meet the USEPA's containment requirement 

(USEPA 1993) without the Culebra as an isolation barrier. That is, if the USEPA contain- 

ment limit is applied where brine is diverted into the Culebra, WIPP would still be in 

compliance. With matrix dillusion and sorption, the Culebra would contribute additional 

isolation. 

.- 

Recommendation 5. Quantify the extent of matrix diffusion and sorption through acceler- 

ated experimentation. 
- 

/ 8 

6. Enects of Gas Generation 

While the USDOE has analyzed the beneficial effects of gas generation, the EEG continues 

Recommendation 4. Establish a workable system to provide EEG with relevant documen- 

tation, so that EEG has reasonable access to perform its work. 

- to be concerned that the deleterious effect of gas generation, particularly the opening of new 

discharge pathways, has not been analyzed. 

Recommendation 6. In future analysis, the deleterious effect of gas generation should be 

7. Correlation Among Variables 

No correlation has been assumed between sampled variables using Latin Hypercube sampling. 

In real life, many of the variables are related. For example, there is an inverse correlation 

between VWOOD, the fraction of waste that is wood, and VMETAL, the fraction of waste 

that is metal. 

1 Recommendation 7. The perfonmanee asesment sbould either give reasons why phydcsl) 

correlations have been ignored, or show d t s  with a n ' d a t i o ~ ~ .  I 
8. Natural Resources Near the WIPP 

The 1998 Performance Assessment is unclear on the extent of natural resources extraction 

near the WIPP site, and particularly the possible impact of human ihtrusiop. In vol. 1, 
r 'i 



Section 2.2 an incorrect statement is made: 

About 56 productive oil and gas wells are located within a radius of 16 km (10 

mi) from the WIPP; the wells generally tap Pennsylvanian strata, about 4,200 m 

(14,000 ft) deep (p.2-4). 

This statement is incorrect because there are many more oil and gas wells. The estimate 

of 56 producing oil and gas wells is based on 1986 data. EEG showed (Silva and Channell, 

1992) that some of the 1986 data were incorrect. Furthermore, if the USDOE wishes to 

take credit for current and accurate public records, then USDOE should have used current 

information and not obsolete information. Given the importance of drilling for oil and gas 

on the performance assessment calculations, future iterations should use a more accurate 

representation of the drilling activity near the WIPP facility. One method of so doing is to 

show uptc-date and accurate locations of oil and gas wells on a map. Most of the oil and 

gas wells drilled in the last four years do not tap the deeper Pennsylvanian Formation, but 

produce from various shallow (1200 to 2400 m) wnes within the Delaware Mountain Group 

Formation. -. 

The statement in the 1993 Performance Assessment continues: 

The hydrocarbon well closest to the land withdrawal boundary is about 3 km (2 mi) 

to the south-southwest of the waste panels, and has produced natural gas since 1982 

t7. 
(Silva and Channell, 1992). The surface location of the well is outside the land- 

i ; s, 
withdrawal boundary, but the borehole is slanted to withdraw gas from rocks below 

the WIPP horizon within the boundary. Except for this well, resource extraction 
- - .  is not allowed within the proposed land-withdrawal boundary (vol. 1, p.2-4). 

The 1992 WIPP Land Withdrawal A d  recognizes the validity of two specific oil and gas 

leases in &ion 31, within the WIPP Site Boundary. The owner of one of these leases has 

recently filed an application for permits to drill eight directionally drilled oil web that would 

be completed within the WIPP Site Boundary but at depths greater than 2,000 m (6,000 

ft) to produce oil from within the WIPP Site Boundary. While there was no restriction 

on drilling within the WIPP Site Boundary contained in the Consultation and Cooperation 

Agreement between the USDOE and the State of New Mexico, the second modification - 
restricted slant drilling. 

28 



The following statement appears in vol. 1, section 3.3.3 (p. 3-10): 
.A 

... the DOE agreed to prohibit further subsurface mining, drilling, slant drilling 

under the withdrawal area, or resource exploration unrelated to the WIPP Project 

from the land surface to 6,000 feet (1,830 m) in the subsurface for the 16 square 

miles under DOE control. 

The second modification to the Cooperation & Consultation Agreement has been incorrectly 

interpreted. The Agreement is not limited to the first 6,000 feet (2,000 m) of depth. The 

Agreement states "The DOE will not permit subsurface mining, drilling, . . ." 

1 ~ecommendation 8. Performance assessment .reports should accurately reflect the status1 

/of resource development near the WIPP site. 

9. Oil and Gas Pmductior Near the WlPP 

In vol. 1, section 5.3.5, the following statement is made regarding the Assurance Requirement 

(40 CFR 191.14) for natural resources: 

Future societies might attempt to exploit natural resources near the WIPP and - 
thereby create the potential for a release of radionuclides into the accessible en- 

vironment. These issues have been evaluated in several reports (USDOE, 1980, 

1981b; USDOE and State of New Mexico, 1981, as modified; Brausch et al., 1982; 

Weart, 1983; USDOE, 1990a). A recent report summarizes these earlier reports 

(USDOE, 1991a), and the DOE will continue to document information about nat- 

ural resources that was used in making the decision to proceed with the WIPP 

Project (I, p. 5-20). 

A detailed reading of the references cited does not appear to support the text. 

SiIva and Channel1 (1992) showed that the USDOE Implementution of the Resource Disin- 

centive Plan in # O  CFR 191.l#(e) at the Waate Isolation Pilot Plant (USDOE, 1991a) is 

inconsistent in reporting the number of oil and gas leasea within the WIPP Site Boundary 

and the production status of those leases. 

The No-Migation Variance Petition (USDOE, 1990a) states: 

Oil and gas exploration has been and continues to occur around the WIPP site. 

The target horizons for this type of exploration are below the Castile 

29 



gas exploratory drilling requires permits from the state, and it is unlikely that 

prospective future well drillers would not be informed about the existence of WIPP. 

As an additional protective measure. the DOE has purchased all oil and gas leasea 

in the area of the WIPP site to prevent any exploration now and in the future 

(Section 6.3.2). 

The last sentence above is incorrect. Weart (1983), Brausch el al. (1982) and Weart et al. 

(1991) failed to recognize the potential crude oil resources for this area. Crude oil is now 

being produced from the former control zone IV. 

Recommendation 9. The performance assessment Mort should use the latest and verifiable 

data on oil and gas production near the WIPP, because the extent of oil and gas resources 

in this area is likely to be an important determinant of inadvertent human intrusion, 

( a d  oil and p production a" potentially affect the hydrogeology at  and near the WIPP~ 

10. Gas Generation 

10.1 BRAGFLO is one of the most important codes in the WIPP performance assessment. 

A brief summary of BRAGFLO is given in vol. 3, section 1.4.1. Equations 1.4.1-1 and 

" *+ 1.4.1-2 use rate constants and mole fractions (called 'stoichiometry factorsn) to calculate 

';/ the rate of gas generation. These factors, although not specifically referenced in this section, 
f 
are referred to in the discussion on pp. 3-44 to 3-45. Median corrosion gas production rates 

are given as 6.3 x10-' moles II2/m2-s for inundated steel and 0.1 [-I for humid steel under 

aerobic conditions, and 0.5 [-] for inundated steel under anoxic conditions. An analogous set 

of rates are given for microbial gas generation, with units of moles of gas/kg cellulosics given 

only for inundated conditions. It should be noted that in the development of the equations 

on pp. 1-24 to 1-26, the rate constants and stoichiometric factors are given with acceptable 

units. Why aren't the dimensions the same for all these rates, if they are used for the same 

variable in BRAGFLO? How can a corrosion rate have the units of moles per unit area of 

exposed substrate in one case and no units in another? How can a dimensionlesr variable be 

used interchangeably with a variable with units? 

10.2 A more serious question arises about the use of these results. The gas generation 

rates and stoichiometry factors cited are those calculated by a model and are thus t h  



result of model inputs rather than experimental data. Table IV summarizes the results of - 
the SNL scientific investigations into gas generation, and distinguishes model calculations 

from experimental measurements. Model results are only as good as model inputs. Some 

model inputs include unsupported assumptions, such as the failure to include methane. 

Experimental data exist - see Table IV- but have not been used in modeling. Moreover, as 

the Table IV shows, models give different gas generation rates when given different inputs 

and assumptions, and the median of such calcnlated rates has little validity. 

Although the assumption that radiolysis will contribute only negligible hydrogen formation 

at WIPP appears to have found general acceptance, the data developed by Kosiewicz (1981) 

show this need not be the case. In fact, the gas generation problem was first noticed in stored 

drums of TRU waste in which hydrogen had been generated by radiolysis. Moreover, the 

microbid generation model does not recognize the dependence of the microbial gas generation 

rate on the initial and continued presence and availability of microbes. Radiolysis can be 

the principal sourceof gas from Pu-238 heat source waste. 

- (a) methane generation, 

(b) radiolytidy generated hydrogen. 

Reammendation lob. The relationships in the gas generation model should be validated 
before the gas generation model is incorporated Into BRAGFLO. 

11. Unanalyzed Scenarios 
As Helton (1993) so aptly pointed out, the formulation of scenarios is an integral part of 

performance assessment. There are a number of assumptions used in the human intrusion 

scenarios to  date that EEG believes need to  be reconsidered and either changed or better 

justified. These have all been related to  USDOE in previous written comments and discussed 

in meetings. For completeness of the record, all significant items are mentioned below. 

Some scenarios not currently analyzed in performance assessment need to  be considered. See 

especially the lower half of Figure 4-1 (vol. 2) in the 1992 Performance Aasessmmt. 





11.1 A Scenario Involving Nuclear Criticality 
.A 

In 1984 S. Cohen, an EEG consultant, analyzed potential nuclear criticality in the Culebra 

Aquifer and concluded that this needed to be thoroughly evaluated by USDOE. 

The potential nuclear criticality could occur if: 

(1) sufficient quantities of a fissile radionuclide such as Pu-239 or U-233 are adsorbed on a 

large enough volume of aquifer matrix; 

(2) there is sufficient hydrogen or other moderator available in the brine or matrix; 

(3) the matrix or brine does not contain sufficient quantities of stable nuclides that can 

"poisonn the reaction. 

EEG's analysis indicated that, with the expected elemental composition of the brine and the 

Culebra aquifer matrix, nuclear criticality could occur in a block 7 m high x 0.5 m wide x 

1 m long if the product of the distribution coefficient (Kd,  mL/g) and plutonium solubility 

(S, moles/L) was geater than about 5.6 x moles/g. 

The possibility of a KdS product of > 5.6 x moles/g is credible. For example, the 

probability distributions for Kd and solubility from volume 3 of SAND 91-0893 (pages 2-104 - and 3-64) have approximate probabilities of occurrence given in Table V. 

Table V. Probabilities of Criticality From Sorbed Fissionable Spedea 

In response to EEG's wmments on the 1990 Preliminary Comparison, SNL responded that 

A performance assessment task has been initiated to examine the potential for 

nuclear criticality from post closure processes. 

Two pages were devoted to discussing nuclear criticality in the 1991 Preliminary Comparison 

(vol. 1, page 452). SNL recognized that sorption can also occur in the b& and at  certain 

- 

Species 

pus - 
p u b  

7 

U~ 

u4, 

components of the seal system as well as in the Culebra Aquifer. The very 

33 

-- - 

Probability KdS > 5.6 x moles/g 

0.025 

5 x 10-6 

0.25 

0.11 



of a high-yield nuclear explosion is also discussed. We find no analysis of nuclear criticality - 
in the 1992 Performance Asse.wment. No schedule has been given for performing additional 

criticality evaluations. 

EEG also believes the possibility of a high-yield nuclear explosion is very remote. One 

concern is with an instantaneous criticality excursion in which there is a brief burst of energy, 

neutrons, and gamma radiation. Perhaps more likely in this situation, where fissile material 

is being added very slowly in a solution, is a delayed criticality where the system does not 

become promptly critical. Such a system would behave much like a nuclear reactor and 

could produce fissions, perhaps in bursts, for extended periods of time. This phenomenon 

has occurred in several process criticality accidents in the U.S., e.g. at Hanford in 1962 one 

system boiled for 37 hours (Thomas 1978). The Oklo "natural reactorn in Gabon is believed 

to have operated in a similar iasliion. 

It is not obvious that a criticality accident would have a significant effect on a repository 

waste disposal system, even if a criticality accident occurs. Considerable heat would be 

produced, some brine would be vaporized, and minor amounts of fission products would be 

formed. It takes 8 x loZ0 fissions to produce one curie of Cs-137. Also, the relatively high Kd ,. 
values that would be necessary to make criticality possible are otherwise a benefit because 

they retard radionuclide transport. 

Recommendation 11.1 The criticality issue needs to be UloroyOBly evaluated before it cau 

11.2 Subsidence 

Subsidence could occur in the area overlying the WIPP some time after repository de.--m- 

missioning. Subsidence can also occur from nearby potash mining. The 1992 Performance 

Assessment identifies an event TS which is subsidence from mining of potash, but TS has 

not been analyzed. 

SNL discussed the potential for subsidence in the 1990 Pnliminaty Comparison. They 

recognized that 'subsidence could in turn conceivably affect the disposal system in three 

ways: by increasing hydraulic conductivity of the Salado Formation, by creating fractures 

through the Salado Formation, or by disturbing the surface drainage and groundwater flow 
A 

in overlying units." The incorporation of the effects of subsidence %to the performanu 
i 



- assessment is still planned. In the 1991 Preliminary Comparison SNL presented an analysis 

of possible caving and subsidence over the waste storage areas from room closure. 

SNL's analysis of subsidence concluded that no problems were likely to result for the waste 

disposal system. The maximum sr~bsidence at  the surface was calculated to be only 0.13 

meter over an area of 1.54 x lo6 m2. The affected area at the surface was determined by 

assuming an angle of draw of 35'. It was further stated that if the Rustler-Salado contact 

residuum had (historically) lost ahout 400 meters due to dissolution without disrupting the 

confined wa:er-producing Culebra and Magenta dolomite aquifers, subsidence should not be 

..~. a problem. 
,.,. 

No evaluation has yet been mad? of subsidence from potash mining. There are significant 

potash resources within the WIPP site boundary. However, the USEPA Standards requires 

analysis of only resource exploration drilling on site. However, it is appropriate to consider 

subsidence effects from p t a s h  mining offsite. 

Offsite potash mining is highly probable. There are reserves on all sides of the site. Sections - 
to the south of the site are already leased, sections to the north and east are under litigation 

for potash leases, and the entire western border is leased or expected to be leased. Because 

the areas leased or expected to be leased to  the north and south include the flow path of 

the Culebra Aquifer across the waste storage area, a potential exists for both upstream and 

downstream effects on the Culebra. Catchment area could be formed to the north from 

subsidence and shafts could provide access to the Culebra for recharge. To the south there 

could be increased transrnissivity from subsidence dfects. With the assumption that mining 

occurs up to  the site boundary and the angle of draw is 3S0 the extent of influence at the 

Culebra Aquifer horizon would be about 200 meters onto the site. Another possibility is 

that mining activity near the South Boundary could result in vertical drainage (via shafts or 

boreholes) from the Culebra Aquifer into underlying mined out areas. This could significantly 

increase the hydraulic gradient between the injection point of contaminated brine and the 

site boundary. 

Reammendation 11.2 Subsidence ell- need to be evaluated in much more detail and in- 

- corporated, in some manner, into the human intrusion scenarios Some scenarios currently 
snalyzed in performance assessment should be re-formulated. 



11.3 Contaminated Brine Flows to the Surface - 
The El,  E2 and E1E2 scenarios assume that the only material reaching the surface is drill-bit 

cuttings and some "cavings" from the annulus about the drill bit in t,he waste storage room. 

Brine flowing to the surface from an encounter with a pressurized Castile brine reservoir was 

not assumed. EEG believes that brine flows to the surface should be assumed and that the 

consequences could be significant for the E1E2 scenario. 

Sandia and USDOE have described typical drilling practices elsewhere (Appendix C of SAND 

89-0462 and in USDOE February 7, 1990 response to EEG's comments on the Draft Supple- 

ment EIS). These responses explain how it is possible to have very little flow to the surface 

by closing in blow-out prwenters within a few minutes, determining the pressure, and then 

preparing drilling mud of sufficient density to stop the flow before resuming drilling. For 

example, USDOE stated in a February 7,1990 letter that only 51 barrels flowed at WIPP-12 

before shut in by a blow-out preventer. 

The February 7, 1990 USDOE letter went on to say that at WIPP-12 an at'?itional49,224 

barrels flowed during deepening, geophysical logging, and further deepening before it was - 
finally shut in for subsequent hydrologic testing. This additional flow was described as 

resulting from a Yconscious decision." 

Virtually every time a pressurized Castile'brine r e se~o i r  was encountered in the vicinity of 

WIPP, "conscious decisions" were made to allow varying amounts of brine to flow to the 

surface. Table VI, extracted from two WIPP reports (USDOE 1981a; 1983), describes the 

remedial measures taken. Although the available data are not as detailed or as quantitative 

as one would like, it is clear that drilling practice through 1982 included release of brine at 

the surface whenever pressurized Castile brine reservoirs were encountered. There has been 

I el 
considerable drilling activity around the WIPP Site in the last few years, and brine has been 

reported in seven wells. In two of these wells brine was reported to have flowed for three 

hours before being stopped, and in another, brine flowed for at least 12 hours. Records did 

not indicate how long the remaining wells flowed. It appears that, in most cases, significant 

amounts of brine flow to the surface before being controlled and performance assessment 

scenarios should assume that any intruding driller will face similar situations. Also, minor 

flows may not always be recorded in drilling logs, or perhaps even recognized. Furthermore, - 
it is likely that not all Castile brine encounters have ban reported. 



Drilling mud return flow would be expected to increase the effective radius of the borehole - 
and bring waste to thesurface in suspension and in solution. In the Ell32 scenario brine 

discharged to the ground surface is expected to be saturated in actinides. 

In a November 3, 1992 response to EEG's concern about contaminated brine flow to the 

surface, SNL st&&: 

We will repeat these subsidiary simulations using BRAGFLO for both release during 

drilling and long-term releases through abandoned boreholes. As you suggested at 

, our previous meeting, there are four cases: (1) E l  or E2 during drilling, (2) E l  . . 
while Castile brine is allowed to flow, (3) El  followed by E2 after Castile brine has 

been allowed to flow into the panel and then is available to flow through E2 during 
. 

drilling, and (4) E1E2 after hoth have been abandoned. 

EEG, in a November 9, 1992, letter to SNL, agreed these 4 cases were the appropriate ones 

to consider and urged SNI; to perform the analysis. 

Recommendation 113 Provide results of the abovementioned analyses, and indude contam- 1 
I hated brine flow to the ground surface in future versions of human intrusion scenarias. - 
11.4 A Brineslurry Release Scenario 

A brine-slurry release scenario should be analyzed. A brine slurry might result from brine 

inflow from the Salado salt or intrusion into a Castile brine reservoir. Such a brine slurry 

could be under greater than hydrostatic pressure and thus have a force capable of driving 

some or all of the slurry to  the ground surface. The potential quantities of ejected brine 

might be less than that from tho E l  scenario but the consequences could still be significant. 

The possible implications of a hrine-slurry filled room were first raised by SNL in 1987 and 

were also evaluated in 1988 by EEG (Chaturvedi, Channell and Chapman, 1988). 

SNL has responded that all evidence indicates that the possibility of a brine slurry existing in 

a waste storage room is essentially zero and can be ignored (SAND91-0893, vol. 1, Appendix 

B). Lappin et al. (1989) and the Final Supplemental Environmental Impact Statement 

(USDOE, 1990b) are cited as support for this conclusion. 

The brine-slurry release scenario is related to  undisturbed performance and cuttings releae. 

Actually a similar, though probably less serious, release is considered in undisturbed perfor- 
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Table VI. Castile brine reservoir interactions in the WIPP area 

0 U.S. Department of Energy, 1981a. Btine Pocket Occumnces in the Castile Formation, 

Southeactern New Meziw, TME-3080. 

0 US. Department of Energy, 1983. Btine Reservoirs in the Castile Formation, Southetwt- 

ern New Mezico, TME-3153. 

0 R. H. Neill et al., 1983. Evaluation of the Suitability of the WIPP Site. EEG-23. - 

- 
ERDAS 1975 660 WIPP hole. Estimate 19,000 barrels could 
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Table VI Sources 

Pogo 

WIPP-12 

1979 

1981 

1,440 

12,000 

be produced by artesian flow. 

Initial flow was after 14.6 pound per gal- 
lon drilling mud had been added. Stopped 
after 4 days with 15 pound per gallon mud. 

WIPP borehole. Over 79,000 barrels p m  
duced. Estimate 350,000 bbls producible 
by artesian flow. 



mance when the waste storage room became partially or fully saturated only in the lower 
.-. 

portion of the room. An ~ffect of partial saturation and incomplcte consolidation of the 

waste could be to lower the shear strength and result in greater quantities of waste being 

brought to the surface than calculated with the current cuttings model (E2) assumptions. 

Recommendation 11.4 Perform a complete analysis of the brine-slurry release scenario. In 

1 addition, variants of the brine-slurry scenario in undisturbed performance and in the E2 1 
1 scenario need to be better understood. 2 
11.5 Borehole Seals 

The USEPA Standards requires human intrusion analysis that would create 
.' 
: . \! 

. . $5 3. . , ( + ,.. . ,  , 
. . . a ground water flow path with a permeability typical of a borehole filled by the 

, 
i ,  

', r :: ., 
.A 

%. 
soil or gavel that would normally settle into an open borehole over time ... not the - b.. /* 
permeability of a carefully sealed botehole (40 CFR 191, Appendix C). 

In the 1991 and 1992 Performance Assessments the resultant permeability of human intru- 

sion boreholes was sampled lognormally between lo-'' m2 and 10-l4 m2. This value was 

obtained from Table 2.2 of Freeze and Cherry (1979) for silty sand. The choice of silty sand 

is SNL's interpretation of USEPA guidance on borehole sealing cited above. 

EEG has several problems with the SNL interpretation. Table 2.2 in Fkeeze and Chary 

(1979) shows a permeability range for silty sand from about 8 x 10-l1 m2 to 8 x 10-l5 m2. 

Thesame table also shows ranges of loq9 m2 to 2 x 10-l3 rn2 for clean sand and lo-' m2 

to 10-lo m2 for gravel. It appears that a strict following of the USEPA Guidance would 

require use of higher permeabilities, to include gravel in the borehole. 

EEG beliwea that the assumption of borehole permeabiity described in the USEPA Stan- 

dards is reawnable when considered along with the other assumptions in the guidance, but 

is not conservative in light of observed borehole d i n g  practices in the Delaware Basin. 

In 1989 the Bunsu of Land Management found 6,527 shut-in and temporarily abandoned 

wells in New Mexico (USBLM, 1989). A temporarily abandoned well is simply abandoned, 

without plugging and sealing. The USBLM made the following statement about wells in the 

Carlsbad area: 

At Carlsbad, we review4 the status of 2 shut-in and 11 temporarily ab 
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wells on a 15-well lease. These wells had been classified as shut-in or temporarily - 
abandoned since the late 1960s without approval. There was no evidence these 

wells had been properly tested to ensure they were capable of producing oil or gas 

and properly classified. The operator of this lease stated that he did not perform 

well integrity tests because he estimated that it would cost ahout $2,000 per well. 

Additionally, he s t a t4  that he did not permanently plug wells because that would 

cost about $10,000 per well (USBLM, 1989). 

Recommendation 11.5 Performance Assessment should not assume perfect plugging of 

abandoned oil and gas wells near the WIPP. For the human intrusion borehole, the range 

of degraded penneabilities should span sand and gravel. 

12. Analysis of Direct Discharge to the Ground Surface 

12.1 In the 1992 Perfomance Assessment, the program CUTTINGS analyzes steady-state 

cuttings releases (Table VII) to the ground surface for the following processes 

Table VII. Domain of the CUTTINGS program. - 
., Laminar Flow Turbulent Flow Sediment- 

Axial Helical Axial Helical Laden 
*" 

*. Yes Yes Yea No No 

EEG has examined the initial Fkynolds numbers in the 70 vectors of CUTTINGS analysis 

for the 1992 Perfonnance Assessment. The distribution of these initial Reynolds numbers 

is shown in Figure 13. The mean of these initial Reynolds numb& is 7334 and the standard 

deviation is 87. These initial Reynolds numbera are well above the range for laminar flow. 

The analysis for erosion by laminar flow may be elegant, but it appears to be irrelevant. 

The exclusion of erosion by helical turbulent flow and the dfect of sediment erosion is non- 

conservative. 

12.2 In the 1992 Perfomance Assessment, the program CUTTINGS analyzes only the E2 

scenario. The E1E2 scenario was not analyzed. This was not stated in the 1992 Performance 



Figure 13. Distribution of initial Reynolds numbers in CUTTINGS vectors. 
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Recommendation 12. Future performance assessments need to include erosion d waste by 

helical turbulent flow and the effect of sediment erosion. Also needed is analysis of other 

relevant scenarios, such as ElE2 and brine slurry discharge to the surface. 1 
13. Inventory 

13.1 The radionuclides includcd in consequences analysis included only actinides plus %r, 

13'cs and 14'pm. Missing notably are 1 3 5 ~ s ,  1 2 9 ~  and 9 9 ~ c  which are the most important 

nuclides in most other total system performance assessments. Inventories of these nuclides 

are available. 

13.2 The 1992 Performance Arsessment used five activity levels for contact-handled TRU 

waste. The cited source is a SNL internal memo by Peterson [vol. 3, Appendix A, pp. A- 

135-1401. It is not possible to reproduce the results. Using data from input to the 1991 

Integrated Data Base, (USDOE 1991b), we compare our results for categorizing contact- 

handled standard waste boxes against Peterson's in Figure 14. It is obvious the two do 

not match. SNL needs to explain how the results were obtained. The memo by Peterson 

was dated October 28, 1992, well after most of the computations for the 1993 Performance- 

Assessment had been cornpletcd. SNL should explain what inventory was actually used in 

calculations. 

13.3 The inventory used in the 1992 Performance Assessment is to be detailed in a report 

in preparation by Peterson. As of June 30, 1994, that report has not been published. 

ppropriae in luture performance assesanen& 

14. Solubilities 

Sandia calculates the flux of radionuclides from the waste by [vol. 3, p. 1-36] 

where Mi is the m a s  of the ith nuclide in dissolved form, 

Cdi is the dissolved concentration of the ith nuclide, 



Number 

A 
W 



Q is the brine flow rate, and 

7 is the nuclide's decay constant. 

The concentration is calculated as 

where Si is the concentration in saturated solution, and this equation calculates the isotopic 

fraction of solubility over j isotopes. 

From these equations, it is clear that solubility would be an important parameter in the 

calculation of consequences. 

Experimentally measured solubility should be used in eq. (4), but few relevant measured 

actinide solubilities exists., Geochemical calculations, using either experimental or estimated 

stability constants, could he used: In the 1992 Performance Assessment, Sandia used neither 

of these approaches. Instcad Sandia used subjective elicitation. A panel of outsider scientists 

was asked to make estimates. The resultant estimates span a wide range. For instance, the 

estimated plutonium solubility spans 12 orders of magnitude. - 
When these wide, subjective estimates are used in Latin Hypercube Sampling of input values, 

non-conservative solubilities in consequence calculations may result. We shall examine the 

case for plutonium. In the 1992 Performance Assessment, the sampling range for plutonium 

solubility was 5.5 x lo4 rnole/L to 2.5 x M [vol. 3, p. 3-40], based on subjective 

elicitation, as shown in Figure 15. The black circle is the median and the open circle is the 

mean of the elicited distribution. 

Solubility measurements are available at WIPP for Culebra water from the air intake shaft 

(Nitsche et d, 1992), and for Brine A, a simulant of brine expected to inundate the repository 

(Nitsche et al., 1993). Nitsche's solubility measurement ucperirnents lasted several hundred 

days, and were started with various oxidation states of plutonium. Results are also shown in 

Figure 15. For the various initial oxidation states the steady-state concentration estimates 

are plotted, assuming the results are normally distributed, and the 25 and 75 percentiles 

are the edges of the boxes or ends of the arrows. The experimentally measured solubilities 

are generally greater than M. However, when one examines the values of plutonium 

solubilities used in the 70 realizations in the Monte Carlo analysis [d. 4, p. C-101, one find.- 



Sources: Experts SAND92-070013, p. 3-40 
Nitsche et a/., 1993 

Edges of boxes are 25% and 75% of distributions 
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Figun 15. Comparison of subjectively elicited plutollium solubility and experimental solubility. 
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out that only 14 of the 70 rralizations had a plutonium solubility of lo-' M or higher, or - 
20%. The use of subjective elicitation apparently resulted in a downward bias in estimating 

plutonium solubility, leading to non-conservative consequences. 

Recommendation 14. In future performance assessments, limit the sampling range to the 

[error bands in experimental data d 
'5. Transport Modeling of Volatile Organics 

In the analysis of compliance with 40 CFR 268, there has not been a transport analysis 

[vo1.4, p. 4-38, line 251. The conclusions in volume 5 are inferences using a flow model. 

Recommendation 15. Two-phase transport of volatile organic compounds through gss- 

I fractured interbeds should be analyzed in the future. A 
16. Correndte Retardation in the Culebra 

The 1992 Petfomance As~easment identifies sorption on clay fracturelinings as one of 

three retardation mechanisms for radionuclide transport through the Culebra. Corrensite 

was addressed briefly in Recommendation 1.3. We elaborate here. - 
The concept of corrensite sorption is based on x-ray diffraction and analytical electron mi- 

croscopy analysis of cores samples from clay-rich layers of the Rustler Formation, from wells 

drilled primarily in Nash Draw. This concept originates b m  the work of Sewards and oth- 

ers at the University of Ncw Mexico under contract to the Sandia National Laboratories 

(Sewards 1991; Sewards, Glenn and Keil, 1991; Sewards, Williams and 

al., 1990). 

16.1 Review of Corrensite Data ." 'A,"- 

Sewards, G h  and Keil (1991) presented mineralogical analysis of core samples from a 

single well, WIPP-19, and made no claim for day-filled fracture lining in the Culebra. 

Sewards (1991) gave data on "whole rockn as well as "fracture surfacen compositions of core 

samples collected from six wells (WIPP-26, 27, 28, 29, 30, 32) in Nash Draw, one borehole 

(WIPP-33) between Nash Draw and the WlPP site, and three boreholes (WIPP-12,13, and 

34) in the qorthern part of the WIPP site. Clays are expected to be present in the Nash 

Draw cores because of extensive dissolution, weathering, and erosion in that area. WIPP-3- 



is located in a sink hole and dissolution, weathering, and erosion are expected. Boreholes - 
12, 13 and 34 are located north of the WIPP repository and upstream from the expected 

direction of flow of water in the Culebra. Furthermore, cores are from these wells are in 

sections with known clay seams. For example, the only sample from WIPP-12 (CS-1) came 

from the zone 254.09 m (838.5 ft) to 254.15 m (838.7 ft) below the surface. The Basic Data 

Report for WIPP-12 (SNL and D'Appolonia, 1982) identifies mud seams at  253.85 m (837.7 

ft) and '54.76 m (840.7 ft) depths. 

Sewards, Williams and Keil(1991) presented mineralogy of 107 core samples from eight wells, 

three of which are located in thc WIPP site. However, clay fraction separates (< 2 pm) were 

obtained for only three samples: WIPP-12 #3, a clay-poor dolomite; WIPP-12 #16, a 

clay-rich dolomite; and H6B #3, a shale. X-ray diffraction analysis was performed on the 

clay fractions from these three samples, and one sample (H6B #3) was analyzed under the 

electron microscope. The electron microscopy on this one sample casts doubt on the results 

of the x-ray diffraction 

There is, however, a discrepancy between the results of the quantitative XRD analy- 

sis and the results of the AEM investigation of sample H6B #3. In that sampie, the 

XRD results show that ihc sample contains approximately 50% mrrensite. When 

imaging was attempted on the AEM, it was extremely difficult to find any corrensite 

at  all; the dominant phases appeared t o b e  serpentine, illite, and chlorite (Sewards, 

Williams and Keil (1991); p. VII-19). 

The conclusion of this report d m  not follow from the data analyzed: 
, 

The fact that corrensite is the dominant phase in the Culebra samples is impor- 

, , tant. Corrensite has a high cation exchange capacity (CEC) and high surface area, 

thus it is able to  sorb radionuclides very efficiently in the event of a low pressure 

breach in the WIPP facility. Although the clay minerals of only three samples were 

investigated, the results of Sewards, Glenn and Keil (1991) show that mixed-layer 

chlorite/smectite is the dominant clay phase throughout the Rustler Formation, 

so it is reasonable to suggest that the same is true in the Culebra unit (Sewarda, 

Williams and Keil (1991); p. VII-19). 

Sewards, Glenn and Keil (1991) made no  claim for clays lining fractures in the Culebra. 

Corrensite was interpreted to  be present in some of the samples, as one mineral among 



many, when powdered hulk samples were analyzed by x-ray diffraction. 

Sewards et al., (1992) presented ~nineralogical analysis from 47 samples. Of these, 17 samples 

were taken from the Culehra, and of these only nine are from the WIPP site: six from the 

Air Intake Shaft and three from WIPP-12. The report states: 

Only small amounts of clay can be sampled from the Culebra fracture coatings; 

therefore, initial technique and model development for adsorption studies on WIPP 

clays (Park et al., in review) were carried out with material from a black shale layer 

in the unnamed member. This material, so-called CorWIPP, is 94% corrensite and 

is described as Sample AIS-1.5 in this report. Corrensite has a high cation exchange 

capacity and affinity for !.he uranyl ion in dilute solution (Park et al., in rwiew) 

and could provide significant radionuclide retardation in fractures in the Culebra 

(Sewards et al., 1992). 

The above quotation clearly identifies the problem with using Sewards' work to conclude 

that corrensite clay-lined fractures in the Culebra may provide retardation for radionuclide 

migration through the Culebra. The argument is based on a sample from a "black shale layern 

obtained from the lower part of the Rustler Formation, below the Culebra, because not much - 
clay could be sampled from Culebra fracture coating. And yet, information from this sample 

is used to conjecture that "significant radionuclide retardation in fractures in the Culebran 

could be present! This is the basis for continuing research on the adsorption properties 

of corrensite, model developement for retardation in the Culebra, and the assumptions of 

additional retardation. 

16.2 Corrensite in the 1992 Performance Asressment 

Input to the 1992 Performance Assessment has correctly evaluated the concept of corrensite 

retardation: 

Sewards (1991) measured and reported clay abundance for eighteen Culebra sam- 

ples; thirteen from locations to the north and/or west of the WIPP site, and five 

from the north end of the WIPP site. None of these samples was from wells along 

fast transport paths. Because Sewards (1991) was focusing on clay abundance and 

compositional analyses, it is likely that samples were selected for analysis based on - 
visual appearance of clays. Thus, these data may not be representative of day abun- 



dance on fracture surfaces i n  the area of interest for transport modeling (Novak, 

Gelbard and Papenguth, 1992). 

Given the above analysis, why did SNL assume additional retardation from corrensite in the 

1992 Performance Asseshment? 

Recommendation 16. Abandon claiming credit for corrensite sorption as well as additional 

lexperiments with corrensite. 

17. Ideal Gas A m p t i o n  in VOC Migration 

In the 1992 Performance Assessment, all gas- are assumed to have the properties of hy- 

drogen (vol. 5, p. 2-9) and behave like an ideal gas. While this assumption may be good 

for C02 and even for CH4, it is not a good assumption for the volatile organic (VOC) gases 

regulated under 40 CFR 268. These gases have critical pressures well below lithostatic pres- 

sure, so that a t  1ithostatic.pressure they would not be expected to behave at all like ideal 

gases. In Table VIII, we show the ratio of the critical pressures of four prevalent VOC in 

TRU waste (Reid, Prausnitz and Poling, 1987) to lithostatic pressure of 15.2 M P a  

Table VIII. Ratio of Critical Pressures of Selected VOC 

to Lithostatic Pressure at Repository Horizon 

Table VIII shows that these four important VOC will not behave like ideal gases. 

Rea,mmendation 17. Unless there is experimental evidence that VOC vapors move as ideal 
gases and move with the low-mdecular-weight gases generated by rPdldysis, c o d o n ,  or 

microbial action, movement of VOC vapors should not be modeled m ideal gas ftow in 

showing compliance with 40 CFR 268. 

- 
.I ) 

I 

COMPOUND 

Carbon Tetrachloride, C C b  

Dichloromethane, CH2Cl2 

l,l,l-trichloroethanr, CC13CHj 

Trichloroethene, C12C=CHCl 
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IIL DETAILED COMMENTS 
A 

k' 
Volume 1 

f 

Sec. 3.1 p. 3-3 This section says that USEPA expects the implementing Agency to use the 

same assumptions. But it dors not say whether USDOE does or does not. 

Table 3-1 p. 3-14, line 15 In this Table, techniques are given for assessing and reducing 

various kinds of uncertainties. For conceptual model uncertainty, an additional method of 

assessing its extent is to analyze alternate conceptual models. If alternate conceptual models 

can be rejected with wnfidcnre, then the favorite conceptual model has a better chance! 

Table 3- 1 p. 3-14 In Parameter Values and Variability, the use of expert judgment is said to 

be a method of assessing and reducing uncertainty. The fact is that the panel on solubilities 

greatly EXPANDED the uncertainty range. 

Sec 4.1.1, p. 4-2, line 28 The avscription of undisturbed performance should include 

a statement that the deleterious effects of gas fracturing have not been considered. The 

probability of gas fracturing is clearly above lo4 in 10,000 years. Sandia's own experimental 

data suggest that without fracturing, the gas pressure is likely to reach and exceed lithogtatic 

in hundreds of years. 

Sec 4.2, p. 4-8, line 38 Why is the maximum number of holes in the 70 simulations only 

20 per km2 when Latin Hypercube is used to sample uniformly (I presume) over interval 

[0,30]? Isn't the key advantage of Latin Hypercube to %nsures full coverage of the range of 

each sampled variable." (p. 4-14, line lo)? 

Sec 5.131.1, p 5-3, 27 Is X really random in both space and time? As implemented 

it appears to be only a variable of time. 

Sec 51.21.2, p. 5 4 ,  h e  35 It is not dear why the intrusion and subsurface release times 

are specified rather than random. If intrusion and release times are random, the source 

strength can be calculated in PANEL using eq. 1.4.4-11 in vol. 3. Are these six times of 

intrusion possible times of intrusion, or must the intrusions occur? 

Sec 5.132, p. S, line 25 Given our comments on the subjective elicitation process in 

the preceding pages, we do not consider any of the results using At to be valid. 



Sec 5.12.X p. 16,  line 27 M'hm releases are calculated for six intrusions, is it six holes? - 
Does this correspond to S(4.1,0,1.0,0) in Table 3-2 of SAND 91-0893/1? 

Volume 2 

Sec 13.2, p. 1-4, line 26 CXhlCON controls 75 wdes for WIPP Performance Assessment. 

However, the key codes BRACFLO, SECOTP2D and CUTTINGS are run outside of CAM- 

CON, and also probably SANTOS-SANCHO. Does this make CAMCOM a general without 

troops? 

Sec 2.3.2.1, p. 247, line 2 The word should probably be "pyrophoric." 

Sec 23.2.1, p. 247, line 2 The second half of this sentence appears to  be incorrect. The 

limit for pyrophoric ingredients is probably 1% of the weight of the waste, not 1% of the 

weight of an empty container. 

Sec 23.4.1, p. 2-9, line.20 To use ionic-strength corrected data from Well J-13 from 

Yucca Mountain as the median necds justification. 

,- Sec 23.42, p. 2-55, l i e  4 The laboratory measurements of plutonium solubilities and 

sorption coefficients in brines fall short for several reasons: 

solubilities and sorption coefficients in Culebra water are needed; 

for the spectrum of possible conditions, calculations are better.. 

Sec 23.42, p. 2-55, line 6 It is not clear how the results of the Source Term Testing 

Program will be useful or used in pcrforrnance assessment. The current performance apseas- 
Y 
* 3 ,, ment uses the actinide solubility. The LANL experiments give a release rate, rather than 
\ 

a solubility. The LANL release rate will be proportional to  inventory. The performance 

assessment department should state how it intends to use the two different sets of d a t a  

Set. 23.5, p. 2-55, line 13 The statement is made that a t  decommissioning, free brine will 

not be present within the emplacement area. Experience over the history of WIPP indicates 

that brine may be present throughout the disposal phase. 

Sec 423.1, p. 4-11, line 11 Do these plastic containers meet the Waste Acceptance 

Criteria? 

- 
Set 423.2, p. 4-13, line 33 'All borehole plugs ... degrade into mataial with properties 



similar to those of silty sand." Why not the plug above the Culebra? - 
Set 5.2, p. 5-2, line 22 Prof. IIrlton's method of calculating intrusion probabilities is not 

trivial. The full explanation is worthy of a journal paper. The brief explanation here raises 

more questions than answers. As a matter of fact, this summary is incomprehensible and 

confusing. 

Sec 5.2, p. 5-4, line 16 Hora's algorithm gives drilling rates in units of holes/rni2/10000 

years, not holes/km2/10,000 years. 

Set 7.23, p. 7-3, line 19 Should combustibles be organic? 

Sec 7.23, p. 7-3, line 21 Do you mean 'biodegradation of organic materials only?" 

Non-combustible organics may still be biodegradable. 

Sec 7.6.1.2, p. 7-16, line 26 How is the scaling factor chosen? Who decides that it is 

reasonable? The same'questions apply to the choice ,of A R , ~ ,  and 4 in (7-14). Where are 

the results of climate change shown? 

Sec 7.63, p 7-18, line 5 The numerical model for solute transport is Zdimensional. The 

conceptual model shown in Figure 7-4 is 3-dimensional. . . 
, . 
. - ".i 

' . ; i 
3. , , . - 
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Sec 1.2, p 1-8, line 9 In the upper right plot in Figure 1.2-1, why is the median/mean of 

a s t anda rd id  normal distrihntion 0.500001? 

Sec 1.4, p 1-24, line 43 In q(1.4.1-9b) and eq.(1.4.1-11), the big dot used here for 

multiplication is confusiig, and it is not needed. The dot is used on the previous two pages 

only for the dot product. 

Sec lAA, p. 1-34 Instead of using two pages to explain what PANEL does not do, why 

not just present eq. (1.4.4-10) and explain that Cdi is treated as a known constant. 

Sec 1.45, p. 1-38, line 11 Same comment on the big dot. 

Sec 23.3, p. 224 The data-source category of "engineeringlore" is used here and in other 

places. "Engineering lore" is not defined on p. 1-13. In this case, the source is a refereed 
-I.*-_ 

journal papa,  which may well be "non-WIPP Literature Data" ,/ & >..,* - 
y<:++ 

: :% ,,> - i , ., t ~ :: '. ,/ 
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Set 2.6, p. 278, line 14 Thc equation here does not make sense, and the definition of - 
probability is not proper. For T as a random variate, try 

k 2.6, p. 2-83 Why is the median given here not equal to the median given on the 

previous page, line 13? 

k 2.6, p. 2-93, 94 These are curious tables. The range of partition coefficients extends 
,+-"-~.,., to a region of no significance. One can calculate the lowest. value of KD which will give a~ 

positive retardation coeflicient, using 

. . C 
R = -pKD 

2 , . l - c  . .  . 
s ! .,. 
I is ( 

ii .'. .,. jhere C= 0.145, from p. 2-82, p = 2.82, from p. 2-76, which gives Kg > 2.09, and 
,, . 2 fi ~? 

'-~.,JJlog KD > 0.32. Examination of these tables says none of the nuclide's median partition 

coefficient will give a positive retardation. Why bother? Just forget retardation. 

Sec 33, p l22, a b l e  3.1 A more correct term for "activity conversion" is "specific - 
activity." 

Sec 4.2, p. 4-6. line 7 Certainly this refers to a regular borehole, However, Figure 4.2-2 

refers to changes in permeability as a function of "time after intrusion." This legend cannot 

be correct. Should it be %me after sealing?" 

Sec 4.2, p. 4-6, Iine 11 Surely the concrete plugs do not have initially the permeability and 

porosity of silty sand. On p. 3-14, the permeability of concrete is given as 2 . 7 ~ 1 0 - ' ~ r n ~  1 

where the permeability of silty sand has a median value of 3 . 1 6 ~ 1 0 - ~ ~  mZ. 

S~C. 4.2.1, p 44, line 38 Reference is made to the New Mexico Energy, Minerals, and 

Natural Resources Department, Oil Conservation Commission as the state agency respon- 

sible for negotiating plug and abandonment specifications and conducting inspections. The 

Oil Conservation Commission has not performed this function since 1978. On March 31, 

1978, Division Order No. R-5709 established the Oil Conservation Division to take over the 

responsibilities of the Oil Conservation Commission and left the Oil Conservation Commis- 

sion remaining in name as an appellate board. Many people in the industry still refer to - 
OCD as OCC, but that is not technically correct. 
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p. 2-16, line 1 Assumption 1 states there are no synergistic effect between intrusions, 

except for the E1E2 scenario. However, on line 25, the statement is made that 

... there is little reason to Iwlieve that the release taking place from one waste panel 

would affect the release taking place from another waste panel. 

This presumes that brine entrring one panel would not affect brine in another panel because 

of perfect panel seals which havc not been designed or verified experimentally. 

p. 2-16, line 6 The current assumption is that an ElE2-type scenario can only occur in the 

time interval [ti-1, t i ]  Indeed the 1992 Pesfomnce  Assessment only considered E1E2 at 

the same time. Should an Ell?? scenario occur at say 1995 and 2010 (years after closure), 

they would be analyzed as two E2, with quite different consequences. 

p. 216, line 9 Assumption 3 is unsupportable. In the 1992 Pesfomance Assessment both 

BRAGFLO and PANEL considers one waste panel at a time. For an ElE2, BRAGFLO and 

PANEL would calculate Qc, t.he product of the brine flux Q, and the solubility c. If there are 

three intrusions, with two E2 holes hitting different panels, the resultant subsurface relexae 

is not the same as that of an E1E2 pair. It is likely to be Qlc + Q2c. Thus this is not an 

acceptable assumption. 

Section 2.3 The current Poisson mod?[ assumes that the intrusions are independent, that 

is, one intrusion does not affect the probability of another. Does one intrusion increase or 

decrease the probability of additional intrusions? One does not drag a drill rig into an area 

and just drill one hole! Even the hydropads for WIPP have several wells on each. Exploration 

geophysicists operate on knowledge of geologic structures. If geologists tried a structure in 

1997 AD, they are more likely to return in AD 2097 and try the same structure. Thus some 

built-in correlation is credible. 

p. 218, line 47 A reason given for considering the consequence of only a single intrusion 
A 

at 1,000 years is "increased radioactive decay." Many actinides have long half life: 



Pu-239 24,000 years 

Pu-242 376,300 years 

Th-230 7,700 years 

U-233 158,300 years 

U-238 4.468 xlo9 years. 

Not much decay would have occurred in even 10,000 years! 

p. 3-4, line 35 The range of LAMBDA is given as [0,1.0] while in Figure 3-1. p. 3-14, the 

range of LAMBDA is given as [0, 0.41. 

Section 4.24 Here there are two possible representation between saturation and permeabil- 

ity and capillary pressure. They can be considered two different conceptual models, rather 

than mixing them 213 and 11.7. 

p. 4-26, line 37 . A reason given for using the van Genuchten equation is to simulate 

fingering. If fingers are at the scale of centimeters, and BRAGFLO's grid blocks are tens of 

meters, is this sufficient resolut,ion'to see this phenomenon? 
- 

p. 7-5, line 37 Should tnls be Figure 7.2-I? 

p. 7-9, line 30 Solving eq. (7.2-5) analytically appears to be possible. Eq. (7.2-6) needs 

to be solved iteratively. 

p. 7-7, Fig. 7.2-2 How is rfoil determined? 

p. 8-57, Figure -1; p. 8-58, Flgure 8.5-2 What is the difference between a - and a blank 

in these tables. 

p. 8-43, Figwe 8.4-11 In the upper right frame, the mean CCDF ia to the north& of the 

90% CCDF. This deserves more explanation. Please also explain why the mean CCDF starts 

at 8 ~ 1 0 - ~  on the probability scale, when there is a vector with probability of 0.5. According 

to p. 8-44, line 21, there are 21 vectors with releases, for the c a w  of chemical retardation, 

matrix diffusion and no clay. Dividing 0.5 by 21, the minimum probability should be 2.38 

x10-2. 

.- p. 840, line 31 This discussion of the effect of oonsidering human intrusion for the full 

10,000 years should be applied to Figure 9-1, especially Curve 1. 
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Is MBPERM gas or brine permrability? 

p. 2-7, line 28 The word "scalcdn should probably be "sealed." 

p. 28, line 10 The porosity of the damaged rock zone increases from that of intact salt to  

that of highly fractured rock at time zero. Shouldn't this increase begin when the damage 

to the salt occurs, at t = -50 years, the time of initial excavation? 

p. 28, line 35 Sensitivity analyses show that BRSAT is the most important parameter in 

undisturbed performance, and t,he second most important parameter in 191B performance, 

yet the range that BRSAT is sampled from is "somewhat arbitrary?" Moreover, the reduction 

of the high end of the sampling range is because of computational concern! What would the 

results look like if this sampling is optimized? 

p. 5-2, line 4 A different set of permeabilities is used in the first 200 years. Is the first 200 

years after closure, or after adminstrative control? 
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- FOREWORD 

The purpose of the New Mexico Environmental Evaluation Group (EEG) is to conduct an 

independent technical evaluation of the Waste Isolation Pilot Plant (WIPP) Project to ensure 

the protection of the public health and safety and the environment. The WIPP Project, 

located in southeastern New Mexico, is being cnnstnicted a s  a repository for the disposal of 

uansuranic (TRU) radioactive wastes generated by the national defense programs. The EEG 

was established in 1978 with funds provided by the U.S. Department of Energy (DOE) to the 

State of New Mexico. Public Law 100-456, the National Defense Authorization Act, Fiscal 

Year 1989, Section 1433, assigned EEG to the New Mexico Institute of Mining and 

Technology and continued the original contract DE-AC04-79AL10752 through DOE contract 

DE-AC04-89AL58309. The National Defense Authorization Act for Fiscal Year 1994, Public 

Law 103-160, continues the authorization. 

EEG performs independent technical analyses of the suitability of the proposed site; the 

design of the repository, its planned operation, and its long-term integrity; suitability and 

safety of the aansportation systems; suitabiity of the Waste Acceptance Criteria and the 

- generator sites' compliance with them; and related subjects. These analyses include 

assesments of reports issued by the DOE and its contractors, other federal agencies and 

organizations, as they relate to the potential health, safety and environmental impacts from 

WIPP. Another important function of EEG is the independent environmental monitoring of 

background radioactivity in air, water, and soil, both on-site and off-site. 

Since 1978 EEG has been directly involved in quantifying the long-term consequences of 

radioactive waste releases from WPP. We evaluated DOE'S 1979 analyses contained in the 

Draft Environmental Impact Statement and published our analysis in 1979. The mission of 

WIPP at that time included high-level waste as well as transuranic waste. 

Consequences were calculated via deterministic analyses in which an event was assumed to 

occur. EEG published nine repom calculating doses from the long term releases including 

consideration of brine reservoirs, drilling for mineral resources, sensitivity analysis for 

hydrological parameters in the Rustler, Breccia chimney and naturally occurring disruptive 

events. At about the same h e  that EEG was created in 1978, EPA began drafting standards 



for the safe disposal of high level and uansuranic waste and the first briefing for EEG on this 

work by EPA occurred in 1979. EEG commented extensively on the multiple drafts and the 

standards were promulgated in September 1985. 

Although not everyone was satisfied, the standards repnsented a consensus at that time. 

When the First Circuit Court vacated the standards in June of 1987, following a challenge by 

the Natural Resources Defense Council, Inc., the state of New Mexico entered into a formal 

agreement with DOE within a few days to continue to measure the expected performance 

against the vacated standards. It made sense since the standards were not expected to change 

much. Although it took 6.5 years for the agency to repromulgate the standards, DOE has 

been working since 1985 to show compliance and they currently plan to complete the task of 

the documentation of compliance for safe disposal by November 1, 1996. 

The 1985 EPA standards required probabilistic analyses. 'Ihe approach by DOE to show 

compliance has been an ituative one that we support ?he last iteration of performance 

assessment was issued by Sandia National Laboratories in 1992. 

Although the DOE draft application is substantially incomplete, we urged the Secretary of 

Energy in March 1995 to ism the draft report to enable oversight organizations to provide 

feedback to DOE and we commend DOE for issuing this interim application. 

Robert H. Neil1 
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EXECUTIVE SUMMARY 

Overall Impression 

The DOE Draft Compliance Certification Application (DCCA) cannot be considered to be an 

adequate draft document for demonstrating compliance with the EPA Standards for the 

Disposal of Transuranic Radioactive Waste (Title 40, Code of Federal Register, Part 191, 

Subpart B)=' requirements. It is more a framework for the application than a draft 

application, since it lacks a logical presentation of the proofs of compliance. A draft 

document should contain substantial f e a m s  of the final document The DCCA preface states 
that the draft does not provide "detailed information" on a number of topics and the submittal 

does not present the "complete pichue" of long-term performance. In fact, the EEG finds that 

even the most basic information is lacking in this draft 

History of the Project 

The historical sections of the DCCA omit several significant details concerning changes in the - 
purpose and scope of the project, the history of site selection, the site selection criteria, the 

location of the repository, the design, and the waste acceptance criteria. Many apparent 

inconsistencies and contradictions in the project can be explained only through a full and 

accurate description of the history of the WIPP project, 

Conceptual Models 

The application is weak in desrrib'ig alternative conceptual models for the projected 

conditions and processes in the repository and along the potential breach pathways, and in 
defending the ones selected. For some cases, the experimental data is not cumntly available 

to justify a particular model but additional data being collected may do so, as in the case of 

While the title of the DCCA or the text do not state it, the document only 
addresses compliance with Subpart B of the Staudards (40 CFR 191) for disposal. 
Compliance with 40 CFR 191 Subpart A for the management of TRU waste is required by 
the Land Withdrawal Act, P.L. 102-579, Section 9 (a), and has to be documented. - 

.. ,. , . 
xii 



-*w# 
radionuclide solubility. In other cases, potentially erroneous interpretations of the data have 

led to the concepts preferred by the DOE scientists. For example, although EEG clearly 

pointed OUF-~ the error in using the Limited stable isotope data from the Carlsbad Caverns 

pools in deciphering the past history of the Rustler aquifers, the DCCA presents only the 

conceptual model based on that data in estimating the age of the Rustler groundwater. 

The EEG and DOE have debated many issues related to conceptual models since 1979, and in 

many instances additional boreholes or field experiments have led to a general consensus 

among the scientists; for example, whether pressurized brine exists in the Castile Formation 

underlying the repository, and whether "deep dissolution" is a threat to the integrity of the 

repository. However, there remain some instances where relatively inexpensive, but time- 

consuming, field experiments would provide the answers. The DOE conceptual model of 

radionuclide retardation in the Culebra aquifer remains a long-standing issue that would 

require such timeconsuming field experiments to resolve; EEG f i s t  suggested such field 

work in 1979. Until h e  support for the conceptual models is on a solid basis, the WIPP 

cannot be said to comply with 40 CFR 191. 

Hydrology 

A basic understanding of the hydrology of the site is yet to be attained. The location of the 

water table at the WIPP site has not yet been identified; this would require an investigation of 

the hydrology of the shallow zone overlying the Rustler Formation, including the Dewey Lake 
Redbeds. The Culebra dolomite plays an important part in the postulated breach scenarios yet 

knowledge of its recharge and discharge locations and the mechanics of flow and transport in 

this most important aquifer arc currently inadequate. The postulated dinction of flow as 

indicated by the potcntiornetric heads differs from that obtained from water chemistry-such 

differences do not lead to confidence in the DOE conceptual models. Several Culebra wells 

have shown an as yet unexplained rise in water levels in recent years; this, too, should be 

explained in a compliance application. The DCCA docs not adequately address these topics. 

s2Chapman, Jenny B. 1986. Stable Isotopes in Southeastern New Mexico 
Groundwatec lrnplications for Dating Recharge in the WIPP Area Albuquerque, NM: 
Environmental Evaluation Group. EEG-35. 



Containment Requirements - 
The Sandia National Laboratories (SNL) published three iterations of performance assessment 

(PA) calculations in 1990, 1991, and 1992 to demonstrate compliance with the containment 

requirements listed in 40 CFR 191.13. These iterations demonstrated that incorporation of 

improvements in the methodology--better prediction of drilling probabilities, superior 

addressing of fracturing due to gas pressure, recognition that borehole plugs can degrade, 

improved methods of breach scenario calculation--were possible, and important However, 

the DCCA offers no further improvement in WIPP performance assessment over the 1992 PA 

calculations. 

Containment requirement calculations should be the heart of the application but only 

rudimentary information on the topic is supplied in the DCCA. The dtaft application is 

seriously deficient in not analyzing several potentially disruptive scenarios, in not adequately 

establishing the probabilities for a number of potential breach scenarios, and in not providing 

the basis for calculation of consequences. The exclusion of features, events, and processes 

eliminated on regulatory or low consequence potential has not been adequately justified; 23 of , 
the 53 parameters listed in appendix PAR lack specific information; no sensitivity analysi: ;s 

included; the number of consequence calculations has been reduced from 70 in the 1992 

performance assessment to 20 in the DCCA, no evidence of computer model validation is 

included, nor quality assurance of data demonstrated; only a single Complementary 

Cumulative Distribution Function (CCDF) is shown. These lapses make it impractical to 

make any judgement about the WIPP's compliance with the EPA's disposal standards on the 

basis of this draft application. 

Waste Inventory and Characterization 

Various DOE documents present seriously contlicting pictuns of the volume and radioactivity 

of the TRU waste available and expected to be generated. In the DCCk performance-based 

waste acceptance criteria an mentioned, but never identified, perhaps bccaw the DCCA also 
fails to identify tbe specific waste parameters important to compliance. Reliance on process 

knowledge for waste characteristics continues to be hs&cicntly justified These conflicts 

and omissions provide little confidence in the DOE'S inventory assessments 

xiv 



-. Assurance Requirements 

The purpose of the assurance requirements (40 CFR 191.14) is to provide confidence for 

long-term isolation of the waste that cannot be achieved solely by the numerical containment 

requirements (40 CFR 191.13). The EPA explained the need for the assurance requirements 

as follows: 

"There are too many uncertainties in projecting the behavior of natural and engineered 

components for many thousands of years--and too many opportunities for mistakes or 

poor judgements in such calculations--for the numerical requirements on overall 

system performance in subpart B to be the sole basis to determine the acceptability of 

disposal systems for these very hazardous wastes. These uncertainties and potential 

errors in quantitative analysis could ultimately prevent the degree of protection sought 

by the Agency from being - achieved."Es3 

The assurance requirements should not therefore be confused with the containment 

requirements. The DOE attitude toward demonstrating compliance with the assurance 

requirements, however, continues to reflect a lack of commitment, and none of the six 

elements of 40 CFR 191.14 can be said to have been adequately addressed in the DCCA, as 

explained below. 

' t i  -g 40 CFR 191.14(a) and (c) concern active and passive 

institutional controls; the plans for thesc are not scheduled to be prepared until October 30, 

1997. 40 CFR 191.14(b) quires developing a plan for monitoring of the repository after 

disposal is completed; there is only a commitment to develop such a plan, with no completion 

date given, in the DCCA. 

-: 40 CFR 191.1qd) requires engineered barriers to be included in the 

repository. The EPA definition of engineered bamers (barrier in 40 CFR 121.12) includes 

only three examples: a canister, a waste form, and a material placed over and around the 

waste (backfill). In various sections of the DCCA, however, the DOE has used the repository 

Es3Preamble to 40 CFR 191, Federal Register, Vol. 50, No. 182, p. 38079. 



itself, and the shaft and panel seals as examples of engineered barriers-clearly not the intent 

of this requirement. The DOE also interprets the 1992 Land Withdrawal Act statement that 

DOE " ... shall use both engineered and natural barriers, and waste form modifications at 

WIPP to isolate nansuranic waste after disposal to the extent necessary to comply with the 

final disposal regulationsnEY as requiring no engineered barriers if not required to show 

compliance with the containment requirement (40 CFR 191.13). The assurance requirement 

(40 CFR 191.13 d) requires engineered barriers whether or not they are needed to show 

compliance with the containment requirement Thus, it is necessary to include engineered 

barriers at WPP to comply with the EPA Standards and the Land Withdrawal Act. The DOE 

position on this issue is indefensible. 

Natural Resources: 40 CFR 191.14(e) requires that areas with natural resources be avoided in 

selecting the sites for nuclear waste repositories, "...unless the favorable characteristics of 

such places compensate for their m t e r  likelihood of being disturbed in the future". The 

WIPP site was selected in a resource-rich area in 1974, and the WIPP Fia l  Environmental 

Impact Statement of 1 9 8 p 5  estimated the crude oil reserves at the WIPP site as "nil" even 

though information to the contrary was available-. Oil and gas wells and potash mines now 

surround the WlPP site leaving no doubt about the existence of natural resources in the area 

The DCCA uses the time of site selection as an excuse to "grandfather" the site into 

existence, as the provisions of 40 CFR 191 wen not published until 1985. Thcn is no 

"grandfather" provision in 40 CFR 191; and there has been no formal acceptance of WIPP as 

a waste repository, nor any waste emplaced. To be conmudve, EEG has recommended that 

instead of debating the favorable characteristics of the site and the dew to which they 

compensate for the existence of resources, the performaace assessment should recognize the 

characteristics of the site as  they are, and consider all  plausible scenarios for breach. EEG 

also notes that siting in a resource-rich area provides another reason for the inclusion of 

robust engineend barriers in the repository design. 

-Public Law 102-579, Sec. 8(g). 

ES5DOE/EIS-026, 1980, VoL 1, Table 9-14. 

-Silva. M.K. 1994. Zmlications of the Presence of Petroleum Resources on the 
Zntegriry of the .WIPP site. ~lbu~uerquc. Nk: ~nvironrnenk Evaluation Group, EEG-55, 
p. 18. 
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- Remevability: The final assurance requirement, 40 CFR 191.14(f), requires that the removal 

of the waste be a viable option for a reasonable period of time after disposal. The DCCA 

offers no plans or data to demonsuate compliance with this requirement. 

DOE has failed to adequately address all of the assurance requirements of 40 CFR 191.14 in 

the DCCA, and no determination of compliance is possible until this important area is 

adequately assessed. 

Individual Protection and Ground Water Protection Requirements 

The DCCA has only three pages to show compliance with the requirements of 40 CFR 191.15 

and 40 CFR 191.16. The work simply has not been done, and the W P ' s  compliance with 

these requirements cannot be assessed until it is. 

DOE self-~e~ulatik 

- While the DOE self-regulates several aspects of the WIPP project, and the DOE Orders are 

applicable to it, the DCCA does not list the DOE in the list of ngulatory agencies. The 

Biennial Environmental Compliance Report (Appendix BECR) provides detailed information 

on the status of compliance with laws, regulations, and standards by a number of regulatory 

agencies, but omits any information on the status of compliance with regulations issued by 

the DOE. An analysis of the DOE Orders, and reviews and approvals by the Office of 

Environment Safety and Health (ES&H) and the Defense Nuclear Facilities Safety Board 

(DNFSB) should be included in the BECR. Public accountab'ility of compliance with the 

DOE requirements is essential. 
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COMMENTS ON THE DCCA EXECUTIVE SUMMARY 

The Purpose of WIPP 

Page ES-1 

The description of the purpose of the WIPP project continues to remain confused in the DOE 

documents. "Research and development facility to demonstrate the safe disposal of 

radioactive waste ..." has never adequately described the purpose of WIPP, even though it is 

the language in the 1979 Act authorizing WIPP. The second sentence in the Executive 

Summary of the DCCA, "The facility was constructed in southeastern New Mexico in a 

manner intended to meet criteria established by the scientific and regulatory community ...", is 

also convoluted. The following straightforward statement is suggested to describe the purpose 

of the WIPP project for use in all the WIPP project documents: "The Waste Isolation Pilot 

Plant is planned to de a permanent geologic repository for transuranic waste generated by the 

defense activities of the United States." 

As appropriate, additional statements about the DOE being the manager of the waste and the 

repository, the EPA being the cemfier of compliance with the environmental regulations, etc., 

can be added. 

Waste Quantity and Radioactivity Limitations 
Page ES-2, lines 21 to 25 

The paragraph should be changed to correspond with the limitations in the waste amount and 

radioactivity listed in Scc. 7 of the Land Withdrawal Act 

Assumed Characteristics 

Page ES-2, line 28 

"Assessments of the repository performance an based in part on &$sumed characteristics of 

the waste including factors such as the levels of radioactivity present in the waste, the amount 

of moisture in the waste, and the quantities of other materials that might have some effezt on 



the potential for the waste to migrate toward the accessible environment." Emphasis added. - 
The characteristics of the waste should not have to be assumed; they should be known. 

The Results of Analyses 

Page ES-3, lines 22-27 

In addition to the limitations listed, many plausible scenarios were not considered in 

developing the CCDFs shown in Figures ES- 1 and 6- 18. Also, the values of many important 

parameters used for developing these CCDFs were simply guesses by the scientific 

investigators, and not the values obtained from experiments. Thus, the results presented in 

this document are no more than a generic demonstration of the performance assessment 

procedures. They make no contribution towards assessing the WIPP's compliance with 40 

CFR 191.13. Compliance with 40 CFR 191.14, 191.15 and 191.24 has also not been 

demonstrated. 

Authorized Wastes 
Page ES-2, line 36 

It is stated that the DOE may only emplace the radioactive waste at WIPP that meets the 

d e f ~ t i o n  of TRU waste in the Land Withdrawal Act (LWA) and the DOE waste acceptance 

criteria. 

The waste must also meet the NRC standards for transportation and the EPA standards for 

long-term disposal. 



CHAPTER 1. INTRODUCTION 

Total Projected Quantity of Waste in the Repository 

Page 1-1, lines 12-17 

The Executive Summary states that the WIPP facility is designed to receive up to 6.2 million 

cubic feet (175,600 m3) of contact-handled and 250,000 cubic feet (7,080 m3) of remote- 

handled transuranic waste. Chapter 1 states that approximately 2.8 million cubic feet (79,300 

m3) of TRU waste is currently in storage and an additional 2.0 million cubic feet (56,640 m3) 

is expected to be generated, although this projection may increase. The estimate of 2.8 

million cubic feet (79,300 m3) of retrievably stored TRU waste is much lower than other 

estimates by the DOE, and the 4.8 (2.8+2.0) million cubic feet (135,940 m3) estimate is much 

lower than the 6.2 million cubic feet (175,600 m3) capacity of the WIPP repository. 

Since the allowable release limits in the EPA Standards 40 CFR 191 are based on the 

inventory (radionuclides and curie content) to be disposed in the repository, it is important to - make an accurate projection of the curie content of each radionuclide to be emplaced. If the 

actual amount placed is lower than the assumption made to calculate the release limits, then 

the calculations would not be conservative, i.e. would project higher allowable releases than 

should be allowed, and vice-versa. 

Project Ovemew 
Pages 1-2, 1-3 

Only through a full description of the checkered history of the WIPP project can the 

inconsistencies and contradictions in the project be fully explained. For example, The WIPP 

facility has been constructed to "determine the efficacy of an u n m u n d  npository for 

disposal of TRU waste and TRU mixed waste" (p. 1-2, lims 11.12). Study of the in situ 

geomechanical and geohydrological behavior of the repository did not require excavation of 

the full-fledged repository and waste handling facilities, or the heated room experiments. The 

facility was constructed prior to the decision to apply EPA standards for the mixed (TRU and 

chemically hazardous) waste. The WIPP facility was constructed in the 1980s because the 



DOE had planned to emplace underground all the then retrievably stored (200,000 d m s )  - 
aansuranic contact-handled (CH-TRU) waste, and limited quantities of high level waste for 

experiments, before assessing the WTPP's suitability a s  a permanent repository. Similarly, for 

those who may not be familiar with the DOE desire to conduct a "test phase" involving 

emplacement of waste in the Panel 1 rooms and in the alcoves, the provisions of the Land 

Withdrawal Act are hard to explain. Thii section should describe the plans prior to October 

1993, the reasons for the DOE decision to abandon the idea of testing with the waste at 

WIPP, and the effect of that decision on the requirements of the Land Withdrawal Act 

An illustration of the d i c u l t y  caused by the omission of discussion of the "Test Phase" is 

provided by the following sentence in the Project Overview section (Scc. 1.2). 

The DOE'S decision was reached after all  prerequisites for ending construction 

were met and documented (page 1-3, lines 7 and 8). 

The decision in this sentence refers to the decision by the DOE Energy Systems Acquisition 

Advisory Board (ESAAB) in 1991 to start the "Test Phase" by shipping one bin of waste to - 
WIPP. Without identifying what the decision was for, this sentence is meaningless. The fact 

is that the site characterization work is still continuing at the WIPP site, and since only one 

out of the planned eight waste panels has been excavated, the consauction has also not en&d 

This factor also caused &lay in initiating several necessary field and laboratory tests for site 

and waste characterization. Some of these tests are being conducted now under a tight 

schedule and others have been abandoned or postponed became they do not fit in this tight 

schedule. This also explains the sentence, "Additional scientific studies may continue during 

the disposal phase." (p. 1-3, line 15). 

The project is finally on the right track. Only an awanness of the past mistakes and 

disassociation with the past short-sighted approaches will keep it then. 

Page 1-2, line 15 

" m e  LWA requirements relevant to this application focus on the criteria for certification of 

compliance with the radioactive waste disposal regulations issued by the EPA." 



The application focuses on the regulations for disposal. The criteria only clanfy those 
#,,.,-,.. 
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regulations. j s i  .- .. 
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Page 1-2, line 30 

The text fails to note that the site was moved 1.25 miles south after the publication of the 

1980 FEIS. 

Page 1-3, line 9 

What are the documents? 

Page 1-3, line 1 I 

Change "Once the DOE denionmates compliance ..." to "Once the EPA certiiies 

compliance ..." 

Page 1-3, line 14 

While the text states that the disposal phase will last 25 years, the DOWCAO announced in 

October 1995 that the disposal will take 35 years. 

Page 1-3, line 16 

"The disposal phase will end when thc design capacity is reached." 

Since the c a n t  estimate of transuranic waste for emplacement at WIPP is only 213 of the 

&sign capacity, this would mean the disposal phase would not have an end date. 

Page 1-3, line 26 

Thc text states that the purpose of the active and institutional controls is to reduce the 

Likelihood of human inausion to thc extent practicable. While this is a laudable goal, the 



standard states that the purpose is "to indicate the dangers of the wastes and their location" 

(40 CFR 191.14.d). 

Site Selection Process 

The discussion of the site selection process should include the following facts: 

One of the most restxtive site selection criteria, primarily because of the Lyor. 

(Kansas) experience, was avoidance of drill holes penetrating through the salt within 

two miles of the repository border (p. 2-5)"'. 

The two-mile criterion caused the potential site to be shifted twice as new oil or gas 

wells were drilled nearby. The separation distance criterion was changed to one mile 

after the site at the ERDA-6 borehole was found to be unacceptable (p. 2-10"~ p. 2-6, 

2-7, 2-12'"), (pp. 6-7)'". 

One of the three locations in New Mexico examined in detail to be the WIPP site was - 
the Mescalero Plains area The salt depth was adequate in that area but it was rejected 

because of extensive oil-field development (1980, p. 2-10)'5. 

'-'Powus, D. W., S. J. Lambert and S. E. Shder. 1978. Geological Characterization 
Repon, Waste Isolation Pilot P b  (WIPP) Site, southeastern New Mexico. Albuqucrquc, 
NM: Sandia National Laboratories. SAND 78-159612 vols 

'%~ted  States Department of Energy. 1980. Final Environmental Impact Statement 
Wasre Isolation Pilot Plmu. DOEAS-002612 vols. 

 environmental Evaluation Group. 1979. Radiological He& Review of the Dr@ 
Environmental Impact Statement (DOE/ES-0026-D) Waste Isolation Pilot Plont, U.S. 
Departmrnt of Energy. Santa Fc, NM: Environmental Evaluation Group. EEG-3 (EEG-2 
Appendix III). -.. 



- Extensive oil-field development has occurred in the area surrounding the WIPP site 
with more than 100 producing oil and gas wells in the two mile zone surrounding the 

4 mile x 4 mile WIPP Land Withdrawal area (p. 42)14. 

[<--:y The original location of the WIPP repository was in the north-central part of the 4 

1 
mile x 4 mile WIPP site. After the borehole WIPP-12, located one mile north of the 

f '1 center of the WIPP site, encountered pressurized brine in the Castile Formation in 
t~ 

"*L,./ / November 1981, the repository was relocated to its present site in the south-centml 

part of the WIPP site. A geophysical electromagnetic survey conducted over the 

present repository in 1987 indicated the presence of brine in the Castile Formation 

below the repository. 

Selection of the specific horizon, at 2150 ft (655 meters) below the surface, was a 

compromise. Salt of highest purity is found in the lower Salado Formation but that is 

too close to the Castile Formation with its brine reservoirs. A marker bed (MB 139) 

is only 4-5 ft (1-4 m) below the repository and the Marker Bed 138 is located 39 ft 

(12 m) above the repository roof. There are several anhydrite and clay layers within 

the repository horizon. 

Page 1-3, line 29 

The NAS 1957 report also recommended completion of the site charaacrization work before 

making a decision to use the site for a repository and before authorizing construction. The 

DOE did not follow this advice, causing many difficulties for the WIPP project Also. "1955" 

on line 29 should be "1957". 

Silva, M. K. 1994. Implications of the Presence of Petroleum Resources on the 
Integrify of the WZPP. Albuquerque, NM: Environmental Evaluation Group. EEG-55. 



Page 1-4, line 16 

The text indicates that the site was shifted twice to keep it two miles away from the then 

existing deep boreholes. It fails to mention that the criterion was changed to one aile, since 

the two mile limit could not be met 

Page 1-5, line 10 

The text states that the WIPP site was selected but does not point out that it was moved 

twice. 

Page 1-5, line 10 

There were two horizons selected; not one. 

Page 1-5, line 13 

- 
"The facility has been constructed at a horizon such that optrational and rock-support 

problems are minimized." This statement underestimates the extent of problems associated 

with rock stabiity at the WIPP repository horizon. Ihc lower purer salt horizon, not selected 

for the repository due to its proximity to the Castile brine reservoir horizon, would most 

likely have been better with nspcct to the rock-support problems. 

Regulatory Framework 

This section should describe the EPA's and tbe New Mexico Environment Department's 

regulatory authorities over WIPP. 

Page 1-5, line 23 

Add the 1992 WIPP LWA as an additional authority to establish aad implement regulatory 

standards. 



Page 1-6, Iine 4 

The description of the history of 40 CFR 191 fails to mention that within four days after the 

standard was vacated in June 1987, New Mexico entered into a formal Consultation and 

Cooperation Agreement with DOE within four days to act as though the standards were fully 

in effect. Hence there h s  been no lost time in the applicability of the 1985 standards 

through the present. 

Evaluating Long-Term Performance 

Page 1-9, line 3 

The text states that the results of sensitivity analyses will be provided in the final application. 

Since such analyses were provided in the 1992 iteration, why aren't they available now? 

Page 1-1 1, Figure 1-2 

Nothing is shown for backfill nor on the c m n t  work on waste form modifications at INEL, - 
ORNL or other sites. 

Bibliography 

Page 1-15 

There are more recent iterations of the SAR than the 1990 version. 



CHAPTER 2. SlTE CHARACTERIZATION - 
The EEG provided detailed comments on the site characterization issues discussed in the 

"Compliance Status Report for the WIPPt' to the DOE on November 21, 1994. The DOE 

response of August 23. 1995, essentially reiterated the DOE position on these issues and 

therefore the issues remain unresolved. The EEG comments on the Compliance Status Report 

(CSR), which are included as Supplement 1 to this report (pages S1-1 thmugh S1-28), should 

therefore be viewed as a part of the EEG comments on the DCCA'.~. The following 
comments address additional isues that were not covered in our comments on the CSR. 

The Culebra Dolomite Member 
Sec. 2.1.3.5.2, Page 2-37 

The Culebra Dolomite Member of the Rustler Formation was d i  in Lowenstein 

(1987)"', and not @Lowenstein (1988)". The post-burial alteration of the Rustler Formation 

should be discussed in this chapter (in Sections 2.1.3.5.2, 2.1.6.2.2, 2.1.6.2.3) as a different 

interpretation based on the detailed sedimentological study by Lowensteinsf. This - interpretation is different from the one presented by Holt and Powers (1984)s5 and Holt and 

Powers (1988)M. 

"'US. Department of Energy. 1994. Complimce Status Report for the Waste 
Isolation Pilot Plant. DOElWIPP-94019 Rev. 0). 

''2T.S. Depamnent of Energy. 1995. Dmft Title 40 CFR 191 Compliance 
Certification Application for the Waste Isolution Pilot Plant. Draft-DOEKAO-2056. 

"Lowenstein, T.K. 1987. Post Burial Alteration of the Permian Rustler Formation 
Evaporites, WIPP Site, New Mexico. Santa Fe, NM. Environmental Evaluation Group. 
EEG-36. 

24Lowenstein, T.K 1988. Origin of Depositional Cycles in a Pennian "Saline Giant": 
The Sakido (McNutt Zone) Evaporites of New Mexico and Texas. Geological Society of 
America Bulletin 100 (4): 592-608. 

"5Holt R.M., and Powers, D.W. 1984. Geotechnical Activities in the Waste Hrmdling 
Shaft Waste Isolation Pilot Plant (WIPP) Project Southeastern New Mexico. Carlsbad, NM: 
U.S. Department of Energy. WTSDTME-038. 

welt, R.M., and Powers, D.W. 1988. Facies Variability and Post-Depositional 
Alteration Within the Rustler Fomtion in the Vicinity of the Waste Isolation Pilot Plant, - Southeastern New Mexico. Carlsbad, NM: U.S. Department of Energy. DOUWIPP 88-004. 



The statement, "After dolomite, Sewards et al. (1991, p. IX-1) report that clay is the second, -. 

most abundant mineral of the Culebr ':3y minerals include corrensite, illite, serpentine. and 
chlorite. Clay occurs in bulk rock acture surfaces." (DCCA, p. 2-37, lines 33-35)22 

is not entirely correct The actual nt is, ". the Culebra and Magenta units an 
primarily dolomite with some quam and clay ..." (p. I X - ~ ) > ~ .  This is very different than clay 

being the second most abundant mineral in the Culebm Of course, some clay signatures 

were seen in the x-ray diffraction tests ,-- .he Culebra rock samples, and some might even be 

found in fractures. The key question thL inpacts the performance assessment and the 

application for compliance, however, is, "how much credit may be taken for chemical 

retardation due to the presence of clay in the fractures and in the rock matrix?" The EEG 
does not believe that a case has been made to take any credit for retardation due to the 

presence of clay. This issue was discussed at length in our comments on the Compliance 

Status Report (pages S1-1 through S1-28 of this report). 

Incidentally, the reference for Sewards et al. (1991)%7, should be "SAND 87-7036" and not 

"SAND 97-7036" (p. 2-181, line 2). 

Castile Hydrology 

Sec. 2.2.1.3.2, Page 2-94 

The following facts should be added in this scction. 

Brine from the borehole W P - 1 2  PiQ flow to the surface at a rate of approximately 350 

gallons per minute (22 liters per second). More than 1.14 million gallons (4.3 million 

liten) of brine "unavoidably" flowed to the surfact and was collected in a large pond on 

the surface bcfm the well was brought under controlU. 

L7Sewards, T., Glenn, R, and Keil, K. 1991. MinerrrIogy qf the Rustler Formation in 
the WIPP-19 Core. Albqucrque. NM: Sandia National Laboratories. SAND87-7036. 

UPopielak, RS., Bcauhcim.RL., Black, S.A., Coons, W.E., E l l i n e .  C.T., and 
Olsen, RL. 1983. Brine Reservoirs in the Castile Formmion Isohrion Pilot Plant] 
Project Southeastern New Mexico. Albquerque, NM: Sandia National Laboratories. 2 
Vols. SAND78-15%. p. H-9. 



Steve Lambert of Sandia National Laboratories disagreed with the Popielak et alT8 
& 

conclusion that "these fluids originated from ancient seawater and that there is no evidence 

for fluid contribution from present meteoric waters." Using the uranium-isotope 

disequilibrium method of determining the age of entrapment of groundwater, Larnben (in 

Appendix A of Popielak et alJS8 presented calculated ages of the W P - 1 2  Castile brine to 

be between 45,000 years to 2,000,000 years, for diierent assumptions of leaching and rate 

of injection. 

The electromagnetic survey conducted in 1987 indicated the presence of brine in the Castile 

Formation below the present WIPP repo~ito$~. 

Hydrology of the Rustler-Salado Contact Zone 

Sec. 2.2.1.4, Page 2-95 

The discussion in this section is unsatisfactory because it does not make full use of the 

available facts from WIPP studies. It should be revised. 

A 

Chaturvedi and Channell (1985, p. 34)"" pointed out that the data from hydrologic testing at 

the WIF'P site shows that the "brine aquifer" of the pre-WPP investigators2-" extends east of 

Nash Draw to the WIPP site. Most of the WIPP boreholes have found brine in the 

RustledSalado contact zone and, in fact, the water-level recovew rate after pumping from this 

2?3rth Technology Corporation. 1987. T i  Domain Electromagnetic (TDEM) 
Surveys at the WlPP Site, Final Report. Albuquerque, NM: Sandia National Laboratories. 
S W 8 7 - 7  144. 

2-10Chawvedi, L. and J.K. Channell. 1985. The Rustler Formation as a Tmport  
Medium for Contaminated Groundwater. Santa Fe, NM: Environmental Evaluation Group. 
EEG-32. 

""Robinson, T.W., and Lang. W.B. 1938. Geology and Ground-Water Conditions of 
the Pecos River Valley in the Vicinity of Lnguna Grande de la Sal, New Mexico, with Special 
Reference to the Salt Content of the River Water. Twelfth and Thirteenth Biennial Repom of 
the State Engineer of New Mexico for the 23rd, 24th. 25th. and 26th F i  Years, July 1. 
1934 to July 30, 1938. Santa Fc, NM: State Engineer. 



zone was much faster than the Culebra recovery rate in borehole P-18, east of the WIPP - 
Site2.1z 

Mercer (1983, p. 53)'" proposed the possibility of leakage from the overlying Culebra as the 

source of water in the RustlerISalado contact zone at the WIPP site. With respect to the rate 

of movement of brine in the RustlerISalado contact zone, Mercer (1983, p. 20)'13 had this to 

say: 

The rate of movement in the Rustler-Salado contact residuum at the WIPP site has not 

been determined because the hydraulic propehes are extremely variable and because of 

the lack of a valid value for the effective porosity. 

Since 1983, the focus of the WIPP subsurface hydrology program has been almost exclusively 

on the Culebra member E the most permeable zone in the Rustler. The RustlerISalado 

contact zone should also be considered as a pathway of migration of radionuclides from the 

WIPP site to the Pecos River. 

The Culebm Member of the Rustler Formation 
Sec. 2.2.1.5.2, Page 2-99 

The subject of the remaining uncertainties in the characterization of fluid flow and transport 

mechanisms in the Culebra should be addressed in this section. 

The postulated groundwater travel time in the Culebra from the WIPP repository area to the 

accessible environment is between 100 and 1000 years. Curnnt projections of transport 

showing compliance with 40 CFR 191.13 rely on dilution of concentration by diffusion into 

the static fluid volume of the rock matrix, and additional chemical retardation along the flow 

*%4ercer, J.W., and Om, B.R. 1979. Interim Data Report on Geohydrology of 
Proposed Waste Isolation Pilot Plant Site, Southeast New Mexico. Albuquerque, NM: U.S. 
Geological Survey. Water Resources Investigations 79-98, p. 120. 

'13Merccr, J.W. 1983. Geohydrology of the Proposed Wasre Isoldon Pilot Plant 
Site, Los Medanos Area, Southeastern New Mexico. Washington, D.C.: U.S. &logical 
Survey. Water Resources Investigations 83-4016. 
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path. Furthermore, if channeling, instead of the presently assumed dual porosity, is the '''------.-' 

dominant mechanism of flow and transport, the retardation will be considerably reduced. 

Thus, the mechanism of flow and the degree of physical and chemical retardation of 

radionuclides as they are transported through such flow, are critical issues affecting the 

outcome of the performance assessment These issues, along with the description of the 

seven well field tracer tests and the laboratory tests and how they are expected to resolve the 

issues, should have been discussed in this section. 

The issue of the Culebra water chemistry remains unresolved. A full discussion with respect 

to the flow directions, vertical seepage, kars5 present day recharge and paleo-recharge is 

needed. Chapman'814 criticism of the basis of dating the Culebra water to be "tens of 

thousands of years" old @CCA, p. 2-100, line should be included. The EEG has never 

accepted the concept of the Culebra being "a relict of a flow regime of a wetter climate" (p. 

2-100. lines 28-29). Chapm&l4 clearly argued against accepting that concept Chapman, 

Ingraham and Hes~%'~  provide additional support for the Chapman2I4 arguments against using 

the enrichment in heavy isotopes in the Carlsbad Caverns pools to date the Rustler water. 
A 

Finally, this section should also provide an account of the anomalous rise in the water-levels 

in the Culebra at and south of the WIPP site and discuss possible mechanisms for this 

phenomenon. The possible causes mentioned in the WIPP Annual Site Environmental Report 

for C.Y. 1993 @CCA2' VOL IX, App. SER, Sec.72, page 7-5) are insufficient to explain the 

anomalous water level rises. 

""Chapman, J.B. 1986. Stable Isotopes in the Southeastern New Mexico 
Groundwater: Implications for Dating Recharge in the WZPP area. Santa Fe, NM: 
Environmental Evaluation Group. EEG-35. 

"15Chapman, J.B., N.L. Ingraham and J.W. Hess. 1992. Isotopic Investigations of 
Infiltration and Unsaturated Zone Flow Processes at Carlsbad Caverns, New Mexico." 

A Journal of Hydrology 133: 343-363. 



The Dewey Lake Redbeds 
Sec. 2.2.1.6. l>age 2-104 

Much more information about the occurrence of groundwater in the Dewey Lake Redbeds 

@LR) Formation, at and surrounding the WIPP site, is available compared to that presented 

in this section of the report. The water table at the W P  site is believed to be in the Dewey 

Lake Redbeds. Water was observed in the DLR in wells H-1, H-2 and H-3, and in the Air 

Intake Shaft in the center part of the WIPP site. The well P-9 (H-11 hydropad) produced 25 

gallons per minute from the DLR. Wells 8 1 4 ,  P-15, P-17, the Barn well and the Ranch well 

produce water from DLR. The latest WIPP well to produce water from the DLR is the well 

WQSP-6A, located between H-1 and H-14. It produced 28 gallons per minute in late 

1994learly 1995. The statement, "in the vicinity of the WIPP shafts, the Dewey Lake has not 

produced water" (DCCA, page 2-104, lines 14-15)" is incorrect 

- 

The statement, "Hydrologic properties of the Dewey Lake are characterized based on only a 

few measurements compared to the more extensive data set available for member of the 

Rustler. As a result, the position of the water table is not well known." (DCCA, p. 2-104, 

lines 7-9)&' is inexcusable for an important document such as this. 

The EEG position is that without an understanding of the basic regional hydrologic 

parameters of an area, such as the water table and the recharge and discharge areas and 

amounts, the knowledge about the site is incomplete. The EEG has long advocated studies to 

obtain knowledge of the basic hydrologic framework of the site. This should be done without 

further delay. 

Groundwater Elevation Measurements in 1991 

Sec. 2.2.1.7, Page 2-107 

Why does the discussion in this section utilize data only until 1991, when observations on the 

water levels have continued until now, and the application was prepared in 1995? 

The water-level rise at and surrounding the WIPP site is a major issue because it potentially 

implicates the activities in the oil and gas fields in that area. Much infomation exists in a 



- number of Sandia National Laboratories (SNL) Memoranda, and it should be used to rewrite 

this section. 

Surface-Water Hydrology 

Sec. 2.2.2, Page 2-108 

This section should describe the karst topography and hydrology of the WPP site and 

vicinity. See, e.g., Chaturvedi and Channell (1985)"O. 

Groundwater Discharge and Recharge 

Sec. 2.2.3, Page 2-110 

The recharge area for the Rustler Formation water at the WIPP site has never been identified. 

On the basis of potentiometric surfaces, Mercek13 suggested Bear Grass Draw (T.18S. R30E) 

and the Clayton Basin as possible areas of recharge. After a detailed study, ~un te? '~  

however, concluded, "Existing data are inadequate to determine evaporation from and 

- recharge to the groundwater system in the vicinity of the WJPP site." Several studies 

suggested by Huntek16 and endorsed by EEG (Chaturvedi and Channell, 1985, p. 71-74)>" 

have never been carried out 

S i a r l y ,  the discharge area has never been identified. We agree with the general concept 

(IICCAa2 p. 2-113, lines 7-11) that the Culebra probably discharges into the Pecos River and 

some water may flow into the Balmorhea-Loving trough alluvium. As shown by Chaturvedi 

and Channell (p. 40-42)*1°, the hydraulic distinction between the water-bearing zones of the 

Rustler Formation is obliterated at least 2 miles east of the Livingston Ridge and thus the 

water flowing into Laguna Gmde de La Sal and the Pecos River at Malaga Bend may not be 

identified as belonging to a particular zone of the Rustler Formation. 

>''Hunter, RL. 1985. A Regional Water Balance for the Waste Isolation Pilot Plant 
(WIPP) Site and Surrounding Area. Albuquerque, NM: Sandia National Laboratories. 
SAND84-2233. 



Detailed arguments against the use of isotopic data to conclude the slow rate of recharge or 

the age of the Rustier groundwater (DCCAL2, p. 2-113, lines 18-25), have been provided by 

the EEG in commenting on the WIPP Compliance Status Repor?'. Those comments are 

provided at the end of this chapter. 

Resources 

Sec. 2.3, Page 2-113, line 34 

The opening sentence incorrectly states that the section refers only to resources beneath the 

WIPP Site. The section also refers to resources adjacent to the WIPP Site. 

Page 2-1 13, lines 35 through 37 

The definitions for the terms resources and reserves are given without reference. On the next 

page the DCCA then ignores its own convention and randomly interchanges the words 

reserves and resources. 

Page 2-114. lines 1 through 6 

The definitions for the terms proven reserves, probable reserves and possible reserves are 
incorrect The correct terms are proved resemes, probable resources, and possible resources 

(See Figure 1). 

The DCCA definitions are given without reference and are inconsistent with the defmitions - 
used in Broadhead et al?", as discussed below. 

L17Broadhead, RF, Luo, F. and Speer, S.W. 1995. Oil & Gas Resource Estimates, 
Chapter XI, EvaZuation of Mineral Resources at the Waste IsoIation Pilot Pkmt Site, New 
Mexico Bureau of Mines and Mineral Resources. Carlsbad, NM: Westinghouse Electric 
Corporation. 



future supply of natural gas and oil 

F i r e  1. Oil and natural gas resource categories. After 
Broadhead et al., 1995.'" 

Pmved Reserves 

DCCA definition: For hydrocarbons, proven reserves can be expected to be recovered from 

new wells on undrilled acreage or from existing wells where a relatively major expenditure 

is required to establish production. 

NMBMBrMR definition: Proved reserves an an estimated quantity of crude oil, natural gas 

condensate, or natural gas that analyses of geologic aod engineering data demonstrate with 

reasonable certainty to be recoverable in the future form discovered oil and gas pools. 

Pools are considered proved that have demonstrated the ability to produce by either actual 

production w by conclusive formation t~sts'", that is by drilling. This report restricts the 

definition proved reserves to those producible resources identified as producible by existing 

wells (whether cumntly producing or abandoned). 



Probable Resources 

DCCA definition: Probable reserves refer to reserves of hydrocarbons suspected of existing 

in certain locations based on favorable engineering and/or geologic data 

NMBM&MR definition: Probuble resources (extensions) consist of oil and gas in pools that 

have been discovered but have not yet been developed by drilling; their presences and 

disnibution can generally be surmised with a high degree of confidence. Probable 

resource (new pools) consist of oil and gas that are surmised to exist in undiscovered pools 

within existing fields. 

Possible Resources 

DCCA definition: Possible reserves are based on condition where limited engineering and/or 

geologic data support recoverable potential. 

NMBMBrMR definition: Possible resources an less assund, they an postulated to exist - 
outside known fields but within productive Spatigraphic units in a productive basin or 

geologic province. 

Extractable Resources 
Sec. 2.3.1, Page 2-117, line 22 

Rather than refer to the United States Geological Survey (USGS) for established grades of 

potash, it might be better to refer to the U.S. Bureau of Land Management (BLM). 

Page 2-1 17, lines 23 through 26. 

The DCCA appears to be making a policy statement that has already been challenged by the 

BLM. The DCCA maintains that the USGS assumes that the "lease" and "high" grades 
comprise reserves because some lease-grade o n  is mined in the CarIsbad Potash District 

Most of the potash that is mined, however, is better typified as the high grade. Even the 

high-grade nsouices may not be reserves, however, if their propertics makc processing 
-, 



,- 
uneconomic. The BLM policy with respect to leasing criteria was recently reiterated in the 

October 12, 1995, letter from the 

BLM Dismct  ana age?. The 

BLM currently uses a 

leasing criteria of a minimum 

thickness of 4 feet and an ore grade 

of 4% K,O for Langbeinite and 10% 

for Sylvite as a measure of the 

quality of potash ore. In use since 

they were established in 1969 by the 

USGS. these standards are stiU 

effective today. Our records show 

that during the last five years a 

significant amount of sylvite ore has 

been mined at or below the 10% 

minimum standard. This is also true 
for langbeinite, meaning the ore is - 
being mined at or below the 4% 

L 

minimum standard. Figure 2. Potash resources. Adapted by M.K. Silva, 
EEG, from J.A. Olscn, 1993, Federal Management of 
the Potash Area in Southeastern New Mexico, in New 

Page line 34 and 2-5. Mexico Geological Society Fony-Fourrh Annual Field 
Conference, October 69 ,  1993: CorIsbod Region, 

It appears that the quantities of NA Mexico and West Texas. pp. 39-41. SOC&. 
NM: New Mexico Geological Society. 

potash summarized by this table are 
incorrect and do not reflect the higher quantities considend by the BLM to be reserves as a 

matter of official policy. The discussion would benefit from maps of the potash resources 

such as that prepared by Griswold and Broadhead et aLt", and those prepared by Siva  for 

the June 13, 1995, EEG Workshop on watdooding as shown in Figures 2 and 3. 

"'%Zone, L.M., Roswell Disbict Manager, BLM. 1995. October 12 letter to G. 
Griswold .. "-- . ". 





Hydrocarbon Resources at the WlPP Site 

Section 2.3.1.2, Page 2-1 18 

The section on hydrocarbon resources would benefit from a presentation of a map of c m n t  

weU locations and a map of existing oil and gas wells and applications for permit to drill as 

indicative of the interest of the oil and gas industry (Figures 4 and 5). The 1995 summary of 

previous evaluations by Broadhead et al.2"7 is mentioned in this section but the 1994 
summary and analysis by S i l ~ a ~ . ' ~  is not mentioned. Proper citation procedure dictates citing 

Silva'". It would also be worthwhile to provide a map of proven and probable reserves for 

the various formations such as those contained in Broadhead et al.'". 

Figure 4. Oil, gas, a d  injection wells in nine-township 
project study area Adapted from Broadhead et al."" by 
Manbcw Silva (EEG). 

'"Silva, M.K. 1994. Zmplications of thc Presence of Petroleum Resources on the 
Integrity of the WPP. Albquerquc, NM: Environmental Evaluation Group. EEG-55. 



Resource activity and interest in the immediate vicinity of WIPP. 
Prepared by M.K. Silva (EEG). 

Environmental Monitoring 

Page 2- 133, lines 2-8 

The DCCA'%tates that WIPP has conducted a radiological monitoring program to 

"...determine the widespread impacts of nuclear tests at the Nevada Test Site and to evaluate 

the effects of Project Gnome." The WIPP environmental monitoring program has not 

included soil, water, biota or air particulates collected from the Gnome site. The only DOE 

work in the vicinity of the Gnome site was an April 1988 aerial gamma survey. Although the 

survey d e t d  elevated gamma activity from %s, the plcscnce of other radionuclides such 

as " ' ~ rn ,  %I and Z)g- was not detected. The EEG has measured these actinides at the 

Gnome site and published a r c p ~ r ? ~  in 1995. 

'%enmy, Jim W., Paula S. Downes, Donald H. Gray, and Sally C. Ballard. 1995. 
Radionuclide Baseline in Soil Near Project Gnome and the Waste Isolation Pilot Plant. 
Albuquuque, NM: Environmental Evaluation Group. EEG-58. - 
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Incorrect Measured Concentrations of Radionuclides - 
Page 2-137, Table 2-9 

The reported concentration of 7.2x104 Bqlg (19.4 pCi/l) of 13'Cs in the water samples from 

water wells around the WIPP site exceeds levels measured elsewhere in the U.S. Similarly, 

the reported concentration of 12 x 104 Bqlg (32.4 pCi/l) for 60Co appears to be incorrect. In 

addition. all the reported minimum detection levels (MDL) appear needlessly high. For 

example, the MDL for %r is considerably lower than the reported value of 7.4 x lo4 Bqlg 

(20 pCill). EEG has an MDL for 90Sr of 0.5 x lo4 Bq/g water. 

Historic Climate Conditions 

Sec. 2.5.1, Page 2-137 

There appear to be significant recent scientific advances in the area of nconstruction of the 

past climatic changes that have not been reported in this section. The EEG is conducting a 

review of the most current scientific literature in this area and will provide the results of that 

review in due course. 
.- 

Seismology 

Sec. 2.6, Page 2-143 

It appears that the seismicity concems are mainly for the short-tern during the operational 

period. rather than the long-term (10,000 years). We have provided comments on this subject 

in our Jmuary 17, 1996 review of the Safety Analysis Report If long-term safety concerns 

due to postulated earthquakes at the site are identified during our continued review of this 

topic, we will comment on it later. 



Rock Geochemistry 

Sec. 2.7, Page 2- 151 

The last paragraph of this section should be updated to reflect much additional experimental 

and modeling work on the occurrence of brine in the Salado sak that has been performed 

since the publication of the Geologic Characterization Report (GCR)"' in 1979. The baseline 

position paper by Howarth et al.>= provides a summary of the WIPP project position on this 

subject and should be used to update this section. 

22'Powers, D.W., S.J. Lamben, and S.E. Shaffer. 1978. Geological Characterization 
Report, Waste Isohtion Pilot Plant (WIPP) Site, Southeastern New Me.ajco. Albuquerque, 
N M :  Sandia National Laboratories. ' SAND-78- l596/2 vols 

2nHowarth, S. et aL 1994. Salado Formation Fluid Flow and Transport Containment 
Group-White Paper f ir  System Prioritization and Technical Baseline, Rev. 1. Carlsbad, 
NM: U.S. Department of Energy. - 



CHAPTER 3. FACILITY DESCRIPTION 

Need for more information 

The DOE should document the process of demonstrating compliance with the EPA 

regulations for the management and storage of transwanic waste, contained in Subpart A of 

40 CFR 191. 

This chapter should describe the important features of the WlPP facility and the operational 

safety issues, at least those that relate to radiological safety. We realize that the Safety 

Analysis Report is the primary publication dealing with such issues, but at least a brief 

description in this chapter would be very beneficial. Such a description should cover at least 

the following topics: 

A description ofthe various components of the surface and underground facilities that 

play a role in the safe handling of the waste from unloading to emplacement in the 

- repository. This discussion should include, for example, the safety features of the waste 

handling building and either why any accidents involving radioactive material are not 

likely to happen or what provisions haw been made for a quick cleanup if such an event 

occurs. A discussion of the probabiity of waste hoist accidents should also form a part 

of this description. 

A description of the waste handling procedures, from unloading the TRUPACT-I1 to 

emplacement underground. 

A description of the underground facilities, including the mining and radiological safety 

issues. This should include a discussion of the safety of the Panel 1 and approach drifts, 

operation of continuous air monitors, maintenance operations for mining safety, and 

measures expected to be taken to keep the operations safe for 35 year operational life of 

the facility s t h g  in 1998. 



- Plans for waste emplacement. This discussion should include the expected rate of waste 

anival, inkally and later for 35 years; expected time to fd the 7 rooms of Panel 1; plans 

for emplacement of backfill., plans for closing the entry to each room and the panel; 

ventilation provisions at various stages; plans for carrying out the maintenance operations 

such as rockbolt detensioning during the emplacement operation; plans for emplacing the 

remote-handled TRU (RH-TRU) waste, including the date of first arrival and expected 

rate; description of the "panel closure system" (previously called the panel seals) as 

shown in Fig. 3-1 of DCCA~', etc. 

The DCCA does not discuss the continuous air monitoring (CAM) systems currently in 

use at the WIPP. These CAM systems are an important part of the defense in depth 

philosophy at WIPP. The FSARs2 classifies the repository CAMS as class mA and the 

Station A CAM as class II. Such important systems should be included in the DCCA 

repository configuration. 

DOE and the "Energy Systems Laboratory" at Texas ABiM University have developed 

the use of a shrouded probe for single point aerosol sampling. This EPA approved - 
shrouded probe is used in the npository and in the exhaust duct systems to deliver a 

representative particulate sample to the CAM system at WlPP. The shrouded probes 

should be identifled as a part of the repository configuration in the DCCA. 

This chapter should include a discussion of the impact of abandoning the experimental 

area north of the shafrs, without backfill and without sealing the boreholes that were 

drilled up to 50 ft above and below the excavated ana 

%'United States Department of Energy. 1995. Dmft ZUe 40 CFR 191 Compliance 
Cenification Application for the Waste Isolation Pilot Plant Drafr-DOUCAO-2056. 

*%S. Depamnent of Energy. 1990. Final Safcty Analysis Report, Waste Isolation 
Pilot Plont. WP 02-9. - 



Waste emplacement requirements 

Page 3-1, line 20 

In addition to meeting the requirements of the definition of TRU and those that can be 

cemfied to the WAC, the TRU waste must also meet the NRC shipping criteria, the RCRA 

requirements, and approval by EPA. 

Time to emplace waste 
Page 3-1, line 32 

The 25 year waste emplacement period was revised by the DOE in October 1995 to 35 years. 

The impact of this change does not appear to have been addressed. 

WIPP design criteria 

Page 3-5, line 6 

Although the design criteria in DOE Order 6430.1, General Design Criteria, were applied to - 
the WIPP, DOE is reevaluating the facility in the context of DOE Order 5480.23, April 1H2; 

new DOE safety analysis report guidelines; and 10 CFR 835. The DOE Implementation 

Plans3, calls for the rewriting and approval of a new disposal phase safety analysis report 

(SAR). and the disposal phase SAR is not complete. Particular concerns are the DOE 
regulations and the New Mexico Consultation and Cooperation Agnemenf nquiring worker 

and public dose assessments. The dose asscssments are a necessary prerequisite to facility 

risk classification. Before final classification of facilities and seuctures, the disposal phase 

SAR must be completed and approved. 

*'U.S. Department of Energy. 1994. Implementation Plan for the FY-95 Annual 
Update of the W P P  Sqfety AnaIysis Report for the Disposal-Phase Operations. Revision 1.  
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Self-regulation 

Page 3-5, lines 5-36 

The approval of the design, the construction and documentation of safety of the DOE WIPP 

facility is by the DOE Carlsbad Area Office. The system should require approval by another 

DOE organization such as the Office of Environment Safety and Health. 

Engineered bamers 

Page 3-9, Sec.3.3 

The text states that the design includes engineered barriers that significantly delay the 

migration of waste. The bamers are not identified nor are calculations presented quantifying 

the significant delay. The EEG does not consider the panel and shaft seals to be engineered 

barriers because they represent, at best, an imperfect attempt to undo the damage done to the 

natural environment by excavation and will not "prevent or substantially &lay movement of 

water or radionuclides toward the accessible environment" any more than the natural 

environment would have. The definition of barrier in 40 CFR 191.12 includes, as examples, -- 
"a geologic structure, a canister, a waste form with physical and chemical characteristics that 

signif~cantly decrease the mobility of radionuclides, or a material placed over and around 

waste, provided that the material or smm substantially delays movement of water or 

radionuclides." This definition does not include panel and shaft seals. This point was 

clarified by the EPA in 1987, as follows: 

It is EPA's intention that a banier is a material or s tmctu~ that prevents or substantially 

delays the movement of water in all dinctions emanating from the radionuclides in the 

waste. This would include at least the waste form, the canister overpack, and the 

geologic formation. While we encourage any added protection, even if not meeting these 

requirements completely, it would not include items such os room and s h e  s e a p .  

(Italics added). 

YMeyus, S. 1987. May 22 leaer from S. Meyus, Director, mce of Radiation 
Protection, EPA, to G.A. Smithwick, Priacipal Deputy Assistant Secretary, DOE/ES&H. 

A 



- The DOE should use proper engineered barriers at WPP,  such as stabilizing waste in a low- 

solubility waste-form, robust containers, and engineered backfill. All references to the shaft 

seals as engineered barriers should be deleted from the DCCA and other documents. 

Seals and Plugs 

Page 3-9, Sec. 3.3.1 

This section should be renumbered so that it is not a subsection of the Engineered Barriers 

section. 

The DOE will have to demonstrate, through use of experimental data, that the postdated 

lowest value of the permeability of the seal system used in the performance assessment for 

assessing compliance with 40 CFR 191 as well as the No Migration Variance Petition, will be 

met To the extent that the DCCA has not demonstrated it, this section is incomplete. 
- 

Upper salt column 

Page 3-16, line 14 

What is the basis for concluding that the upper salt column has no compliance related 

requirements? 

Recompaction of selt 

Page 3-16, lines 17, 21, and 34 

A number of statements predict the performance of the salt column (80% of density piodu~es 

intact salt permcabiity, 85% density results in permeabiity marly quivalent to intact WIPP 
host mck salt), but no supporting evidence is provided. 



Lower salt column 

Page 3-21. lines 16-19 

"Because of uncertainty regarding the marker beds and clay seams in the vicinity of the shaft 

station. efficient sealing functions are not currently modeled in the performance assessment 

for either the lower shaft salt component or the shaft station concrete monolith." 

When and how will this be done? 

Plugging of Boreholes 

Page 3-21 to 3-25, Table 3-2 

The DOE had planned to develop special borehole plugging procedures for boreholes at the 

WIPP site. It now appears that conventional plugging procedures for commercial wells will 

be followed. 

The reference to the Christensen and Peterson pap?' (page 3-21, line 35) is made in a 

wrong context They do not provide "an evaluation of all vertical penetrations". Christensen 

and Peterson*' and several other reports and papers by them and their colleagues at Sandia 

National Laboratories provide the results of research conducted under the Sandia Borehole 

Plugging Program (BHP), a program "specifically designed to support plugging activities for 

the proposed Waste Isolation Pilot Plant"" (Foreword). 

This section (3.3.3 Borehole Plugs) should describe the results and recommendations of the 

BHP and should describe the plans and schedule of plugging the boreholes in the WET site 

area 

%uistenscn, C.L. and E.W. Peterson. 1981. Field-Test Programs of Borehole Plugs 
in southeastern New Mexico. In The T e c h l o g y  of High-level Nuclear Waste Disposal 
Advantages in the Science and Engineering of the Management of High-level Nuclcar 
Wmtes, edited by P.L. Hofman and JJ. Breslin. Oak Ridge, TN. U.S. Department of 
Energy. DOY11C4621, vol. 1: 354-369 and SAND79-1634C. - 



The statement, "Only ERDA-9 is ddled to the repository horizon, near the WIPP 
.A 

underground" (page 3-21, lines 26-27) is incorrect. First. the borehole ERDA-9 was drilled to 

a total depth of 2887 ft, 51 ft into the Castile Formation and 737 ft  below the repository 

horizon. Secondly, there are six boreholes within the WIPP site (ERDA-9, WIPP-12, WIPP- 

13, DOE-1. Badger Federal, and Conon Baby), and at least ten just outside the WIPP site 

boundary, that are deeper than the repository horizon. 



CHAPTER 4. WASTE DESCRIPTION 

The material in this chapter does not indicate that there are problems in describing the 

physical, chemical and radiological characteristics of the waste to be emplaced in the 

repository. DOE states that the chapter documents the characteristics of the waste and 

provides the bases for the compliance assessments. However, the statement appears on page 

4-1, line 9, "Assessment? of the performance of the repository are based on assumed 

characteristics of the waste to be emplaced in the WTPP." [underline added]. The project has 

yet to identify which waste parameters are significant to compliance (page 4-8, line 21) and 

specific characterization techniques to determine these parameters have not yet been 

developed (page 4-8, lines 25-26). Furthermore, the estimated quantities of waste shown in 

this Chapter do not match values listed in the Baseline Inventory Report (Volume III, App. 

BIR). 

Conflicting Information on the Purpose of the Baseline Inventory Report 

The DOES September 14, 1995, (pages 14 and 15) comments to EPA on the proposed 40 

CFR 194 argue for general waste characterization requirements rather than specific waste 

characterization requirements, citing the Transuranic Waste Baseline Inventory Report as  an 
example of general waste chancterization. But the DCCA specifically states that the WIPP 

Baseline Inventory Repon is not a waste chancterization document (page 4-2, line 22). 

Which document specifies the waste characterization requirements of the WIPP? 

RH-TRU Waste 

Page 4-3, line 16 

The DCCA suggests that the amount of RH-TRU is a small percentage of the WIPP TRU 
inventory. While this is true by volume, the RH-TRU waste is 37% of the total radioactive 

inventory according to the B.1.R (Vol. Ill, page 4-1 I), and 33% of the total according to 

Volume I, page 4-15. 



The inventory shown in Table 4- 

1 (page 4-4) does not agree with 

the inventory shown in Table 4-1 

(page 4-5) of the Baseline 

Inventory Report published in 

Volume III, the supporting 

appendix (BIR). The RH-TRU 
projected inventory has varied 

widely over the years, a s  shown 

at the rightG' (Figure 6).  DOE 

should make an effort to explain 

why the latest values are correct. 

Rev. 1 of the BIR increased the 

RH-TRU inventory by a factor of 

1 I 
Figure 6. Estimates of WIPP RH-TRU Inventory h m  
1980 to 1995. 

3 to 4 and Rev. 2, December 1995 (received 2/9/96) increases the RH-TRU inventory by a 

factor of 5.6 over Rev. 1 to 27.000 m3, considerably larger than the existing design capacity 

of 7080 m3 for the RH-TRU. 

The term "Newly Generated Waste" in Table 4-1, (page 4-4) implies that the waste exists. 

Since it does not exist, the term "yet to be generated" would be more appropriate. 

Actinide Inventory 
Page 4-5, line 16 

While the list of radionuclides identifies all of them as actinides, 90Sr and lnCs are not 

actinides. 

*'Silva, M.K and RH. NeiU. 1994. Unresolved Issues for the Disposal of Remote 
Handled Transuranic Waste in the Waste Isolution Pilot Plant, figun 1. Albuquerque, NM: 
Environmental Evaluation Group, EEG-56. -. 



Waste Acceptance Criteria 
-, 

Page 4-6, line 22 

This section states the objectives of the WAC. 

The ~rimarv objectives of the WAC are: (1) to ensure that all TRU wastes are 

packaged so that handling and subsequent disposal can be performed safely, 

and (2) to maintain the re~ositorv's abilitv to isolate the waste. Emphasis 

added. 

But in two instances (page 4-6, lines 16 and page 4-7 line 11) DOE states that the existing 

and current WAC does not include the second objective listed above. 

The current WAC are based on transportation requirements and safe handling 

and storage criteria Xf requind, long-term performance-based WAC will be 

applied to the WIPP inventory baseline when the overall assessment of the 

disposal system's performance is complete. 

The final Waste Acceptance Criteria have not yet been published. Further. the transportation 

criteria for RH-TRU have not been submitted to NRC for review and approval. The most 

recent WIPP Disposal Decision Plan, dated October 6. 1995&', indicates that due to delays at 

DOE Headquarters, the transportation Safety Analysis Report for Packaging (SARP) will be 

sent to NRC in September 19% rather January 1996. Current waste acceptance criteria can 

not be based on RH-TRU transportation criteria because there are none. Further, the waste 

acceptance criteria are based in part on pransportarion requirements and cannot be completed 

until the NRC completes its review of the SAW, which will not even be provided to the 

NRC by the DOE until September 19%. DOE notified EEG in November 1995 that the 

WAC were being revised. 

%ials, G.E., Manager, DOE Carlsbad Arca Office. 1995. October 12 letter of 
transmittal with W P P  Disposal Decision P h ,  Rev. 2, October 6, 1995, to R.H. Neill, 
Director, Environmental Evaluation Group. 



Performance Based Waste Acceptance Criteria 

Page 4-7, line 15 

While the text states that the performance based waste acceptance criteria (PBWAC) identify 

the bounding characteristics of waste for repository performance, there are no published 

performance based WAC and this program has not yet been developed. It appears that for 

this draft application, the DOE has not done the calculations to determine the impact of 

various waste parameters. As part of the draft application, the DOE appears to be relying on 

a yet to be specified PBWAC to assure compliance. Without the calculations and a detailed 

PBWAC program, it is not possible to assess the contributions and limitations of these yet to 

be determined criteria. PBWAC is not even defmed in the Glossary, Chapter 8, VoL III. 

Waste Characterization Program 

Page 4-8, line 10 - 

The discussion in this section indicates that the project has not yet identified which specific 

waste parameters are important to compliance, and if found to be importank they will be - 
developed. This section also mentions a yet to be published load management alternative "to 

ensure the proper mix of waste forms on both panel and room scales." (line 27). If such a 

load management plan exists, please refmnce i t  The paragraph suggests there may be 

problems with some waste characteristics. If so, what arc they? 

Accountability of RsdioactiviQ 
Page 4-8, line 19 

The sentence, "Ihe DOE must account for mon than 1% of the total activity in the container, 

prior to shipment to WIPP." appears incomplete. 



Waste Streams 

Page 4-8, line 30 

This section describing waste streams should either provide the details or a reference for 

specific information. It does note that categorizing wastes in specific streams is based on the 

availability of information. 

There are questions on the availability of information, particularly RH-TRU waste. As 

observed by previous studies at generatorlstorage sites, records on RH-TRU waste are scarce 

(Jensen and W i o n ,  1983, p. 91) and actual data on stored RH-TRU waste are minimal 

(Stewart et al., 1989). 

Recent reports from the generatorlstorage sites strongly suggest that reliable information is not 

available for many waste streams. For example, a recent report on the feasibility of treating 

TRU waste at Oak Kidge National Laboratory states: 

Uncertainties in the characterization-isotopic, physical, and chemical-f 

TRU waste affect operation and maintenance costs, the retrieval method, 

processing options, and disposal locations. TRU waste streams at ORNL are 
not as yet fully characterized. Moreover, there are uncertainties in the 

characterization data available for TRU waste sludge. Isotopic data are based 

on best available sample obtained in single-point sampling of only 8 of the 13 

BVESTs and MVSTe3 Detailed physical data such as particle size, hardness, 

viscosity, and particle distribution are unknown. Chemical data on tank 

contents are not completely known. To a lesser extent, uncertainties also exist 

in available characterization data on TRU waste solids. Generally data are 

available on the physical and radiological content of remotely and contact- 

'%e types of TRU waste stored at ORNL were included in the study: (1) 225,000 
gallons of RH-TRU waste stored in eight 50,000 gallon Melton Valley Storage Tanks 
(MVSTs) and five 50,000 gallon Bethel Valley Evaporator Storage Tanks @VESTS); RH- 
TRU waste stored in approximately 300 concrete casks, 2 steel drums, and 13 woodtn boxes, 
and; (3) CH-TRU waste stored in 2600 drums and 60 boxes. 



handled TRU waste solids, but there are numerical disparities within this 

doc~mentation.~ 

The DOE has access to this site information and should provide it as pan of the application, 

rather than settle for a statement in the WIPP Baseline Inventory Report, such as: 

The number and types of documents can very greatly from site-to-site so it is 

impractical to list them as references in this doc~ment~~.  

It is unclear why the "completeness of documentation" (page 4-9, line 11) determines the 
uncertainty assigned to process knowledge. The Baseline Inventory Report was developed 

from "best available information and process kn~wledge."~ According to the DOE Glossary, 

Vol. III, process knowledge is a qualitative evaluation of the contents of a waste container 

through study of existing records of production history of the waste. Best available 

information includes on-site documents and records. In considering the limits of reliabiity, it 

is important to remember that documents and records are derived from sollms including 

"...interviews with existing and former workers ...".+' - 
It seems that the statistical analyses of measured waste characteristics rather than the 

completeness of documentation would be a more scientific and defensible approach to 

quantifying the reliibiity and uncertainty in process knowledge. In general, a statistical 

MParallax, Inc. 1995. Feasibility Snuiy for Processing ORNL Transumnic Waste in 
Existing and Modifed Facilities, himragemem Summary. Oak Ridge, TN: Lockheed Marfin 
Energy Systems, Inc. 

"US. Department of Energy. 1995. Drafr Title 40 CFR 191 Compliance 
Cemjication Application for the Waste Isolunbn Pilot Plant, vol. III, Appendix BIR vol. 1, 
section 2.2.1, DRAFT-DoEJcAO-~O~~. 

'4v.S. Department of Energy. 1995. Draft Title 40 CFR 191 Gmplimrce 
Cemfication Application for the Waste Isolan'on Pilot Plant, vol III, Appendix BIR vol. 1, 
section 1.2, DRAFT-DOWCAO-2056. 

C'U.S. Department of Energy. 1995. Dmft Tide 40 CFR 191 Compliance 
Cemfication Application for the Waste Isolation Pilot Plunt, vol. IJI, Appendix BIR vol. 1, 
section 2.2.1, DRAFT-DOUCAO-2056. 



analysis should first determine the number of samples needed from each waste seeam - 
population. The waste inventory and the characteristics for a waste s e a m  should be 

determined by process knowledge and be recorded prior to sampling. Then the selected waste 

containers from each stream would be characterized by a physical sampling program to 

determine the contents of each container. From the measurements of the physical contents, 

the statistics for that waste stream, including uncertainty (variance or standard deviation), 

could be calculated. The inventory, as determined by process knowledge, could be compared 

with the statistics to determine if process knowledge represents the same population. 

RH-TRU waste forms 

Page 4- 12, line 7 

The DCCA inconectly states: "Free liquid or particulate wastes are not associated with 

processes that generate RH-TRU waste." 

For example, in a report on unresoived issues with RH-TRU waste, the EEG notes there are 

1900 cubic meters (500,000 gallons) of TRU contaminated liquids and sludges in underground - b . 4 8 . 4 9  There are 225,000 gallons of RH-TRU waste stored in eight 50,000 gallon Melton 

Valley Storage Tanks and five 50,000 gallon Bethel Valley Evaporator Storage TanksC1'. 

'8Silva, M.K. and R.H. Neill. 1994. Unresolved Issues for the Disposal of Remote 
Handled Transuranic Waste in the Waste Isolation Pilot Pkmt. Section 3.1. Albuquerque, 
NM: Environmental Evaluation Group, EEG-56. 

&'9T.S. Depamnent of Energy. 1991. Recommended Strategy for the Remote-Handled 
Transuranic Waste Program. DOEWIPP 90-058. Rev. 1, p. 4-2. 

"Oparallax, Inc. 1995. Feasibility Siudy for Processing ORNL Transuranic Waste in 
Existing a d  Modified Facilities, Management Summary. Oak Ridge, TN: Lockheed Martin 
Energy Systems, Inc. 



Free Liquid Content 

Page 4-12, line 14 

The project relies on real time radiography to determine the presence of free liquids, which 

are prohibited by the Waste Acceptance Criteria While the DCCA notes that drums have 

been excluded from the WIPP program due to non-conformance with the criteria of no free 

liquids. the DCCA fails to mention that real time radiography is limited. It is well 

documented that real time radiography can not detect all free liquids. For example, the visual 

examination of WAC certified drums for fhe bin test m e d  up a drum that contained a full 

can of free liquid, which was a flammable volatile organic compoundc". The DOE response 

stated: 

The second concern expressed in your letter was that ml time radiography 

(RTR) did not detect the "flammable organic compounds which were in liquid 

form." I am sure you are clearly aware the RTR is essentially an x-ray and 

cannot be used to assess the flammability of any compounds, liquid or solid. 

The fact that the RTR cannot distinguish between a completely full can or 

completely empty can is an acknowledged limitation. All measurement 

technologies have limitations. In the case of RTR, these limitations are known 

and understood. RTR error is anticipated and is accepted in the same way that 

all measurement technologies occasionally produce a result outside the accepted 

confidence interval. We continue to evaluate RTR at the sites where it is used 

and, through the Interface Working Group on Non-Destructive Evaluation, we 

will C O ~ M U ~  to make appropriate enhancements to this and other IImSUrement 

"'Neill, Robert H., Dirtctor, Environmental Evaluation Group. 1992. Letter of July 
29 to W. J. Arthur lII, WIPP Project Integration Office. 

C'ZArthur, WJ., W P  Project Director, WlPP Integration OBcc. 1992. Letter of 
October 29 to R.H. Neill, Director, Environmental Evalwtion Group. 



The DCCA should discuss these RTR limitations and provide the references to published 
.- 

reports reflecting the commitment to the continued evaluation of RTR at the sites subsequent 

to 1992. 

Analytical Methods 

Page 4-15, line 10 

The limitations of each analytical method, radioassay, non-desmctive examinations such as 

real time radiography, and, visual examinations should be discussed in detail with supporting 

references. For example, there is no system in place to radioassay RH-TRU waste. 

Visual Examinations 

Page 4-16, line 14 

This section cites a miscemfication rate of only 2 percent at the INEL. Further, the DCCA 

claims that this miscertification includes a l l  WAC and Transuranic Package Transporter 

(TRUPACI')-I1 Authorized Methods for Payload Control (TRAMPAC) criteria, not just the 

presence of free liquids. This claim doesn't match data provided in the DOE'S annual reports 
to the EPA on the TRU waste characterization efforts for the now abandoned bin tests. Out 

of 80 drums selected from a WAC certified population at INEL, 46 failed to meet the WAC 

andlor the TRAMPAC for a miscertification rate of 58%. The list of excluded d m s  from 

the annual repon413 to the EPA is shown below (Table 1). The observation tends to suppon 

the notion of requiring a thorough characterization as the EPA did for the No-Migration 

Determination for the Bin Test Program. 

"3U.S. Department of Energy. 1993. No Migranbn Determination Annual Reponfor 
the Period September 1992 through August 1993. DOE/WIPP 93-062. 



TABLE 1. MISCERTIFIED DRUMS EXCLUDED FROM USE IN BINS 

Dnun Number 

RF004500559 

Woo2800598 

Woo1902106 

W003101490 

Woo5400341 

m5500375 

RF002800659 

RFOC.0241353 

RF002201038 

Woo2800703 

RF002301549 

Woo3100946 

RF001901607 

m 1 9 0 1 9 9 1  

RP000239134 

F3QOO108833 

RRnW3825 

Bin Numbw 

IDWBN9100001 

IDRFBN9100001 

IDRFBN9100001 

IDRFBN9100001 

IDRFBN9200005 

IDRFBN9200005 

IDRFBN9200005 

rnmN9u)o(xH 

r n m m o o o O 5  

IDRFBN9200005 

IDRFBN9UWXXK 

IDwBN9UMO(H 

IDRFBN9UMOOS: 

IDRFBN9200M)5 

IDRFBN92am5 

rnwBmoooO6 

Nonconformance 

Contained U-235' 

Contained free liquid 

Possible pressurized mtainw 

Possible pressurized mtaiow 

Contaiued bee liquid 

Excessive decay heat 

Excessive decay heat 
Excessive decay heat 
Excessive decay heat 
Excessive decay heat 

Less man 100 ncig 

LessmanlOonCi/g 

Possible poessllli7.d mtairla 

Excessive decay heat 

Excessive decay hat 

Contaiued he liquid 

Dnan DirmmabIc vOC2 

>xKl ppm 
Exmsive decay heat 
Exassive decay hcat 

Exassivc *nbon ~ b l o l i d e  

Exassir2 decay heat 

E x d v e  decay hat 

E x d v e  decay hcat 

Excssiw decay hat 

Exassive&xayhat 

Exassive decay hat 

Contained he liquid 

Exassivedccayhat 

LasmanlOonCi/g 
Contaiocd he liqnid 

Lssman1Ooaci/g 
cmrained fne liquid 

Conrained he liquid 

E x a s s i v e ~ h a t  

Reason for Exclusion 

Not applicable 

WIPP WAC 

WIPP WAC 

WIPP WAC 

WIPP WAC 

TRUPACT-n C of C 

TRUPACT-n C Of C 
TRUPACT-n C of C 

TRUPACT-II C of C 
TRUPACT-n C of C 

WIPP WAC 
WIPP WAC 

WIPP WAC 
TRUPACT-n. C of C 

TRUPACT-II C of C 
WIPP WAC 
m m - n  c of c 

TRUPACT-n C of C 

TRUPACT-II C of C 

NMD 
TRUPACT-II C of C 

TRUPACT-II C of C 

TRUPACT-II C of C 

TRUPACT-II C of C 

TRUPACT-II C of C 

TRgrpACT-n C of C 
WIPP WAC 

TRUPACT-II C of C 

WIPP WAC 

WIPP WAC 

WIPP WAC 

WIPP WAC 

WIPP WAC 

TRUPACT-II C of C 



Excessive decay heat 

Excessive decay heat 

Excessive decay heat 

Excessive decay beat 

Excessive decay heat 

Excessive decay heat 

Excessive decay heat 

Excessive decay heat 

Excessive decay heat 

Excessive decay heat 

Excessive decay heat 

Excessive decay heat 
Excessive decay heat 

TRUPACT-II C of C w 
TRUPACT-[I C of C 
TRUPACT-II C of C 
TRUPACT-I1 C of C 

TRUPACT-II C of C 
TRUPACT-n C of C 

TRUPACT-ll C of C 
TRUPACT-[I C of C 
TRUPAm-II C of C 
TRUPACT-II C of C 

'At presm~ INEL is not capable of terrifying drums suspeaed of containing, or daamined to antain, U-235. 
%sage of the TRUPACT-I1 prohibii the wospoWrim of containas exoxding the 500 p p v  limit For this 
rwon,  hum RF074403825 was ucluded From Bii  IDRFBN9200006. 



Overview 

CHAPTER 5. QUALITY ASSURANCE 

While a compliance application should show evidence that specified requirements have been 

met, the material in this chapter does not address the requirements of 40 CFR 191, and 

specifically states that it does not address the proposed 40 CFR 194 QA requirements. 

This chapter is mostly a description of the conceptual framework of the current CAO QA 

program. Many of the sentences seem to be simply lifted from NQA-1 or other such 

documents, with the verb "shall b e  replaced by "is" or "are". 

Model Validation 

There is no discussion of model validation, which is vital to demonstrating compliance with 

the containment requirement through performance assessment A detailed QA process is 

needed for performance assessments with a complete discussion of plans for model validation. 

This chapter does not mention quality assurance for analysis. The Sandia procedures for 

analysis, choice of parameter values, performing calculations, and software quality control are 
only periphericdly mentioned on the last page of Chapter 5. 

Comparison of Chapter 5 (QA) and 40 CFR 193 

There are no direct nquirements in 40 CFR 191 concerning QA. 

A description of the QAIQC performed on the data used to show compliance with the 40 

CFR 191 requiremen@ should be included. The requirements in 40 CFR 191 concern 

containment (191.13), institutional conmIs, postclosure monitoring, permpermanent markers, 
engineered and natural barriers, and waste removal (191.14). individual protection (191.15) 

and groundwater protection (191.16). Chapter 5 does not address QA for any of these anas. 



Comparison of Chapter 5 (QA) and the Proposed 40 CFR 194 

The proposed EPA criteria, 40 CFR 194, contain a list of specific QA requirements. 

However, Chapter 5 lumps QA (194.22) with expert judgment (194.26) and peer review 

(194.27), and states: "These requirements are not addressed in this document" (page 5.1 lines 

15-17). 

The d n f t  compliance application should address them. DOE and EPA should develop a 

common understanding before a final compliance application is written. An examination of 

DOE WIPP QA documents and 40 CFR 194 requirements shows a gap that needs to be 

bridged. 

The proposed 40 CFR 194.22(a)(l) states that DOE "...shall implement a quality assurance 

program that meets the requirements of ASME NQA-1-1989 edition, NQA-2a-1990 addenda 

(part 2.7) to ASME -NQA-2-1989 edition, and NQA-3-1989 edition (excluding 2.1 (b) and 

(c))". DOE is not cumntly fulfilling this nqukcment 

DOT Shipping Container Requirements 

Page 5-2, line 9 

Various federal requirements codified in the Code of Federal Regulations arc identified 

including 10 CFR 71 for Type B shipping containers. Since all  CH-TRU waste will be 

placed in Type A containers, the list should also include 49 CFR 173, the DOT requirements 

for Type A shipping containers including tests. 

QA Program Requirements 
Page 5-2, lines 9-14 

The NQAs arc listed as sources for the QA program. These, and o h  "sources", art 

"...directed through the DOE Environmental Management (EM) QA Requirements and 

Description to the DOE CAO". In the CAO QAPD Revision 0, an appendix to the draft 

DCCA. only NQA-2 part 2.7 is specifically nquind (for software). The CAO QAeD 

Revision 0 is only partly based on NQA-1, and NQA-3 is not mentioned at all. 



Revision 1 to the CAO QAPD is currently W i g  developed; the draft also does not ' 

specifically require full implementation of the NQA requirements. 

The Revision 0 software portion requires NQA-2 part 2.7 but the proposed Revision 1 does 

not, though it implements many (but not all) of its provisions. It is worthy of note that the 

proposed 40 CFR 194.23(b) also requires NQA-2 part 2.7 compliance. 

The proposed 40 CFR 194.22 (b)(l) also specifies that the NQA-1, 2, and 3 requirements 

must be met for environmental monitoring, geological measurements, computations, codes, 

and models used to demonstrate compliance, expert judgements, disposal system design, all 

other data used to support compliance applications, and a n w g  else "...important to the 

containment of waste in the disposal system." Documentation of most parts of all of these 

precede the only evidence provided in the July 15, 1994, CAO QAPD Revision 0 (Appendix 

QAPD), effective July 15, 1994. 

Chapter 5 of the DCCA presents no evidence that full compliance with the NQAs occurred in 

the past. 

-. 

WIPP Site Monitoring Programs 

Page 5-7 

This section describes the system used to assure the validity of the measurements of the 

environmental surveillance at W P .  Unfortunately the data for radioactivity in water 

samples as well as the minimum level of detectability reported in water wells at WIPP on 

page 2-137 of the DCCA arc incornct It might be helpful for DOE to nference the data 

obtained by EEG in our monitoring p r o w  for the past eight years. 

Program Assessment 
Page 5-8, line 10 

The text states "Managers at all levels periodically assess the performance of their 

organization". This is an idcal, at INEL, Argonnc West, the September 1995 CAO DOE 

audit discovered that no assessment of the waste chatacterization program at the Argonne 



West facility had been performed since the previous WIPP-level audit in September 1993. If - 
the statement was "Managers at all levels are required to periodically assess the performance 

of their organization" it would reflect the real QA program as it exists now, which may not 

necessarily have been true at the time data was gathered. 

Qualifications of Existing Data 
Page 5-9, line 1 

Most of the activities cited in other sections of the DCCA were performed before the 

conceptual framework shown in Chapter 5 was in place. There are no specific descriptions of 

QA during the gathering of data for these earlier activities. 

Page 5-9, lines 1-17 briefly describe Sandia's "Qualification of Existing Data" program, but 

provide no information as to which data are involved, what the status is, or when the 

information will be available. 

Evolving requiremen& 
Page 5-9, lines 19-31 

This section briefly describes the evolution of the WIPP QA program requirements. 

Reference is made to NQA-1 as a "standard" for thc program over the last 15 years. The 

proposed 40 CFR 194 requires compliance with NQA-1, NQA-2 pact 2.7 (software), and 

NQA-3 (site characterization). Cumntly, the CAO QA program still does not nquire full 

implementation of ASME NQA-1, NQA-2, and NQA-3. It should be required. 

Description Postda- Other Compliance Activities 

Most of the activities cited in other sections of the DCCA were performed before the QA 

system described hen  was in place. Then are no sptcific descriptions of QA fw data 

obtained during these earlier activities The work in Chapter 2 on site characterization, in 

Chapter 3 on the design and building of the WIPP facility, and in Chapter 6 on PA wen 

mostly completed before the CAO QAPD (which became effective on July 15, 1994) was in 



place. The CAO QAPD (included as the appendix QAPD) is the only objective evidence 

presented in this document concerning QA activities. 



CHAPTER 6. CONTAINMENT REQUTREMENTS 

Basis of Review 

The performance assessment in the DCCA has been reviewed by state-of-the-art terms in 

performance assessment Because the compliance criteria for the standards were not finalized 

during our review, the DCCA has not been judged against the requirements of 40 CFR 194. 

It sho~ild be noted, that even with all the disclaimers, the DCCA is in the form of an 

application. It is no longer a demonstration of the methodology or a dry run. The DCCA 

must meet a higher expectation and after several iterations of performance assessment, the 

work is finally ready for a review to assess compliance with the EPA disposal standards for 

transuranic waste. In particular, the EEG evaluation is focused upon these questions: 

Have a l l  relevant sceriarios been analyzed? 

Are probabilities of scenarios adequately established? 

Have consequences been properly stated? 

Have AU Relevant Scenarios Been Analyzed? 

Not all potentially disruptive scenarios have been analyzed Previous performance 

assessments for the WIPP analyzed only the effect of human intrusion by inadvertent drilling. 

In the DCCA, other possible disruptive events and processes have not been considered. 

Justification has not been provided for Features, Events and Processes (FEIPs) not considered 

for regulatory reasons, or eliminated for low consequence. 

What scenarios need to be considered? The EPA Standards stipulate that performance 

assessments need not consider events or processes that are estimated to have less than one 

chance in 10,000 of occurring over 10,000 years. In terms of analyzing human intrusion, the 

EPA suggests inadvertent and intermittent intrusion by exploratory drilling for resources 

(other than any provided by the disposal system itself) may be the most severe intrusion 

scenario assumed. 



The EPA standards further state: - 

Furthermore, the performance assessments need not evaluate in detail the 

releases from al l  events and processes estimated to have a greater likelihood of 

occurrence. Some of these events and processes may be omitted from the 

performance assessments if there is a reasonable expectation that the remaining 

probability distribution of cumulative releases would not be significantly 

changed by such omissions. (40 CFR 191, Appendix C). 

Examination of the EPA's guidance for implementation of 40 CFR 191, subpart B, reveals the 

following: 

The lower limit for events and scenarios to be considered is 10" per year. That 

means, events and processes with a probabiity of occunrence of between 1 and 10% 

per year must be analyzed. 

The most severe human intrusion scenario that requires analysis is drilling into the 

repository. Less severe scenarios should be analyzed in accordance with the rule 

above. 

To omit the analysis of a particular event or process because of the lack of impact, 

fmt the lack of impact must be demonstrated by an analysis, not an assumption. 

Certain human-initiated events and processes are known to be on-going in the vicinity of the 

WIPP (p. 6-36)61 and have been retained for further analysis. However, these same on-going 

events and processes have been screened out from further analysis in the postclosure phase, 

presumably because of EPA's regulatory guidance. 

Water injection for secondary recovery of oil and brine reinjection remains to be analyzed. 

Consider the impact of a specific case of water injection for secondary recovery. In 1991, 

+'U.S. Department of Energy. 1995. Drafr Etle 40 CFR 191 Compliance 
Certification Application for the Waste Isoldon Pilot P h t ,  Draft-DOEICAO-2056. 

6-2 



Hamnan, a small oil and gas operator, purchased a worked-out lease in the exlreme southeast 

comer of New Mexico and started drilling. While driUiig through the Salado Formation, 
Hamnan encountered a massive salt-water blowout Brine flowed from the well for five days 

before being controlled. A total of 5.7 x lo6 L of brine was trucked away before a pipeline 

was installed. A New Mexico court determined that a major oil company's water flooding 

project 3.5 km away was responsible. This incident occurred at the southeastem comer of 

New Mexico, in the same Salado Formation that overlies the WIPP and is of relevance to the 

WIPP because within 3.2 km (2 mi) of the WIPP perimeter, there are over 120 producing oil 

and gas wells. Furthermore, secondary recovery by water flooding and brine re-injection has 

begun in these recently discovered fields. 

Unexpected water flows are not rare events. Between 1978 and 1993, 189 unexpected water 

flows were reported to the New Mexico Oil Conservation Division for Region One, which 

encompasses approximately 6000 h2 in the southeast comer of the state. 

One example of a yet to be addressed scenario is as follows. Water or brine is injected into 

Marker Bed 138 or 139, introducing massive amounts of water into the npository, which 

- carry dissolved radionuclides to the accessible environment 

Other potentially disruptive events that should be analyzed include the impact of potash 

mining. Over 80% of the potash in the United States is produced within 100 km of the 

WIPP. From the WIPP site one can see the surface works of three major potash mines. The 
potash is midway between the Culebra aquifer and the repository horizon. Potash mining has 

an extraction ratio well above 80%. and potash minus do not usually bac!dill mined out 

volumes. Thus massive underground cavities may exist in the future, and may be an 

additional pathway for radionuclide tran~pofi Subsidence remains a concern that could affect 

the hydraulic properties of the overlying aquifers. 

Are Probabilities of Scenarios Adequately Established? 

Because the scenarios of water flooding and potash mining were not considered in the DCCk 
no probabilities for the= disruptive events have been estimated. The implication is that 

then is insufficient specification of probabilities. 



Have Consequences Been Properly Stated? 

The results of the performance assessment described in the DCCA are questionable because 
_-_-.. .i. .,. "place-holders" are substituted for the most important data. 

During 1994 and 1995. the WIPP project undertook a Systems Prioritization study to focus 

resources on the key variables that control compliance demonstration. The study identified 

eight groups of variables which needed additional work for the final compliance certification 

application. For the DCCA, the values used for the eight variables are only estimates made 

by Sandia National Laboratories staff conducting the experiments. The data from these 

experiments are expected sometime in 1996 and later. Difficulties caused by using the 

predictions of the results of the experiments, rather than the experimentallly obtained values, 

are discussed below. 

Solubility 

Upon human intrusion by drilling, the release rate of radionuclides is the product of actinide 

solubilities and brine flux. In the DCCA, generic actinide solubilities are used. For example, - 
the solubilities of Pu(III) and N p O  are assumed to be equal. If this were true, then then 

would not be any need for solubity experiments in progress now. 

For actinides with multiple oxidation states, they are partitioned according to the following 

scheme. Let n,, q, n,, n, be random numbers. 



This partitioning scheme implies that various oxidation states might exist jointly. At a - 
specific pH and Eh, there is likely to be a unique dominant species and attendant oxidation 

state. (See W P P  P.A. Dept, 1992, p. 343).&' One does not have a lo%, 3096, 30%. 30% 

mixture of oxidation states. 

The solubility of actinides in oxidation state y is then sampled from 1 to 10"' molar. In 

EEG-57"3 we commented on the futility of sampling from a wide range of solubility, and the 

lack of confidence such a procedure conveyed. 

The partitioning of actinides into oxidation states is inconsistent with experimental evidence. 

In WTPP-commissioned Pu solubility measurements, no matter what the initial oxidation states 

wen at the start of the experiments, 70% to 95% of the final oxidation state at steady state 

was Pu(V1) (Nitsche, et al., 1994 in N ~ v a k . ~  Yet in the above partitioning by oxidation 

states, only 20% or less of the total inventory is allowed to be in VL The experimentalists 

could not explain the-move to VI, and conjectured that it might be due to a-radiolysis. In the 

DCCA, it is reasoned that the repository would be reducing. However, the solubility 

experiments were carried out in contact with the atmosphere, nsulting in the final oxidation 

state being VI. If the conditions in the repository are expected to be reducing, then the 

oxidation state will not be VI in the repository and the results of the experiments in contact 

with the atmosphere would not be applicable to the expected repository conditions All of the 

aqueous separation processes for plutonium utilize the fact that Pu has a variety of oxidation 

states, each with widely varying chemical properties. Hence the intexconversion of Pu among 

&%PP PA (Performance Assessment) Department 1992. Preliminary Performance 
Assessment for the Waste Isolation Pilot P W  December 1992 - Volaime 1: lhird 
Comparison wid! 40 CFR 191, Subpart B. Albuquerque, NM: Sandia National Laboriltories, 
SAND92-07OO/l. 

63Lee, W. W-L., L. Chatunredi, M. K Silva, R. Weiner, and R. H. NeiU. 1994. An 
Appraisal of the 1992 Preliminmy Performance Assessment for the Waste IsoMon Pilot 
Plant. Albuquerque, NM: Environmental Evaluation Group. EEG-57. 

" Novak, C.F. 1995. Actinide Chemistry Research Sypporting the Waste Isolation 
Pilot Plant: FY 94 Results. Albuquerque, NM: Sandia National Laboratories, SAND94 



its various oxidation states has been the topic of much study."' Literature on the effect of 

radiation on the oxidation state of Pu in solution suggests that radiolysis and exposure to 

oxygen would actually decrease the average oxidation number. In HCl, the medium of the 

solubility experiments, the average oxidation number did not decrease, consistent with the 

experimental results. Thus the discrepancy between the experimental results and the 

partitioning rule needs to be explained. 

Perhaps the most important note about the solubilities used in the DCCA is that DOE 

assumed a distribution of aqueous solubilities with large uncertainty (Appendix PAR, p. 250, 

253, 256, 259, DCCA. vol. I)."' 

No attempt has been made to justify the probability distribution used. 

Conceptual Model for Flow in the Culebra 

The DOE has identified intrusion scenarios that result in contaminated brinedischarging into 

the Culebra Dolomite member of the Rustler Formation. However, for the calculation of 

direct discharge to the ground surface through borchole cumins, the contaminated fluid is -. 

discharged to the ground surface bypassing entry into the Culebra Thus, the two scenarios 

are inconsistent How can brinc enter the Culebra if a wellcasing is prcsent? Or, if the well 

is uncased, why shouldn't the brine enter the Culebra instead of flowing to the surface? The 

following quotation from the Disposal Room Model Position Paper summarizes cumnt 

technology in drilling in the Delaware Basin. 

Within the Delaware Basin near the WIPP site, gas and oil wells are started by 

clearing the site and drilliag a shallow hole (40') to house a conductor pipe. 
The conductor pipe is set in cement and serves to prevent surface sands from 

sloughing into the wellbore during later drilling. Drilling is continued below 

'hbidcau, S. W., M. J. Bradley and H. D. Cowan. 1959. AIpha-Particle Oxidation 
and Reduction in Aqueous Plutonium Solutions. Los Alamos. NM: Los Alamos National 
Laboratory, LA-MS-2236. 



.@,\ 
the conductor pipe, to 300-600 feet to top of the salt section using a large G~:! ti 

I. ..1 \ 
diameter (17-26 inches diameter) drill bit and another steel casing is 

w 
A similar statement appears in the DCCA. 

. . . oil wells normally have a standard 0.413 rn drilled hole to the top salt to 

accommodate 0.340 m steel casing, and gas wells normally have a standard 

0 : U S  rn drilled hole to accommodate 0.356 m casing. (Appendix PAR, P. 

223, DCCA, vol. 

Thus, in order for radionuclide contaminated brine to flow into the Culcbra, the fluid must 

flow through the pipe casing. In the 1992 performance assessment the& was a nondegraded 

plug that forced discharge into the Culebca. Now the DOE assumes 100% failure of the 

casing ! 

The contaminated brine would not naturally flow into the Culebra and that is reinforced by 

the fact that the DOE a t  the permeability of other hydrostratigraphic unis to zero to prevent - brine from entering those units and to maximikc the flow to the Culebra The Unnamed 

Lower Member (p. 6-78), the Tamarisk (p. 6-85), and the Forty-Niner (p. 6-86) are a l l  

assigned zero permeabiity, and the Magenta (p. 6-85) and the Dewey Lake Redbeds (p. 6-86) 

are assigned low permeabilities. 

There is a clear need to analyze two different scenarios: One with casing and the other 

without, and assign appropriate probab'itics of occumnce for the two. 

Retardation Mechanism 

In the postulated uansport of radionuclides in the Culebra, three retardation mechanisms are 

used @CCA, p. 6-80):' 

-utcher, B. M. et al. 1995. Disposal Room and Cutting Models, Position Paper. 



Equilibrium Sorption; 

Matrix Diffusion; 

Corrensite Clay Sorption. 

Our review raises questions about postulating each of these retardation mechanisms. 

Eauilibrium Sorution: During the advective-diffusive hxmport of contaminants, dissolved 

solute can adsorb onto solid surfaces or precipitate. The suite of processes that lead to 

contaminants traveling slower than the average pore velocity of ground-water flow is 

generally referred to as sorption. For many contaminants, many ground-water compositions, 

and many rock types, a linear isotherm results with 

where S is the mass of solute adsorbed or precipitated per unit dry bulk mass of rock, C is 

the solute concentration, and Kd is known as the distribution coefficient Using the 

distribution coefficient, one can compute the velocity vi at which the particular contaminant - 
will travel 

where v is the average ground-water velocity, P b  is the bulk density of the rock, and E is the 

matrix porosity. 

Over the years there have been attempts to measure distribution coefficients relevant to the 

WIPP. However, these M b u t i o n  cocfficicnts do not represent anticipated conditions in the 

Culcbra. F a  because the chemistry of the water has a significant influence on sorption 

behavior. The isothem expwiments used unrepresentative chemistry for Culcbra water, 

making the resultant distribution coefficients values invalid Secondly, the distribution 

coefficients are from single measurements on powdered samples. Powdered samples have a 

different surface area to volume ratio and experiments with powdered samples are likely to 



overstate sorption in the field. As can be seen in eq. (1). it is difficult to obtain a proper K, 
,- from a single measurement Thirdly, review of the experimental conditions did not provide 

assurances that equilibrium conditions were reached in the isotherm experiments. Thus we 

conclude that experimental data valid for use in performance assessments of the WIPP are not 

currently available on partitioning coefficients for the Culebra Dolomite. 

The problem is compounded because performance assessment did not use the flawed 

experimental data, but subjectively elicited probability distributions of dismbution coefficients 

from Sandia National Laboratories employees. Clearly, additional data are needed. 

The DOE is currently conducting a multi-well tracer test at the WIPP site. This test is 

designed to provide information on flow mechanism, as well a. partition coefficients for 

actinides. In April 1995 the DOE dropped plans for a sorbiing tracer t e a  while keeping the 

non-sorbing nacer test Can one use a non-sorbing aacer test to obtain Kd for sorbing 

species? 
, .., ' ---, ,. 

For a nonsorbing species, the residence time t, in a fracture of half-aperture Sf is 

t" = <4Jf+ 4,") v/e 

where V, is the volume of pores in the rock, Q is the water-flow rate, and 4, and 4,,, are the 

fracture and manix porosities respectively. 

For a sorbing species, the fesidence time in the same system is 

where Kd is a surface distlibution coefficient, and S, is tbc specific surface area 

It is apparent that the two residence times arc differcnf and a non-sorbing m x r  test cannot 

be used to obtain Kd for actinides. 



Matrix Diffusion: Matrix diffusion has been shown to be an important mechanism in - 
radionuclide retardation."' Water and contaminants in fracture flow result in transport of the 

contaminants from the fracture into the microfissures of the rock by di is ion.  This diffusion 

of contaminants into the rock mamx and subsequent sorption onto the surfaces of the 

microfissures and dead-end pores is a significant retardation mechanism. This diffusive flux 

of contaminants from the fracture to the rock matrix ( z  direction) can be represented by 

where Df is the free-water molecular diffusion coefficient in the matrix ut), 

E is the rock porosity, 

Cf, is the concentration ofxhe lth solute in the matrix (M/L3), 

7 is the tortuosity comction (-). 

Note the predominance of diffusive parameters. 

The WIPP performance assessment takes credit for matrix diffusion, but offers no d i i c t  

experimental evidence for its extent The only related experiment was a diffusion test with a 
non-reactive A series of multi-well, field scale, mcer tests has been planned but it 

is unclear how the results of these tests would provide unequivocal evidence for matrix 

67Neremieh, I. 1980. Diffusion in the Rock Maeix: A .  Important Factor in 
Radionuclide Retardation? J. Geophy. Res. 85B:4379. 

"Dykhuizcn, R C. and W. H. Casey. 1989. An Analysis of Solute Diffusion in 
Rocks. Geochim et Cosrno. Acra 53:2797. - 
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diffusion. Lee and C h a t ~ r v e d i ~ ~  have suggested some laboratory experiments to give direct 
a. evidence of matrix diffusion. 

Corrensite Clay: The DOE identifies sorption on clay fracture-linings as one of three 

retardation mechanisms for radionuclide transport through the Culebra The EEG was 
verbally informed that the assumption of corrensite clay as asorptive clay lining was dropped 

from future performance assessments. However, the defdtion sketch for SECOTP2D still 

shows corrensite clay lining (p. SECOTPZD-3).&' The DOE is also funding basic studies on 

corrensite sorption mechanism. We will repeat the following comments on the lack of 

corrensite clay evidence in the Culebra fractures. 

The concept of corrensite sorption is based on x-ray diffraction and analytical electron 

microscopy analysis of cores samples from clay-rich layers of the Rustler Formation, from 

wells drilled primarily in the Nash Draw, a topographic depression several miles west of the 

WIPP site and in a h o w n  Karst region. This concept originates from the work of Sewards 

and others. 

- Sewards, Glenn and Kei1610 presented mineralogical analysis of core samples from a single 

well, WIPP-19, and made no claim for clay-filled fracture linings in the Culebra. 

Sewards6" gave data on "whole rock" as well as "- surface" compositions of core 

samples collected from six wells in the Nash Draw, one borehole W P - 3 3 )  just outside the 

WIPP site, and three boreholes in the northern part of the WIPP site. Clays an expected to 

6%.ec, W. W-L. and L. Chatwvedi. 1995. Radionuclide Rttardation Mechanisms in 
the Culebra Aquifer at the Waste Isolation Pilot Plant. In Proceedings of the Conference on 
Radioactive Waste Management and Environmental Remediation, ICEM "95, held in Berlin, 
Germany, September 3-7, 1995, edited by S. Slate, F. Feizollahi, and J. Creer. New Yo& 
NY: American Society of Mechanical Engineers, 877-881. 

b'OSewards, T.R, R Glenn and K. Kei. 1991. Mineralogy of Phc Rustler Formation 
in the WPP-19 Core. Albuquerque, NM: Sandia National Laboratories, SAND87-7036. 

611Sewards, T. 1991. Characterization of Fractccre Swf4ces in Dolomite Rock, 
Culebra Dolomite Member, Rustler Formatiom Albuquerque, NM: Sandia National 
Laboratories, SAND90-7019. 



be present in the Nash Draw cores because of extensive dissolution, weathering, and erosion 
h 

in that area. WIPP-33 is located in a sink hole and dissolution, weathering, and erosion are 

expected. The other boreholes are located nonh of the WIPP repository and upswarn from 

the expected dict ion of flow of water in the Culebra Furthermore, cores from these wells 

are from sections with known clay seams. 

Sewards, Williams and Keilbl2 presented mineralogy of 107 core samples from eight wells, 

three of which are located in the WIPP site. X-ray diffraction analysis and an electron 

microscope were used to identify clays. However, electron microscopy raised doubt about the 
, ....,, results of the x-ray diffraction results. When imaging was attempted on the electron 

microscope, it was extremely difficult to find any comnsite at all. However, Sewards, 
Williams and ~eil"" proceeded to conclude "that comnsite is the dominant phase in the 

Culebra." 

Sewards er ~7l.P'~ phsented mineralogical analysis from 47 samples. Of these, 17 samples 

were taken from the Culebra, and of these only nine are from the WIPP site: six from the 
Air Intake Shaft and three from W P - 1 2 .  The nport (p. 28) states: - 

Only small amounts of clay can be sampled from the Cultbra fractun coatings; 

therefore, initial technique and model development for adsorption studies on 

WIPP clays (Park, a al., in review) wen carried out with material from a black 

shale layer in the unnamed member. This material, so-called CorWIPP, is 94% 

comnsite and is described as Sample AIS-15 in this n p o h  Comnsite has a 

high cation exchange capacity and affinity for the uranyl ion in dilute solution 

(Park, et al., in review) and wuld provide significant radionuclide ntardation in 

fractures in the C~lebra .~~ '  

6L2Sewards, T., M. L. W i ,  and K Keil. 1991. Mineralogy ofthe Culebra 
Dolomite Member of ahc Rustler Formation. Albuquerque, NM: S a d i a  National 
Laboratories, SAND90-7008. 

613Sewards et al. 1992. Nature and Genesis of Clay Minerals of the Rlrrtler 
Formotion in the Vicinity of the Waste Isolation Pilot Plant in Souahcostern New Mexico. 
Albuquerque, NM: Sandia National Laboratories, SAND90-2569. 



The suggestion that corrensite clay-lined fractures in the Culebra may provide retardation for - radionuclide migration is based on a single sample from a "black shale layer" obtained from 

the lower part of the Rustler Formation, below the Culebra, because not much clay could be 

sampled from Culebra fracture coatings. And yet, information from this sample is used to 

conjecture that "significant radionuclide retardation in fractures in the Culebra" could be 

present! Moreover, clay in fractures can act either as an additional sorption agent, or serve 

to block mass transfer between the fracture and the matrix. The 1992 Performance 

~ssessmenP'~ has eliminated the latter role. This is double counting for a mechanism which 

may not exist Credit for corrensite sorption should not be taken in WIPP performance 

assessment unless demonstrated by additional evidence. 

Colloids 

Colloidal transport, a newly identifiid concern for the WIPP, has two components. The first 

concern is hydrodynamic chromatography, where colloidal particles might travel at the 

maximum velocity in a fracture rather than the average or retarded velocity. The second 

concern is that actinides might attach themselves to natural colloid particles, resulting in the 

A 
same acceleration process. In the DCCA, colloids are not allowed to travel faster than the 

solute. This misses the essence of the concern for colloids in transport. The formation rate 

of colloids can be measured or calculated, but in the DCCA the initial colloid concentration is 

arbitrarily set by analysts. 

Additional work is underway to delineate the role of colloids as a concern. We await the 

results. 

6"WIPP PA (Performance Assessnent) Deparrment 1992. Preliminary Perfonnmrce 
Assessmentfor the Ware Isolation Pilot Plant. December 1992.3 vols. Albuquerque, NM: 
Sandia National Laboratories, SAND922-0700. 



Conceptualization of Risk 

Section 6.1.1, Page 6-3 

Kaplan and Ganick6" are cited as the basis for the ordered mple form of representing risk. 

Kaplan and Garrick recognize that it is impossible to identify all possible scenarios. In 

section 3.5 of the cited paper, they recommend the use of an N+1 scenario to represent all 

unidentified scenarios. Equation 2 is thus a deviation from Kaplan and Gyrick that at least 

needs to be explained. A much bener solution is to accommodate the N+1 scenario in the 
definition of risk and incorporate it as a modifier to the CCDF. 

FEP Cutoff of lo' Years 
Page 6-22, line 20 

The 10.000 year cutoff may eiimimate scenarios with significant impact The DOE616 noted 
that the time of maximum risk occurred at 1.6 x lo6 years. The new NAS guidance to EPA 

for HLW disposal urges the calculation of risks for periods up to 1 million years. It is 

recognized that the EPA standard only requhs 10,000 years in calculations but DOE should 

extend the time for their assessment 

Criteria for Screening of FEPs 
Page 620,  line 22; Section 6.2; Appendix SCR 

By introducing an intermediate step, the draft application departs very sharply h m  the 

procedure proposed by  ranw well^" and inappropriately eliminates viable features, events, and 

processes. A new elimination criteria is inserted as the second "sieve" (Rcgulatiom - DOE 

b'5Kaplan, S. and B. 1. Garrick. 1981. On the Quantitative Definition of Risk. Risk 
Anuiysis 1(1):11-27. 

616U. S. Department of Energy. 1980. Final Environmental Impact Smement, Wmte 
Isolution Pilot P h t ,  2 vols. DOEEIS-0026. 

617Cranwell, R M., R V. Guzowski, J. E. Campbell, and N. R C h t k  1990. Risk 
Methodology for Geologic Disposal of Radiomacnve Waste: Scenario Selection Procedure. 
NUREGICR- 1667. Sandia National Laboratories, Albuquerque, NM, SANDSO- 1429. 



Interpretation) as shown in the figure below. Funher, the procedure is such that the DOE - determines which scenarios can be eliminated based on the DOE interpretation of the EPA 

regulations. 

Figure 7. Comparison of Cranwell and DCCA 
Elimination Criteria. 

Page 622, lines 18 through 21 

Delete as a criteria for elimination of FEPs the new category, "m or, more broadly, 
scope and purpose of the assessmmt ..." The category is entirely subjective as applied and 
ignores valid technical considerations. 

Page 6-23, lines 20 through 27 

The paragraph describiig FEPs requiring additional documentation appears to be prejudgiug a 
yet to be completed study. The statement is made, "the DOE has modeling or experimental 
work underway to increase undentanding of the potential importance of some of these FEPs, 



but all are considered of low consequence .... The basis for eliminating these is not yet fully - 
documented." Why are these considered to be of low consequence while the investigations 

are still underway? 

Page 6-24, lines 5 through 8 

The paragraph describing FEPs elimination on the basis that they represent a design 

modification notes that the use of backfill has been eliminated. Yet the DOE has a formal 

agreement with the State of New Mexico to include bacEll in the design of the repository. 

Page 6-24, lines 22 through 31 

The paragraph describes the category of FEPs that have been eliminated citing the non- 

binding guidance which was intended for a generic site. Further, the paragraph suggests that 

the non-binding guidance on FEP elimination reflects screening decisions made by the EPA. 

Our recommendation is to delete the paragraph and the entin SO-R category. 

Page 6-25, line 16 through page 6-26, line 16 - 

It is stated that the "regulatory screening arguments are used largely to limit consideration of 

future disruptive human-initiated events and processes as discussed in Section 6.4.2." Future 

disruptive human-initiated events and processes should be evaluated for viability on the basis 

of probability and consequence. It is unreasonable to present circuitous arguments and a very 

selective intcrphtation of non-binding guidance as the basis for eliminating very plausible 

scenarios such as those associated with resource extraction in a resource rich area The EEG 
recommendation is to delete this entire section as well as Section 6.4.2. 

Page 6-27, Figure 6-6 

Delete the category SO-R to reflect a technical evaluation of the performance of the 

repository. 



Page 6-31, Line 15 

Replace the phrase "form the engineered barrier system" with the verb "are." For compliance 
with 40 CFR 191, the seals in the Mts, shafts, and boreholes are not considered to be 

engineered  barrier^."'^ 

Page 6-31, Line 22 

The text mentions a "current set of engineered baniers" without identifying these baniers and 
without citing a reference for more discussion in the draft application. Identify the barriers. 

Page 6-36, Table 6-5a 

The comments on this table require a review of the relevant portions of the appendix SCR, 
which is given below. 

Page SCR-64, Line 16 - 22 

- 
The paragraph appears to take the position that activities initiated outside the controlled area 

subsequent to the time of submission of the final application will not be accommodated in the 

application. Rather, the DOE will rely on periodic reappraisals. However, it seems 

shortsighted to postpone evaluating the impact of the activities surrounding the W P  given 

the following observations. 

Mining, drilling, salt water disposal by injection, enhanced oil recovery, and well 

abandonment an human activities. 

The WEPP is located in the Potash ~nclave.6'~ 

&I8 Meyers, S. 1987. May 22 l e t u  from S. Meyen, Dirtcfor, Office of Radiation 
Protection, EPA, to G.A. Smithwick, Principal Deputy Assistant Secretary, Environmental 
Safety & Health, DOE. 

619~lsen, J. A 1993. Federal Management of the Potash Area in Southeastern New 
Mexico. In New Mexico Geological Society Forty-Fourth AMual Field Confmnce, October 
69,  1993: Carlsbad Region, New Mexico and West Texas Socorn, NM: New Mexico 
Geological Society, 3941. 



The Potash Enclave represents 80% of the nation's domestic production and 57% of - 
the nation's reservesGm - a scarce resource not widely available elsewhere. 

Commercial mining in the Potash Enclave has been ongoing for more than 60 

years6= - an area with long history of mining. 

The WIPP Land Withdrawal Area contains economically minable potash reserves620 

- an attractive target for future production. 

The WIPP Land Withdrawal Area is surrounded by potash reserves and active 

potash leases. 621.620 

Potash is obtained by mining640 - a potentially disruptive activity. 

Subsidence occurs over potash mines propagates fractures through overlying 

aquifers to the land surfacebP and poses a hazard to petroleum well 

Water level rises in WIPP monitoring wells to the north potentially comlate with 

brine disposal from the potash industry - a diict impact on the hydrology of the 

area. 

The EPA has identified the absence of mining scenarios in WPP performance 

assessment as a critical omi~sion?~ 

0 The nsource evaluation by the NMBMBrMWWestingh~use~~ clearly demonstrates 
A 

that there are proven andlor probable oil and gas resources under each and every 

section 

1) within the WIPP Land Withdrawal Area 
2) and surrounding the W P .  

*%roadhead, R F., F. Luo, and S. W. Spcer. 1995. EvaLuation of Mineral 
Resources ar the Wane Isolation Pilot P h r  Site. New Bureau of Mines and Mineral 
Resources. Carlsbad, NM: Westinghouse Electkc Corporation. 

6Z1Siva, M. K 1994. Implications of the Presence of Petroleum Resources on the 
Integriv of rhc WZPP. Albuquerque, NM: Environmental Evaluation Group. EEG-55. 

6nSanchez, P. 1995. September 19 memorandum to Me1 Marietta, Sandia National 
Laboratories on Subsidence Crack at WIPP 28. 

&%ge, M. T. and M. Shapiro. 1994. October 18 letter from the U. S. Environmental 
Protection Agency to G. E. Dials, Manager, DOE Carlsbad Ana Office. 4 pages + 
attachments - .. 

6 1 8  t 



Oil and gas reserves are obtained by drilling through the Salado Formation and into 
.- 

the underlying oil and gas bearing formations. 

The oil producing formations in the vicinity of the WIPP also produce high volumes 

of mobile Salt water disposal wells surround the WIPP Site and are 

injecting up to a million barrels of water per year per well into a formation 

underlying the salt formations. 

In 1988, WIPP monitoring wells experienced sharp water level rises which were 

strongly correlated with a nearby salt water disposal well operated by the oil and 

gas i n d ~ s t r y . " ~ " ~ ~  The observation strongly suggested leaking salt water disposal is 

influencing the regional hydrology in an aquifer considered to be a potential 

pathway for radionuclides. 

Southeast New Mexico has a history of waterflood problems with injected water 

migrating from adjacent properties through the Salado F ~ r m a t i o n ? ~  6U. 6n. 621 

The BLM recenrly denied an application for permit to drill wells within the WIPP 

Site Boundary citing concerns including the unknown effects of water injection on 

the repository?" 

- The WIPP is undeniably located in a resource rich area as shown in the Figure 8. 

"%Bailey, J. 1990. August 13 Memorandum from Certified Professional Geologist 
#752 1, Petroleum Engineer at New Mexico State Land Office to Marsh La Venue, Jntera 
Consulting Company, Connactor to Sandia Natioral Laboratories on Water Level Rises in 
Culebra Dolomite Monitor Wells. 

6 n ~ a ~ e n u e ,  M. 1991. January 28 Sandia National Laboratories Memomdurn to 
dismbution on the Anomalous Culebra Watcr-Level Rises Near the WTPP Site. 

6f6Ramey, J.D. 1976. May 5 memorandum from the Director of the New Mexico Oil 
Conservation Division to John F. O'kary on Water Flows in and near Watefflood Projects in 
Lea County. 

6nHarman, D. 1993. November 22 letter to Sandia National Laboratories 
transmitting a copy of a Complaint of Trespass, Nuisance, and Waste filed in the Federal 
Court for the district of New Mexico. CW93 1349M. 

6%4kins, W.C. 1994. August 22 letter from W. C. Calkins, Starc Director, Bureau 
of Land Management, to the attention of Keith E. Bucy, Bass Enterprises Production Co. 



Page SCR-66, Table SCR-3b 

The draft application identifies 42 plausible 

scenarios and then eliminates 37 citing the 

DOE category SO-R. Among those 

eliminated by this DOE interpretation 

include: 

Fluid injection: 

Salt water disposal 

Enhanced oil and gas recovery 

Hydrocarbon storage 

Potash Mining 

(including solution mining) 

Flow through abandoned boreholes. 

Page SCR-64, Line 23 through page SCR-67, 

line 29 L 
F 
site. 

This paragraph acknowledges that the 

analyses of ongoing human initiated events and processes is underway and may be relevant 

when considering future initiated events and processes. But then the paragraph states that the 

extension of such analyses to anytime beyond October 1996 is speculative - an inconsistent 

position for an application that purports to calculate the behavior of a repository for the next 

10,000 years. 

seals 

Page 6-3 1, lim 15 

The sutement, "Seals in drifts, shafts and boreholes form the engineered barrier system ..." is 
wrong. The plugs and seals an not engineered barriers (see our comment on Section 3.3). 
The Panel Closure System shown in Fig. 3-16' has not been described. Thc vertical 

boreholes in the mine that extend upward and downward up to 100' in the northern part of the 
WIPP excavations (abandoned in 1995) have not been plugged, and the DOE'S WIPP - 



Experimental Area Mine Management Plan Phase 1629 justifies the decision on the basis that 
A 

the boreholes will close by salt creep. --.~ 
Salado Interbeds 

Page 6-77. line 10 

Discussion of the development of the simple interbed brine storage model from a literam 

search is referred to in Appendix PAR. While the model is described in the Appendix, the 

literature search is never mentioned. 

Drum-Scale Variability in Spallings 
Page 6-89 lines 1-9 

It is stated that a sufficiently large volume of waste would be transported to the surface 

through spallings and that drum-scale variability can be neglected. Waste containers vary by 

several orders of magnitude in the activity of radionuclides they contain The variation in the 

abundance of the relatively few activity level 4 or activity level 5 d m  of Table 6-23 could 
- dominate the activity of the spallings material. It needs to be demonstrated that the volume 

of waste e n d e d  through spallings will be large enough to ensure average densifies of 

radionuclides will reach the surface. 

APPENDIX HYDRO 

This appendix is a poor copy of the USGS Water-Resources Investigations Report 83-4016630 

and portions such as Figures ll., 12 and 16 are indecipherable. Originals of this rep% that 

have not been marked up, do exist If it is necessary to include this report as an appendix, 

reproductions from a better copy should be made, 

?J. S. Department of Energy. 1995. lhperimental Area Mmurgemmt Plrm Phase I. 

6%ercer, J. W. 1983. Geohydrolagy of the Proposed Waste Isolation Pilot Plant 
Site, Los Medanos Area, Southeastern New Mexico. Washington, DC: U.S. Geological 
Survey. Water Resources Investigations 83-4016. 



APPENDIX PAR 
-. 

The formalized smcture of Appendix PAR is very helpful. A specification of the equation 

number that first introduces the parameter in the description of the computational codes would 

increase the usefulness of the PAR appendix. Is the fracture spacing in the Culebra a 

SECOFL2D variable? Additional comments on this appendix are provided under the 

Appendix PAR heading. 

APPENDIX BRAGFLO 

The following criticism of the BRAGFLO code description may also be used as the EEG 

comments on code documentation in general. Appendix BRAGFLO presents a detailed and 

well developed description of the conceptual models implemented in the BRAGELO code. 

The level of detail is, however, variable. For example, gas compressibity, Equation 31, is 

defined by a reference to adccument that is not included in the DCCA. Without the 

referenced document, Equation 31 does not describe the model of gas compressibility. 

BRAGFLO is apparently an isothermal code. This is never explicitly stated in the code -. 

description. More importantly, there is no defense given for an isothermal treatment of two- 

phase flow in WIPP. A discussion needs to be included to support such basic 

approximations. In addition, some assessment of the euors induced by approximations needs 

to be presented. 

A reader friendly approach to identifying approximations is to 1) begin with the most general 

description of the phenomena to be modeled and then 2) introduce approximations that reduce 
the general description to tfie conceptual model implemented in the code. A section listing 

assumptions and limitations, such as NUTS.ll, would also be very helpful. 

Page BRAGRX)-21 

BRAGFLO uses a user defined parameter to conml the update frequency of the Jacobian 

matrix linearization. What assurances arc there that the e m s  introduced by user control of 



code mechanics are acceptable? In general, assurances built into the codes are preferable to 
- - administrative controls. 

Page BRAGFLO-48 Equation 128 

Equation 128 IS presented with almost no defense. If parameter n is an important parameter 

then Equation 128 must also be unportant and must be defendable. At the least, it must be 

shown that vanance in parameter n is great enough to also cover conceptual model 

uncertainty. To aid in pursuing such issues, it would be helpful if the Appendix PAR 

variable name and page number were supplied when a new variable is introduced in a code 

description. In addition, when the variable is presented in the Appendix PAR it would help if 

the relevant equation number in the code description were listed as well as the code names. 

APPENDIX CUTTINGS 

The particular model used for calculations presented in the DCCA was not contained in 

Berglund (1992) and has not been documented in the DCCk We understand that the 

experimental results did not support this model and it is now being discarded in favor of 

another modeL We look forward to the complete documentation of the new model to be used 

for the final application (CCA). 

Page CUTTINGS-10 

The blowout calculation is limited to a five minute duration. The five minute limit is an 

important parameter. While the use of this parameter is justified in the text, it does not seem 

reasonable to have a fixed five minute time limit. Using a sampled parameter to represent 

this time limit is more justified. At least some runs should consider the situation of the 

blowout being allowed to run its course without intervention. 

Page CUlTINGS- 14 

The list of sampled variables is helpful. It would also be helpful if the Appendix PAR 
variable names were listed along with the appropriate page number in Appendix PAR. 



APPENDIX NUTS 

This appendix contains material that seems to be in conflict with the usage of the code 

described on pages 6-97 and 6-98, e.g. Radionuclide decay. It is unclear whether the dual 

porosity and dual permeabiity features of the code will be used. Code descriptions should 

focus on those features that are used in the performance assessment modeling. 

APPENDICES SECOFLZD and SECOTP2D 

The code descriptions for SECOFL2D and SECOTP2D presented in the DCCA are 

insufficient to adequately defend the use of these 'codes for performance assessment. The 

conceptual models behind these codes are never discussed. Parameters are listed without any 

discussion of reasonable values. The lack of discussion of the use of a dispersion tensor for 

flow through a single fractun makes the use of Equation 1 questionable. 

If the hydraulic transmissivity field of the Culebra Member is an important parameter as 

indicated on page PAR-230 then the conceptual models of flow and tramport through the 

Culebra are also important What is the basis for a parallel model? What support is - 
there for clay liniigs on the fracture walls? What is the influence of this assumption? If 

channeling is recognized as a possible important featun in anhydrite beds of the Salado 

Formation, why is it not considered as a possibly significant phenomena in the Culebra? 



CHAPTER 7. ASSURANCE REQUIREMENTS 

Purpose of Assurance Requirements 

Page 7-1, lines 3-13 

The document fails to state that the purpose of the assurance requirements in 40 CFR 191.14 

is to provide the confidence needed for long-term compliance with the containment 

requirements of 40 CFR 191.13. The application should state the purpose and then show how 

the material that follows shows compliance. 

The EPA, in 40 CFR 191.14, also notes that the Nuclear Regulatory Commission (NRC) has 

issued comparable provisions (10 CFR 60) applicable to facilities regulated by the 

Commission. 

Page 7- 1, line 36 

After ".... effectiveness of those controls" add "in preventing or reducing radionuclide - 
releases." Otherwise the reader is unaware of the reason for the controls. 

Useful and Practical Active Institutional Contrds 
Page 7-2, line 3 

The DOE interpretation is that active institutional controls (AICs) should be implemented as 
long as controls are useful and practical. DOE needs to specify how long they believe AICs 
are useful and practical. 

Oversight Organizatiom 
Page 7-2, line 23 

Add EEG to the list of oversight agencies of AIC activities. 



WIPP Active Institutional Control Program 

Page 7-3, lime28 

The steps identified for the WIPP AIC programs are so general and lacking in substance that 

it is difficult to comment meaningfully. The program should be clearly idenflied and 

defended for its projected effectiveness and duration. 

Hot Cell as Post-Decommissioning Marker 

Page 7-4, line 15 

The text indicates that the concrete Hot Cell structure will be left in place.. What are the 

plans for decontamination of that structure and diiposal of radioactive material? 

Uncontrolled Access to Site 
Page 7-4, line 31 and Vol. II, page 13 

While the site has 10240 acres, the surface projection of the waste is only 120 acres. The 

text suggests that slant drilling is unlikely to occur in the remaining 10.120 acres into the 

repository. No explanation is offered for this assumption; particularly since the cumnt 

experience in the Delaware Basin is contrary to the assertion. No restrictions on re- 

drilling in the site area outside the fenced area are identified which would be contrary to the 

requirements of active institutional control. 

Description of Active and Passive Controls 

Page 7-5, lines 30-33 

A detailed description of the planned active and passive controls should be provided as a part 

of the Compliance Application and not "by October 30, 1997". 



- Monitoring Period 

Page 7-7, line 18 

Specify the length of time that monitoring would continue. DOE should have some estimate 

of the length of time that is realistic. 

Monitoring 

Page 7-7, line 20 

Specify any other parameters to be monitored. Subsidence and groundwater in the Rustler are 
the only ones mentioned. 

Groundwater Sampling 
Page 7-7, line 21 

How and when would the boreholes from the surface to the Rustler dolomite aquifers be 

plugged? Would the markers include this information? 
..- 

Disposal System Monitoring 

Page 7-8, line 25 

How will the geochemical performance be assessed to substantiate assumptions ngarding the 

characterization of brine and waste? 

Page 7-8, line 27 

What plans art there to monitor the efficacy of bonhole plugs as a function of time? 



Subsidence 

Page 7-9, line 22 

In view of the decision not to backfii the experimental area to the north immediately adjacent 

to the repository, how will one determine the effects of subsidence from the backfilled 

repository versus subsidence resulting from the experimental area? 

Subsidence Measurements 

Page 7-9, line 31 

The subsidence studies should also predict Culebra settlement now as a result of potash 

mining. Data exist of the extent of Culebra settling where high potash extraction rates have 

occurred in the Basin. Such measurements can be made now in areas when potash has been 

mined to determine whether fracturing has been induced in the Culebra elsewhere in the 
Basin which could affect performance assessment calculations. 

Environmental Radiation Sarveiilance 

Page 7-1 1, line 1, Baseline Database 

The environmental measurements obtained and published by EEG should be included. The 

EEG measurements cover a longer period of time than DOE'S, contain specific radiochemical 

analyses which DOE has yet to implement, and the EEG Laboratory has participated in the 

EPA Quality Control programs with excellent results. 

Preoperational Data 
Page 7-12, l i i  10-13 

Preoperational data do not include the Aerial Radiological Survey of the Waste Wlation Pilot 

Plant and Surrounding Aha7-' which identified lnCs within a few miles of the WlPP 

boundary. 

"'Berry, H.A., 1989. An Aerial Radwlogical Survcy of the Warn Isolation Pilot Plant 
and Surrounding Area, Gzrlsbad, New Meaico. EGBrG Energy Measurements. AMO-8809. 

7-4 



Future aerial radiological surveys listed on line 4 should include the Gnome site where - 
measurable levels of fission products are on the ground surface. The location and movement 

of this contamination which contains radionuclides common to elements in the WIPP waste 

should be closely monitored so as not to be mistaken for WIPP related radioactive materials 

by future investigators. 

Passive Institutional Controls 

Page 7-13, line 26 

Again. the purpose of PICs is to help provide confidence that the containment limits in 

191.13 are met 

Perpetual Care 
Page 7-13, line 44 

DOE states that they will preserve knowledge of the site in perpetuity. That is much longer 

than the required lo4 years. - 
Existing TRU Waste Markers 
Page 7-14, line 7 

DOE plans a number of elaborate markers and records. Please describe and reference 

markers and records cumntly used at TRU waste disposal sites in Nevada, LANL and ORNL 

for wastes buried prior to 1970. 

Credit for PICs 
Page 7-16, l i i  I 

"The DOE believes that PICs will render human intrusion sufficiently unlikely so that the 

possibility need not be included in the CCDF." What is the basis for this statement? EEG 
believes it does not makc sense to take credit for a reduced future drilling fnquency 

based on PICs, beyond 100 years. 



Status of Passive Institutional Controls to Date 

Page 7- 16, line 19 

The statement that DOE has been successful in gaining conml of the subsurface to 6000 feet 

including the acquisition of oil, gas and potash leases is misleading since there are valid 

leases for slant drilling of 16 boreholes under the site. Please add a sentence to that effect to 

insure no confusion. 

Buried Markers 

Page 7-16, line 44 

There is an excellent opportunity to place records in the SPDV experimental area adjacent to 

the repository now. Why not place messages there before it becomes unsafe to enter? 

Missing RadiationTrotecbion Standards 
Page 7-22, line 27 

The list of documents to be archived does not include a copy of the radiation protection - 
standards used to protect the public health and the environment and the basis for them. Then 

is no reason to believe that standards in place today will be the same in the long term futun. 

Indeed, the allowable dose to the Nevada off-site community from weapons testing in the 

atmosphere in the 1950's was 3900 mrem per test series Today, the allowable annual 

exposures being considend for waste disposal arc 10 to 30 mnm. To deer future human 

intrusion, it is vital that future generatiom know what the acceptable risks were at the time of 

disposal. 

Notification of Agenda 
Page 7-23, line 1 

After repeated requests by DOE, in 1992 Congress assigned the 4 mile x 4 mile BLM, DO1 

site to DOE in perpetuity. To date DOE has not delegated or assigncd their authorities back 

to BLM, Deut of Interior or to the State of New Mexico to establish a system to prevent 

drilling permits to be issued. Indeed, elsewhere in the text (VoL 11, Page 13) DOE states 



there is zero probability that slant drilling from a site within the 4 mile x 4 mile zone would 

intersect the repository. Hence, DOE would rely on their interpretation of current slant 
1 =-. 

drilling practices in the Delaware Basin. 

Archives 

Page 7-23, line 14 

DOE would rely on the local office of BLM, DO1 to archive information. Local offices are 

consistently closing and reconsolidating. The information should be sent to a l l  offices of 

BLM. 

Monuments 

Page 7-25, line 38 

The plans call for expensive monuments. Consideration should be given to leaving the Hot 

Cell with 3 foot thick walls in place and using it as a monument to store records. This would 

save the cost of dismantling the Hot Cell and erecting a structun with thick walls to insure 

longevity. 

Additional Study 

Page 7-26, lines 1-8 

Please add an additional study to evaluate the confusion to future generations where elaborate 

markers are placed a! WIfT with TRU waste at 2150' depth and none are placed at pre-1970 

TRU waste disposal sites at depths of a few feet 

Engineered Baniers 
Page 7-26, line 35 

DOE states that the proposed 40 CFR 194.44 imposes additional requirements. We disagree. 

The proposed criteria provide a basis to select or reject various proposed engineered barriers. 



Page 7-26, line 43 

DOE defines the "repository" as an engineered barrier. This is inconsistent with other 

regulatory agency defmitions. 

CommitmenWNon-Commitment to Backfill 

Page 7-27, line 1 

DOE states that they wiU use backtill if appropriate. Line 43 acknowledges the Depment  

has committed to include properly designed backfii in the repository. Which is the correct 

statement? 

Need for Backfill 
Page 7-27, line 2 

- 
DOE states that using backfill to fill voids or mitigate. fires is not needed. That is not the 

primary purpose of using backfill, and the statement is imlevant Backfill can reduce the 

amount of brine that reaches the waste, reduce the amount of gas oeing generated, allow - 
earlier room closure and minimize settlement in the overlying strata and reduce the 

probability of fracturing in the Culebra dolomite. Last but not least, it provides a use for 

qome of the 10 million cu ft of salt left over on the surface. 

Evaluation of Engineered Alternatives 
Page 7-27, l i e  11 

The DOE Engineered Alternative Task Force only looked at engineered alternatives from the 

standpoint of changing the ratc of gas generation or the. total amount of gas that could be 

generated. It did not consider any other merits of engineered alternatives. 



Defense in Depth Using Engineered Alternatives 
h 

Page 7-27, line 14 

The DOUEPA study is a cost-benefit analysis of engineered alternatives. As such it is not 

meaningful to assign a financial value to improved confidence in predicting that the 

probability is less than 111000 of releasing more than 10 x the Table 1 (40 CFR 191) limits to 

the accessible environment over 10,000 years. The purpose of the engineered barriers is to 

improve confidence in our abiity to confine the wastes. It was never intended to be 

quantified. 

Page 7-27, line 38 

The DOE interpretation that only those engineered barriers and waste form modifications that 

are necessary to meet the calculated behavior of the transuranic wastes for 10,000 years is, 

EEG believes, a minimal approach. Relying on the calculations almost exclusively is conuary 

to the concept of multiple barriers and defense in depth adopted by virtwlly all organitations 

engaged in radioactive waste disposal. Also, the Assurance Requirements (40 CFR 191.14) 

require engineered barriers, imspective of and in addition, to the ability to demonsuate 

compliance with the containment requirements 

(40 CFR 191.13). 

Multiple Engineered Barriers 
Page 7-28, line 6 

Although DOE repeatedly states they use multiple engineered barriers, the only ones planned 

are shaft seals. It is interesting to note that NRC will not give DOE any credit for shaft seals 

as an engineered barria for HLW disposal in Nevada and DOE has accepted that position. 

Also, the EPA definition of Bamer (40 CFR 191-12) and the EPA stated position does not 

allow seals to be an engineered barrier (see our comment on Section 3.3). 



Meeting 40 CFR 191.14e) Requirements 

Page 7-28, line 28 

DOE states that the intent of this requirement was met during site screening and selection. 

EEG disagrees. Site screening and selection occurred prior to the 1985 promulgation of 40 

CFR 191. Additionally, EEG raised a number of issues in correspondence with DOE in our 

attached letters of February 13, 1990, August 10, 1990, and December 27, 1991 that were not 

addressed in the 1993 DOE repolt "Implications of the Resource Disincentive in 40 CFR 

191.14(e) at WIPP." 

Page 7-28, line 36 and line 41 

The statement that EPA discourages the location of repositories in anas in which valuable 

material resources are present is misleading in that it omits two other requirements specified 

in the 40 CFR 191.14(e). l k y  include places where there has been mining for resources, 

expectations for exploration for scarce resources or a significant concentration of rare 
material. If a site fails the 3 mineral requirements, the standard quires the applicant to 

identify the potentially favorable characteristics of the site that outweigh the risks. That has -. 

not been done. 

Presence of Resources 

Page 7-29, line 40 

See EEG's Comments on Appendix IRD. 



CHAPTER 8. INDIVIDUAL AND GROUNDWATER PROTECTION - REQUIREMENTS 

To show compliance with the individual protection requirements, a dose calculation needs to 

be done. To show compliance with the groundwater protection requirements, a concentration 

calculation has to be made. The DOE has not done either calculation and has not performed 

the assessments required by 40 CFR 194.55. Hence, it is not possible to provide meaningful 

comments. 



.EEG COMMENTS 
on the 

DCCA APPENDICES 



PARAMETERS 
(VOLUME I. APPENDIX PAR) 

It is disappointing that the DOE has postponed providing specific information on the 

following 23 of the 53 parameters sampled in the analysis presented in Appendix PAR. The 

information will not be available until the final CCA is issued. 

& Parameter 

Residual Brine Saturation of Hdite 

Threshold Pressure in Halite 

Intrinsic Permeability of Anhydrite Layers and Marker Beds 

Threshold Pressure of Anhydrite Layers and Marker Beds 

Residual Brine Saturation of Anhydrite Layers and Marker Beds 

Residual Gas Saturation of Anhydrite Layers and Marker Beds 

Brine Storage Model for Unfractured Interbeds 

Brine Storage Model for Altered Interbeds 

Intrinsic Permeability of the Shaft Seals 

Shear Strength of Waste in the Panel 

Uranium Oxide State 

Plutonium Oxide State 

Neptunium Oxide State 

Solubility of Aqueous Radionuclides in Oxidation State III 
Solubiity of Aqueous Radionuclides in Oxidation State IV 
Solubility of Aqueous Radionuclides in Oxidation State V 

Solubiity of Aqueous Radionuclides in Oxidation State VI 
Fracturc Spacing in the Culcbra 

Partition Function for Americium in the matrix of the Culebra 

Partition Function for Neptunium in the matrix of the Culebra 

Panition Function for Plutonium in the ma& of the Culebra 

Partition Function for Thorium in the matrix of the Culcbra 

Partition Function for Uranium in the matrix of the Culebra 

PAR- 1 



Halite Permeability 

Page 1 

The permeability of the halite blocks in the BRAGFLO model represents the permeability of 

"impure halite" which is based on extensive testing. It needs to be demonstrated that this 

representation bound the influences of interbeds of other materials such as polyhalite and 

anhydrite. Such calculations should include consideration of enhanced anhydrite permeability 

due to high gas pressures. 

Halite Specific Storage 

Page 17 

The BRAGFLO model represents regions of Salado halite that includes numerous interbeds of 

varying mineralogy. If halite specitic storage is used to represent these regions, it should be 

demonstrated that &e spec& storage contribution of these marker beds can be neglected. 

Gas Storage Model for Interbeds Altered by Interbed Frecture 

Page 105 

The range values (lB to 1W3 3) of C, given in the equations do not agree with the values 

(1110 to 10" ) given in the text The values for other parameters in the equation should be 

given in the discussion. These an: 4, e, and r. 

Brine Storage Model for U n h c t u d  Interbeds 
Page 109 

The discussion for this parameter is identical to the discussion for the brine storage in altered 

interbeds and applies to that parameter rather than the mhctmd interbeds. 

Initial Liquid Saturation of Panel and Repository 
Page 206 

Thc initial liquid saturation of the panel and the repository is bascd on an EG&G INEL 



memorandum on waste from the Rocky Flats facility. The memorandum presents the data as 

pints per drum of waste. A recommendation is given in the memorandum that a poison 

distribution should be used to characterize the per drum liquid content The conversion of 

this data to initial liquid saturation of the panel and the repository is not presented nor is any 

reference made to a conversion. The cumulative distribution function used in the 

performance analysis is linear corresponding to a uniform distribution function. No mention 

is made of whether the recommended poisson distribution has been ignored or whether the 

uniform distribution is a result of the conversion of the per drum data to panel averages. 

The data is from a single source. No discussion is presented about how representative this 

sample is to the waste to be stored in WIPP. The lack of a description of the data conversion 

process prevents an evaluation of whether the data used in the performance analysis 

adequately bounds saturation induced from waste from all potential sites. , - "-. 



SCREENING CRITERIA 
(VOLUME I. APPENDIX SCR) 

Major Concerns 

1. Although various phenomena have been screened out on the basis of low probabilities of 

occurrence or insignificant consequences, we are concerned about synergistic effects of 

these independent events occurring which could have a substantial impact on the 

repository's predicted behavior. 

2. There are no calculations or evidence provided to support the conclusions that various 

FEPs can be assumed to have. linle if any impact on probabiities or consequences, except 

for meteorite impact 

3. The impact of potash mining on subsidence and lkturing in the Culebra has not been 

addressed. 

4. EEG does not believe that it is reasonable to automatically exclude human initiated events 

on the basis that the regulations do not require such analyses. This applies to the impact 

of potash mining on the gcohydrological chanrctcristics of the Culebm fracturing in the 

Salado at the repository horizon from brine injection, or other man-made activities. DOE 

has the authority to self-regulate in other areas and the position taken by the Depamnent to 

only address failure modes that are required by EPA to be addressed will undermine 

public confidence in the assertion that it is a world-class design. 

5. What are the definitions and quantitative thresholds of "low probabiity" and "lower 

con.quencen used to screen out various phenomena for consideration? 

Regional Tectonics 
SCR-8. line 19 

Please provide an analysis to justify the deletion of regional tectonics on the basis of low 

consequence to the repository system pcrfonnance. 



Fracture Development 

SCR-I 3, l i e  29 

Naturally induced fractures affecting groundwater flow have been ruled out, but there does 

not appear to be a discussion of fracture development due to human initiated events. 

Deep Dissolution 

SCR-17, line 18 

While deep dissolution has been ruled out on the basis of a low probability of occurrence, 

what is the calculated probability over 10* years? 

SCR-18, line 11 

The text states that-deep dissolution is not a problem but that dissolution at depth is still 

taking place. Can this effect be bound? 

Include a discussion on the age and mechanism of collapse bnccias. 

Flooding 
SCR-23, line 2 

Include a discussion on the evidence for and against downward percolation of water. 

SCR-28, line 12 

The position taken by DOE that assessments of the individual dose and impact on ground 

water are not required by EPA for the disturbed case is not particularly comforting. DOE 
should undertake such analyses. 



.I%., 

,- 

Waste and Container Characterization as Described in Chapter 4 

SCR-28. line 25 

Contrary to the text, the container characteristics are not described in Chapter 4. 

Nuclear Criticality 

Section 2.3.2, Page SCR-38 

EEG hoks forward to a detailed analysis of the potential for nuclear criticality and the 

resulmnt heat generation. The EEG was actively involved in studying this issue in the 1981- 

85 period and sent two reports to the DOE. The issue should be reexamined in light of the 

current design of the repository, Waste Acceptance Criteria, Characteristics of the WIPP mine 

shaft% and the retardation characteristics of the Rustler aquifers. Both RK and CH-TRU 

Waste should be considered in such a study. 

Copies of three letter reports, dated September 1981; December 30, 1993; a d  January 18, 

1984, from Sanford Cohen and Associates are attached as Supplements 2, 3, and 4 to this 

report to help DOE prepare an up-to-date report on this subject 

Backfill Commitment 

SCR-39, line 21 

The text indicates that the repository will not be backfilled. This is contrary to the C&C 
Agreement between New Mexico and DOE. 

Roof Falls 
SCR 39, line 29 

Add a discussion on the experience in the WIPP mine with roof falls 



Thermally Induced Stress 

SCR 40, line 6 

What is the basis of the assumption that the effects of thermally induced stress in the 

repository can be eliminated from pedormance assessment on the basis of low consequence 

and the documentation will be available in the final CCA? 

The text notes that thermally induced stress could result in pathways for ground water flow in 

the DRZ in the anhydrite layers and member beds, and through seals or enhance existing 

pathways. Please include the analyses to support the assumption of no consequence. 

SCR-40, line 24 

See EEG comment on SCR-38, line 5 

SCR-41, line 3 

Flow through sealed investigation boreholes has been eliminated on the basis o d low 

consequence to P.A. An analysis of the impact of the 100 foot boreholes extending upward 

and downward from the repository horizon should be presented. 

Thermal Convection 

SCR-42, line 4 

Although the statement is made that the extent of thermal convection arising from heat 

generation has yet to be done, DOE has eliminated thermal convection on the basis of low 

consequence. The conclusion appears prematm. 

Backfill 
SCR 60, line 16 

The DOE conclusion that backfill is not warranted on the basis of Little impact on subsidence 

does not address other more relevant advantages from backfill such as the ability to restore 



the near field characteristics to the undisturbed rock quicker, to minimize the effects of roof 

fall in completed panels during the 35 year waste emplacement, to minimize gas generation 

by brine inflow, and others. 

Human Initiated Events 
SCR-60, line 34 

EEG disagrees with the position taken by DOE not to evaluate the individual dose or the 

impact on groundwater because the regulations do not require them for human initiated 

events. 

EEG disagrees with the DOE contention that human initiated events that might occur after 

1996 should not be addressed. 

SCR-61, line 5 

EEG disagrees with DOE's contention that the effects of human actions after 1996 which may 

disrupt the disposal system do not have to be considered. 

Deleting Potential Failure Modes 

SCR-63, line 31 

The logic presented by DOE for not considering various failure modes is to hold EPA 
responsible for the exclusion. This appears inconsistent with the stated aim of DOE to insure 

the full protection of the public health and environment 

SCR-64, line 6 

DOE's position on post CCA submission is to only consider the e f f m  of potentially 

disruptive events that occur prior to the 1996 Final Application. EEG does not agree with 

this and believes potentially disruptive events in the future such as brine injection to enhance 

oil recovery and potash mining effects should be considered. 



Fluid Injection 

SCR-72, line 11 

DOE concludes that the effects of recent and ongoing fluid injection through boreholes 

outside the controlled area can be eliminated on the basis of low consequence to P.A. What 

is the basis for this conclusion? 

Events More Severe than Bounding Even& 
SCR-73, line 11 

E l i m i n a ~ g  fluid injection from P.A. calculations since it is more severe than the bounding 

limit (inadvertent intrusion) defies common sense. 



WIPP ACTIVE ACCESS CONTROLS AFTER DISPOSAL 
DESIGN CONCEPT DESCRIPTION DRAFT 

(VOLUME IT) 

Summary 

While a considerable amount of detailed information is presented, this section does not 

identify specific active institutional controls and how they will help fulfill the assurance 

requirements of 40 CFR 191.14(a) active institutional controls. 

Nowhere in this section is the purpose of active institutional controls (AICs) listed. 40 CFR 

191.14 states that it is p ~rovide the confidence needed for lono-term com~liance with the 

reauirements of 191.13 (40 CFR 191.13 containing the Containment Requirements). 

The section also addresses passive institutional controls (PICs) without including a definition 

or explaining their purpose. There is no explanation of how and when the DOE will delegate 

or assign authorities obtained under the 1992 LWA to the Depamnent of the Interior or to 

New Mexico to implement a system to prevent issuing a license or permit to drill or mine. 

The title of this section does not match the EPA requirement "Active Institutional Controls" 

has been changed to "Active Access Conaols". Why? 

Detailed Comments follow: 

Paraphrasing tbe Regulations 
Page 1, Section 1A 

The language of the Regulations should not be paraphrased. Example: The text states that 

Title 40 CFR 191.12 defines Active Institutional Control a.... The exact language is, "Active 

Institutional Control w...." 



Purpose of Active Institutional Controls 

Page 1 

The text correctly quotes 40 CFR 191. 14(a) but it should include the full 40 CFR 191.14 

citation which states that the purpose is to provide confidence that the containment 

requirements in 191.13 will be met It is not merely to control access to the site. 

Passive Institutional Controls 

Page 2 

References to Permanent Markers should either be deleted or rewrite this section to clearly 

indicate that Passive Institutional Conmls (PICs) are included as well as AICs. Permanent 

markers do not constitute &institutional control. 

Documentation in Application 

Page 2, Paragraph 2 

Two other reports, Conceotual Decontamination and Decommissionine Plan and Long Tern 

~esien cited. Are they a part of the package to demonstrate compliance with 

40 CFR l9l.l4(a) assurance requkmenu? 

Long-Term Effects of Mining 
Page 2 

DOE is to be commended for acknowledging potential problems associated with mining. 

Incorrect WIPP Mission 

Page 3 

Change the R&D mission of WIPP to one of disposal. 



WIPP Waste Limits 
,- Page 3, Paragraph 4 

Since the limit on waste volume is specified, add limits of 5.1 million curies for RH-TRU and 

1000 Rhour for 12,500 Cu ft of RH-TRU. 

Design of Repository 

Page 4 

Where are panels 9 and lo? 

Site Access 
Page 5. Paragraph 2 

Explain the tern "occasional access to the site". It is unclear whether it means to i m d e  into 

the waste or have access to the surface. 

- Panel Seals 
Page 8, Figure 1-3 

Also show a diagram of proposed panel seals. 

Underground Markers 

Page 11 

Decide now whether to place markers underground in the non-backfilled experimental area 

adjacent to the repository. The opportunity will soon be lost since access will be too 

hazardous. 

Page 13, Paragraph 2 

"The salt formations do not support slant drilling due to insufficient consolidation of the salt 

material." What is the basis for this statement? The following sentence in the text concludes 



that it is not necessary to have a system to prevent slant drilling in the 4 mile x 4 mile area - 
because it is unlikely. Can one assume that there are no plans by DOE to actively prevent 

vertical drilling in the remaining 10,120 acres of the WIPP site during the first 100 years? 

This appears to violate the EPA standard and the P.A. has not addressed this scenario of 

unrestricted mining during the first one hundred years. 

Paraphrasing the Standards 

Page 16 

Top of page. Paraphrasing the exact language in the regulations can lead to confusion. For 

example, "Title 40 CFR.12 defines Active Institutional Control to include four elements." 

The verb "include" suggests that one is not necessarily limited to the following list whereas 

EPA intended it to be limited to & those items that follow. 

Misinterpretation of the WIPP Land Withdrawal Act 
Page 16. IV, Paragraph 2 

Assuming that the mere existence of the 1992 W P  law will insure the requirements arc met - 
without any enforcement for the next 100 years by implementing low technology barriers may 

be unduly optimistic. 

Drilling Probabilities 

Page 17, Paragraph 1 

"The risk of drilling at a location outside the disposal area surface footprint and inadvertently 

intruding into the disposal area is essentially zero." 

A. Do you mean "risk" or "probabity"? 
B. Where are the calculations to substantiate this statement? 

C. On what basis is the writer confident that the current practice will apply for 100 years? 

D. If slant drilling is not practical (as allowed) why has there been extensive slant drilling 

in salt formations? 



Long-Tern Monitoring 
.- Page 22 

The only long-term monitoring planned by DOE are measurements of subsidence. Other 

monitoring should be planned as well. 

Page 27 

The material to +e archived should also include a copy of the standards since the allowable 

risks may be substantially different in the future and future generations may have a diierent 

threshold of an acceptable risk. This is much more important than many of the other reports. 

Since the EPA standards urge the reader to see comparable provisions issued by the NRC for 

high level waste, include a comparison of items not W i g  done at WIPP and add 10 CFR 60 

to the list of references. 

What are the plans for markers, records and active institutional control for TRU waste that 

.--. has been buried to date? List those plans in the references since those PICs may not all 

survive. Include an explanation why we have markers for TRU waste buried at 2150 feet and 

none for TRU waste burieu in shallow formations so that future generations can undemand 

our logic. 



4 '  

- BIENNIAL ENVIRONMENTAL COMPLIANCE REPORT (BECR) 
(VOLUME 11) 

Background 

While DOE is a regulatory agency and DOE Orden are applicable to this project, DOE is not 

identified as such in the list of regulatory agencies. It is essential that public accountability 

of compliance with DOE requirements be included. The BECR report pmvides detailed 

information on the status of compliance with laws, regulations and standards by a number of 

regulatory agencies. Unfortunately, the report omits any information on the status of 

compliance with regulations issued by a key regulatory agency, namely the U.S. Department 

of Energy. An analysis of the DOE Orders, and the reviews and approvals by the Office of 

Environment Safety and Health (ES&H) and the Defense Nuclear Facilities Safety Board 

(DNFSB) should be included. 

It should be made clear that the Administrator of EPA or the State, as appropriate, shall 

determine whether DOE is in compliance with all the regulations and permits listed in Sect 

9(a)(l). Use the full, exact citation in the Land Withdrawal Act. 

The cutoff date of a year prior to reporting is needlessly long. It should be six months. 

WIPP LWA Requirement 
Page 1.2 

Provide the specific citation, Section 9(a)(2), in the 1992 LWA that this section shows 

compliance with. 

Codification of Regulatrom 
Page 1-3, 1.3.2 

The description of the mechanism for promulgating regulations by federal regulatory agencies 

is good. It should be noted that DOE, as a regulatory agency, bas not published proposed 

regulations in the Federal Register nor codified them in the Code of Federal Regulations. 



DOE has issued regulations as DOE Orders without a public review process. The text on 
A 

page 13-2 acknowledges that the DOE Orders are not considered to be at the same levels as 

those in the Code of Federal Regulations. DOE is now beginning to codify regulations in the 

CFR. 

Page 2-8 

40 CFR 268.10-12 requires waste for treatment to be evaluated. If the DOE treats mixed 

TRU waste, additional documentation should be provided. 

CRCLA Requirements 
Page 3-4 

While DOE was required to submit a preliminary assessment for WIPP to EPA by August 5, 

1994, the March 313 1995, DCCA indicates that the brief preliminary assessment is still in 

preparation. What is the status? 

Page 3-4 - 
The March 31, 1995 DCCA states, "An official Local Emergency Planning Committee will be 

established in 1994." What is the status? 

NRC Standards 
Page 5-1, Paragraph 3 

The statement is made that "NRC standards and requirements an incorporated into DOE 

Orders." Generally this is not true. 

NRC and DOT 
Page 5-1 

"The NRC's requirements pertain to WIPP only in the transportation of TRU waste from the 

generator siw to WIPP." 



Transportation regulations are established by the U.S. Department of Transportation (DOT). - 
The design of the Type B shipping containers is licensed by NRC under 10 CFR 71. 

,, . '-"L 
-fh 

NESHAPS Limits 

Page 6-12, 6.2.2 

While EEG agrees that the NESHAPS limit of an erdctive dose equivalent of 10 mremlyear 

will not be exceeded, the use of CAP-88 in the 1990 FSAR calculations was appiied 

incorrectly. See EEG-52 

Mission of DOE 

Page 13-1, Paragraph 2 

Contrary to the assertion, the U.S. DOE is not solely involved in national defense activities. 

DOE Regulatory Authorities 

Page 13-1 - 
An analysis of the DOE system of Orden, notices, and directives to protect the public, the 

environment and workers from adverse consequences from DOE operations should be 

included in this section. 

RH-TRU Waste Transportation 

Page 15-1 

There are two types of nansutanic wastes to be shipped to WIPP. CH-TRU and RH-TRU 

waste. The 28 pages of Chapter 15 only describe the shipping container for the CH-TRU 

wastc. Nothing is included on me RH-TRU container which may have l/3 of the total 

radioactivity. Revise this section to include the status of the design, and schedule for the RH- 
TRU container submission to NRC with the expected date of cemtication. 



Compliance 

Page 16- 1 

While DOE is not required to do so, the Depamnent might request the U.S. Department of 

Transportation to make an evaluation of DOE'S determination of compliance with the 

materials outlined in this section. The same applies to all regulatory agencies in the BECR. 

Federal Land Policy and Management Act 

Section 18 should provide specific information on the plans to remove the 10 million Cu ft  of 

salt that will be left over at the completion of the project. 



The compilation on borehole data for southeastern New Mexico is incomplete and does not 

include all oil and gas wells. While there is a reference in Volume I (page 2-1 14) to a report 

being prepared on D. .aware Basin boreholes, the compilation should be available now, 

particularly since DOE states that the report being prepared is =ociated with the prediction 

of future drilling rates. 

Other wells that appear missing from the inventory include: 

Engle 

USGS 4 

USGS 1 

USGS 8 - 
LRL 7 

DD1 

Hudson Federal 

Culbertson-Exwin 

Bootlegger Ridge 

Gulf 1-A 

Pogo 

Union 

Danford 

Belco 

Culbertson 

Covington 

Masho 1 . 

Masho 2 

Shell 

Tidewater 

Bilbrey 

Barclay State #1 

James Ranch 

James E. 

Martha 

Dolores 

Federal 

Federal 

Phillips 

Wright 

David 

Dunes 

State 

I-P.G.4 
Barclay Federal #l  

Medano State Comm #1 

Forty-niner Ridge Unit #3 

Geay "24" Federal #m, #'s 

Neff "13" Federal #'s 23.4.5.6.7.8 



None of the boreholes listed in Subsurface Exploration Bonhole Data Base have drilling -. 

records prior to 1978. Were there none or are the records unavailable? 



BASELME INVENTORY REPORT (BIR) 
VOLUMES III AND IV 

The projected quantities of TRU waste have changed substantially from the February 1995 

Baseline Inventory Report (BIR) Rev. 1 estimates used in the DCCA to the December 1995 

BlR Rev. 2. An explanation is needed, pardcularly since DOE is considering a redefinition of 

defense TRU waste. Additionally, the existing design of 7080 m3 for RH-TRU waste will not 

accommodate the 27,000 m3 of RH-TRU waste to be emplaced in the walls of the rooms. 

7 REV. 1 REV. 2 1 
2/95 

(m3) 

RH-TRU Waste 4800 27000 

11 CH-TRU Waste . I 120,000 I 1 10,000 11 
Total 125,000 

Commercial TRU Waste 
ES-1 

Why is commercial transuranic waste included in the inventory since it is specifically 

precluded both by the NIWXE C&C Agreement as well as Public Law 102-579? 

Disposal Inventory 

Page 1-4 

The volume shown for CH-TRU waste is high by a factor of 100,000. 

Particulate waste 

Page 1-5 

The text states that all particulate wastes will usually be immob'ilized prior to shipment to 

WIPP. 'Ihis form is not identified as a Waste Matrix Code Group nor is it defiaed in the 

Glossary. How will it be immobilized? 

BIR- 1 



RH-TRU Waste Inventory 

Page 4-2 

The allowable projected volume has an unwarranted multiplier in the expression of lo5. 

CH-TRU Waste Quantities Incorrect 

Page 4-2 

"The total volume of projected CH-TRU waste from the IDB in Table 4-1, if added to the 

stored waste volumes from the IDB, exceeds the capacity of WIPP (176,000 m3)." No, it 

does not. The sum of the existing and projected volumes from Table 4-1 is less than 176,000 

m3. The whole purpose of the scaling equation on this page is to note that there will be 

unused space for 30.5% of the design volume or 1.9 x lo6 cu k 

Estimating the Total CH-'fRU Waste at Each Site 

While an elaborate description is provided of the method to calculate the CH-TRU waste at - 
each site the results of the calculations an not provided in either Chapter 4, Volume I, or in 
Volume III or Volume IV. They should be shown. 

The origin of the 0.65 factor is not shown. The text should note that it is 

The 14,600m3 is a c o d o n  for low-level waste. 

The 62.000 M3 is a c o m ~ i o n  for the Savannah River (SR) TRU waste. 

Estimating the Total RE-TRU waste at Each Site 

Page 4-3 

The result of the calculations are not shown. 



It would be simpler to show - 
Existing Waste + Projected Future Waste + Vacant Space = Design Capacity 

Vacant Space = 5182 m3 or 73% of the RH-TRU waste capacity. 

The opposite conclusion is presented on page 4-4 which states that the volume of RH-TRU 
waste identified by the sites exceeds the capacity of the repository. 

Low-Level Waste 

Page 4-5 

It appears that half the waste that has been characterized as TRU may be Low-Level Waste. 

More information is needed on this. 



DECONTAMINATION AND DECOMMISSIONING PLAN 
(VOLUME V) 

As the title implies, the plan is concephlal in nature and does not provide specific details of 

the decommissioning process, but it is appropriate that the plan be conceptual and general in 

nature. It should be expected that regulatory requirements for decommissioning and 

decontamination and technical capabilities will change prior to facility closure. Appropriate 

commitments are present and the plan is reasonable. 

Estimates of the amounts of metal to be emplaced in the repository following D&D 
should be provided. 

What are the plans for TRU and LLW generated during decommissioning? 

Specific comments follow: 

Page 1, paragraph 3 - 
The reference for the waste acceptance criteria for decontamination and decommissioning 

OD-WAC) should be provided for review. 

Page 2. paragraph 1 

"Mined salt remaining after closure and berm construction will be disposed under Section 2 

and 3 of the Minerals Act of 1947." 

The requirements of the Act should be discussed in the plan rather than just making reference 

to the applicable Sections. Thm will be about 10 million Cu ft of salt left over at the end of 

the project and a commitment needs to be made to remove it 

Page 2, paragraph 3 
Regarding stakeholder involvement 

DDP- 1 



The actual commitments of NEPA should be specified in the plan, rather than making general 
-. 

references to the Act. 

Page 3, paragraph 7 

The hot cell may remain as part of a permanent marker. 

There is no explanation why the Hot Cell would be allowed to remain as a marker. Plans to 

decontaminate the Hot Cell should be included. 

Page 26, paragraph 1 

Reference to shaft seals. 

What is an acceptable sealing technique? The basis for establishing such ~nteria should be 

provided. 

Page 27, paragraph 1 

Radiation survey techniques. 

Reference the criteria for radiation surveys. 

Page 27, paragraph 2 

Environmental monitoring. 

The criteria for mvirwmental monitoring should be provided. 



GEOLOGICAL CHARACTERIZATION REPORT 
VOLUMES VI AND W 

Considerable site characterization work has occurred since the publication of the GCR. New 

Issues have arisen. some of which have been resolved and the others remain unresolved. 

In August 1979, the EEG published EEG-2 (App. III to EEG-3). titled Review Comments on 

Geoloeical Characterization R e ~ o n  Waste Isolation Pilot Plant (WTPP) Site. Southea.tern 

New Mexico SAND 78-1596. Volumes I and II, December 1978. A number of EEG reports 

and papers have since been published (see the list of EEG reports at the end of this report) 

that relate to the geological characterization issues. The EEG Comments on Chapter 2 of the 

DCCA reflect the EEG's up-to-date position on many of these issues. 

GCR- 1 



STATISTICAL SUMMARY OF THE RADIOLOGICAL 
BASELINE PROGRAM FOR THE WASTE ISOLATION PILOT PLANT 

(VOLUME v m .  APPENDIX RBP) 

Project Gnome Environmental Radioactivity 

Page 1-3 

The paragraph about project Gnome states that the surface radioactivity has been reduced to 

approximately background levels. EEG has conducted a radiological survey of the area md 

found significant levels of Pu-238, Pu-239+240, and Am-241. T h e  results were published in 

EEG-58, Radionuclide Baseline in Soil near Proiect Gnome and the Waste Isolation Pilot 

Plant Jim W. Kenney, Paula S. Downes, Donald H. Gray, Sally C. Ballard, July 1995. -7 

The paragraph about the Test Phase should be dekted since these plans are no longer in 

effect 

Fission Products in Groundwater Samples 

Pages 5-7 

The reported presence of the fission product Sr-90 in groundwater samples does not appear 

correct. 

Long Lived RadEonudides 

Page 6-1 

Conaary to the assertion, "Sr and lnCs are generally not considered to be long-lived 

radionuclides as are transuranics. 

References 

Page 9- 1 

Add the following EEG publications: 



EEG-47, Kemey, Jim W., and Sally C. Ballad, Reooerational Radiation Surveillance of the - 
WIPP Proiect bv EEG Dwine 1989, December 1990. 

EEG-49, Kenney, Jim W., Preouerational Radiation Surveillance of the WIPP Proiect bv EEG 

Durinr 1990, November 1991. 

EEG-51, Kenney, Jim W., Preouerational Radiation Surveillance of the WIPP Proiect bv EEG 

Durine 1991, October, 1992. 

EEG-54, Kenney, Jim W., Preoverational Radiation Surveillance of the WJPP Proiect bv EEG 

Durinz 1992, February 1994. 

EEG-58, Kenney, Jim W., Paula S. Downs, Donald H. Gray, and Sally C. Ballad, 

Radionuclide Bawline in Soil Near Proiect Gnome and the Waste Isolation Piiot Plant, July 

1995. 

Illegible Graphs 

Pages A-l through A-52 

The graphs in the appendix, Date H i s t o m s  and Probabilitv Disaibution Models an not 

legible. 
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QUALITY ASSURANCE PROGRAM DESCRIPTION 
(VOLUME VIII. APPENDIX QAPD) 

The "QAPD" Appendix, consisting of the June 1994 CAO Quality Assurance program 

Description (QAPD) revision 0, does not specifically address QA as related to any of the 40 

CFR 191 requrrements, and became effective well after the bulk of the work described in the 

rest of the DCCA was completed. 

The "Draft Compliance Application Guidance (CAG) Document for 40 CFR Part 194 Federal 

Register Draft" of September 1995 (EPA 402-R-95-014) which postdates the DCCA, provides 

guidance to the proposed 40 CFR 194.22 for "...submission of information ... demonstrating the 

establishment and execution of Quality Assurance programs ..." (p. 22-23). It should be noted, 

however, that the DCCA states specifically that the requirements of 40 CFR. 194.22 are not 

addressed (p. 5-1. lines 15-17). 

The "QAPD" appendix was addressed in several of our comments on Chapter 5 of the DCCA. 

The bulk of these comments compare the requirements in the proposed 40 CFR 194.22 

concerning NQA-1, NQA-2 (part 2.7), and NQA-3 against both the CAO QAPD revision 0 

(the "QAPD" appendix) and the draft revision 1 currently under review by CAO. The 

conclusion is that neither version requires adherence to all of the NQA standards as  proposed 

in 40 CFR 194. 



IMPLEMENTATION OF THE RESOURCE DISINCENTIVE 
IN 40 CFR PART 191.14e) AT THE WIPP 

(VOLUME VIU. APPENDIX IRD) 

EEG does not believe the report "Implementation of the Resource Disincentive in 40 CFR 
Part 191.14(e) at the Waste Isolation Pilot Plant DOUWrPP 91-029 Revision 1, June 1993" 

satisfies the Assurance Requirement 40 CFR 191.14(e), which states the following, 

"Places where there has been miniig for resources, or where there is a 

reasonable expectation of exploration for scarce or easily accessible resources, 

or where there is a significant concentration of any material that is not widely 

available from other sources, should be avoided in selecting disposal sites. 

Resources to be considered shall include minerals, petroleum or natural gas, 

valuable geologic formations, and ground waters that are either irreplaceable 

because there is no reasonable alternative source of drinking water available for 

substantial populations or that an vital to the preservation of unique and 

sensitive eco-systems. Such places shall not be used for disposal of the wastes 

covered by this part unless the favorable characteristics of such places 

compensate for their greater likelihood of being disturbed in the future." 

Since WDPP fails all three Criteria (previous mining for resources, reasonable expectation of 

future exploration, and significant concentration of a rare material) DOE needs to provide 

documentation on the favorable charactcritics. It is importaut to note that the purpose of the 

Assunnce Requirements is to provide &den= needed for long-term comaliance with the 

Containment Reauiremena of 40 CFR 191.13. 

EEG reviewed the August 1991 draft of the report and provided detailed commenu in our 

December 27, 1991 letter to the WIPP Project Dinctor (Supplement 5). Also attached an 

copies of the E m s  February 13, 1990 (Supplement 6) and August 10, 1990 letter 

(Supplement 7) on this subject There was no response to questions raised in our three letters 

(see Supplement 8). 



Page 12 

The DOE concludes from the Natural Resources Study: "The conclusion cf this study is that 

activities related to potash and hydrocarbon resource exuaction and solution mining from 

within (and outside of) Conwl Zone IV, using cumntly available and applicable technology, 

will not compromise the integrity of the WIPP waste emplacement facility and increase the 

likelihood of a breaching event" This statement may not be justified in the light of the 

extensive oil, gas, and potash extraction activities in recent years and the case of Hamnan vs. 

Texaco (see the comments on Chapter 6). 

DOE Natural Resources Study 
Page 13, paragraph 2 & 3 

The specific conclusions reached from the natural resource study need to be reconsidered on 

the basis of the H a m a n  vs.- Texaco case and the expected waterflooding activities in the 

vicinity of the WIPP site. 

Probability of Resource Extraction in Zow IV 
Page 13, and page 16 

The summary paragraph states "...any resource recovery operation will be reviewed bv the 

Bureau of Land Management (BLM) (for surface claims) and the Minerals Management 

Service (for underground claims) prior to its implementation." (page 13) and "the DOE did 

commit to working out arrangements with the BLM to assun that the DOE receives 

notification of resource development proposals in the vicinity of the WIPP site." (page 16). 

A number of examples wen cited in EEG-55 to indicate problems with the assumptions. 

Basis of 1980 Site Seleebion 

Page 27 

"... the Eastern New Mexico area is not very productive, and has not btcn subjected to a lot 

of drilling." 
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- This is a false statement. ~. , 
.. . - ,  ./" 

Page 30 

At the end of section 4.2.1, Table 4-1 should be table 4-2. 

Page 32 

Table 4-3 should be table 4-4. 



Preface 

SEPTEMBER 1994 WIPP SITE ENVIRONMENTAL 
REPORT FOR CY 1993 

(VOLUME IX. APPENDIX SER) 

"All activities pertaining to the Test Phase will now be conducted at the INEL." The alcove 

tests would have accounted for most of the waste to be used in the Test Phase. These tests 

are not being conducted at INEL nor anywhere else. 

Additionally, bins that had been characterized at great expense at INEL to measure gas 

generation have not been used for that purpose at INEL. 

The report does not include measurements obtained by EEG over the past decade and 

published eight repqrts. There is surface radioactivity caused by the Plowshare atomic 

weapons test in 1963, six miles southwest of the WIPP site. The document should also 

reference the EEG work in this area 

Prerequisite to Shipping Waste to WZPP 
Page 2-2 

Connary to the statement, the shipment of wastes to WIPP an not predicated on the 

completion of bench-scale tests at INEL. 

"Subsequent to a successful completion of the test phase, the WIPP will be designated as an 

operational facility and TRU waste will be transpomd ... to the WIPP site." The test phase 

has been cancelled. 

Radioactive Waste at WIPP 
Page 3-2 

"Most of the waste slated to be sent to the W P  site is TRU waste." It is &l TRU waste. 

SER- 1 



Potentiometric Surface of Culebra 

Page 7-19 

The potentiometric surface of the Culebra dolomite in Figure 7-3 is different from that shown 

in Chapter 2. 

Environmental Data from 1989 thru 1993 

DOE did not report radiochemical data from environmental samples between 1989 and 1993. 

Most radiochemical results reported before and after this time were reported as  "less than 

detectable". Such repomng does not allow for determination of a numerical radionuclide 

baseline. 

Concentrations of Gases 

Page 6-3 

Annual average concentrations for the five gases identified an not provided. 

Page 6-3 

The air quality monitoring section states, "initial indications show H,S, SO,, and NO,, data 

values at or below the lower level of detection for these analyzers" 'Ihe lower limits of 

detection should be specified for these instruments. 



SUPPLEMENT 1 
- (Chapter 2, DCCA) 



EEG COMMENTS ON THE COMPLIANCE STATUS REPORT FOR THE WIPP . ,- 

(DOEIWIPP 94-019, Rev. 0) 
GENERAL REMARKS 

The Compliance Status Repon (DOEWIPP 94-019, Rev. 0) for the WIPP project contains 

descriptions and status of resolution of issues related to the WIPP's compliance with the 

applicable standards and regulations of the Environmental Protection Agency (EPA). The 

Environmental Evaluation Group (EEG) has been studying these issues for many years and 

has a different perspective from DOE on their status of resolution and importance. The 

differences can perhaps be resolved through further discussion or may require additional field 

andlor laboratory investigations. 

These comments are arranged according to the chapters in the Compliance Status Repon 

(CSR). When a topic is discussed in more than one chapter in the report, the comments are 

consolidated for the chapter where the topic is fmt discussed. Specific suggestions for the 

compliance application are provided, when appropriate. These comments an a pan of our 

continuous review of the compliance issues. 

The Compliance Status Report appears to have been prepared by a number of authors, and 

portions have k e n  apparently taken from other documents. The quality is therefore highly 

variable. This review addresses only the significant errors or omissions. It is hoped that 

other more formal WlPP documents, such as the compliance application, will be more 

carefully prepared. 

The EEG recommends that the scientific issues be resolved through scientific arguments and 

additional analytical or experimental work where necessary. When an issue is very difficult 

to resolve, it may be acceptable to leave it unresolved on the basis of low probabiity or low 

consequence. However, if many significant issues remain unresolved, it may result in loss of 

credibility of the scientific effort spent on the project. Subject the issues to the SPM process 

only after the best scientific data and arguments have been analyzed and debated. Moreover, 

certain issues, such as the knowledge of the hydrologic recharge and discharge areas and the 

position of the water table, may not directly affect the input parameters for the performance 



assessment calculations but are nonetheless important for demonstrating confidence in a basic 

understanding of the site characteristics. 

The Pumose of WIPP 

The description of the purpose of the WIPP project continues to remain confused in the DOE 

documents. "Research and development facility to demonstrate the safe disposal of 

radioactive waste..." has never adequately described the purpose of WPP, even though it is 

the language in the 1979 Act authorizing WIPP. The first sentence in the Executive 

Summary of the CSR " W P  ... has been sited and constructed to meet the criteria established 

by the sciensc and regulatory community...", is also unnecessarily convoluted. The 

following stmightf6nvard statement is suggested to describe the purpose of the WIPP project 

for use in all the WIPP project documents: "The Waste Isolation Pilot Plant is planned to be 

a permanent geologic repository for transuranic waste generated by the defense activities of 

the United States." 

As appropriate, additional statements about the DOE being the manager of the waste and the 

repository, the EPA being the certifier of compliance with the environmental regulations, etc., 

can be added. 

GHAFlTR 1 - INTRODUCTION 

Proiect Overview 

Only through a full description of the checkered history of the WIPP project can the 

inconsistencies and contradictions in the project be fully explained. For example, the WIPP 
facility has been constructed to "determine the efficacy of an underground repository for 

disposal of TRU waste" (CSR p. 1-1, second paragraph). Study of the in situ gcomechanical 

and geohydrological behavior of the repository did not require excavation of the full-fledged 

repository and waste handling facilities, or the heated room experiments. The WIPP facility - 
S1-2 



was constructed in the 1980s because the DOE had planned to emplace underground all the - 
then existing (200,000 drums) transuranic contact-handled (CH-TRU) waste, and limited 

quantities of high level waste for experiments, before assessing the WIPP's suitability as a 

permanent repository. Similarly, for those who may not be familiar with the DOE desire to 

conduct a "test phase" involving emplacement of waste in the Panel 1 rooms and in the 

alcoves, the provisions of the Land Withdrawal Act are hard to explain. This section should 

describe the plans prior to October 1993, the reasons for the DOE decision to abandon the 

idea of testing with the waste at WIPP, and the effect of that decision on the requirements of 

the Land Withdrawal Act. 

The DOE Energy Systems Aqisition Advisory Board (ESAAB) decision (p. 1-2, last 

paragraph) was made specrfically to start the test phase, so the characteriiation of this 

decision to mark "the end of the construction phase" is curious. Since only one-eighth of the 

planned repository has been excavated, how could the construction phase have ended, 

anyway? Also, since-the CSR and the Experimental Program Plan describe a number of site 

characterization activities yet to be conducted at WIPP, how could Lappin (1988) have 

"brought to termination the WIPP site characterization phase" (p. 1-2, third paragraph)? 
A Similarly, it is misleading to state that "The F i  Safety Analysis Report (FSAR) was then 

published." (p. 1-2, last sentence). The 1990 FSAR did not even evaluate the safety of 

conducting the bin and alcove experiments, that had been planned for WIPP. An Addendum 

to the FSAR was published in 1991, but it addressed only a small part of the planned tests. 

A new FSAR is needed to assess the safety of the disposal operations. 

Past efforts to represent a very checkered history of the project ,as a tidy phased development 

have not succeeded and have only confused successive newcomers on the project For 

example, the DOE first announced the end of the Site Cbmcmkation phase in 1981, then in 

1983, and now it is 1988, but the site characterization is not yet complete because the DOE 
has not, until now, given a high priority to assessing the facility as a permanent repository. It 

is not necessary to rewrite history. The project is finally on the right track Only an 

awareness of the past mistakes and disassociation with the past short-sighted approaches will 
keep it there. 



The Project Overview should include an assessment of the potential difficulties in carrying 
-. 

out the disposal and decommissioning activities because of the age of the facility. The 

facility was constructed for a 25 year operation starting in 1988. Since the earliest date to 

start disposal now is 1998, what is the effect of this 10 year delay on the stability of the 

excavations and safety of operations? 

Site Selection Rocess 

1957 NAS Reoon: Frequent references to the 1957 National Academy of Sciences WAS) 

report (The Disposal of Radioactive Waste on Land, A Report of the Committee on Waste 

Disposal of the Division of Earth Sciences, NAS-NRC Publication 519, April, 1957) in the 

WIF'P project publications necessitates pointing out some recommendations of that comminee 

which would be useful for the WlPP project to follow: 

"The Committee has in no sense done the research so that such expressions of opinion 

as are contained herein are predicated on the assumption that the research will be done 

before any final conclusion is reached on any type of waste disposal." (p. 2 of the 

report). A 

"We stress that the necessary geologic investigation of any proposed site must be 

completed and the decision as to a safe disposal means established 

authorization for construction is given. Unformnately such an investigation might take 

several years and cause embarrassing delays in the issuing of pennits for 

consauction." (p. 4 of the report, underlining added). 

It should also be pointed out that the =port was written for disposal of high level liquid waste 

in salt cavities and as such has very little nlevance to WIPP. 

Omissions in the Historv of the WPP Site Selectio~ Any history of tbc W P  site selection 

process should include the following impomt  milestones. 

The original WIPP site was abandoned after the bonhole ERDA-6 was drilled at that 

location in 1975 and encountered exame geologic defonnation and a pressurized brine 



- reservoir at a depth of2708 ft. Testing in 1981 indicated that the brine reservoir encountered 
by ERDA-6 contains 100 millior? liters of brine. 

. The two mile criterion was changed to one mile, since a new suitable site could not be 

found that would be two miles away from any existing drill holes through salt The new site 

was selected so that there were no boreholes through salt within one mile of zone II within 

the WIPP site. The repository was designed to be in the northern part of zone II (see Fiz. 8- 

9, p. 8-17, WIPP Final Environmental Impact Statement, Vol. 1). 

Borehole WIPP-12, located in Section 17, T22S, R31E, within the present WIPP site, 1 mile 

north of the center of the site and just north of the Zone 11, was drilled between November 9 

and December 7, 1978, to a depth of 2785.8 ft, 48.3 ft in to the Castile Formation. The 

original purpose was primarily to investigate an anticlinal structure inferred from seismic 

reflection profiling. Following a suggestion by the EEG. DOE deepened the well in October- 

November, 1981, to the baseof the Castile Formation, to a total depth of 3925 ft, and in the 

process encountered pressurized brine at a depth of 3016 ft. Brine started flowing out of the 

well at a rate of 350 gallons per minute and 1.14 million gallons of brine flowed out of the - 
borehole before the well was controlled. 

Based on the results of an extensive series of flow tests conducted in 1981-82, the brine 

reservoir penetrated by WIPP-12 is estimated to contain 17 million barrels (2.7 billion liters) 

of brine. The different pressure potentials and some differences in geochemisuy between 

ERDA-6 and WIPP-12 encounters were interpreted to suggest a lack of communication 

between the two. There was no consensus on the origin and age of the reservoirs. Following 

a suggestion from the EEG, the WIPP repository was relocated in 1982 to be in the southern 

part of the WIPP site. 

0 The WIPP site is much richer in natural resources than was assumed at the time of site 

selection. The site now is surrounded by more than 100 oil and gas w e b  within 2 miles of 

the WTPP site boundary (Silva. 1994). 
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Section 1.3 should state that the Environmental Protection Agency (EPA) has the authority to 

approve or disapprove the DOE'S determination of compliance with the EPA standards. 

Also, add at the top of page 1-9 that the State of New Mexico entered into an agreement with 

the DOE, soon after the EPA Standards (40 CFR 191) were vacated, to continue the 

performance assessment work as though the provisions of those Standards remained 

applicable (C & C Agreement, 2nd Modif~cation, August 4, 1987). 

There may be similarities between the No Migration Variance Petition (NMVP) process for 

the now-defunct test phase, and the same process for the disposal phase, but there were no 

pmxdural precedents set, as the CSR claims (p. 1-8). The NMVP granted by EPA for the 

test phase incorporated dilution with ventilating air, and that will clearly not happen during 

the disposal phase. Moreover, the statement about "no migration" on page 1-8 is simplistic. 

In fact, EPA applies the Draft of Subpart S of 40 CFR 264 (55 FR 30798 et seq, 1990) as - 
"standards" that should not be exceeded. EPA has agreed to apply the soil standards for the 

relevant chlorinated hyQocarbons to the WIPP. 

C H A m  2 - SITE DESCRIPTION/SW CHARACTERIZATION 

prilline for Oil and Gas Around WIPP 

Oil is being produced from the Delaware Mountain Group Sandstones just outside the WlPP 

site on all sides, and gas is produced from a well drilled dinctionally beneath the WIPP site. 

It is misleading to suggest that these sandstones have been "targets for hydrocarbon 

exploration elsewhere in the Delaware Basin." (p. 2-9). Furthermore, there is no mention of 

the deeper stratigraphic units like the Atoka Formation, from which gas is being produced 

through a directionally drilled gas well located beneath the WIPP site. 



Breccia P i ~ e s  
.A 

Any discussion of Breccia Pipes in the Delaware Basin (e.g. Sec. 2.1.2.2) should address' 

Roger Anderson's hypothesis of formation of the Castiles in the Delaware Basin and other 

suspected Breccia Pipes in the Basin cited by Anderson and Kirkland (1980) and Anderson 

(1980). The WIPP project has also not addressed Davies (1984) criticism of the Snyder and 

3 r d  (1982) conceptual model of the formation of breccia pipes. Without addressing these 

alternate conceptual models, the project should not claim that the breccia pipes are confined 

to the Capitan Reef. 

Alternative Conceotual Models for the Culebra 

Geological descriptions and interpretations of the observations of the Culebra Member (Sec. 

2.1.2.6.2) present only one set of ideas. In many instances, alternative conceptual models 

exist which should be included. For example, only by ignoring a lot of existing data can it be 

stated that "density of open fractures in the Culebra decreases to the eastn. The pattern of 

fracture dismbution and corresponding transmissivity values distribution is too complex to be 
.- explained away in a simple statement like that and as expected, has become more complex 

with additional data acquisition. 

Lowenstein (1987) presented an alternative explanation to the Holt and Powers (1988) and 

Powers and Holt (1990) interpretation of the distribution of halite in the Rustler Formation. 

Based on a detailed sedimentologicai study of the Culebra cores from a number of wells at 

the WIPP site, Lowenstein (1987) interpreted four distinct dissolution zones in the Rustler 

Formation. 

The respective thicknesses of the Rustler and the upper Salado (Chattuvedi and Channell, 
1985, Fig. 8, p. 23) call into question the Beauheim and Holt (1990) proposition that 

dissolution of the upper portion of the Salado Formation may have caused subsidence and 

fracturing in the Culebra @. 2-17). The Rustler Formation is 450 ft thick four miles east of 

the center of the WIPP site and only 300 ft thick from the center of the site westward. The 

upper Salado (from the top of the Salado to Marker Bed 103), on the other hand, maintains a 

uniform thickness of about 190 ft over the WIPP site and only dccrcases in thickness west of 



the Salado dissolution front that coincides with the western margin of the W P P  site. It 
would be more logical to postulate the gradational removal of salt from the Rustler Formation 

itself to have caused fracturing in the Culebra over the WIPP site. West of the Salado 

dissolution front (west of the WIPP site), both the Salado and the Rustler have been affected 

grading into total collapse in the Nash Draw. 

If the high h-ansmissivity zone in the southeastern part of the W P P  site is related to the 

dissolution of gypsum f&gs in the Culebra fractures, then the high T zone may extend to 

the south-central part of the WIPP site (p. 2-21 and Fig. 2-12). 

Retardation Throueh Clavs in the Culebra 

This section (page 2-21) asserts: 

"-- clay fracture-linings may play an important role in the chemical retardation of 

radionuclides transport through the Culebra---." 

This conclusion is based on the X-Ray Di&action and Analytical Electron Microscopy 

analysis of samples collected primarily from clay rich layers of the Rustler Formation from 

cores of wells drilled primarily in the Nash Draw. Four reports are cited to support this 

conclusion. These reports m based on the work of Terry Sewards and others at the 

University of New Mexico under connact to the Sandia National Laboratories. 

Sewards, et al, 1991 (a) contains mineralogical analysis of con samples from a single well, 

WIPP-19, and presents no claim for clay filled fracture linings in the Culebra. 

Sewards (1991) presents data on thc "whole rock" as well as the "fractun surface" 

compositions of samples of cons collected h m  6 wells (WIPP-26, 27,28,29, 30, 32) in the 

Nash Draw, one borehole (WIPP-33) between the Nash Draw and the WIPP site, and three 

boreholes (WIPP-12, 13, and 34) in the northern part of the WIPP site. Qays an expected to 

be present in the Nash Draw cores because of extensive dissolution, weathering, and erosion 

in that ma WIPP-33 is located in a sink hole and processes similar to Nash Draw have 

operated there as well. Bonholes 12, 13 and 34 an located north of the WIPP repository and 



upstream from the direction of flow of water in the Culebm Furthermore, the cores from 
i- 

these wells were selected from known clay seams. For example, the only sample from WIPP- 
12 (CS-1) came from the zone 838.5 to 838.7 ft below the surface. The Basic Data Report 

for WIPP-12 (Sandia National Laboratories, 1982) identifies mud seams at 837.7 and 840.7 ft 

depths. 

Three Sandia National Laboratory scientists (WIPP Performance Assessment Department, 

1992, pp. A-127 to A- 131) correctly evaluated the Sewards (1991) report and stated the 

following: 

"Sewards (1991) measured and reported clay abundance for eighteen Culebra 

samples; thirteen from locations to the north andlor west of the WIPP site, and 

five from the north end of the WIPP site. None of these samples was from 

wells along fast transport paths. Because Sewards (1991) was focusing on clay 

abundance and compositional analyses, it is likely that samples were selected 

for analysis based on visual appearance of clays. Thus, these data may not be 

representative of clay abundance on fracture surfaces in the m a  of interest for 

transport modeling." (WIPP Performance Assessment Department, 1992, 

Memo from Craig F. Novak, et al to Martin S. Tiemey, p. A-127 to A-131). 

Having made this statement, it is surprising that the authors of the memo, Messs. Craig F. 

Novak, Fred Gelbard and Hans Papenguth, nevertheless recommended assuming the 

probability of the existence of relative thickness of clay linings in the Culebra fnctues  to be 

as high as 0.5. 

Sewards et al., 1991 (b) presents mineralogy of 107 samples collected from the cores of 8 
wells, 3 of which are located within the WIPP site. However, clay fraction separates (4 

microns) w e n  obtained for only three sampks: "WIPP-12 #3, a clay-poor dolomite; WIPP- 

12 #16, a clay-rich dolomite; and H6B #3, a shale." X-Ray Diffraction analysis was 

performed on the clay fractions h m  these three samples, and one sample (H6B #3) 
was analyzed under the electron microscope. The electron microscopy on this one sampk 

casts doubt on the accuracy of the X-Ray Diffraction technique uscd: 



"There is, however, a discrepancy between the resulrs of the quantitative XRD 

analysis and the results of the AEM investigation of sample H6B #3. In that 
sample, the XRD results show that the sample contains approximately 50% 

corrensite. When imaging was attempted on the AEM, it was extremely 

difficult to fmd any corrensite at all; the dominant phases appeared to be 

serpentine, illite, and chlorite." (Sewards et a1 1991 b, p. W-19). 

The conclusion of this report, quoted below, clearly demonstrates how very limited 

information has been used to make important interpretations: 

"The fact that comnsite is the dominant phase in the Culebra samples is 

important Corrensite has a high CEC and high surface area, thus it is able to 

sorb radionuclides very efficiently in the event of a low pressure breach in the 

WIPP facility. Although the clay minerals of only thne samples were 

investigated; the results of Sewards et al., 1991 show that mixed-layer 

chlorite/smectite is the dominant clay phase throughout the Rustler Formation, 

so it is reasonable to suggest that the same is true in the Culebra unit" 

(Sewards et al, 1991 b, p. VII-19). 

Sewards et al., 1991, mentioned in the above quotation, is Sewards et al., 1991 a of this 

review (Sewards et al, 1991 b of CSR), i.e., "Mineralogy of the Rustler Formation in the 

WPP-19 core". As stated earlier, that report makes no claim for clays lining the Culebra 

fractures. Comnsite is only interpreted to be present in some of the samples, as one mineral 

among many, when powdered bulk sampks were analyzed through X-Ray Diffraction. How 

can this observation lead to the statement cited above? 

The final repon by Sewards (Sewards et al. 1992). cited in the CSR presents mineralogical 

analysis from 47 samples. Of these, 17 samples were taken from the Culcbra, and of these 

only 9 are from the WIPP site - 6 from thc Air Intake Shaft and 3 from WIPP-12. The report 

states the following with respcct to the existence of clay in the fracaues of the Culebra 

Samples: 



"Only small amounts of clay can be sampled from the Culebra fracture 

coatings; therefore, initial technique and model development for adsorption 

studies on WIPP clays (Park et al., in review) were carried out with material 

from a black shale layer in the unnamed member. This material, so-called 

CorWIPP, is 94% corrensite and is described as Sample AIS-15 in this repoh 

Corrensite has a high cation exchange capacity and affiity for the uranyl ion 

in dilute solution (Park et aL, in review) and could provide significant 

radionuclide retardation in fractures in the Culebra." (SAND90-2569, p. 28). 

The above quotation clearly identifies the problem with using Teny Sewards' work to 

conclude that corrensite clay lined fractures in the Culebra may provide retardation for 

radionuclide migration through the Culebra. The argument is based on a sample from a 

"black shale layer" obtained from the lower part of the Rustler Formation, below the Culebra, 

because not much clay could be sampled from the Culebra fracture coatings! And yet, this 

information is used ta argue &at "significant radionuclide retardation in hctures in the 

Culebra" could be present It is also the basis for continuing research on the adsorption 

propenies of Corrensite, model development for retardation properties of the Culebra, and the 
- credit for radionuclide retardation taken in the performance assessment work to date. 

Any reference to the existence of corrensite or other clay minerals lining the fr;rctures in the 

Culebra Dolomite member of the Rustler Formation at the WIPP site should be deleted from 

the project documents because there is no basis for this assumption. 

The hydrology of the strata overlying the Rustler Formation is poorly understood and serious 

effort to understand it has not been made (Sec. 2.1.2.7). Basic hydrological parameters such 

as the location of the water-table and the recharge and discharge areas must be known as 

clearly as possible, if only to establish the credibility of site characterization. EEG has made 

specific suggestions for field work in this arca since 1985. As long as the position of the 

water table is not known, it is not possible to say that "Most of the Dewey Lake Red Beds 

Formation is unsaturated." (p. 2-26, first sentence). 



7 .  

;j\Conceotual Model of Contaminant Transnm in the Culebra 

1 

The discussion of this topic on page 2-30 is incomplete and presents a single conceptual 

model wh~ie the DOE has decided to perform an important series of field tests to resolve the 

issue. At this stage, a full discussion of the status of understanding of the mechanism of 

contaminant vanspon would include single versus double porosity flow, the role of maaix 

diffusion and the channeling model. 

The estimated flow times in the Culebra, when integrated over the general flow path from the 

storage panel area to the compliance boundary, range from 100 to 1000 years. The 

performance assessment has assumed matrix diffusion to retard tk radionuclide transport, but 

the degree of manix diffusion affecting the transport is not clear. The INTRAVAL 

participants have pointed out that a conceptual flow-model based entirely on channeling also 

fits the current hydrological field data, but the current modeling utilizes a dual porosity 

concept instead. With the channeling model, then would be no matrix diffusion. Sandia 

National Laboratory plans to start a 7-well tracer test to address these questions. Unless and 

until these issues an resolved, there is no basis to favor a particular conceptual model. 

Culebra Hvdrochemical Facie~ 

Section 2.2.2.1 should be revised to assign proper credit for the issues discussed in this 

section. The EEG has raised the issue of the inconsistency between the inferred dinction of 

flow in the Culebra aquifer and the chemistry of water since the early 1980s and has 

published three reports on the subject The issue was first raised by the EEG in 1983 as 
follows: 

"The unexplained decrease in TDS and a change in the general chemical nature 

of the Cdebra water from sodium and chloride at the site to magnesium, 

calcium, and sulfate south of the site indicates that insufficient data arc 
presently available to adequately characterize the flow system south of the 

site." (Neill, et al, 1983, p. 79). 



Rarney (1985, Fig. 7) elaborated on this issue and presented the concept of geochemical 
h 

zonation of the Culebra water. Chapman (19RQ) further explored the problem and provided a 

hypothesis to account for the decreasing total dissolved solids in the direction of flow, as 

follows: 

"As groundwater moves from north to south across the area, the Total 

Dissolved Solids (TDS) decrease by an order of magnitude and the major 

hydrochemical facies change from Na-C1 to Ca-SO,. The only plausible 

mechanism to effect this change is the influx of a large quantiq of low TDS 

water. The possibility of recharge in the southern area is enhanced by the 

presence of solution and fill features such as the gypsum caves in the Forty- 

N i e r  Member of the Rustler near the Gnome site. These features could 

behave as conduits supplying fresher water to deeper Rustler units." 

(Chapman, 1988, p. iv). 

The Siegal et al. (1991) report was prepared following a suggestion by the EEG which was 

incorporated as a requirement of the DOUState of "PW Mexico Agreement for Consultation - and Cooperation. The EEG considers this issue to remain unresolved, and unless it is 

resolved, an adequate understanding of the hydrology of the Rustler Formation cannot be 

claimed. 

Hvdrogen and Oxveen Isoto~es in Groundwater 

The EEG (Chapman, 1986) compiled stable isotope data from throughout southeastern New 

Mexico and compared them to data from the WIPP area The stable isotopic compositions of 

most samples of groundwater from the Rustler Formation were found to be similar to the 

composition of other, vcrifiably young, groundwater in the area. Though the stable isotope 

data cannot indicate ages for water in the various aquifers, neither did the data show any 

distinction between most Rustler groundwater and veriiiably young groundwater. A small 

number of samples, primarily from the RustlerISalado contact east of Nash Draw, had isotopic 

compositions that are not characteristic of ncently recharged meteoric water. These waters' 

enrichment in heavy isotopes may be due to mixing with deeper groundwater (supported by 



the stable isotopic composition of Salado fluid inclusions and Castile brine) or to exchange 
6 

between the groundwater and hydrous minerals. 

A comparison of the heavy isotope enrichment observed in evaporating waters and the 

composition of the water at WIPP-29 and Surprise Spring showed that the isotopic 

composition of these Nash Draw waters could be derived by evaporating Rustler groundwater. 

Based on stable isotopes, both WIPP-29 and Surprise Spring could be discharge areas for 

Rustler groundwater moving from elsewhere in Nash Draw and the east 

The enrichment in heavy isotopes found in the water from pools in the Carlsbad Caverns was 

used by Larnbert (1986) as evidence that the relatively depleted Rustler water was recharged 

during a past, more pluvial, time. However, the uniqueness of the isotopic composition of 

water in the Caverns' pools suggests that rather than representing the composition of recent 

recharge, the heavy isotopes are enriched by evaporation and equilibrium isotope exchange in 

the humid cave environment Rechaxge in the extreme karst environment near the cavern may - 
also favor isotopically heavy precipitation. 

The discussion in section 2.2.2.3 is based on Lambert (1986), although the report is not 

identified. This report was reviewed for EEG by Dr. Fnd  Phillips of the New Mexico 

Institute of Mining and Technology in 1987 who found the conclusions of the report, now 

presented in the CSR, to be unacceptable. Reasons for our position, based on the review by 

Dr. Phiips, are discussed below. 

While it is me that a l l  of the samples (excluding H-5C, which may possibly be 

contaminated) an probably in the age range 10.000 to 16,500 years B.P.. the ages of the 

water samples vary in a systematic fashion from youngest (10,000 years) in the nonh to 

oldest (16,500 years) in the south (with the exception of H-5, which is clearly on a diierent 

flow path than the other 14C sampling wells). This corresponds to the patrcm expected from 

the north-to-south flow direction inferred b m  the physical hydrology. Thus a more 

reasonable interpretation of the 14C age distribution is that only a segment has been sampied 

in the middle of a large-scale flow system. Additional 14C samples to the north andlor east - 
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might well yield Holocene I4C ages. Also, well H-5, although it may be contaminated, may 

also indicate active recharge. 

The major conclusion of the report (Lamberr, 1986, p. 5-10 and 81) was, "Because of the 

questionable validity of the assumptions necessary in applying radiocarbon and radiochlorine 

dating methods in the evaporite environment of southeastern New Mexico, and because of the 

previously demonstrated susceptibility of these components to contamination in this 

groundwater system, these methods will not be pursued beyond this feasibility study." The 

EEG finds this conclusion to be unnecessary because good results have been obtained from 

uncontaminated wells. Ground-water systems are fundamentally not amenable to intensive 

sampling and thus in all ground-water investigations (whether physical or geochemical) 

assumptions regarding the system are necessary. Useful results can be obtained, even given a 

wide range in parameters assumed for the I4C dating model. With a properly conducted field 

study of the system, the parameters could undoubtedly be constmined much more closely and 

much better refined dates obtained. Because interpreting WIPP site flow patterns by physical 

hydrology alone is very difficult and uncertain, and because I% tracing may hold the best 

hope of elucidating the flow system, the very negative viewpoint expressed by Lambert - (1986) is considered by the EEG to be totally unwarranted. 

The contamination issue is even more clearcut. Certainly, it is true that a majority of the 

wells sampled during this study did not yield useful results due to contamination. One does 

not need to be an expert in I4C to predict that wells crammed with "shredded paper, 

cottonseed hulls, peanut shells, and various proprietary organic additives" (Lamben, 1986, 

Section 4.2.6) will not yield meaningful '*C dates! There is very little logic in arguing that 

because wells deliberately injected with organic material were contaminated, all other wells 

must also be. Contrary to the statement by Lamben (1986, p.23), contamination during 

drilling is not "inescapable". The best evidence of this is that four of the wells drilled 

without organic circulation-loss additives did not show any sign of contamination. There is 

no evidence that this groundwater system is unusually "susceptible" to contamination. Any 

system is susceptible to inappropriate drilling practices, and appropriate practices should yield 

acceptable results at the WIPP site. 



Based on the data contained in the report, the EEG came to a different conclusion. In all 
cases, where "C could reasonably be expected to give useful results, it did so. ~l though 

there were only a limited number of uncontaminated samples, the geographic dimbution of 

the resultant ages is hydrogeologically reasonable. A carefully designed program should be 

undertaken to expand the nurnk. of useful 14C samples and to consaain their interpretation. 

The EEG advised the DOE not to abandon this potentially very informative avenue of 

investigation in 1987 and the EEG recommendation was incorporated in the 1988 

modification to the DOWState of New Mexico Consultation and Cooperation Agreement, as 

follows: 

"Conduct additional radiocarbon studies on Rustler groundwater. The study 

will consist of two parts. At least 6 wells will be samples to investigate further 

questions of contaminanon and system stability raised in SAND86-1054; 

completion of this study may require resampling of one or two wells known to 

e - be contaminated at the time of earlier sampling. In addition, several 

d b% (approximately 10) new radiocarbon samples will be collected during sampling 

as part of the Water-Quality Sampling Program (WQSP), in the hope of 

obtaining direct evidence of groundwater residence times. Samples from the 

WQSP will be restricted to the near-WIPP environment (not including Nash 

Draw), and will include m n a b l e  numbers of samples from both high- and 

low-transmissivity holes. Serious consideration will be given to conducting 

limited investigations of the metabolic pathways of modem vegetation at the 

WIPP, and to carbon analysis of both soil gas and soil carbonate, if evaluation 

indicates these studies would improve the confidence in modeling of WIPP 

release scenarios." 

The target date for completion of this study was September, 1989. 

The EEG recommends initiating this study without further delay using the following 

guidelines: 

(1) avoid sampling al l  wells known to have organic circulation-loss prevention agents added; 

(2) sample existing wells at larger distances from the WIPP site that may yield information on - 
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recharge areas, in addition to unsampled wells near the site; (3) collect data on the metabolic 

pathway characteristics (and thus 613C) of present vegetation and the 613C of modem soil gas 

and soil carbonates, and (4) use quantitative geochemical modeling to investigate the chemical 

and isotopic evolution of carbonate species in Rustler groundwater. 

Given this approach to a I4C groundwater investigation, there is a high probability of greatly 

enhancing our understanding of the groundwater flow system at the WIPP site. 

Uranium-isoto~e Diseauilibriurn Data 

The Larnben and Carter (1987) report was reviewed for the EEG by Dr. John Osmond in 

1987. Dr. Osmond is the co-inventor of the Uranium-isotope Disequilibrium technique 

applied to the study of groundwater flow, as acknowledged in the first sentence of Section 

2.2.2.6 of CSR. Based on Dr. Osmond's review, the EEG provided comments on the 

Lamben and Carter (1987) &port to the DOE through a letter dated 12/2/1987. The 

following is a summary of those comments. 

- 
The limitations of the application of urauium systematics to groundwater interpretations 

should be kept in mind: 

1) one usually cannot deduce fiom the wanium data alone the direction of 

groundwater flow, 

2) one usually cannot determine the flow rate of groundwater itself by the use of 

U-234 decay rates 

The same isotopic data can bc used to model water flow in more than one direction. This is 

because changes in isotopic ratio can bc caused either by truc ageing (decay or growth of U- 

234) or by water-rock or water-water interactions. Researchers in this field usually have 

independently derived information as to flow directions, which they can use to deduce the 

possibility of uranium leaching or the mixing of two or more groundwater so- 



Investigators can sometimes determine, in deep confined aquifers, the rate of movement of 

uranium in the system. The rate of flow of the water itself, however, must be inferred from 
one's estimate of the retardation factor for uranium in that particular aquifer. 

That an aquifer is "confined" is usually an assumption of the modelling of slow-moving 

systems. Mixing with undefined waters, whether from recharge or other aquifers, negates any 

evolutionary conclusions. The authors of this report recognize the potential problem, but 

argue against leakage, perhaps too readily. 

Finally. when uranium leaching or adsorption is inferred, it should be remembered ha t  only 

the grain or fracture surfaces of the host rock are involved. The concentration of uranium on 

these surfaces can be much different than the concentration values of the whole rock. 

Therefore, the principal conclusions of the report must be regarded as possibly overstated: 1) 
it is possible, but not proven, that the Rustler system can be modeLled as a confined aquifer, 

2) it is plausible that the flow regime has changed direction, but a l w t i v e  interpretations 

based on a more steady-state model are readily visualized, and 3) although the inferred rate of - 
movement of uranium through the aquifer near the site is probably about right, the flow rate 
of the water itself could be appreciably faster. 

The basic pattern of occurrence of uranium isotopes in the Rustler p u n d  water in the 

western half of the study area, as pointed out by the authors, is consistent with a two-source 

mixing model. These two end members could be water masses represented by H4 and W29 

(Fig. 10). or by a water with very little U-238, but considerable excess U-234, that has 

leached to varying degrees uranium from the aquifer rock. The regression line on Fig. 15 

implies that these two end members arc leached uranium ( i t e  concentration) with an 

atomic ratio (kR) of 1.55 and water of zero concentration of U-238 but carrying 13.4 ppb 

(U-238 equivalent) of U-234. 

The authors make use of h i s  pattcm to make three different interprctatiom Each 
interpretation is plausible to some d e p ,  but taken together they are somewhat inconsistent 



The most logical has to do with a possible westward flow direction of water from the site - 
toward Nash Draw. Low concentration water (with respect to U) gradually dissolves uranium 

with lower A.R. values. No information regarding flow rate derives kom this model. 

The least plausible interpretation assumes that the decrease in A.R. westward is the result of 

U-234 decay, which leads to deductions regarding low U movement rates (not necessarily low 

water flow rates). It is recognized by the investigators that such a model is suspect where 

uranium concentration values are increasing; leaching, if ignored, produces inferred flow rates 

which are too low. 

The third interpretation is inconsistent with the fmt, so the authors postulate an earlier flow 

regime and ask as to why the A.R.'s are so high to the East Such values depend on 
fractionation processes that often require time periods commensurate with the half-life of U- 

234, and therefore are nearly always down-flow. In this case, argue the investigators, the 

estimates of time are apt to be conservative because leaching would hold the A.R values 

down. 

A In all of their modeling, the authors of this report display considerable knowledge and insight; 

they do not flagrantly misinterpret the data Their assumptions are made clear. Nevertheless, 

one aspect of uranium isotope systematics in groundwater is neglected, and could affect their 

models. In any ancient system, uranium has been moving for much longer than the period of 

time being modeled. The distribution factor between dissolved and adsorbed uranium (related 

to retardation) means that any interactions between water and rock are probably independent 

of whole-rock uranium concentration values. It is the concentration of uranium on adsorption 

surfaces, rather than that inside the rock particles, which determines how much fractionation 

occurs, and how fast relative to water movement The concept of "reducing barrier" is often 

cited to explain concomitant decreases in U concentration and increases in A.R over short 

distances. 

The potentiometric contours of the Culebra suggest two flow lines in the study area: to the 

west, flow is mon or less directly south, in the general area of the site, however, there 

appears to be an easterly flow in the north, a southeasterly flow at the site, and a southerly 

and westerly flow to the South. 



If we postulate a general source area anywhere to the North, with the usual reducing barrier - 
not far from the point of recharge, then all of the water would enter the area with a high A.R. 

and a low concentration. Water flowing southward in the west would dissolve uranium and 

take on the higher U and lower A.R. fingerprint. Water flowing in the east would move 

slower, dissolve less uranium, and have its A.R. altered only gradually with time. When the 

flow looped west, dissolving and "mixing" with rock-derived uranium would occur. 

This scenario combines the three models proposed by Lambert and Carter: mixing in the 

west and southwest, increasing A.R. due to recoil-type fractionation in the north, and decay of 

excess U-234 in the general area of the site. If this model has merit, we can deduce uranium 

movement rates in the aquifer near the site which are consistent with those values proposed 

by the investigators. Because of the retardation factor, the water flow rate could be higher. 

All of these remarks concern the Culebra unit of the Rustler. There are not enough data from 

the other units to do any regional modelling. However, the fact that none of the kR values 

from above and below are as high as some from the Culebra suggests that the latter is the 

"tightest" with respect to uranium mobiity. 
A. 

Apparently the data regarding oxidation potential of the Culebra waters is inconclusive; and 

the same might be .said about the other hydrologic and geochemical infomation that might be 

used to demonstrate that the Culebra is truly confined. Uranium isotopic data has often been 

used as evidence in such interpretations. Most deep confined aquifer waters carry uranium at 

very low concentration levels, on the order of . I  to .001 ppb., and with quite high kR 
values, anywhere from 2 to 20 or more. The Culebra waters havehigher uranium 

concentration than do truly reducing aquifers suggesting the possibility of leakage from 

shallower horizons. However, the fact that the isotopic data can be used to model flow in 

systematic ways suggests that such invasions an not the predominant process. Any such 

oxidative tendencies would favor interactive models (uranium leaching) over the fractionation 

and time-related models emphasized by Lambert and Carter (1987). 

Regarding flow rates and groundwater residence timc, Lambert and Carter (1987) consistently 

confuse uranium residence time with groundwater residence time. The data presented in the 

report do not allow for the calculation of groundwater ages. Even when the appropriate - 



retardation factors and grain and fracture surface characteristics are known, there are still - 
serious questions about applying uranium isotopic data to determine basic groundwater flow 

characteristics. Davis and Murphy (19871, Simpson et a1 (1985). and Hussain and 

Krishnaswami (1980) dl express serious reservations about the reliability of uranium- 

disequilibrium dating because of the many difficult-to-substantiate assumptions involved. 

The amount and reliability of the data are also questionable. Outside of Nash Draw, the 

authors have only four wells on which to base conclusions of changes in flow direction. It is 
important to consider the dual-porosity nature of the Culebra, indicated by the recent 

hydrologic testing. The very high activity ratios at H-4 and H-5 may be related to the low- 

transmissivity, matrix flow found at those wells. Conversely, the lower activity ratios at H-6 

may be the result of rapid groundwater flow through fractures. More data east of Livingston 

Ridge, and from fracture-flow areas such as near H-11 and DOE-1 must be collected before 

any confidence can be placed in conclusions about flow paths. 

Considering the serious questions of groundwater contamination in Nash Draw raised by 

Lambert (1987), there should be an in-depth discussion of the reliability of the presented 

analyses of a trace constituent like uranium. If contamination with organics is as pervasive in 

the Nash Draw wells as reported in SAND86-1054, this would very likely alter redox 

conditions near the wells. Oxidation-reduction potential is an important control on uranium 

content Though the authors state on page 6 that the uranium values and isotope ratios have 

been perturbed at W-29 by wastewater dumping, they then proceed to use this value 

throughout the report, for instance as an important part of their argument for recharge in 

southwest Nash Draw. 

As previously mentioned, redox conditions are an important factor in modeling uranium 

behavior. Field evidence (Eh values as reported in Uhland and Randall, 1986 and Uhland et 

al, 1987) and the nlatively high uranium values both argue against reducing conditions in the 

Culebta. There is no evidence for the "reducing barriern nquired by Lambert and Carter's 

model. The authors should provide some discussion of the physical requiremens of the 

model relative to known aquifer characteristics. 



e section on "Implications" for recharge, karst flow, and climate change presents 

insufficient discussion for reaching the presented conclusions on this broad topic. For 

instance, if no recharge is supposed to be occurring, there should be some discussion of what 

happens to rainfall. There is no integrated surface drainage, there are numerous gaps in the 

Mescalem caliche, and 20 inches of annual rainfall has been common the last few years. The 

role of southwestern Nash Draw (SWND) is another point requiring additional discussion. 

The authors present contradictory hypotheses in this section. Lamben and Carter's item 

number 2 on page 45 says SWND is a recharge area, while item number 4 on page 46 calls 

for discharge in that area 

Contradictory statements are also made ngarding the degree of vertical interconnection in 

Nash Draw. Item 5 on pages 46 and 47 (Lambert and Carter, 1987) argues that the Magenta 

and Culebra are freely connected at W-25 and W-27 (as previously discussed in C h a n ~ e d i  

and Channell, 1985, though overlooked in Lambert and Caner's references). However, item 4 

on page 46 argues that recharge to sinkholes in the Tamarisk member cannot be interpreted as 

providing recharge to the Magenta or Culebra. Are the authors proposing that the Magenta 

and Culebra are well-interconnected, but the intemening Tamarisk? Some discussion of 

this extraordinary hypothesis is warranted. Likewise, more discussion must also be provided - 
of the author's assertion that the dominant process at W-33 is alluvial infilling. The 

continued presence of this large depression, even after the springs have ceased to flow, argues 

against infilling at the surface. We are not aware of any evidence or studies that support the 

author's statement 

In Light of the above comments on h e  Lambert and Carter (1987) rep* all the assumptions 

arising from the conclusions of that report should be reexamined. 

Phvsical Hvdro- Bell CanvodCaoitan Flow Reeime 

This section (2.2.5) pre-sents contradictory htcrpretations of thc postulated flow between the 

Culebra and the Bell Canyon aquifers if a connection was made between the two. Muccr 

(1983) concluded that the flow would be downward, and Bcauheim (1986) concluded it would 

be upward. What is the project's latest position on this issue? 



Resources 

The estimates of resources reported in the 1980 Final Environmental Impact Statement (FEIS) 

and all other DOE reports have been shown to be wrong by current exploitation in the field 

(Silva. 1994). We understand that the DOE has recently conmcted with the New Mexico 

Bureau of Mines and Mineral Resources to prepare new estimates based on current data and 

look forward to the results of that study. 

Background Environmental Conditions 

The statement (Section 2.4, p. 2-44), "The effort to establish environmental baseline 

conditions at the WIPP facility was initiated in 1975.", is wrong. 

The earliest environmental data reported by WIPP was collected in 1985. The first report 

which contained the-1985 diita was the Annual Site Environmental Monitorine Re~or t  for the 

Waste Isolation Pilot Plant CY 1985, (DOE-WIPP 86-002). 

The WIPP facility is designed to handle and dispose of several million curries of mamuranic 

elements. The environmental baseline has not established a range of specific transuranic 

elements. The Compliance Status Report only reports gross alpha and gross beta ranges 

which are several orders of magnitude greater than the fall-out levels of transuranic elements 

reported for New Mexico by EPA and LANL. This very important poxtion of the baseline 

has not been adequately determined by WIPP's Environmental Radiological Surveillance 

Program. 

climatolow and M e t e o m l a  

Geological effects of climate change, ie., dissolution, subsidence, change in hydrological 

properties of the subsurface strata, etc., should also be considered in scenario screening, in 

addition to varying the hydraulic head. 



Gas Generation 

There is considerable discussion (Sec. 2.7.1) of the gas generation model and its development 

However, here is a system that can be validated in the laboratory to some extent What is 

needed now is not refinement or simplification of the gas generation model, but some 

laboratory experimentation to see if the right chemical reactions are being modeled. If the 

model persists in including hydrogen as a producf while actually methane is produced (as is 

commonly produced in the anaerobic parts of landfills), the model will lead to erroneous 

conclusions. Testing the gas generation model assumptions in the laboratory is most 

important. 

Salado Formation 

The project position on the preferred conceptual model for brine flow from the Salado 

Formation into the iepositoiy should be developed and justified If it cannot be done without 

additional analytical or experimental work, then that work should be identified. The EEG 
does not a ~ e e  with the strategy of treating various conceptual models to be of equal 

importance when overwhelming evidence exist$ that a particular model is far superior than 

others in explaining the observed phenomena The EEG recommends that the brine inflow 

into the repository from the Salado Formation be modeled by assuming Darcy flow in salt, 

impure salt and fractured anhydrite of the marker beds, and using the in situ measured 

permeability values for these layers. 
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.- 1.0 INTRODUCTION 

This report discusses the potential for accidental criticality in the Waste 

Isolation Pilot Plant. Accidental criticality is defined as the inadvertent 

assemblage of a critical configuration during the processing, storage, or 

transportation of fissionable materials. A critical configuration occurs 

when fissionable materials are brought together in such a way that the 

number of neutrons produced by fission are exactly equal to the number lost 
by non-fission absorption and leakage--a so-called "c! 'n reaction" occurs. 
In a "safe," or subcritical configuration, non-fission absorption and 

leakage predominate. 

Inadvertent criticality is of concern because a self-sustaining nuclear 

chain reaction releases instantaneous radiation--which is hazardous to the 
health of workers in the vicinity--and creates fission products--which 

present a hazard to the environment if they are not contained. Thus it is 
standard practice to conduct detailed analyses of potential criticality 

A prior to the handling of fissionable materials, and to design processes and 
procedures such that "at least two unlikely, independent, and concurrent 

changes in process conditions (are required) before a nuclear incident is 

possible. ,, 1 

The Waste Isolation Pilot Plant (WIPP) is a facility planned to store 

transuranic (TRU) waste in a mined bedded salt medium well below grade. 2 

TRU waste is defined as waste contaminated with certain alpha-emitting 

radionucl ides, including plutonium, transplutonium nuclides, and 

uranium-233--a11 fissionable. These wastes are categorized into two 

classes: contact-handled (CH) and remotely handled (RH), which are 

separated on the basis of the surface-dose rate. 

The wastes originate in a number of DOE laboratories and facilities, and 
thus are packaged in a variety of containers of differing compositions, 

geometries, and sizes. Moreover, both the radioisotopic and the inert 

(defined here as non-radioactive) composition of the packages vary 

considerably. Thus it has become necessary to define certain bounding 



conditions for the wastes in order to address several issues in the design 
I 

and operation 05 the repository. This is particularly important in 

addressing the issue of criticality. 

This work does not include the performance of iny new, detailed physics 

calculations. Rather, we have reviewed exisrinq criticality analyses as 

they apply to the current design of WIPP. The objective is to determine if 

existing analyses are adequate in demonstrating criticality safety. If they 
are not, a secondary objective is to determine, from the extrapolation of 

existing analyses, if inadvertent criticality is likely to pose a serious 

problem. 

We are concerned with the emplacement configuration of TRU wastes. Spent 

fuel, experimental configurations, and transportation are c.onsidered outside 

of the scope-of this review. This exclusion also applies to long-term 

alterations of the emplacement configuration, potentially involving 

dissolution, transport, and reconcentration of radioisotopes. 

The following Section (2.0) describes briefly the characteristics of the TRU 
wastes and their containers planned for emplacement within WIPP, and the 

currently envisioned storage configuration. Summaries are then given of the 

existing analyses which examine the potential for crit.icality in WIPP. 

Section 3.0 discusses the validity of the existing analyses in demonstrating 

criticality safety in WIPP, and extrapolates to determine if criticality is 
a serious problem. Finally, Section 4.0 provides conclusions and 

recomnendations. 



6 2.0 B A C K G R O U N D  .. 

2.1 Waste Description and WIPP Storage Configuration 

2 Waste compositions and package descriptions are given in the FEIS  and the 
4 S A R . ~  However, a supporting document provides the best  sunnary description 

of the s a l i e n t  information, and th i s  i s  reprof-ced here in Tables 1 through 

3. 

The CH s torage rooms are about 13 f t .  high by 33 f t .  wide by 300 f t .  long, 

separated by 100 f t .  wide p i l l a r s  of s a l t .  When the waste material has been 

emplaced in  the  srorage room, i t  will be covered with crushed s a l t  backfil l  
a t  the  end of each s h i f t  or  as required. 

5 .  According t o  e x i s t i n g  drawings, i f  a storage room is  devoted exclusively t o  
55-gallon drums, these will be stacked 3 t i e r s  high, 15 drums wide, and an 

unspecified number of drums long. A storage room could contain as  many as  - 144 drums along the  300 f t .  dimension. 

I f  the  s torage room i s  devoted exclusively t o  83 gallon overpacks these 

would be stacked 3 t i e r s  high, 10 drums wide, and as  many as 135 drums long. 

Boxes would be stacked 2 t i e r s  high, 6 boxes wide, and as many as 37 boxes 

long. Other configurations might consist  of 83 gallon drums on top of M-3 

Bins. 

The RH s to rage  a rea  u t i l i ze s  the walls of the CH waste storage rooms and 

en t r i e s .  The RH wastes are contained in  Schedule 20, carbon s teel  pipes, 10 

f t .  long and 24 in .  in outside diameter. These pipes a r e  emplaced 

horizontal ly  in t h e  p i l l a r s  of the waste storage area. Current designs 

envision t h a t  the  RH waste canisters will  be placed on 8 f t .  centers. The 

can i s t e r s  will  be stored in  horizontal sleeved holes 6 f t .  deeper than the  

can i s t e r  lengths. 



T a b l e  1 
( F r o m  R e f e r e n c e  4 )  

CONTACT H A N D L E D  WASTE CONTAIKERS 

Package Description 3inensi0r~s Kaxinun F i s s i i e  Content 

(grams) 

DOT-7A 8oxes: 
a. FRP-coated plywood 4 '  x 4 '  x 7 '  

b. Cleated plywood Random 

'c .  Steel  boxes (M3-Sins) 50" x 58" x 72" 

Drums 

a. 55-gallon, 17C 24" d ia .  x 35" length 200 

b. 30-gallon, 17H 19" d ja .  x 29" length 100 

c. 55-gal Ion,. DOT 6M 24" dia .  x 35" length 500 

d. 83-gallon** 26" dia.  x 43" length 200 

t Packaged i n  s t e e l  overpack f o r  storage.  

* Limited t o  5 grams i n  any cubic foot .  

**Used as overpacks f o r  55-gallon drums. 



T a b l e  2 

(From Reference 4 )  - 
ISDTO?IC CONTENT OF CONTACT HAKOLED WASTE DRUMS AN3 BOXES 

Isotope 

Total 

l yp i ca l  F i s s i l e  
Content, grams 

Total Mass Total Mass 
Per Drum, grams Per Box,  rams 

- Typical Plutonium 
Content, grams 8.0 

Maximum Allowable 
F i s s i l e  Content, 
grams 



T a b l e  3 

Tot a1 

(From Refe rence  4 )  

REMOTE HANDLED WASTE ISOTOPIC CGfiTEST 

Mass i n  Wzste, a r m s  



- 2.2 Classical Criticality Considerations 

The minimum critical mass of a ~u~~~ sphere, moderated and reflected by H 0, 
2 

is 520 gms.6 The ratio of hydrogen to plutonium in the minimum mass sphere 
is approxima~ely 800. Measurements with polyethylene-moderated systems 

revealed a minimum PU*~' critical mass of 370 gms. 7 

The critical loading of an infinite slab is dependent only on the areal 

density of fissile material. For slabs consisting of homogeneous mixtures 

of plutonium and water, the limiting areal density of puZ3' is 0.25 gm/cm2. 8 

2.3 The SAR Criticality Analysis 

The SAR criticality safety analysis is contained in a suppl?mentary 

document. The calculations were performed using the multi-group, 

discrete-ordinates, transport theory code, ANISN, in the PI-S4 

approximation. 27-group cross sections, generated by the AMPX code system, - were used in the analysis. The methods were validated by analyzing two 
critical assemblies. 

The RH wastes were modeled as an infinite slab of plutonium, conservatively 

omitting the steel canister and the other parasitic neutron absorbers. 

Mixtures of Pu/concrete/water, Pu/glass/water, and Pu/steel/water were 

considered, in an attempt to simulate both fixed and non-fixed waste forms. 

The highest calculated k- was 0.11, for the 100% concrete,'Pu mixture. The 

calculated k_ of the 100% water/Pu mixture was 0.045. 

The 17C 55-gallon drum was selected as the typical CH waste container. It 

was assumed that the drum is uniformly filled with a homogeneous mixture of 

Pu 239 and hydrogen. It was further assumed that 25% of the waste is 

comprised of combustible material (hydrocarbons), at a packing fraction of 

0.5, and at a density of 0.5 gms/cm3. This defined a minimum hydrogen to 

puZ3' ratio of approximately 2000. The calculations were performed for 

higher ratios of H to puZ3'. A 90-mil polyethylene liner was assumed to be 
present on the inside of the 16 gauge steel drum wall. 



,- 

The r e s u l t s  o f  the c a l c u l a t i o n s ,  f o r  t h e  t h r e e  drum loadings considered, are 

reproduced i n  Figure 1. The average drun l oad ing  was determined by assuming 

t h a t  32 o f  the drums con ta in  t h e  maximum 200 gm plutonium, and the  remainder 

con ta in  t h e  t y p i c a l  7.5 gm. These k_ r e s u l t s  are f o r  an i n f i n i t e  a r ray  of 

drums, presumably modeled by us ing  a r e f l e c t i n g  boundary c o n d i t i o n  i n  

c y l i n d r i c a l  geometry. 

2.4 The Rockwell Hanford Operat ions Ca lcu la t i ons  

An ex tens i ve  ser ies  o f  c r i t i c a l i t y  c a l c u l a t i o n s  on arrays o f  55-gal lon drums 

c o n t a i n i n g  p lutonium was performed a t  Rockwell Hanford Operations. 9 

KENO-111 and KENO-IVMonte Car lo  codes were used, w i t h  18 energy group cross 

sec t i ons  generated by t h e  GAMTEC I 1  code. The drum arrays were assumed t o  

be square, however, t h e  somewhat h i g h e r  f i s s i l e  dens i t i es  i n  t r i a n g u l a r  

a r rays  were s imulated by us ing  a s l i g h t l y  reduced radius. A r e f l e c t i n g  - 
boundary c o n d i t i o n  was used t o  s imu la te  i n f i n i t e  arrays. For f i n i t e  

v e r t i c a l  dimensions, t h e  a c t u a l  number o f  t i e r s  o f  drums was simulated. 

An i n f i n i t e  s o i l  r e f l e c t o r ,  found t o  be more e f fec t i ve  than water, was used 

o u t s i d e  o f  the drums f o r  c a l c u l a t i o n s  o f  f i n i t e  dimensions. Most o f  t h e  

c a l c u l a t i o n s  were performed f o r  f i s s i l e  load ings  o f  200 gm puZ3' per  drum; a 

few c a l c u l a t i o n s  examined h i g h e r  f i s s i l e  loadings. Water was used as 

moderator  i n  most c a l c u l a t i o n s ;  some c a l c u l a t i o n s  explored t h e  e f f e c t  o f  

po l ye thy lene  and c e l l u l o s e  as moderator. 



F i g u r e  1 

(From R e f e r e n c e  6) 

r Minimum hydrosen 
content from 
comSustiSl es 

I n f i n i t e  Mul t ip l i ca t ion  F a c t s r  as a Function of  
H/Pu-239 f o r  Contact Handied klastes i n  17C 
%-Gal 1 on Drums 



A large number of parameters were studied in t h i s  work. These include: -. 

The hydrogen t o  puZ3' r a t i o s  
x 100 t o  2. 2500 

F i s s i l e  mass 
200 to 400 gm ~ u ~ ~ ~ / d r u m  

Iron mass in the  drum 
0 to  29 Kg 

Reflectors 
1 t o  3 f t  of so i l  
1 f t  of water 

puZ3' - H20 mixture density 
Full drum volume down t o  ful l  

theoret ical  density 

puZ3' - H20 mixture shape 
Full radius,  f la t tened 

Height t o  diameter r a t i o  = 1.5 

Array shape 
Inf in i ty  by i n f i n i t y  by one t o  

seven t i e r s  high 

Three-dimensional arrays  

Effect of polyethylene drum 1 iner 

Effect  of subs t i tu t ing  polyethylene 
and cel lulose  f o r  water 

Effect o f  array collapse 



.- No attempt w i l l  be made t o  summarize a l l  of the r e s u l t s  here (approximately 

200 separate ca l cu la t i ons  were performed). However, the  most s i g n i f i c a n t  

c o n t r i b u t i o n  of t h i s  work i s  the c l e a r  demonstrat ion o f  the important  e f f e c t  

t h a t  shape and dens i ty  o f  the  f i s s i l e  m a t e r i a l  i n  t h e  drum have on t h e  

r e s u l t s .  The r e s u l t s  demonstrate t h a t  model ing t h e  plutonium-moderator 

m i x t u r e  as un i fo rmly  d i s t r i b u t e d  throughout t h e  drum i s  n c t  a conserva t ive  

assumption. Th is  i s  most c l e a r l y  demonstrated i n  F igure  2, reproduced from 

Reference 9. 

F igu re  2 contains 3 sets o f  curves--corresponding t o  th ree  he igh ts  o f  t h e  

array--an i n f i n i t e  number o f  t i e r s ,  6 t i e r s ,  and 2 t i e r s .  Each s e t  o f  

curves i s  d isp layed f o r  two hydrogen t o  p lu ton ium r a t i o s ,  1325 and 529. 

(Note t h a t  f o r  t h e  f i n i t e  number o f  t i e r s ,  t h e  h i g h e r  H/Pu leads t o  h ighe r  

k e f f  values; t h i s  d i r e c t i o n  i s  reversed f o r  t h e  i n f i n i t e  number o f  t i e r s . )  

For  any one 07 the -curves, t h e  p o i n t  a t  t h e  r i g h t  ( 1 0 0 ' Z o f  drum volume 

occupied by f i s s i l e  ma te r i a l )  corresponds t o  t h e  puZ3' - H20 m ix tu re  smeared 

u n i f o r m l y  over t h e  e n t i r e  drum volume. As we move t o  t h e  l e f t ,  t h e  m i x t u r e  
-4. i s  compressed, e i t h e r  by  f l a t t e n i n g  (denoted by  u and- ) o r  by 

"scrunching" i n t o  a c y l i n d e r  w i t h  H/D = 1.5 (denoted by (7 and 0). The 

mode o f  volume reduct ion  does n o t  appear t o  a f f e c t  t h e  r e s u l t s  down t o  

rough ly  35-40% reduct ion  i n  volume f o r  t h e  2 and 6 t i e r  ca l cu la t i ons .  A t  

t h i s  p o i n t  t h e  H/D = 1.5 r e s u l t s  depart  s i g n i f i c a n t l y  from t h e  f l a t t e n i n g  

resu l t s . *  

These r e s u l t s  demonstrate t h e  s i g n i f i c a n t  p o s i t i v e  e f f e c t  on keff  of 

reduc t ions  i n  volume occupied by  t h e  f i s s i l e - m o d e r a t o r  mixture--as much as 

+0.40 f o r  the  H/D = 1.5 compression. For  f l a t t e n i n g  alone, t h e  e f f e c t  i s  

smal ler--a maximum o f  +0.17. This e f f e c t  i s  de r i ved  f r o m  the  sma l l e r  

f r a c t i o n a l  leakage f o r  t h e  compressed shapes, which r e s u l t s  i n  a sma l l e r  

f r a c t i o n a l  neutron absorpt ion i n  t h e  i r o n  drum wa l l s .  . For  t h e  f u l l  volume, 

*There i s  separat ion between t h e  two r e s u l t s  f o r  a l l  percent  reduc t ions  i n  
drum volume f o r  t h e  i n f i n i t e  t i e r s .  The au tho r  p o i n t s  o u t  t h e  crossover i n  
t h e  curves, b u t  pleads ignorant  as t o  i t s  p h y s i c a l  explanat ion.  



( F r o m  Ueterence  Y J  
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smeared ma ~ t e r i a l ,  t he  f ract ional  absorption in the drum walls compared to 
tota l  absorptions plus leakage i s  34% ( f o r  - x - x 6 arrays) .  This i s  

reduced t o  275 f o r  the f u l l  density,  f la t tened shape, and fur ther  reduced to  
17% for  the fu l l  dens i ty ,  H / O  = 1.5 shape. 

2.5 Other Analyses 

Cr i t i ca l i ty  analyses on storage arrays have also been performed a t  EG&G 

Idaho. The f i r s t  s e t  of calculations examined arrays of 17C 55-gallon drums 
containing 200 gm of ~ u ~ ~ ~ . ~ ~  The analysis was performed using the KENO-IV 

Monte Carlo Code w i t h  16-group Hansen and Roach cross sections.  Parameters 
varied were the hydrogen t o  plutonium ra t io ,  the  array height, and density 

and shape of the f i s s i l e  material within the drum. 

For an array f i v e  drums high, s maximum k of 0.68 was obtained a t  H/Pu z ef f  
1200. This i s  lower than the s ix  t i e r  resu l t  of Reference 9, b u t  only by 

approximately . O 1  t o  .05 when the e f f ec t s  of the iron content, height 
A 

difference,  and polyethylene l i n e r  a r e  taken in to  account. The effects  of 

density reduction, both by f la t ten ing  and reduction in radius,  are roughly 

comparable in magnitude t o  the resu l t s  presented i n  Reference 9, although 

the radial compression was not accomplished i n  exactly the same way. 

Similarly, the e f f e c t s  of height reduction a re  roughly comparable to  the 

resu l t s  given in  Reference 9 ,  although the magnitude of the  e f fec t  i s  not 

qui te  as large. 

In another s e t  of ca lcu la t ions ,  EG&G analyzed arrays of DOT-7A, FRP-coated 

plywood boxes containing a maximum of 350 gm plutonium. The analyses were 

accomplished using the  one-dimensional d i sc re te  ordinates code, SCAMP, with 

16-group Hansen and Roach cross sections. For array heights of 16 f t . ;  the 

maximum calculated mult ipl icat ion fac tor  i s  approximately 0.64 f o r  H-Pu 

systems. For a graphite-Pu mixture containing only the additional container 

wood, the maximum keff  i s  0.88 for  a 16-ft.  high array a t  optimum C/Pu 

ra t io .  



Two s e t s  of relevant c r i t i c a l i t y  calculations were also performed in S i lver  - 
Spring, using 27-gp. cross sections (generated from the GAM-THERMOS Library 

using the SCALE program) in the KENO-IV Monte Carlo Code. The f i r s t  s e t ,  

f o r  17C 55-gallon drums, was designed t o  provide an independent check of the  

Rockwell Hanford Operations calculat ions  for  i n f in i t e  arrays,  We have 

reproduced these resul ts  alongside the ~ppropr i a t e  Rockwell Hanford 

Operations curves in Figure 3. Most of the Si lver  Spring calculat ions  were 

designed t o  simulate the fu l l  volume, uniformly smeared configuration (lower 

curve).  Only one calculation was performed for  the fu l l  density,  H / D  = 1.5 
configuration ( top curve). Note t h a t  a l l  of the Silver Spring ca lcu la t ions  
predict  higher k values, ranging from +0.01 to  +0.14 ( the  iron density was 

too low by approximately 2 Kg in the most widely discrepant ca lcu la t ion . ) ,  

than the comparable Rockwell Hanford Operations calculat ions .  For 

completeness, the WlPP SAR re su l t  f o r  the lowest r a t i o  of hydrogen t o  

plutonium examined i s  also shown. This resu i r  i s  t o  be compared aga ins t  t he  

f u l l  volume, uniformly smeared curve (extrapolated) .  

A few calculat ions  were a l so  performed in  Si lver  Spring f o r  6M drums - 
containing 500 gm of Pu. The r e su l t s  indicated tha t  i n f i n i t e  arrays  of 6M 

containers without wood between the inner and outer containers may be 

subs t an t i a l l y  supercri t ical .* The i n f i n i t e  arrays containing wood between 

the inner and outer containers appear t o  be safely subcr i t i ca l  (highest  

ca lcu la ted  keff = 0.46). 

*For an i n f i n i t e  array of 6M containers (no wood) with 500 gm of unmoderated 

the  calculated multiplication f ac to r  was 1.06. For t he  same 

configuration w i t h  moderator added t o  the  plutonium (H/Pu = 63) ,  t he  

ca lcu la ted  multiplication f ac to r  was 1.62. 





3.0 DISCUSSION 

3.1 Validity of the Existing Analyses 

The SAR C r i t i c a l i t y  Analysis 

The R H  waste analysis  appears conservative and the resu l t s  indicate tha t  the 
storage confiourations a r e  f a r  subcr i t ical  fo r  e i t h e r  fixed o r  non-fixed 

waste forms, and i n  the event of complete flooding by water. 

Moreover, the s a fe  neglect of a l l  configurations of CH waste except the 17C 
55-gallon drums a l so  appears j u s t i f i ed .  The FRP-coated plywood boxes are 
shown to  be sa fe ly  subcr i t i ca l  in  Reference 11; in f ac t ,  c lass ical  

c r i t i c a l i t y  considerations d i c t a t e  t h e i r  safety.* 

According t o  Reference 4,  the 83-gallon drums are  used only as  overpacks on 

the 55-gallon drums. The r a t i o  of iron t o  allowable f i s s i l e  content in the 

30 gallon drum i s  higher than t h a t  of a 55-gallon drum,** so a 30-gallon - 
drum array should be subcr i t i ca l  i f  a comparable array consisting of 

55-gallon drums i s  subc r i t i ca l .  Finally,  as  long as  the wood reinforcement 

i s  present,  an i n f i n i t e  array of DOT 6M drums was shown t o  be safe  by the 

calculations performed i n  S i lver  Spring. 

*For the  13 f t  height l imi ta t ion  in  WIPP, the areal  density of ~u~~~ i s  a 

fac tor  of s ix  below the 0.25 gm/cm2 c r i t i c a l  areal concentrztion f o r  H-PU 239 

systems. 8 

*This i s  t rue  f o r  most 30- and 55-gallon drums. However, a t  l e a s t  two 17H 

30-gallon drums weigh less than one-half (27.2 lbs. and 31.4 lbs . )  of a t  

l e a s t  one 17H 55-gallon drum (66.2 lbs).12 These drums are, however, 

g r ea t e r  than one-half of the weight assumed in the Rockwell Hanford 

Operations 55-drum calculat ions .  9 

_--- . 



th ree  dimensions. This i s  conserva t ive  because the drums i n  W I P P  w i l l  be 

stacked three t i e r s  h igh  by  15 drums wide. Although t h r e e  d i f f e r e n t  

p lutonium contents were modeled, o n l y  the 200 gm load ing  i s  conservat ive 

unless the  a c ~ u a l  p lu ton ium con ten t  w i l l  be measured f o r  each drum. 

Two assumpt'ms are  made i n  t h e  ana lys i s  which are - n o t  conservat ive. The 

f i r s t  i s  the assumed lower l i m i t  i n  the r a t i o  o f  hydrogen t o  p lutonium 

( rough ly  2000). Th is  assumption i s  apparent ly  r e l a t e d  t o  a statement i n  the  

SAR regarding the combust ib le content  o f  the  wastes. However, the use o f  

t h e  combustible content  as a c o n s t r a i n t  on the  range considered f o r  the  

hydrogen t o  p lutonium r a t i o  does n o t  appear j u s t i f i e d .  k c o r d i n g  t o  the 

ana lys i s  presented i n  Reference 9 (reproduced i n  Fig. 3), the d i f f e r e n c e  i n  

t h e  i n f i n i t e  mu1 t i p 1  i c a t i o n  f a c t o r  between an o p t i m a l l y  moderated ar ray  

(H/Pu z 300) and one i n  which H/Pu E 2000 (ex t rapo la ted  f rom t h e  curve given 

i n  Reference 8) i s  approximate ly  0.4.* It i s  noteworthy t h a t  t h e  200 g Pu 

curve i n  Figure 1 i s  c l i m b i n g  s t e e p l y  toward k_= l  a t  t h e  assumed maximum - H/Pu. 

The second unconservat ive assumption i s  t h a t  the plutonium-moderator mix ture  

i s  spread uni formly th roughout  t h e  drum. As demonstrated i n  References 9 

and 10, the  least r e a c t i v e  c o n f i g u r a t i o n  i s  the one i n  which the f i s s i l e  

m a t e r i a l  occupies 100% o f  t h e  drum volume (see F igure  2 ) .  I n  f a c t ,  as 

discussed i n  Sect ion 2.4, t h e  e f f e c t i v e  m u l t i p l i c a t i o n  f a c t o r  of t h e  f u l l  

d e n s i t y  c o n f i g u r a t i o n  ( w i t h  H/D=1.5) i s  h igher  than t h a t  o f  t h e  uniform 

c o n f i g u r a t i o n  by as much as 0.40. 

Although the  combined e f f e c t s  o f  these two unconservat ive assumptions are 

n o t  add i t i ve ,  they may i n  f a c t  exceed the  opposing conservat ive e f fec t  of 

t h e  i n f i n i t e  array approximat ion.  Therefore, the  SAR c r i t i c a l i t y  ana lys is  

- - 

*However, the  range i s  n o t  n e a r l y  as g r e a t  f o r  heterogeneous and/or f i n i t e  

arrays.  



does not denonstrate criticality safety for the WIPP storage configuration.' - - 

The Rockwell Hanford Operations Analyses 

As discussed in Section 2.4, the Rockwell Hanford Operations analyses 

explored a wide variety of parameters. Certain approximations and 

assumptions applied consistently throughout the analysis are conservative, 

tending to bias the calculated multiplication factors on the high side. The 
most obvious of these are: 

1,  The ninety-mi1 polyethylene linerst* for 55-gallon drums were 

omitted from most of the calculations. Incorporation of these 
liners in the calculations was found to decrease keff by about 

0.03 (at minimum densities) to approximately 0.1 (at maximum 

den-sitiesj. 

2. Most of the calculations assumed 23 kilograms of iron in the drum, 

less than the 29 Kg of iron in 17C 55 gallon drums.*** Increasing - 
the iron content by 6 kilograms in the calculations decreases kefi 

by about 0.015 (at maximum densities) to approximately 0.08 (at 

minimum densities). 

*Reference 4 rightly points out that the analysis conservatively omitted 
parasitic neutron absorption in miscellaneous materials admixed with the 
plutonium. Although this is undoubtedly true, the waste materials admixed 
with the fissile material are too variable and poorly defined to rely upon 
for criticality safety. 

**These are available on the Hanford plant drums9 and were incorporated in 
the SAR criticality analysislo However, some of the drums at EG&G Idaho have 
10-mil polyethylene liners; t h e  extent to which liners are applied to 
drums from other facilities is not known. 

***Some care must be exercised in pinnifi down the amount of iron i:: 
55-gallon drums. According to one source, the drums range in weight from 
55.6 lbs to 66.2 lbs. 



- 240 The existence of the poison, Pu , was neglected. It is " . . .;,J. 
i. J 

--.=,-. --' estimated that approximately 7% of the plutonium consists of this 
isotope.4 The poisoning effect of this isotope is not negligible, 

but the magnitude has not been determined. 

4. A reduced drum radius was used in the calculations to simulate the 

higher average fissile density found in triangular arrays. Since 

square drum arrays are planned for WIPP,' this assumption is also 

conservative. The magnitude of this effect is also not known. 

The calculations performed in Silver Sprina, however, revealed some 

discrepancies which are not in the conservative direction (see Figure 3). 

Most of these calculations provided an independent check on the full volume 

infinite array analysis of Rockwell Hanford Operations. Eliminating the 

results which are not comparable on the basis of iron densities (Nos. 2 and 

5 in Fig. 3) or cross section structure (No. 11 in Fig. 3), the 

- multiplication factors calculated in Silver Spring are higher than those of 

Rockwell Hanford Operations by approximately t0.01 to c0.08. The single 
result for the full density array implies that the discrepancy is 

significant only for the full volume cases. 

The source of this discrepancy, the multi-group iron cross sections, appears 

to have been identified at Rockwell Hanford Operations. l3 Most of the 

calculations have been redone, and a revised report is in draft form. 

However, the revised calculations presumably do not demonstrate changes in 

the results for arrays with 6 tiers or less. 

One additional aspect of the Rockwell Hanford Operations results is worthy 

of note. This is the analysis of array collapse. .- ray collapse is 

credible in the underground repository through waste containment or 

structural failures. Although waste containment failure is essentially 

assured over the long-term, this review concentrates on the short-term, 

operational phase of the repository, for which structural failure, at a 

minimum, should be considered. 



The r e s u l t s  g iven i n  Reference 9  i n d i c a t e  t h a t  the  increase i n  m u l t i p l i c a -  

t i o n  f a c t o r  brought  about by 1-dimensional (i.e., v e r t i c a l )  co l l apse  i s  

n e g l i g i b l e .  3-dimensional co l lapse,  however, can lead t o  an increase i n  

k e f f  o f  +0.25 f o r  i n i t i a l l y  f l a t t e n e d ,  f u l l  dens i t y  12 x  - x 5  drum arrays.  

3.2 C r i t i c a l i t y  Safe ty  i n  WIPP 

As discussed i n  t h e  prev ious  sect ion,  t h e  c r i t i c a l i t y  ana lys is  i n  support o f  

the SAR does - n o t  demonstrac? the  s a f e t y  o f  17C 55-gal lon waste drum storage 

arrays i n  WIPP. None o f  t h e  many c o n f i g u r a t i o n s  analyzed i n  Reference 9  i s  

i d e n t i c a l  t o  the  proposed storage c o n f i g u r a t i o n  i n  WIPP.  Nevertheless, t h e  

sa fe ty  o f  t h e  WIPP storage c o n f i g u r a t i o n  can be i n f e r r e d  from the  Rockwell 

Hanford Operat ions r e s u l t s . *  

The most r e a c t i v e ,  p h y s i c a l l y  r e a l  i s t i  c  c o n f i g u r a t i o n  analyzed i n  Reference 

9  i s  t h e  - x - x 6 a r r a y  o f  drums c o n t a i n i n g  200 gm o f  puZ3' i n  a  f u l l  

densi ty ,  f l a t t e n e d  con f i gu ra t i on .  The f i s s i l e  ma te r i a l  i s  o p t i m a l l y  

moderated (H/Pu z 1100) and t h e  v e r t i c a l  dimension o f  the  a r r a y  i s  - 
i n f i n i t e l y  r e f l e c t e d  w i t h  s o i l .  The p r e d i c t e d  e f f e c t i v e  mu1 t i p 1  i c a t i o n  

f a c t o r  i s  approximate ly  0.92. 

Other r e s u l t s  presented i n  Reference 9  p e r m i t  an es t imate  o f  t h e  e f f e c t  o f  

a d d i t i o n a l  leakage t o  be expected from t h e  ac tua l  storage con f i gu ra t i on .  

The e f f e c t  o f  reduc ing  t h e  v e r t i c a l  d imension f rom 6 t o  3  t i e r s  i s  est imated 

t o  change the  m u l t i p l i c a t i o n  f a c t o r  by  rough ly  -0.08. The e f f e c t  o f  

reducing t h e  w id th  o f  t h e  a r r a y  f rom i n f i n i t y  t o  15 drums is est imated t o  be 

approximate ly  -0.04 i n  keff. 

*This statement and t h e  subsequent remarks a r e  p red i ca ted  on the  assumption 
t h a t  t h e  rev i sed  a n a l y s i s  ( y e t  t o  be re leased)  does n o t  r e s u l t  i n  h i g h e r  
p red i c ted  values o f  kef f  f o r  a r rays  o f  6 t i e r s  o r  less .  



- 
Moreover, several additional conservative approximations and assumptions 
inherent in all of the calculations were pointed out in Section 3.1. The 

combined effect of these additional conservative assumptions, although not 
explicitly analyzed, could easily amount to -0.05 to -0.10 in k eff' 

Although these negative contributions to the effective multiplication factor 

are not additive, the combined effect is to provide an additional cushion of 
conservatism to the analysis. Therefore, it can be concluded that the 
55-gali drum storage array in WIPP will be safely subcritical (keff c 
0.95). 

In arriving at this conclusion, two very reactive configurations analyzed in 

Reference 9 have been ignored. The first is the H/D=1.5 shape in the drum, 

shown to be higher by as much as +0.2 in keff than that of the flattened 

shape. That the fissile moderator mixture could assume such a shape in a 

significant number of drums is considered to be physically unrealistic. The 
second is the three-dimensional collapse of the array, shown to result in an - increase in k by as much as +0.25. Although a one-dimensional collapse eff 
is considered to be possible (and, according to Reference 9, of negligible 

consequence), a complete three-dimensional collapse is difficult to 

envision.* 

*Of course, over the long-term, such an effect is fair game. The long-term, 
however, is outside of the scope of this review. 



4.0 CONCLUSIONS AND RECOMMENDATIONS -. 

C r i t i c a l i t y  s a f e t y  i n  WIPP has not  been demonstrated i n  t h e  SAR. However, a 

review of independent analyses suggests t h a t  c r i t i c a l i t y  sa fe ty  i s  assured 

i n  the p lanned c o n f i g u r a t i o n  f o r  TRU waste storage.' 

C r i t i c a l i t y  s a f e t y  i s  dependent on the assumption t h a t  no mechanism e x i s t s  

t o  r a d i a l l y  compact t h e  wastes i n  i n d i v i d u a l  drums o r  t o  compress t h e  e n t i r e  

a r ray  i n  a l l  t h r e e  dimensions. Although t h i s  assumption appears reasonable, 

some thought  shou ld  be g iven t o  p o t e n t i a l  ' f a i l u r e  modes t h a t  cou ld  

conceivably undermine i t s  v a l i d i t y .  Moreover, a r e l i a b l e  assay method must 

be s p e c i f i e d  t o  assure t h a t  t h e  content o f  p lu ton ium i n  t h e  drums i s  l e s s  

than t h e  p r e s c r i b e d  l i m i t  (200 gn, f o r  55-gal lon drums). 

Other conf igui -at ions f o r  waste storage i n  WIPP would r e q u i r e  a d d i t i o n a l  

ana lys i s  b e f o r e  c r i t i c a l i t y  sa fe ty  can be assured. For  example, a 

c o n f i g u r a t i o n  i n  which t h e  drums were t o  be stacked on t h e i r  s ides  has n o t  

been shown t o  be safe.  Moreover, i f  6M drums con ta in ing  500 gm o f  p lu ton ium - 
a r e  t o  be s t o r e d  i n  'JIPP, assurances must be g i v e n  t h a t  each drum w i l l  

con ta in  t h e  s p e c i f i e d  wood reinforcement.  

F i n a l l y ,  t hough t  shou ld  be g iven t o  long-term e f f e c t s  t h a t  cou ld  assemble a 

c r i t i c a l  mass th rough d i sso lu t i on ,  t ranspor t ,  and reconcen t ra t i on  o f  t h e  

f i s s i l e  m a t e r i a l .  

*This conc lus ion  must be regarded as t e n t a t i v e  u n t i l  t h e  r e v i s e d  r e s u l t s  o f  
t h e  Rockwell Hanford Operat ions analyses are released. 
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5.  COHEN AND ASSOCIATES 

D ~ c c s S ? r  30 ,  1983 

M r .  Rober t  H. Nei l1 
D i  rector 
Ewironmental Evaluation Group 
State o f  i i ew  Mexico 
320 E. Harcy Street 
P.O. Sox 968 
Santa Fe, New blexico 87503 

Subject: Reviews o f  WAESO-TR-83-0015 and TME-3025 Rev.1 

Dear Bob: 

I have reviewed the subject documents (References 1 end 2 i n  the attached 
1 i s t ]  and o f f e r  the fo l lowing comments f o r  your consideration. 

I n  i t s  o r i g i c a l  WIPP c r i t i c a l i t y  safety analyses ,3 DOE addressed both renot+ 
handled ( R H j  an contact-handled (CH) wastes. The revised WIPP c r i t i c a l i t y  $ - safe ly  analysis addresses only CH waste. The WAESD repor t1  consid2rs the 
c r i t i c a l i t y  safety  o f  RH waste. 

The ne:y RH waste c r i t i c a l i t y  analysis1 has a d i f ferent  o r i en ta t i on  than the 
o r i g i n a l  analysis.3 The o r i g i n a l  analysis estimated kq, f o r  one nominal 
amount o f  Pu-239 (126.7 gm), assumed t o  be uniformly d i s t r i bu ted  i n  vdrious 
sol id-water mixtares. The assumed compositions were estimated t o  be 
subs tan t i a l l y  subcri t i c a l  (k&0.109). 

The new analysis --- determines c r i t i c a l i t y  mG f o r  an ar ray o f  EH waste 
containers under double accident condi t ions.  A subc r i t i ca l  margin o f  
5% Ak i s  the object ive,  modif ied t o  a value of 8% Ak t o  account f o r  cal-  
cu la t iona l  methods and cross sect ion data uncer ta in t ies  ( a t  30:. The 
study resu l ted  i n  two types o f  l i m i t s  -- a concentration l i m i t  and a mass 
l i m i t .  For thcs? cases i n  which un i f o rm i t y  o f  f i s s i l e  concentration can 
be assured ( the  c r i t e r i o n  i s  a maximum o f  50% void averaged over any 5 l i t e r  
volume w i t h i ?  the container), a f i s s i l e  concentration l i m i t  o f  1.9 gm/ l i te r  
was derived. In a l l  other cases, a mass l i m i t  o f  240 gms obtains :I90 gms 
and 160 gms f o r  f i s s i l e  assay e r ro rs  o f  252 and 50%. respect ive ly) .  

Although we do no t  have the resources t o  a t t e s t  t o  the  v a l i d i t y  o f  the resu l ts ,  
the RH waste c r i t i c a l i t y  analysis appears t o  have been profess ional ly  executed. 
The ar ray o f  containers was modeled using a three-dimensional Monte Carlo code 

- - 

Note t h a t  t h i s  concentration i s  equiva lent  t o  a f i s s i l e  content of approx- 
imately 3 kg i n  an RH container, roughly a f ac to r  o f  24 h igher  than t h  
nominal amount o f  Pu-239 assumed i n  the o r i g i n a l  c r i t i c a l i t y  analysis. 5 
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(KEKO-IV). S e n s i t i v i t y  t o  var ia t ions i n  parameters was checked using a 
one-dimensional t ransport  code (XSDRNPM), which also generates an 
appropr iate neutron spectrum. EPiDF/B-4 cross sections were used, wi th 
resonance se l f - sh ie ld ing  accomplished w i th  the  NITAWL code. Methods 
were benchmarked against  seven plutonium c r i t i c a l  experiments. The 
ca lcu la t ions  considered a number o f  consti tuents i n  the waste matrix, 
various r e f l e c t o r s  surrounding the array, a f u l l  range o f  moderation 
(H/Pu-239), and compaction/settl i ng  o f  the waste pieces. Addi t ional ly ,  
several accident conf igurat ions were examined, and double accident con- 
d i t i o n s  were assumed i n  estab l ish ing the l i m i t s .  I n  summary, the methods 
are s ta te -o f - the-ar t  and the invest igators explored the s e n s f t i v i t y  o f  
the resu l t s  t o  a very wide range o f  parameters. 

We t u r n  now t o  the rev ised CH waste c r i t i c a l i t y  analy is . *  I n  my 1981 
review o f  the  o r i g i n a l  CH waste c r i t i c a l i t y  n a l y ~ i s , ~  I pointed out 
two assumptions which were no t  conservative.' The f i r s t  was the assumed 
lower l i m i t  on the r a t i o  o f  hydrogen to  plutonium (roughly 2000). The 
second was the  assumed homogeneous d i s t r i b u t i o n  o f  the plutonium through- 
o u t  the waste. 

I n  the rev ised  CH waste c r i t i c a l i t y  analysis. the former assumption was 
relaxed, and k, was ca lcu la ted over the e n t i r e  range o f  hydrogen t o  
plutonium r a t i o s .  For the maximum f i s s i l e  content o f  200 gm Pu-239, 
the 17C 55-gal lon drum i n f i n i t e  array i s  c r i t i c a l  over the range o f  
40<H/Pu-239<1500. The maximum calculated kg i s  approximately 1.2 a t  
a hydrogen t o  plutonium r a t i o  o f  approximately 400. However, DOE dis-  
misses these resu l t s  by s t a t i n g  t ha t  "the simul taneous occurrence o f  a 
very la rge  ar ray o f  drums a l l  containing the maximum allowable f i s s i l e  
loading combi ned w i t h  uni  form interspersed moderation i s  considered 
incred ib le . "  

I n  a February 1982 l e t t e r  from the WIPP Pro jec t  Of f ice t o  the E E G , ~  
DOE argues persuasively against the p o s s i b i l i t y  of a s i g n i f i c a n t  f rac t ion  
o f  the drums being a t  maximum density. The l e t t e r  s ta tes t h a t  " the data 
package t o  be provided w i t h  every container o f  waste t o  be shipped t o  
WIPP w i l l  con ta in  the  resu l t s  o f  an assay o f  the  f i s s i l e  content i n  
accordance w i t h  the WIPP Waste Acceptance C r i t e r i a .  This assay w i l l  be 
s u f f i c i e n t l y  accurate t o  a l e r t  the WIPP operator t o  any t rend toward 
increased f i s s i l e  loadings." 

I n  i t s  rev i sed  c r i t i c a l i t y  analysis, DOE d i d  not re lax  the second assump- 
ti on, t h a t  the  plutonium i s  admi xed hmgeneousl  y throughout the waste. 
I n  fact, t h e  o r i g i n a l  erroneous language was n o t  changed, namely t ha t  
"modeling t h e  plutonium as homogeneously d i s t r i b u t e d  throughout the 
waste i s  very conservative s ince t h i s  ignores geometric self-sh'elding." 
As demonstrated i n  Reference 6 and discussed i n  my 1981 r e r i a , \  caqres-  
s i ng  the f i s s i  le-moderator mixture leads t o  s i g n i f i c a n t  increases 
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l e s s  pa ra s i t i c  a b s ~ r p t i o n  in the drum walls. 

I n  the  February 1962 l e t t e r  from the WIPP Project Office to  the E E G , ~  
DOE cor rec t ly  poincs out t ha t  " reac t iv i ty  i s  not s ign i f ican t ly  .affected 
by s e t t l i n g  of the $rum's content unt i l  the tota l  drum content reaches 
approximately 302 of t h ?  t o t a l  drum volume." However, DOE f u r the r  con- 
tends tha t  " th i s  s e c t l i n g  must occur independent of crushing of the 
drum, a s i t ua t ion  w s  believe incredible  in view of the nature of the 
drum contents and t%s  limited handling act ivi ty  involved." I do not 
agree. This configuration could simply be realized with p a r t i a l l y  f i l l e d  
drums (with the 70% remainder of the drum empty) or material which has 
s e t t l e d  to  the b o t t m  of the drums. 

However, the DOE ana lys i s ,  coupled with administrative l imi t s  on drum 
loading, would j s s u r s  subcri t i c a l i  ty .  The average drum loading (13.275 
grn Pu-239) would s u r l y  remain subcri t i ca l  (k, of the homogeneous, i n f i n i t e  
a r ray  a t  optimum maceration i s  l e s s  than 0.4),  even under conditions of , 

p a r t i a l l y  f i l l e d  o r  s e t t l e d  material i n  the drums (although t h i s  was not 
e x p l i c i t l y  demonstrated by the DOE analysis) .  

Although I don ' t  sucgss t  t h a t  any more resources be expended on t h i s  
i s sue ,  I am s t i l l  perplexed by DOE'S analytical approach t o  t h i s  problem. 

- As discussed in  my 1381 review, i t  i s  possible to  demonstrate subcr i t i ca l  j t y  
of a f i n i t e  array of  maximally loaded drums in a f la t tened configuration. 
Relying on t h i s  most conservative analysis,  DOE would not have t o  impose 
adminis t ra t ive l i m i t s  on drum loading or  configuration. 

I hope t h a t  the forenoing comments a r e  useful t o  you in  your review of 
these  recent DOE docments .  Please feel f ree  to  contact me i f  you should 
have any questions cancerning my corranents. 

Sincerely ,  

Sanfo d Cohen 

Attachment 

I n  f a c t ,  the  Rockwell Hanford analyses6 have already done t h i s .  A t  t he  
time of my 1931 review, the  Rockwell Hanford calculations were being 
revised because of rhaages i n  t he  iron cross sections.  The revised 
analyses did nst recu! t i n  higher predicted values of keff f o r  arrays 
of 6 t i e r s  o r  l e s s .  7 
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S. COHEN AND ASSOClATES 

January 18, 1984 

~ r .  Robert H. Neill 

RECEIVED 

JAN 2 0 

ENVIRONMENTAC 
EVALUATION GROUP 

Director 
Environmental Evaluation Group 
320 E. Marcy Street 
P.O. Box 968 
Santa Fe, New Mexico 87503 

Dear Bob: 

We have completed our analysis of the postulated WIPP 
reconcentration criticality, and discuss our results in this 
letter. In summary, we learned that for the material 
concentrations that you have postulated, a criticality is indeed 
likely if the high fissile concentration obtains and the 
dimension of the aquifer is greater than roughly one-half meter. 
For such a high fissile concentration, the multiplication factor 
is not affected significantly by the postulated range of carbon 
adsorption, non-TRU brine compositionr OK low iron adsorption. 
High iron adsorption does significantly reduce the multiplication - factor, but the thick aquifer is probably still critical. On the 
other hand, a criticality does not appear achievable if the low 
fissile concentration obtains for any combination of the other 
parameters. 

The input material concentrations, based on your letter of 
July 20, 1983 , modified by telephone conversations with Jim 
Channel1 on December 19, 1983, are given in Attachment I. The 
resulting homogeneous atom densities used in the computer 
analyses are given in Attachment 11. A number of the elements 
contained in Attachment I have been omitted from the 
calculations. The reasons for these omissions and other 
assumptions used in computing the atom densities are as follows: 

The calculated atom density of U-233 is three orders of 
magnitude lower than that of Pu-239, given a uranium 
distribution coefficient (KD) Of 10; thus U-233 was 
omitted from the calculation. 

The macroscopic thermal absorption cross sections and 
potential cross sections of several elements were 
calculated to be at least three ordersof magnitude lower 

=~ttachment to letter from Robert 6. Neill to Sanford Cohen, 
entitled 'Inputs to Criticality Calculation.' . 



t h a n  t h e  corresponding macroscopic  c r o s s  s e c t i o n s  f o r  
hydrogen, and thus  t h e s e  e l e m e n t s  were omi t ted  from t h e  
c a l c u l a t i o n s .  These omi t t ed  e l emen t s  a r e  barium, cesium, - 
s t r o n t i u m ,  bromine, f l o u r i n e ,  i od ine ,  phosphorus, 
aluminum, copper,manganese, s i l i c o n ,  and z inc .  

0 C r o s s  s e c t i o n s  f o r  t h e  e l emen t  c h l o r i n e  were n o t  
a v a i l a b l e  on t h e  master d a t a  tape.  C h l o r i n e  cou ld  n o t  be  
d i s r e g a r d e d  i n  t h e  c a l c u l a t i o n s  because of its r e l a t i v e l y  
l a r g e  a b s o r p t i o n  c r o s s  s e c t i o n .  Therefore ,  c h l o r i n e  was 
r e p l a c e d  by an  e q u i v a l e n t  amount of boron, based on t h e  - -  
r e l a t i v e  t he rma l  neutron (0.025 e v )  a b s o r p t i o n  c r06s  '-, 

s e c t i o n s  of t h e  two e lements ,  i.e.: 

N~ = ( B . 6  h:trns)NC1 
755 ba rns  I 

w h e r e ~ ~ a n d ~ ~ ~  a r e  t h e  a tom d e n s i t i e s  o f  boron  and  
c h l o r i n e ,  r e s p e c t i v e l y .  

The e l emen t  l i t h i u m  was r e p l a c e d  by t h e  a p p r o p r i a t e  atom 
d e n s i t y  of l i thium-6.  The predominant i so tope ,  l i t h ium-  
7,  i s  r e l a t i v e l y  t r a n s p a r e n t  and can be s a f e l y  neg lec ted .  

The . !4 i sce l laneousn  m a t e r i a l  i n  Case 1 b r i n e  is assumed 
t o  be  n i t r o g e n .  

0 The hydrogen and oxygen atom d e n s i t i e s  f o r  Case 2 b r i n e  - 
a r e  d e r i v e d  by assuming that t h e  d i f f e r e n c e  between t h e  
s p e c i f i c  g r a v i t y  (1.215 gm/cc) and t h e  t o t a l  d i s s o l v e d  
s o l i d s  (0.328 gm/cc) r e p r e s e n t s  t h e  d e n s i t y  o f  water  i n  
t h e  b r i n e .  

The computer c a l c u l a t i o n s  were  performed us ing  t h e  NITAWL 
a n d  XSDRNPH computer codes i n s t a l l e d  on t h e  CDC Cybernet  system. 
NITAWL ext rac ts  123-group c r o s s  s e c t i o n s  from t h e  master c r o s s  

 h he c o d e s  a r e  summarily desc r ibed  and t h e  i n p u t  d a t a  s p e c i f i e d  
i n  t h e  AMPX-I1 manual, "ARPX: A Modular Code System f o r  
G e n e r a t i n g  Coupled n u l t i g r o u p  Neutron-Gamma L i b r a r i e s  from 
ENDF/B,= ORNL/Tn-3706, Harch 1976 (December 1978, Revised).  



s e c t i o n  l i b r a r y t  and p repa re s  them a s  i n p u t  t o  XSDRNPM. I t  
.- a d d i t i o n a l l y  p e r f  ocms any r equ i r ed  resonance  c a l c u l a t i o n s  (only  

f o r  PU-240 i n  our c a l c u l a t i o n )  us ing t h e  Nordheim I n t e g r a l  
Hethod. XSDRNPM c a l c u l a t e s  t h e  neu t ron  spectrum and t h e  
e i g e n v a l u e  f o r  a one-dimensional system, accep t ing  f ine-group  
c r o s s  s e c t i o n s  from NITAWL. I t  a d d i t i o n a l l y  c o l l a p s e s  t h e  
weighted f i n e - g r o u p  c r o s s  s e c t i o n s  t o  any s p e c i f i e d  mul t i -group 
s e t ,  f o r  i n p u t  t o  a m u l t i - d i m e n s i o n a l  code .  For a l l  b u t  o n e  of 
our  c a l c u l a t i o n s  ( t o  be  desc r ibed  l a t e r )  we used XSDRNPM i n  t h e  
homogeneous approximat ion  ( i n f i n i t e  medium), t h u s  computing t h e  
i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r  (k ,  1. 

I n  a l l  of o u r  c a l c u l a t i o n s ,  we c o l l a p s e d  c r o s s  s e c t i o n s  t o  
c a l c u l a t e  t h e  d i f f u s i o n  a r e a :  

where D is t h e  d i f f u s i o n  c o e f f i c i e n t  and Z a  and E t r  a r e  t h e  
macroscopic  a b s o r p t i o n  and t r a n s p o r t  c r o s s  s e c t i o n s ,  
r e s p e c t i v e l y * ,  W e  a l s o  computed t h e  b u c k l i n g  us ing  t h e  f o l l owing  
r e l a t i o n s h i p  : 

- 
where t h e  f i r s t  q u a n t i t y  accounts  f o r  l e a k a g e  from t h e  depth (7m) 
of t h e  s l a b  and t h e  second q u a n t i t y  from t h e  v i d t h  (d-0.5m o r  
5.0m) of t h e  s l a b .  (Leakage from t h e  7m depth  is, i n  a l l  c a s e s  
examined, n e g l i g i b l e . )  Then, t h e  e f f e c t  of l e a k a g e  on t h e  
m u l t i ? l y i n g  sys tem is computed us ing  t h e  one-group, d i f f u s i o n  
approximat ion :  

- 
The master l i b r a r y  is t a k e n  from GAM-I1 ( f a s t  c r o s s  s e c t i o n s )  

and  THERMOS ( t h e r m a l  c r o s s  s e c t i o n s )  cross s e c t i o n  sets prepared 
i n  t h e  19609, and is p o o r l y  documented. According t o  
r e p r e s e n t a t i v e s  of Oak Ridge N a t i o n a l  Laboratory,  it w i l l  be 
documented i n  the SCALE manual, which is y e t  t o  be publ ished.  

t* 
This assumes a n  unref  lected c o n f ~ u t a t i o n .  I n  a c t u a l i t y ,  Out 

a s s e m b l i e s  a r e  p robab ly  reflected by rock. W e  h a v e  n e g l e c t e d  t h e  
e f f e c t  o f  t h i s  r e f l e c t i o n  i n  our a n a l y s e s ,  render ing  t h e  r e s u l t s  
c o n s e r v a t i v e .  (The e f f e c t  of r e f l e c t i o n  would be t o  i n c r e a s e  
s l i g h t l y  t h e  ke f f  of t h e  assemblies . )  



" - di  

We examined t h e  accuracy  of t h e  above approximat ion by 
mocking,up t h e  a c t u a l  geometry (0.5m wide, unref lected s l a b )  i n  a 

P S 4  , XSDRNPH s p a t i a l  t r a n s p o r t  c a l c u l a t i o n .  W e  used Case A 
( I i t r f i s s i l e ,  b r i n e  1, no  adsorbed Fe, no adsorbed C) f o r  t h e  
c a l c u l a t i o n .  The s p a t i a l  t r a n s p o r t  c a l c u l a t i o n  r e s u l t e d  i n  a 
k e  f  of  app rox ima te ly  0.83. T h i s  is t o  be  compared w i t h  an  
esErmated k e f f  of  0.97 ob ta ined  i n  t h e  one-group, d i f f u s i o n  
approximation.  Thus t h e  one-group, d i f f u s i o n  approximat ion 
a p p e a r s  t o  unde re s t ima te  t h e  e f f e c t  of l eakage  f o r  t h e  t h i n  s l a b  
and t h u s  o v e r e s t i m a t e s  t h e  e f f e c t i v e  m u l t i p l i c a t i o n  f a c t o r .  The 
o v e r e s t i m a t i o n  i n  k is approximately  0.14 f o r  t h e  50cm t h i c k  
s l a b .  such  an e r r o f f d o e s  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  r e s u l t s  of 
t h e  s tudy ,  because  it t r a n s l a t e s  i n t o  less than 2Ocm of 
a d d i t i o n a l  t h i c k n e s s  f o r  an unref  l e c t e d  s l a b .  Moreoever, we h a v e  
assumed i n  our a n a l y s i s  an u n r e f l e c t e d  c o n f i g u i a t i o n ,  and t h e  
s l a b  would most l i k e l y  b e  r e f l e c t e d  by unsa tu ra t ed  rock, t h u s  
r educ ing  t h e  c r i t i c a l  s l a b  th ickness .  

The f i n a l  r e s u l t s  of t h e  c r i t i c a l i t y  c a l c u l a t i o n s  a r e  g i v e n  
i n  Attachment 111'. The a c t u a l  computer ou tpu t  t h a t  t h e s e  r e s u l t s  
a r e  based  on a r e  be ing  s e n t  t o  you under s e p a r a t e  cove r .  The 
c a l c u l a t e d  v a l u e  of t h e  i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r ,  k, , is 
t a b u l a t e d  i n  column 3. The e f f e c t i v e  m u l t i p l i c a t i o n  f a c t o r s ,  f o r  
e a c h  s l a b  w i d t h ,  a r e  g i v e n  i n  co lumns  5  and  6. F o r  t h e  f i v e  
cases i d e n t i f i e d  as A th rough  E, t h e  i n f i n i t e  m u l t i p l i c a t i o n  -. 
f a c t o r s  a r e  a l s o  t h e  e i g e n v a l u e s  c a l c u l a t e d  i n  co r r e spond ing  
XSDRNPM runs. f o r  t h e  c a s e s  denoted wi th  primes, t h e  i n f i n i t e  
m u l t i p l i c a t i o n  f a c t o r s  were ob ta ined  by weight ing the mic roscop ic  
f i s s i o n  and a b s o r p t i o n  c r o s s  s e c t i o n s  ove r  t h e  unprimed s p e c t r a  
(A' and Am ove r  t h e  spectrum c a l c u l a t e d  i n  Caee A; ED and Em o v e r  
t h e  spectrum c a l c u l a t e d  i n  Case E), and computing: 

u s i n g  t h e  a p p r o p r i a t e  number d e n s i t i e s  for t h e  pr imed cases. 
T h i s  approximat ion  s h o u l d  b e  q u i t e  a c c u r a t e  f o r  t h e  h i g h  f i s s i l e  
cases, s i n c e  t h e  p e r t u r b a t i o n s  are small. Por t h e  l o  f i s s i l e  

 h he P1 s t a n d s  f o r  f i r s t  o r d e r  quad ra tu re  o f t h e  s c a t t e r i n g  
a n i s o t r o p y r  S,, s t a n d s  for  f o u r  d i s c r e t e  a n g l e s  r e p r e s e n t e d  i n  t h e  
s p a t i a l  t r a n s p o r t  ' c a l c u l a t i o n s .  



cases, the approximation is less accurate, but sufficient for 
demonstrating trends for these assemblies, which are estimated - to be far subcritical under any of our variations. 

The results given in Attachment I11 demonstrate that an 
infinite configuration of the hi fissile concentration is far 
supercritical and roughly invariant under all of the modifica- 
tions examined, with the exception of the hi adsorbed iron 
case. The insensitivity of the hi fissile case can be ex- 
pained by the fact that, with the exception of the hi adsorbed 
iron case, approximately 75% of the absorptions are in the 
Pu-239. 

Conversely, all of the lo fissile concentration cases 
are subcritical by a substantial margin; This is because 
only approximately 35% of the absorptions (only 18% for the 
hi adsorbed iron case) are in the Pu-239. For the lo fissile 
case with Brine 1, hi adsorbed carbon, and no adsorbed iron, 
12% of the adsorptions are in the calcium, 8% in the hydrogen, 
35% in the boron (simulated chlorine), 4% in the non-fissile 
plutonium, and the remaining 16% in the other nuclides. 

Leakage from the 5 meter slabs is insignificant, so that 
kef f is essentially equivalent to k,. Leakage from the 0.5 
me er slabs is significant:' the one-group diffusion analyses 
indicate that for hi fissile concentrations, with the exception 
of the hi adsorbed iron case, the configurations may be barely 
critical (0.96<keff<1.07). Transport calculations indicate 
that leakage is underestimated. However, we have neglected 
reflection by the surrounding rock. Therefore, it may be 
safely concluded that the thin slabs are critical in the thick- 
ness range of 0.5 to 1.0 meters. 

Two additional perturbations, not tabulated in Attachment 
111, were examined.* The first was the effect of the removal of 
Pu-238 from Case A. This results in an increase in k, of 
approximately 0.01, which is a negligible effect. The second 
was the effect of the removal of boron, used to simulate the . 
chlorine, from Cases A and E. The results are increases in k, 
of 0.10 for Case A (hi fissile) and 0.36 for Case E (lo fissile). 
The results indicate that a 100% error in the simulation of 
chlorine by boron would not alter the major qualitative results 
for the high fissile cases, but might for the low fissile cases. 

I 

Pu-238 has a relatively short half-life, and is unlikely to 
be present to any significant degree in a repository several 
hundred years after waste emplacement. 



The environmental consequences of a reconcentration 
Criticality incident are highly uncertain. The release of 
fission products depends on the number of fissions, which 
in turn depends on the ability of the configuration to remain 
critical. Most historical critic lity inc'dents result in 
modest bursts f approximately lof6 to lo1' f)ssions: however, 
as many as -10'0 fissions have been recorded. The historical 
incidents involving solutions generally proceed in a succession 
of bursts until the geometry is destroyed by the expulsion of 
the liquid from the confined configuration. This ~ccurq~from 
the heating and subsequent expansion of the liquid. (10 
fissions corresponds to approximately 10 Mw-sec, or approx- 
imately lo7 BTU.) 

The reconcentration criticality postulated here could 
have a different physical behavior. The fissile material is 
deposited on the rock and would presumably remain in place 
after the brine has been expelled from the generated heat. 
Moreover, 'the system would probably fill with fluid again 
because the source is a flowing aquifer. Thus, the most 
likely physical behavior is a continual "chugging" of the 
system, resulting in a continual sefies of bursts, each 
resulting in, say, approximately 10 fissions, until the 
reaction is quenched by the. poisoning ef feet of fission 
products. Possibly Oklo is the closest analogy. 

The quantity of fission products produced can be estimated 
once the total energy release is determined. However, because 
of the location of the incident, the consequences to the ' 

accessible environment should not be very high. The noble 
gases may find their way to the atmosphere, but most of the 
radioiodine would probably be retained in the aquifer or the 
rock. If Oklo is indeed a reasonable analogy, most of the non- 
volatile~ should be retained in the rock in close proximity to 
the site of the critical configuation. 

Ihope that this letter and the Attachments are useful 
to you in your assessment of the likelihood of a reconcentratiom 
criticality resulting from dissolved WIPP transuranic wastes. 
If you or your staff have any question relating to any of 
this information, please do not hesitate to call me. I am 
sending the computer output under separate cover. 

Sincerply , 

William R. Stratton, 'A Review of Criticality Accidents", 
LA-3611, September 1967. 



Attachment I 

MATERIAG CONCENTRATIONS 

Calcium 0.435 
Carbon 0.247 
Magnesium 0.251 
Oxygen 1.045 
Hydrogen 9.00234 
Sulfur 0.019 

Concentration- 
bluclide KiPissile LQnPiesile 

Concentration factor for rock - 4000 

Element 

Oxygen 644 See 
Hydrogen 95 attached 
Carbon 13 8 chemistry 
Iron 222 for 
Sodium 115 WIPP-12 
Chlorine 175 brine 
Hiec. 5 5 
(aeeume 
Nitrogen) 





Bydrogen 

Li thium-6 

Boron 

Carbon 

Nitrogen 
rJl 
&- 
I Oxygen w 

Sodium 

Uagnesi urn 

Sulfur 

Potaeeium 

Calcium 

Iron 

Pu-238 

Pu-239 

Pu-240 

Case A . 
Bi Fissile, 
Brine 1, No 
Ads.Fe, No 
Ads. C 

7.07 X 10'3 

0.0 

1.32 X 10'~ 

1.31 X 10'~ 

2.36 X low4 

4.17 X 10'~ 

3.01 X 10-4 

6.21 X 10'~ 

3.57 x 10-4 
0.0 

6.54 X 

2.39 X 10"' 

1.72 X lom6 

6.65 X 10'~ 

3.21 X 10'~ 

Case B 
Bi Fissile, 
Brine I, No 
Ads.Fe, Ai 
Ads.C 

7.07 X lom3 

0.0 

1.32 X 10" 

3.82 X 10" 

2.36 X 

4.17 X loe2 

3.01 X 10'~ 

6.21 X low3 

3.57 x 10-4 
0.0 

6.54 X 10'~ 

2.39 X 10'4 

1.72 X 10'~ 

6.65 X 

3.21 X 

Case C 
Hi Fissile, 
Brfne 1, Hi 
Ads.Fe, No 
Ad8.C 

7.07 X 10'~ 

0.0, 

1.32 X 10" 

1.31 X lo-* 

2.36 X 10'~ 

4.17 X 10'~ 

3.01 X 10'~ 

6.21 X 10" 

3.57 x 10-4 

0.0 

. 5 4  x 10-3 

1.10 X 10'~ 

1.72 X 10'~ 

6.65 X 10" 

3.21 X 10'~ 

Case D 
Hi Fiesile, 
Brfne 2, No 
Ads.Fe, No 
Ad8.C 

7.33 x 10'~ 
1.83 X 

1.89 x 10-5 

1.24 X lom2 

3.95 X 10-6 

4.23 X lo-' 

3.61 X 

6.21 X 10'~ 

3.68 X 

4.47 X 10-6 

6.54 X 

2.91 X lo-' 

1.72 X lom6 

6.65 X 

3.21 X 

Case E 
Lo Flsslle, 
Brine 1, 
No Ads.Fe, Hi 
Ade.C 



Attachment 111 

RESULTS 

Description 

Hi Piseile, Brine 
1, No Ada.Fe, 
No Ade.C 

Hi Fieaile, Brine 
1, No Ade.Fe, 
Lo Ad8.C 

Hi Piseile, Brine 
1, Lo Ads.Fe, 
No Ada .C 

Hi Fissile, Brine 
1, No Ads.Fe, 
Hi AdS.C 

Hi Fissile, Brine 
2, No Ads.Fe, 
No Ads.C 

Lo Fiasile, Brine 
1, NO Ads.Fe, 
Hi Ad6.C 

Lo Fisaile, Brine 
1, Hi Ads.Fe, 
Hi Ad8.C 

LO Piseile, Brine 
1, NO AdSeFer 
NO Ad8.C 
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ENVIRONMENTAL EVALUATION GROUP - u r K L V L o 3 p 3 n V l l l ' - ~ ~ ~ . o l ~  

ALBUOUERQUE NEW MEXICO 87109 
(505) 8281005 

December 27, 1991 

Mr. W. John Arthur, I11 
Project Director 
WIPP Project Integration Office 
U.S. Department of Energy 
P.O. Fax 5400 
Albuquerque, NX 87115 

?ear Mr. Arthur: 

EEG has reviewed DOE/WIPP 91-029, "Implementation of the Resource 
Disincentive in 40 CF'R Part 191.14(e) at the Waste Isolation 
Pilot Plant,m-August 1991. We do not believe that the report 
accomplishes the objective of satisfying the requirement of 40 
CFR 191.14(e) nor does it adequately address concerns expressed 
in our August 10, 1990 letter (attached). Also, it appears that 
DOE has not asked EPA's opinion about whether this report would 
satisfy the 191.14 (e) requirement. 

However, EEG wishes to be constructive and look to the future to 
compensate for the lack of this compliance. Because the site has 
not been shown to possess favorable characteristics to compensate 
for the handicap of a resource-rich site, its compliance with the 
containment requirements should be very conservative. Human 
intrusion into the site should be considered a high probability, 
engineered modifications of the waste should be seriously consid- 
ered, and the reliance for long-term integrity should rest on 
engineered barriers in addition to the geology. 

If you agree with this suggestion, it would be necessary to: 

(1) abandon the DOE efforts to modify the Human Intrusion 
portion of the Standard. Suggested modifications would 
reduce or eliminate the only quantitative deterrent in the 
Standard against deliberately choosing a resource-rich site: 

(2) make a commitment to include robust engineered barriers in 
the WIPP design similar to NRC and NWTRB recommendations for 
the high-level repository; and 

3 seriously examine the options for repository design and 
waste f o m  modification to minimize the release from human 
intrusion. 

We believe that this approach vould be more productive than 

PlorMInp an l . c h n b l  adys i r  ol the Wute  I8ohtba Pibt PIlnt WIPPI 
1-1 rnnrunnk nucWr *..* nporl)o*. 



M r .  W. John Arthur,  I11 
Page 2 
D e c e m b e r  27,  1991 

c o n t i n u a t i o n  o f  our six-year-old deba te  about vhether compliance 
w i t h  40  CFR 191.14(e) has been shown. I f  you do not agree with 
t h i s  c o n s t r u c t i v e  approach, w e  w i l l  have t o  i n s i s t  on your 
p u b l i s h i n g  a r e p o r t  t h a t  shows compliance with t he  resource 
d i s i n c e n t i v e  assurance requirement. 

Our detailed comments on t h e  r e p o r t  a r e  enclosed. 

S i n c e r e l y ,  

@ D i r e c t o r  

RHN: js 
Enclosure  

cc: James Bickei , DOE/ALO 
Ar len  Hunt, WE/WW 
Mark F r e i ,  WIPP Task Force 
W i l l i a m  Gunter, EPA 



COKKENTS ON "IWPLEWENTATION OF THE RESOURCE 
DISINCENTIVE IN 40 CFR PART 191.14 (e) - AT THE WASTE ISOUTION PIIOT PUNT 

(DOE/WIPP 91-029, August 1991) 

This report states that the "resource disincentivem assurance 

requirement (40 CFR 191.14(e) that was in the remanded 1985 40 

CFR 191 Standard and expected to be in the repromulgated standard 

has been satisfied. We disagree. The report states "In 

addressing the natural resource provision of 40 CFR Part 191, the 

W E  does not propose to provide justification for the selection 

of the WIPP site." Rather, the report presents the history of 

how natural resource issues were evaluated during the site 

selection process. The contention is that the evaluation was 

extensive, vith outside revievers (including EEG), satisfied the 

NEPA process, and concluded that the use of the site for a TRU 

waste repository was of greater benefit than the possible - development of the resources. The point was also made that the 

entire site selection process was completed prior to the issuance 

of the EPA Standards which contain the "resource disincentiven 

assurance requirement. 

Our page-by-page comments follow. The comments recognize that 
much of the text is quotes from various documents and we believe 

it is historically accurate. Rovever, some of these quotes give 

a misleading picture of the current situation and its 

applicability to the "resource disincenti~e.~ 

paue-Bv-Paae Comments 

paae 1. The introduction fails to describe the event that 

prompted DOE to issue a strategy plan. It was a requirement 

specified in the 1987 modification to the C&C Agreement between 

W E  and the State of Nev Mexico. 



Paae 9. first ~araura~h, EEG is quoted (in a 1983 report) as 

suggesting that the loss of resources "is perhaps best handled by 

the NEPA processn and that health and safety issues from the 

attractiveness of the resource should be addressed by evaluating 

the increased probability of human intrusion. 

This is still our position. The ultimate determination that a 

resource-rich site is acceptable can come only after evaluating 

it against a standard that adequately reflects the increased 

attractiveness of the site to human intrusion. However, it 

appears that DOE and SNL are engaging in activities designed to 

reduce or eliminate the effect that resources have on the human 

intrusion scenario in the 1985 EPA Standard. . 

paae lo. second ~araara~h. The EPA ESAB is quoted as saying that 

"it may be possible by suitable engineering technique to recover 

the resourc& without disturbing a nearby repository or to 

mitigate the effects of potential human intrusion. The site and 

engineered barriers should be seen as a system, .... I 
EEG is uncomfortable with the concept of recovering resources on 

the WIPP site (currently permitted by DOE with the existing gas 

leases) and any general policy to permit this should be 

considered only after extensive discussions with non-WE 

organizations. Also, there are still no commitments by W E  to 

type of engineered barrier system to mitigate the effects of 

human intrusion. 

Paaes 12 and 6L. EPA expects that sites with resources would be 

used only "if it is reasonably certain that they vould provide 

better perall protection than the practical alternatives that 

are available." On page 61 the report says "The conclusion is 

that the favorable characteristics of the site uniquely qualify 

it for a repository for defense TRU wastes. These 

characteristics more than compensate for the likelihood of a 



future disturbance." What practical alternative to WIPP has been 

evaluated to determine if the repository provides better overall 

protection? Storage on the surface? Also, what are the 

favorable characteristics of the site that uniquely qualify it 

for a repository? 

paaes 14 and 53. The report points out that "care has been taken 

to avoid such brine reservoirs within the site area." (page 14) 

and "when the U s  Xedanos site was initially screened for the 
WIPP project it was thought that the facility was positioned 
outside of the knovn Carlsbad Potash District, and would 

therefore have a minimal impact on potash resour~es.~ (page 53). 

The presence of brine reservoirs and potash resources on the site 

were considered undesirable before site characterization. When 

it was found they existed on the site it was decided they were 

acceptable. 

A 
Paae 13. "There is no indication that an alternative site for 

the demonstration would pose reduced risk." 

Is there any indication that an alternative site would not pose 

reduced risk? Has the WIPP site been compared to any alternative 

site? 

P-. The statement is made three times on these pages 

that "the consequences of future events, including resource 

extraction, are acceptably small." 

The determination that consequences are acceptably small cannot 

be made until compliance with the EPA standard is shown. Since 

corpliance is not scheduled to ba shovn until about 1995 this 
statement is premature. Also, the standard requires that only 
the consequences of exploratory drilling be evaluated. Resource 

extraction does not need to be evaluated. 



Paae 24 .  Reference is made to the favorable hydrologic regime at 
the WIPP and quotes a 1983 report. - 
The Culebra model now being used is somewhat different than in 

1983. IS this statement still correct? 

paae 26.  EEG-11 (Channell, 1982) is one of the referexes cited 

when claiming that "future human intrusion in search of mineral 

resources will not significantly impact public health and 

safety . 
It is best not to generalize too much about what a report is 
saying. The EEG-11 scenarios resulted in maximum calculated 

doses to a nearby resident of >1 rem (committed effective dose 

equivalent) per year of inhalation and maximum quantities of 

radionuclides to the surface that were about 2.5 times that 

permitted by the 1985 EPA Standard. The report concluded that 

quantities brought to the surface were great enough compared to 

the 1981 draft of the EPA Standard to require a more detailed A 

evaluation. Furthermore, the data have changed considerably 

since 1981. For example, the inventory is now believed to be 

about 10 times as great, the existence of a brine reservoir under 

the site about 12 times as great, and the amount of brine that 

might flov to the surface could be about 5 times as great. 

paae 48. The following quote was made from the 1978 Geological 

Characterization Report: "The selection criteria used, however, 

was sufficient to establish that the site selected was adequate, 

safe, and acceptable.. 

We suggest that these words exaggerate the acceptability and 

safety of the site. The fact is that DOE does not expect to be 
able to show compliance with the 1985 EPA Standard before 1995. 

The site cannot be assumed to be safe and acceptable until it is 



shown to be in compliance vith the EPA Standard. 

- 
Paaes 49-58. It vould have been helpful to have given in-place 

(gross) and net values of resources vith 1991 market prices. 

Also, the efforts to minimize the impact of not mining 
langbeinite (pages 54, 56, 59) are not very convincing. 

paae 60. The statement is again made that the consequences of an 

inadvertent intrusion into the repository are small. However, 

two sentences later the more accurate statement is made: "The 

final determination of the acceptability of the site vill be 
based on compliance to the performance assessment requirements of 

40 cFl? 191 Subpart B." 

Conclusions on Resource Disincentive 

1. DOE did openly address the resource issue during site 

characterization and had interactions with appropriate State 

and public organizations. They appear to have satisfied the 

NEPA process. However, we are surprised there was not more 

public concern raised about the denial of resources, 

especially langbeinite. 

2 .  Siting a repository in a resource-rich area has always been 

considered undesirable and DOE should have expected that 
vhen standards were finally enacted they would contain some 

penalty for such sites. DOE'S siting approach was to try 

and find a site in a resource-rich area that contained 

lesser amounts of resources than surrounding areas. When 

the chosen site vas found to contain more potash resources 

and Castile brine reservoirs than originally believed these 

features were considered acceptable. 

3. The report suggests that WE has compared this site against 

alternatives and shown that it is an overall superior 



location. EEG is unavare that DOE has ever compared the 
WIPP site against alternatives or identified those favorable 

characteristics that compensate for choosing a resource- - 
rich area. Thus, ve conclude M a t  DoE has not justified the 

choice of this resource-rich site over a resource-poor site. 

DOE has incorporated no waste form modifications or 

engineered barriers in the repository design that would 
mitigate human intrusion effects. 

Preliminary results by SNL suggest that the WIPP site might 
be able to meet the Containment Requirements of 40 CFR 191 

despite the resource effect and no design modifications to 

mitigate the effects of human intrusion. However, since it 

is not certain the Containment Requirements could be met DOE 

is doing the following: 

(a) ~ecomknding that the Standard be revised to separate 

the human intrusion scenario from the Complementary 

Cumulative Distribution Function. This would downgrade 

the importance of the human intrusion event and make it- 

easier for WIPP to comply: 

(b) Recommending that the Standard be revised to permit 

alternatives to the generic radionuclide release limits 

allowed to reach the accessible environment. This 

could permit a site performance assessment to meet a 

lesser standard in some cases: 

(c) SNL is using expert panels on the future, site markers, 

and site barriers in an attempt to justify reduction in 

the maxirun exploratory drilling rate specified in EPA 
Guidance. If successful this exercise would have the 

effect of reducing or eliminating any penalty for 

choosing a resource-rich site. 

The probable form of M e  1985 EPA Standard and the human 
intrusion guidance for resource-rich sites was reasonably 



vell known by mid-1983 vhen the Decision for Repository 

Construction was made. 

7. EEG has always recognized that the WIPP site ia in a 

resource-rich area and we have never contended that this 

should be grounds for automatically rejecting the site. 

However, we believe that since DOE picked a resource-rich 

site and vas aware of the penalties likely to be in the 1985 

Standard before they began construction of the repository, 

they should be prepared to show compliance of the WIPP site 

with those standards and not try to obtain compliance by 

getting this portion of the S:andard modified. 

The proof of the suitability of the site can only be 

determined by showing compliance with the Containment 

Requirements with Guidance for a resource-rich site and not 

by unverified claims that the site is superior to 

alternatives. 
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ENVIRONMENTAL EVALUATION GROUP 

ureavLDToarwmImarrw-840Y€=1 
7007 WYOMING BOULEVARD. N.E. 

SUITE F-2 
ALBUQUERQUE. NEW MEXICO 87109 

(505) 828-1003 

February 13, 1990 

Mr. Arlen Hunt 
Acting Project Manager 
WIPP Project Office 
U. S. Department of Energy 
P. 0 .  Box 3090 
Carlsbad, New Mexico 88221 

Dear Mr. Hunt: 

The question has arisen on the Department's plans to demonstrate 
compliance with the natural resource Assurance requirement of 
the EPA Standard, 40 CFR 191.14(e). As you know, that particular 
requirement states that places where there has been mining for 
resources, a reasonable expectation of future exploration or a 
significant concentration of a scarce material should be avoided 
in selecting disposal sites. The requirement states, 

"Such places shall not be used for disposal of the 
wastes covered by this Part unless the favorable 
characteristics of such places compensate for their 
greater likelihood of being disturbed in the 
future . 

A recently published Sandia National Laboratory report (SAND 88- 
1452, Bertram-Howery et al, p. VI-2) states the following with 
respect to compliance with the natural resources part of the 
Assurance Requirements (40 CFR 191.14.e): 

"The WIPP project met this requirement 
when the site was selected, and the 
Project will issue a finding to that 
effect." 

The site was selected in the seventies and I don't believe that 
the Project has ever taken the position that the scientific 
evidence at that time provided any documentation for conclusions 
on the characteristics of the site--favorable or otherwise. In 
addition, our understanding was that the Department intended to 
publish an analysis similar to the October 20, 1988 document 
which was subsequently withdrawn. 

S6-1 
Raiding an independent techniUI amlysis 01 tfw Waste laoletion Pilot P h t  IWIPP). 

a laden1 tnnsunnic nuclear waste repository. 



Mr. Arlen Hunt 
February 13, 1990 
Page 2 

Please advise whether the SAND 88-1452 statement reflects the 
DOE/WPO official position. 

nl& 
obert H. Neil1 
Director 

cc: Mr. James E. Bickel, Asst. Mgr. for Projects 
and Energy Programs, DOE-ALO 

Mr. Leo P. Duffy, Special Asst. to the Sec. for 
Coordination of DOE Waste Management, DOE-EH 

Ms. Jill E. Lytle, Deputy Asst. Secretary 
for Nuclear Materials, DOE 

Mr. Mark Frei, Chairman, WIPP Task Force 



/ 
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7007 WOMlNG BOULEVARD. N E 
SUITE F.2 .. - - 

ALBUOUEROUE. NEW MEXICO 87109 
(5051 828.1W3 

August 10, 1990 

Mr. Arlen Hunt 
Project Manager 
WIPP Project Manager 
U. S. Department of Energy 
P. 0. Box 3090 
Carlsbad, New Mexico 88221 

Dear Mr. Hunt: 

On February 13,1990, EEG asked your office how WPO would show 
compliance with the natural resource Assurance requirement of the 
EPA Standard 40 CFR 191.14(e). After 5.5 months, you wrote back 
on July 31, 1990 to say that the requirement was met when the 
site was selected, (presumably in 1980 when the WIPP FEIS 
compared different sites) and you reiterated the position stated 
in the Sandia December 1989 report that you expect to publish a 
short report at some unspecified future date that will cite the 
favorable characteristics. 

Fundamental Concerns 

This raises some very fundamental concerns on the manner in which 
DOE is regulating itself in demonstrating compliance with the EPA 
Standards for safe disposal of TRU wastes at WIPP. 

1. Was this conclusion reached by DOE as the implementing 
agency entrusted with the responsibility of insuring that 
the EPA Standards are met, or as DOE, the regulated agency 
that must do the actual demonstration? 

2. What other parts of the EPA Standards can DOE, as either the 
regulator or regulated merely say have been demonstrated at 
some time in the past? Would the Department as regulator be 
willing to provide a written list of those portions of the 
Standards which have been met? It is interesting to note 
that NRC, as the regulator for HLW disposal, is writing 
criteria to provide clear guidance to DOE on what they must 
do to show compliance with 40 CFR 191 as part of 10 CFR 60. 

S7-1 

Prowdmg m rndepcndenf tuhniul arulyslt Ot the Was10 Isolation Pilor Plant (WIPP). 
f . d . n r  tnnsunnrc nucmar wasto m m i w .  



Mr. Arlen Hunt 
Page 2 
August 10, 1990 

3 .  Have you asked EPA whether your approach to declare portions 
of the standards to have been met and then document it in 
the future is what they had in mind? The May 22, 1987 
letter by the Director, Office of Radiation Programs, EPA to 
the Deputy Assistant Secretary DOE, iniicates that your 
position would not be sufficient. Examples like this 
provide the basis for not allowing the same party to be both 
a regulator and the regulated. 

4. Has WE-OCRW asked NRC if they would accept such logic that 
W E  had satisfied this requirement when they selected Yucca 
Flats some years ago for a high-level waste repository? 

DOE Prwress in meetina Assurance Reauirements over Dast 5 years 

YOU point out that EEG often states that DOE has made no progress 
with the Assurance Requirements (40 CFR 191.14) since they were 
promulgated 5 years ago and provided examples of progress. 

It is important to remember that 3 3  years ago W E  said the 
assurance requirements would be completed by October 1988. 
Specifically, EPA noted that DOE stated at a March 26, 1987 
meeting, "i.e., that projected compliance with Subpart A and th 
assurance requirements of Subpart B will be shown to .~aste 
receipt, currently scheduled for October 1988." We are unaware 
of any published progress. 

Active Institutional Controls 

You cite the identification of soil preparation techniques and 
the selection of seed species as progress in active institutional 
controls. Since the purpose of active institutional controls as 
defined in the EPA Standards is to prevent radiation exposure and 
protect the public health in the post-decommissioning phase from 
radioactive materials located at a depth of 2150 feet in the 
repository, the examples of work cited by you will not be of any 
value in this regard. You appear to misunderstand "performing 
maintenance operations or remedial actions at a siten (40 CFR 
191.12(f)(2)) to mean site reclamation when it actually refers to 
preventing radioactive releases. After 12 years of study and the 
expenditure of almost $1 billion, one would expect progress in 
active institutional controls to include specifying how long you 
intend to leave a fence around the property or keep a watchman on 
the payroll to prevent human intrusion. 



Mr. Arlen Hunt 
Page 3 
August 10, 1990 

NRC requires early karning monitoring systems to detect any 
changes in the HLW repository and W E  is designing the facility 
to handle this including underground sensors to measure any 
radionuclide migration. Is it not appropriate that W W  should do 
the same? 

Passive Institutional Controls 

Your letter states, ". . . through the administrative land 
withdrawal, the W E  is able to protect the lands from any entry 
that would compromise the integrity of the disposal system." 
There is only a request pending by W E  to the Department of the 
Interior for administrative land withdrawal which has not been 
acted upon and it is incorrect to imply that the action has 
occurred. Further, W E  must publish the design of permanent 
markers, etc. to prevent future generations from drilling into 
the repository. 

Your Department has asked the Congress for exclusive authority to 
prevent mining without any power to redelegate such authority but 
has been silent on how it would be done. How can you claim 
credit for the ability to prevent intrusion (as well as the 
authority) without providing any plans to show how it will be 
done? 

Your letter states that your contractors have been inst~cted to 
evaluate criteria for-markers and provide warnings. What 
progress has been demonstrated through published or unpublished 
work since this requirement was established 5 years ago? You 
correctly point out that the W E  HLW commercial repository 
program has done a large amount of work in this area using WIPP 
as an example. Since we are not aware of any difference in the 
technology of markers in the past decade, why not use their vork? 

Multiple Barriers 

You stated that WIPP depends on a combination of engineered and 
natural barriers. To date, W E  has not selected any engineered 
barriers as required by the Standards. The waste is soluble, 
respirable, and in a carbon steel drum and the only commitment to 
an engineered barrier is a getter of unspecified composition and 
thickness to be placed above the waste. Your letter only 



Mr. Arlen Hunt 
Page 4 
August 10, 1990 

describes plugs and seals (vhich W E  is not allowed to take 
credit as an engineered barrier in the NlSC regulated repository 
in Nevada nor did EPA include room and shaft seals as an 
engineered barrier for WIPP). 

Although my impression may not be totally fair, the tenor of your 
response suggests a commitment to the absolute minimum as 
expressed in the philosophy that anything beyond plugs would 
only be included if it vere proven to be necessary through 
performance assessment. The intent of the Assurance 
Requirements was clearly spelled out by EPA in the 1985 preamble 
that it is not necessary to quantify the amount of benefit 
obtained but was to be done as an assurance of repository 
integrity due to the inherant uncertainties in the calculations 
of travel times and leach rates. 

Waste Removal 

You state that mined geologic repositories such as the WIPP meet 
the requirement for vaste disposal removal with no further 
action. As the regulator of TRU vaste at WIPP, W E  has imposed 
far less stringent requirements on vaste removal at WIPP than the, 
regulator of HLW disposal (NRC) has placed on W E .  Note the 
requirements in 10 CPR 60 for the SAR vhich include plans for 
alternate storage should retrieval prove necessary. 

- 
Robert H. Neill 
Director 

RHN : lsb 
Enclosures: 2/13/90 letter Neill, EEG to Hunt, W E  

7/31/90 letter Hunt, DOE to Neill, EEG 

cc: Hr. J. Bickel, DOE-AU) 
Hr. L. Duffy, DOE-Headquarters 
Xs. J. Lytle, DOE-Headquarters 
Hr. M. Frei, WE-Headquarters 
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Department of Energy 
Field Office. Albuquerque 

PO. BOX 5400 
Albuquerque. New Mexico 87115 

Mr. Robert H. Neill, Director 
Environmental Evaluation Group 
7007 Wyoming, N. E., Suite F-2 
Albuquerque, NM 87109 

Dear Mr. Neill: 

The Department of Energy has received your letter dated December 27, 1991, 
which provides the Environment Evaluation Group's review comments on 
DOE/WlPP 91-029, "Implementation of the Resource Disincentive in 40 CFR 
Part 191.14(e) at the Waste Isolation Pilot Plant' (August 1991 ). At the present 
time, we are reviewing a plan to address this complex issue. When we have 
completed the task of addressing this issue, we will provide you with a detailed 
response to your referenced letter and its accompanying 'Comments." 

If you have any questions regarding this transmittal, please call Tracy Loughead of 
my staff at 545-5977. 

cc: 
C&C File (ED91 00184) 
T. Loughead, WPlO 
J. Kenney, EEG 

Sincerely, 

W. John Arthur, Ill 
Project Director 
WlPP Project Integration Office 
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LIST OF EEG REPORTS 

EEG- 8 

Goad. Donna, A Comoilation of Site Selection Criteria Considerations and 

Concerns Ao~earine in the Literature on the Deeo Disoosal of Radioactive 

Wastes, June 1979. 

Review Comments on Geoloeical Characterization Reoon. Waste T s o l a t i o m  

11, December 1978. - 

Neill, Robert H., et al, (eds.) Radioloeical Health Review of the Draft 

Environmental Im~act  Statement (DOEIEIS-0026-D) Waste Isolation Pilot 

Plant, U. S. Deoartment of Energy, August 1979. 

Little; Marshdl S., Review Comments on the Re~or t  of the Steering 

Committee on Waste Acceotance Criteria for the Waste Isolation Pilot Plant, 

February 1980. 

Channell, James K., 

Released in Hvoothetical Transmrtation Accidents Involvine WIPP-Related 

Radioactive Wastes, November 1980. 

Geotechnical Considerations for Radioloeical Hazard Assessment of WIPP. A 

Rewrt of a Mcetine Held on Jan- 17-18. 198Q. April 1980. 

Chaturvedi, Lokesh, WIPP Site and Vicinitv Geolofical Field Trio. A Reuort 

9 9  

Southeastern New Mexico. June 16 to 18. 198Q November 1980. 

Wofsy, Carla, The Sienificance of Certain Rustler Aauifer Parameters for 
p. !3eptembe- 1980. 

RL- 1 



LIST OF EEG REPORTS (CONTINUED) 

EEG-9 Spiegler, Peter, An Aooroach to Calculatine U D D ~ ~  Bounds on Maximum 

Individual Doses From the Use of Contaminated Well Water Following a 

WIPP Re~ositorv Breach, September i981. 

EEG- 10 Radioloeical Health Review of the Final Environmental Imoact Statement 

({, 

January 1981. 

EEG- 1 1 Channell, James K., Calculated Radiation Doses From Radionuclides Brou~ht 

to the Suface if Future drill in^ Interce~ts the WIPP Reoositonr and 

Pressurized Brine, January 1982. 

EEG-12 Little, Marshall S., Potential Release Scenario and Radioloeical Conseouence 

Evaluation of Mineral Resources at WTPP. May 1982. 

6 EEG- 13 Spiegler, Peter., imn 

Beneath the WTPP Reoository, May, 1982. 

EEG-14 Not published. 

Radiation Doses Res 
. . 

EEG- 15 Bard, Stephen T., &timated ulme if an Ex~loratory 

'zed Brine Rese ir Assumed to Bonhole Penetrates a Pressun nro Exist Below the 

W m  k h  1982. 

EEG- 16 Radi 1 nucli R 1 n for WIPP. A 

Reooa of a Workshoo Held on Se~tember 16-17. 1981, Feb- 1982. 

EEG-17 Spiegler, Peter, Hy&&&&d 
of the Waste Isolation Pilot Plant (WIPP) Site, December 1982. 
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. : 
. . . , 

LIST OF EEG REPORTS (CONTINUED) 
I 

' ~ ;  

. , 
." ,. 

' I__._.,'' 

Spiegler, Peter, Oriein of the Brines Near WIPP from the Drill Holes ERDA-6 

and W P - 1 2  Based on Stable Isoto~e Concentration of Hvdroeen and Oxvven, 

March 1983. 

ChanneU, James K., Review Comments on Environmental Analvsis Cost 

Reduction Pro~osals WPIDOE-136) Julv 1982, November 1982. 

Baca, Thomas E., An Evaluation of the Non-radioloeical Environmental 

Problems Relating to the WIPP, February 1983. 

Faith, S t u a  et al., The Geochemisav of Two Pressurized Brines From the 

Castile Formation in the Vicinitv of the Waste Isolation Pilot Plant (WIPP) 

& April 1983. 

EEG Review Comments on the Geotechnical Re~orts Provided bv DOE to 

EEG Under the Sti~ulated Agnement Throueh March 1. 1983, April 1983. 

N e 4  Robert H., et al., Evaluation of the Suitabiitv of the WIPP Site, May 

1983. 

Neill, Robert H. and James K. Channell Potential Problems From Shi~ment of 

High-Curie Content C~ntact-Handled Transuranic (CH-TRUI Waste to WIPP, 

August 1983. 

Chaturvedi, Lokesh, Occurrence of Gases in the Salado Formation, March 

1984. 

ntal Evaluation Group's En Spiegler, Peter, F.nvironme vironrnental Monitorirg 

Proemm for WIPP, October 1984. 
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Rehfeldt, Kenneth, Sensitivitv Analvsis of Solute Transuon in Fractures and 

Determination of Anisommv Within the Culebra Dolomite, September 1984. 

Knowles, H. B., Radiation Shielding in the Hot Cell Faciurv at the Waste 

Isolation Pilot Plant: A Review, November 1984. 

Little, Marshall S., Evaluation of the Safetv Analvsis Revon for the Waste 

Isolation Pilot Plant Proiect, May 1985. 

Dougherty, Frank, Tenera Corporation, Evaluation of the Waste Isolation Pilot 

Plant Classification of Svstems. Structures and Com~onents, July 1985. 

Ramey, Dan, Chemistrv of the Rustler Fluids, July 1985. 

Chaturvedi, Loktsh and James K. Chamell, 'Lhe Rustler Formation as a 
-. 

-ated Tran n Groun dwa- December 1985. 

~ h a k e l l ,  James K., John C. Rodgers and Robert H. Neill, Adeuuacv of 

TRUPACT-I Desim for Transwrtine Contact-Handled Transuranic Wastes to 

WTPp, June 1986. 

Chaturvedi, Lokesh, (ed), me Rustler Formation at the WTPP Site, January 

1987. 

Chapman, Jenny B., Stable Isotoues in Southeastern New Mexico Groundwater: 

Irn~lications for Dating Recharge in the WIPP Area, October 1986. 

Lowenstein, T i  K., Post Burial Alteration of the Pemian Rustler Formation 

Eva~orites. WIPP Site. New Mexico, April 1987. 
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EEG-37 Rodgers, John C., Exhaust Stack Monitoring Issues at the Waste Isolation Pilot 

Plant November 1987. -7 

EEG-38 Rodgers, John C., Kemey, Jim W., A Critical Assessment of Continuous Air 

Monitoring Svstems At he Waste Isolation Pilot Plant, March 1988. 

EEG-39 Chapman, Jenny B., Jf 

Groundwater in the Culebra Dolomite. Southeastern New Mexico, March 1988. 

EEG-40 Review of the Final Safetv Analvsis Renon (Draft). DOE Waste Isolation Pilot 

Plant. May 1989. 

EEG-41 1 
-t July 1989. - 

EEG-42 Chaturvedi, Lokesh, Evaluation of the DOE Plans for Radioactive Ex~eriments 
and_ODerational, September, 1989. 

EEG-43 Kenney, Jim W., John C. Rodgers, Jenny B. Chapman, and Kevin J. Shenk, 

on Surveillance of the WIFF Proiect bv EEG. 1985-1988, 

January 1990. 

EEG-44 Gretnfield, Moses A, Probabilities of a Catastroohic Waste Hoist Accident a 
the Waste Is- Pilot P h &  January 1990. 

EEG-45 Siva, Matthew K, JVc ' ' 
. . .  P f  

Volatile Orpanic Comnounds in WIPP CH-TRU Waste, June 1990. 
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GaUegos, Anthony, and James K. Channell, Risk Analvsis of the Trans~on of 

Contact Handled Transuranic (CH-TRU) Wastes to WIPP Alone Selected 

Highwav Routes in New Mexico Usine RADTRAN N, August 1990. 

Kenney, Jim W., and Sally C. Ballad, Preo~erational Radiation Surveillance of 

the WIPP Proiect bv EEG Durine 1989, December 1990. 

Silva, Matthew K., An Assessment of the Flammabilitv and Exulosion Potential 

of Transuranic Waste, June 1991. 

Kenney, Jim W., 

EEG Durine 1990, November 1991. 

Silva, Matthew K., and James K. Channell, Im~lications of Oil and Gas Leases 

at the WlPP on Com~liance with EPA TRU Waste DiSppsal Standards, June 

1992. A 

'anal Radiation Surveillance of Kenney, Jim W., Pnowran the WZPP Proiect by 

EEG Durine 1991, October 1992. 

Bartleg William T., An Evaluation of Air Effluent and Woblace  

Radioactivitv Monitoring at the Waste Isolation Pilot PlanL Febrwy 1993. 

Gmnfiild, Moses A, and Thomas 3. Sargenh A Robabilistic Analvsis of a 

catastro~hic Transuranic Waste Hoist Accident at the W P ,  June 1993. 

Kenney, Jim W., howrational Radiation Surveillance of the WIPP Proiect by 

EEG Durine 1992, February 1994. 

Silva, Manhew K., Imulications of the Presence of Petroleum Resources on the 
Intemitv of the WJPP, June 1994. 
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EEG-56 Silva, Matthew K., and Robert H. Neill, Unresolved Issues for the Disoosal of 

Remote-Handled Transuranic Waste in the Waste Isolation P~lot Plant, 

September 1994. 

EEG-57 Lee, William W.-L., et al., An A~oraisd of the 1992 Preliminarv Performance 

Assessment for the Waste Isolation Pilot Plant, September 1994. 

EEG-58 Kenney, Jim W., Paula S. Downes, Donald H. Gray, and Sally C. Ballard, 

Radionuclide Baseline in Soil Near Proiect Gnome and the Waste Isolation 

Pilot Plant, July 1995. 

EEG-59 Greenfield, Moses A, and Thomas J. Sargent, An Analvsis of the Annual 

Probabilitv of Failure of the Waste Hoist Brake Svstem at the Waste Isolation 

Pilot Plant IWIPP1, November 1995. 

EEG-60 Bartlett, W i  T., and Ben A Walker, The Influence of Salt Aerosol on 

Aloha Radiation Detection bv WIPP Continuous Air Monitors, January 1996. 


