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Dr. Earnest F. Gloyna. Chairman 4 tomnittee on Radioactive Uaste Management . .. 

National Academy of Sciences 
2101 Constitution Avenue, N. W .  
Washington, D. C. 20418 

Dear Dr. Gloyna: 

As part of its continuing responsibility to review criteria and 
guidelines for the location, design. construction, and operation of a 
proposed radioactive waste isolation pilot plant (WIPP), this Panel has 
reviewed the WIPP Draft Site Characterization Report (DSCR). SAND 78-1596, 
prepared by Sandia Laboratories for the Department of Energy. The DSCR. 
which has subsequently been published. with the same report number, as - "Geological Characterization Report (WIPP)," is a compilation of t h e  known 
geotechnical information about the proposed site and the surrounding region, 
with chapters devoted to regional geology. site geology. seismology, hydrology, 
geochemistry, resources, and speclal studies of WIPP repository rocks. It 
does not address such mtters as socioeconomic considerations, accessibility, 
transportation and failure modes, which Kill need to be included in a 
complete site characterization. 

The following brief account, which must be viewed in conjunction with 
the DSCR itself, is intended for a very limited audience of readers fully 
conversant with the contents of the basic document. 

As a first step in this review. individual chapters of the DSCR were 
examined in detail by subgroups of the Panel with special expertise in 
the disciplinary areas involved. after which their separate comnents 
were discussed by the full  Panel in a meeting with the Sandia authors of 
the document. 

The Panel then reviewed the extent to which the infomation con- 
tained in the DSCR provides sound geotechnical support for an environmental 
impact analysis and related decisions leading to the selection of an 

- , , 



appropriate s i t e  for the proposed pi lo t  plant. The review focused on 
the Report's exposition of geotechnical 4nformation w i t h  c r i t ica l  bearing 
on the s i t e ' s  probable ab i l i ty  to  provide the desired long-term tsolation 
of emplaced waste, e.g. seismic or  tectonic up l i f t ,  intrusion of ground-  
water. thermal and mechanical characteristics of the host rock. and 
retardation effects  along possible migration pathways. The Report d i d  
not t r ea t ,  nor d i d  the Panel consider, the effect  of the emplacement of 
waste or  the waste i t s e l f  on the long term integrity of the repository. 
A l t h o u g h  recognizing the considerable coverage and detail  of the information 
presented. the Panel noted a few areas where additional d a t a  are desirable 
to more ful ly  characterize the geotechnical aspects of the area under 
consideration. These include the following: 

a )  A m a j o r  disagreement between conclusions reached i n  the DSCR 
and the views of R.  Y .  Anderson i s  mentioned i n  several places. Anderson. 
a professor of geology a t  the University of New Mexico a t  Albuquerque. 
who has specialized i n  the study of evaporite deposits i n  the Delaware 
Basin, was cmis s ioned  by Sandia Laboratories t o  prepare a report on 
the deep dissolution of s a l t  in the region around the proposed WIPP 
s i t e .  Basing his argument on a postulated unconformity a t  the base of 
the Salado formation arid on his hypothesis that  the so-called "breccia 
pipes" are  localized features of deep dissolution which originated as 
collapse chambers i n  s a l t  beds imnediately overlying the reef and basin 
aquifers,  Anderson suggested t h a t  dissolution may be so rapid that  the 
en t i re  s a l t  fonnation will disappear w i t h i n  a million years. The DSCR, 
on the other hand, considers only dissolution a t  the western edge of the 
s a l t  beds and concludes t h a t  present ra tes  will ensure preservation of 
the Salado a t  the UIPP s i t e  fo r  a t  l e a s t  a few million years. The Panel 
fee l s  that  a more thorough explanation should have been provided as to  
why the authors of the DSCR consider t he i r  views preferable to  Anderson's 
hypothesis. On t h i s  same issue of s a l t  dissolution, the DSCR estimates 
of the ra te  of re t rea t  of the solution front two o r  three miles west of 
the s i t e  are evidently based on the assumption of uniform dissolution 
over a wide area under average conditions. A rational basis should be 
provided for  t h i s  assumption, vis a v i s  the possibi l i ty of accelerated 
dissolution ra tes  in local a r e c i i i t h s e l e c t i v e  removal of s a l t  from 
beneath the present sedimentary cover, part icularly i f  pluvial conditions 
were t o  change in the future. 

b) Additional data and analyses would be helpful t o  determine w i t h  
greater confidence the current ra tes  of tectonic up l i f t  i n  the region 
a n d  whether, as  a r e su l t ,  the s a l t  may be exposed t o  accelerated erosion 
a t  some time i n  the  foreseeable future. 

c)  The so-called "breccia pipes" need more detailed analyses t o  
determine whether they may serve as  conduits fo r  water that  may have 
promoted, or  may in the  future promote, deep dissolution of the s a l t  
beds. 



d) There appears to be sufficient information to resolve the 
question regarding the ilkellhood of upward flow from the Bell 'Canyon 
formation through the Salado, where the proposed reposltory horizons are 
located, to the overlying Rustler. This should be addressed. 

e) Because rock properties have a strong influence on mine design, 
more detailed information is needed on the various rock types in the area 
and on their permeability. fracture. and thermal properties under conditions 
as similar as possible to those that would be found in a repository. Both 
laboratory and field tests approximating in-situ conditions will be required 
to develop this information. 

f) The information on sorption of the important radionuclides by 
materials to be expected in possible migration paths, under conditions 
resembling those near a possible repository. seems to be sparse. As soon 
as the types of waste to be stored in the repository are known, a more 
complete discussion should be presented of the retardation anticipated in 
the migration paths. 

g) The m s t  recent episode of any recrystaTlization in the Salado 
fonnation near the proposed hlIPP site is reported to have occurred about 
200 million years ago. The Panel urges confirmation of this important date 
by further studies and other techniques. as described in Section 7.8.of 
the DSCR. 

I n  sumnary, the Panel views the DSCR as a progress report on a 
,- continuing program of geotechnical data collection and analysis, con- 

ducted under the constraint of no perturbation of the potential site. The 
Panel considers the report to be useful as a compendium of the information 
available to the authors on the character of the unperturbed geological 
formation at the Los Hedanos site and the dynamics of the ge~chemicallhydro- 
logical system. On the basis of this available information. further 
investigation of the site is warranted. However, final decisions 
regarding repository site selection must take into account more information 
than is contained in this report. Most importantly, they must take into 
account the effect of the emplacement of the waste and the waste itself 
on the repository and its surroundings. These decisions must be based 
also on supplementary data acquisition and analyses such as those suggested 
above; the additional studies delfneated in the document itself; crucial 
in-situ studies conducted throughout the construction phase; and additional 
definition of design objectives. criteria for safe operation. and Waste 
forms to be accommodated. 

Sincerely. 
,,. .. 
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Frank L. Parker. Chalnnan 
, panel on the Waste Isolation 
. . Pilot PIant . 
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N A T I O N A L  RESEARCH C O U N C I L  
C O M M I S S I O N  O N  N A T U R A L  R E S O U R C E S  

September 10, 1979 

D r .  E. B r i g h t  Wilson, Chairmn 
C o m i t t e e  on Radioactive Waste Management 
Nat ional  Academy o f  Sciences 
2101 Cons t i t u t i on  Avenue 
Washington. D. C. 20418 

Dear Dr. Wilson: 

- During the  past  year. the Panel on the Waste I s o l a t i o n  P i l o t  P lan t  
(WIPP) has become f a m i l i a r  w i t h  the f ind ings  o f  the various extensive 
geolog ica l  explorat ions,  inc lud ing  boreholes from the  surface and attendant 
geotechnical studies, 'attempting t o  character ize the proposed MIPP s i t e  
and provide a basis f o r  judging t h i s  aspect o f  the s i t e ' s  s u i t a b i l i t y  
f o r  a waste repos i tory .  This f a m i l i a r i z a t i o n  process has included b r i e f i ngs  
by representat ives o f  Sandia Laboratories and the U. S. Geological 
Survey, study o f  both the  publ ished and unpublished technica l  l i t e r a t u r e .  
s i t e  v i s i t s ,  examination o f  actua l  borehole cores. and discussions w i t h  
o ther  experts i n  se lected geotechnical areas. 

Our ef fo r ts  have brought t o  l i g h t  no d i s q u a l i f y i n g  r e s u l t s  from 
these explorat ions and s tud ies t o  r u l e  o u t  f u r t h e r  considerat ion o f  the  
proposed s i t e  a t  t h l s  stage. The Panel has reached t h i s  conclusion 
a f t e r  t ak ing  i n t o  account the comnents made i n  my l e t t e r  o f  Pay 1. 1979. 
r e p o r t i n g  on our  review o f  the  WIPP D r a f t  S i t e  Character izat ion Report 
(jssue'd as SAND78-1596, Geological Character izat ion Report), po in t i ng  
o u t  t h a t  c e r t a i n  e f f e c t s  have been observed Hhich can be In te rp re ted  as 
i n d i c a t i n g  the  poss ib le  existence of s i g n i f i c a n t  anomalies. Addi t ional  
l n f o m t l o n  I s  c l e a r l y  requ i red  before these anomalies can be resolved 



and a decision made regarding the adequacy of the proposed WIPP s i t e  f o r  
the  construction of a repository.  Furthermore, continued commitments t o  
f i n a l  d e t a i l s  of repository design in the absence of addit ional s i t e -  
s p e c i f i c  information may be both misleading and wasteful. 

The Panel i s  of the unanimous opinion tha t  continuing e f fo r t s  t o  
acquire  the  necessary addit ional information solely by means of surface 
exploration.  including boreholes, have reached the point of diminishing 
re turns  and cannot resolve a l l  the  major remaining uncer ta int ies .  - 
Accordingly. the Panel recomnends tha t :  

( 1 )  An.exploratory sha f t  be sunk a t  the s i t e  of one of the proposed 
access s h a f t s  as  soon as  pract icable ,  t o  the depth o f  the proposed 
reposi tory horizon. 

( 2 )  Dri l l ing  be done a n d  tunnels developed i n  the s a l t  as  necessary 
t o  conduct the  measurements and observations needed .o resolve remaining 
s i t e - s p e c i f i c  geotechnical uncer ta in t ies  and t o  ascer ta in  t he  degree t o  
which the s i t e  i s  su i t ab l e  f o r  the  excavation of a repository.  

Development of the  s h a f t ,  tunnels ,  and any other  exploratory~excavat ions  
should be consis t e n t  with appl icable  environmental and safe ty  standards. 
s t r i c t  q u a l i t y  assurance procedures, and should be compatible with an 
ac tua l  repos i tory ,  if one i s  constructed a t  t h i s  site. 

Sincerely,  

Frank L. Parker 
Chairman. Panel on the 
Waste I so la t ion  P i l o t  P lan t  
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N O T I C E  

This report mas prepared as m account o f  w r k  sponsored 
by the United States b v e m r r n t .  Neither the United 
States nor thc United States Departrent of Energy. nor 
m y  of t h e i r  anployees, u k e s  any warranty. upress  
or  implied, o r  asrunts my legal l l a b i l l t y  o r  responsibll- 
i t y  for the accuracy, ccrpletmess. o r  usefulness of any 
i n i o r r t i o n ,  ropara&. ?'duct or~process dfscloscd o r  
represents tha t  i t s  use would not infrinqe pr iva te ly  
orrned r ights. 



It is technically feasible to reorient the work on the 
Carlabad site to fulfill the President's requirements. set 
forth in his February 12. 1980, message to the Congress, for 
evaluation of this site as one of several candidate cites. for 

~~ - . --. 
later decisions regarding development of a licensed facility 
for defense and commercial high-level and transuranic wastes. 
The President's announced objectives can ba achieved sooner, 
ana wlth greater certainty of success. if tbe work begun unoer 
the UIPP Project is continued but reoriented toward these new 
Oblectlves. Much of the information from the investiaatlon of .. - - -  

the Carlsbad site and a11 of the technology being developed by 
thlS pro3ect are applicable to any rePosrtor~ located in domed 
or bcdoea salt and-licensed for high-ievel and transuranic 
defense and commercial wastes. 



NOTICE: The project that is the subject of this report was 
authorized by the Governing Board of the National Research 
Council, whose members are d r a m  from the Councils of the 
National Academy of Sciences, the National ~cademy of 
Engineering. an0 the Institute of nedicine. Such authorization 
reflects the Board's iudsrnt that the Droiect is of national - ~ ~ -  - - ~ . ~  
importance and appropiiaie with respect to both~the purposes 
and resources of the National Research Council. The wmbers of 
the committee responsible for the report were chosen for their 
special competences and with reqard for appropriate balance. 

The report has heen reviewed by a group other than the 
authors according to procedures approved by the Report Review 
Committee of the Natiom.1 Academy of Sciences. 

The National Research Council was established by the 
National Academy of Sciences in 1916 to associate the broad 
commun'ity of science and technology with the Academy's purposes 
of furthering knowledge and of advising the federal 
government. The Council operates in accordance with general 
policies determined by the Academy under the authority of its 
Congressional charter of 1863, which establishes the Academy as 
a private, non-profit. self-governing membership corporation. 
The Council has become the principal operating agency of both 
the National Academy of Sciences and the National Academy of 
Engineering in the conduct of their servicem to the government. 
the public, and the scientific and engineering communities. It 
is administered jointly by both Academies and the Institute of 
Medicine. The National Academy of Engineering and the 
Institute of Medicine were established in 1964 and 1970. 
respectively, under the charter of the National Acaaemy of 
Sciences. 

Funded by the U. 8. D8F rtment of Energy 
Contract No. EY-76-C-0i 2708-023 
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CONTINUING EVALUATION 

OF TXE CAPSBAD SI!ZE 

The Panel on t h e  Waste I s o l a t i o n  P i l o t  P lant  WIPP) was 

organized by t h e  National  Academy of Science. i n  1978, under 

t he  Committee on Radioact ive waste management of t he  National  

Research Council,  t o  review t h e  a c i e n t i f i c  and t echn ica l  

c r i t e r i a  and gu ide l ines  f o r  designing,  cons t ruc t ing ,  and 

ope ra t ing  a Waste I so la t i .on  P i l o t  P l an t  f o r  i s o l a t i n g  
I 

r ad ioac t ive  wastes from t h e  biosphere,  wi tb  s p e c i f i c  a t t e n t i o n  

t o  proposed s i t e  m a r  Csr l sbad ,  New (Iexico. ! 

On Tebruary 12 ,  1980, P re s iden t  Ca r t e r . t r ansmi t t ed  t o  t h e  

Congress .A R*port on H i s  Proposal8 f o r  a Colprehenaive 

m d i o a c t i v e  Weate Hanagement Program.. Th i s  r epor t  a u t m a  t h e  ! 
Pres iden t ' s  d e c i s i o n  t b a t  t b e  WJPP p r o j e c t ,  C u r r ~ n t l y  

. . 
author ized  f o r  t h e  unlicensed d i sposa l  of defense t r a n s u r a n i c  

waste and f o r  r e sea rch  and d e v e l o p n n t  using h igh- level  defense 

waste, should b c inee l l ed8  bu t  t h a t  t b e  Carlabad s i t e  w i l l  
i 

cont inue  t o  be evalua ted ,  along wi th  o t h e r  s i t e s  i n  o the r  

l o c a t i o n s ,  f o r  poss&ble  use a s  a l i censed  r epos i to ry  f o r  I 
defense  and c o l x r c i a l b i g h - l e v e l  wastes. 

I 
The P a m 1  bas  revi*wed f n  depth  t h o  w r k  of  the DOZ ' '*-'-- 

, , 
c o n t r a c t o r s  on t b e  geo log ic  c h a r a c t e r i s t i c s  of  t b e  Carlabad 

site, t h e  CbaraCt*r is t ica  o f  tbe defense and s p n t - f u e l  I 

r a d i o a c t i w  was tes  t b a t  have been cons idered  f o r  emplacement, ; , I . ' i  r ! . ..,~.. and t h e  conceptua l  des ign  of t b o  r epos i to ry .  The YIPP Dra f t  I 
1 

J I m v i r o r w n t a l  Impact Statement  has h e n  analyzed wi th  



r e spec t  t o  t he  p o t e n t i a l  i m p a c t o n  p u b l i c  h e a l t h  and aafecy.  

As a r e s u l t  of t h e s e  d e l i b e r a t i o n s ,  t he  Panel has 

p r e v ~ o u s l y  concluded t h a t  continued invns t iga t ion  of t h e  

Carlsoad s i te  is warrante'd and has recomwnded t h a t  t h e  p r o j e c t  

proceed r i c h  an exp lo ra to ry  s h a f t  t o  determine i n  g r e a t e r  

d e t a ~ l  t he  geologic ,  hydrologic.  and s t r u c t u r a l  f e a t u r e s  of  t he  

cand ida te  salt  beds, and v i t h  i n - a i t u  t e s t a  a s  necessary t o  

eva lua t e  t h e  geotechnic  adequacy of t h i s  a i t e  f o r  a  waste 

r epos i to ry .  The Panel cons idera  t h e s e  i n - s i t u  t e s t s  t o  be no 

l e s s  t imely  and t e c h n i c a l l y  d e s i r a b l e  w i th in  t h e  framework of 

t h e  P r e s i d e n t ' s  s ta tement .  

I n  connection wi th  t h e  C.rl1b.d s i t e ,  a t a l e n t e d  team of 

s c i e n t i s t s  and enpineera  bas  k e n  assembled, and ex tens ive  

geo log ica l  e r p l o r a t i o n  bas  k e n  conducted. Laboratory 

f a c i l i t i e s  a r e  e x c e l l e n t ,  important  a r p . r i w n t s  on  W a l t .  

d i s p o s a l  a r e  under u e y , a n d  underground e n p i m e r i n g  des igns  

have been developed. The p r o j e c t  bas  ga inea  maenturn t h a t  

would b. d i f f x c u l t  t o  r e c a p t u r e  if it were t o  be i n t e r r u p t e d .  

There a r e  s o u n d t e c h n i c a l  reasons  f o r  con t inu ing  t h e  

exp lo ra to ry  w r k r  

1. Much of t h e  informat ion  from t h e  i n v e s t i g a t i o n  of t h e  

Carlsbad s i t e  and a11 of t h e  technoloqy b i n g  developmd 
i 

& t h i s  p r o j e c t  a r e  a p p l i c a b l e  t o  any r epos i to rv  l a ' ca t td  

i n  d o n d  or k d d e d  malt and l i c e n s e d  t o r  h igh- lW*l  
l 

and t r a n s o r a n i s  d a t e r u e  end c o n e r c i a l  wastes.  
! 

?h& r m l y a * s  made t h u s  far,  eupported by ongoing and 

planned t e s t i n g  p r o g r u a  to  v a l i d a t e  tbea* analYS*lr 



lead to the reasonable expectation that the site u y  

be suitable not only for its original limited purpose 

as a defense transuranic waste repository but also a8 

a l~censed repository for both defense and commercial 

high-level and transuranic waste. The present 

experimental progrsm will yield results that can be 

applied to the expanded purpose envisioned in the 

President's program. The exploratory shaft, now 

planned and ready to be constructed to a depth 

suitable for transuranic waste, can be extended to a 

lower horizon, where there is another salt bed that 

u y  be better suited for high-level wastes. The 

information obtained from this exploratory work will 

not Only be useful for further evaluation of the 

Carlsbad site but can also be applied to other 

canoidate salt forutions. 

2. The President's announced objectives can be achieved 

sooner, an0 with greater certainty of success, if the 

work begun under the WIPP Project is continued but 

reoriented toward these new objectives. 

Very long lead times arc involved in the 

President's proposed new program of selecting 

alternative sites, constructing test facilities at 

each. choosing a first repository site. and eventually 

conatructinq OM or more licensed repositories. 

The extensive information already obtained on 

tbe Carlsbad site and the demonstrated expertise of 

the existing investigative t e u s  provide an 



oppor tun i ty  t o  proceed much sooner wi th  i n - s i t u  

t e s t i n g  a t  a p o t e n t i a l  candidate  rite--. c a p a b i l i t y  

which w i l l  have t o  be developed before  t h i s  o r  any 

o the r  S i t e  can be s e l ec t ed  fo r  a f i r s t  a c t u a l  

r epos i t o ry .  

More is known about t h e  Carlsbad site than about 

any of t h e  o the r  sites under cons idera t ion .  Questions 

remain t h a t  w i l l  r equ i r e  r e so lu t i on  by a d d i t i o n a l  

ana ly se s  and t e s t i n g ,  b u t  such ques t i ons  a r e  normal 

f o r  t h i s  r t a g e  of an i nves t i ga t i on .  

The Panel concludes  t h a t  it is t e c h n i c a l l y  f e a s i b l e  t o  

r e o r i e n t  t h e  work on t h e  Carlsbad si te t o  f u l f i l l  t h e  

P r r s i d e n t ' s  requirements  f o r  eva lua t ion  of t h i s  site, a s  one of 

s e v e r a l  c and ida t e  sites, f o r  l a t e r  dec i s i ons  regarding 

development o f  a l i c ensed  f a c i l i t y  f o r  defense and commercial 

h igh- leve l  and t r a n s u r a n i c  waster.  1f  s o  r eo r i en t ed ,  t he  

p r o j e c t  could c o n t r i b u t e  by: 

o providing pro to type  esper ience i n  r i te  q u a l i f i c a t i o n :  

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

geo log i c  medium; and 

0 developing techniques  and i n f o r u t i o n  which w i l l  be 

r equ i r ed  i n  t h e  l i c e n s i w  process.  

I f  g i n n  t h i s  ~ru mission,  w r k  should proceed on cons t ruc t i ng  

t h e  explormtory s h a f t ,  acqu i r icq  hands-on r epos i t o ry  i i n i n g  

eap.rienCe, conducting i n - s i t u  tests and wssu remen t s  a t  

ve r i ous  dep tbs ,  v e r i f y i n g  *ngimer ing  de s ign  ass-tions, and 

developing ana ly se s  f o r  l i c e n s i n g  review. 

-4- 
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PREFACE 

In March 1978, the Department of Energy (DOE) asked the National 
Research Council .to review the scientific and technical criteria and , 
guidelines for designing,.constructing and operating a Waste Isolation 
Pilot Plant for isolating radioactive wastes from the biosphere.' The 
National Research Council assigned the study to the Committee on 
Radioactive Waste Management under the Commission on Natural 
Resources. The Committee organized the Panel on the Waste Isolation 
Pilot Plant to-.review the scientific and technical adequacy of the 
rite-suitability criteria; the guidelines for the site confirmation 
studies; the design criteria for the repository, including the waste 
acceptance criteria, the design philosophy, and the operational 

- philosophy; the criteria for determining the environmental safety o f  
future planned operations, viewed from the perspective of the 
environmental conditions of the repository site; and the design 
criteria for the experimental testing program of the behavior of the 
vaste-geologic medium interaction.' 

In July 1978, when this study began, the Waste Isolation Pilot 
Plant (WIPP) vas to be a mined repository in bedded salt in Eddy 
County, New Mexico, for the disposal of transuranic (TRU) waste, with 
experimental facilities for studying the interactions of high-level 
waste with the host rocks. At that time, though not officially part of 
the project mission, DOE was a h 0  considering use of this repository 
for disposal of a limited number of commercial spent fuel elements as 
an alternative waste form. This option was discussed frequently in 
technical briefings of the Panel and in supporting documentation. The 
Panel has examined some of the generic issues related to this possible 
course of action, as vell as those concerns raised solely by the 
proposed disposal of transuranic waste in the particular salt 
formations at the WIPP site. 

This report recounts the panel's findings through the end of 
1979--the first half of the originally contemplated three-year study. 
By that time, several major propram documents had been issued and 
examined by the Panel, including the Geological Characterization Report 
(Sandis Laboratories 1978). the Title I Design Report (Bcchtel 
National, Inc. 19791, and the Draft Environmental Impact Statement 
(U.S. W E  1979). This report is based on analysis of the contents of 

-. 'these and other documents, numerous technical briefings, extensive 



discussions with representatives of W E  and its Contractors, and 
several field visits. 

Not all of the views expressed herein are currently pertinent. 
During 1980 and early 1981, following the period covered by this 
report, the WIPP project experienced major changes in direction and 
scope, as well as varying degrees of administrative certainty regarding 
its future. Many of the technical deficiencies that were perceived to 
exist at the end of 1979 have since k e n  remedied by additional 
investigations and design changes. During 1980, a Final Environmental 
Impact Statement, a Safety Analysis Report, and a Revised Title I 
Design have been issued, and work has now begun on the Site and 
Preliminary Design Validation Program. Evaluation of these more recent 
efforts, in the context of the currently defined mission of WIPP as a 
repository for defense-originated TRU waste only, is a matter for 
future deliberation by the Panel. 



CHAPTER 1 

The history of the Waste Isolation Pilot Plant (UIPP) project was 
presented to this Panel at a study planning session on June 5, 1978. 
As far back as March 1974, the Oak Ridge National Laboratory had begun 
site investigations for a terminal radioactive waste repository in a 
region selected by the U.S. Geological Survey in the Lor Medanos area 
of New Mexico. In May of that year, this work was suspended in favor 
of the concept of retrievable surface storage, and the land-withdrawal 
action that had been initiated was deferred in December 1974. The 
Albuquerque Operations Office of the U.S. Atomic Energy Cormnission 
(AEC) and the Sandia Laboratories were then requested by AM: 
headquarters to become involved in the program to locate a site for a 
radioactive waste disposal pilot plant for defense low- and 
intermediate-level transuranic waste, with some provisions for - experimentation with high-level waste. When drilling began at the Los 
Medanos region in 1975, unanticipated subsurface geological conditions 
were found, including high-pressure brines and gases. Consequently, 
the first drilling site was rejected, and the U.S. Geological Survey 
and Sandia recommended a new site 7 mi (11.2 km) tothe southwest. The 
general location of the site and a geologic section through the Los 
Medanos area are shown in Figures 1.1 and 1.2, respectively. In 
January 1976, the qeological investigations were resumed at the newly 
proposed site, and the project was given its present name: Waste 
Isolation Pilot Plant. 

The drilling of ERDA 9, the first hole at the new site, commenced 
in April 1976. In Octokr 1976, funding was xequested for an 
architectlngineer, and a new land-withdrawal notice was placed in the 
Federal Reqister in December 1976. In April 1977. a preliminary 
version of the Draft Environmental Impact Statement was distributed by 
the Department of Energy (WE) for comsner.t, and it was announced that 
WIPP would be a licensed facility. In June, the final version Of the 
conceptual design was issued. In September, Bachtel was selected as the 
architect-engineer, and in November, the DOE sent a letter to the 
Nuclear Regulatory Commission saying they intended to request a license- 

In February 1918, the ODeutch Reportg (U.S. DOE 1978) called for a 
demonstration of the exptrirnental emplacement of high-level waste and 
possibly ultimate disposal of commercial spent fuel at the WIPP Site. 
Objections were raised by the U.S. Rouse Armed Services COUUUitteer 



FIGURE 1.1. General location of the WIPP site. 
SOURCE: U.S. Department of Energy '(1979). a-""a 
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FIGURE 1.2. Generalized s i t e  s t rat igraphic  section. 
SOURCE: Sandia Laboratories (1979) ; a f t e r  Netherland. Sewel 1 and Associates (1974). 



which held that the site should be unlicensed and used only for defense 
waste. - 

The Geological Characterization Rewrt (Sandia Laboratories 1978), 
a compilation of geotechnical information available as of August 1978 
and judged to be relevant to WIPP studies, was published in December 
1978. 

In March 1979, an Inter-Agency Review Group (IRG) appointed by 
President Carter reported (IRG 1979) on its review of the prcqress of 
the U.S. waste disposal program and suggested four alternative 
technical strategies, one of which would specify salt as the host 
ge010gic medium for the first mined repository. The following month, 
the WIPP Draft Enviromental Impact Statement, or DEIS (U.S. W E  19791, 
including consideration of the possibility of disposal of limited 
quantities of commercial spent fuel, was issued for public comment. As 
of the end of 1979, no decfsion had been made among the several options 
suggested by the IRG, and the DEIS was still undergoing public review 
and comment. 

Independently of this DOE-sponsored study by the National Research 
Council, the state of New Mexico itself has set up four groups 
concerned with WIPP--an Environmental Evaluation Group [EEG); a 
Radioactive Waste Consultation Task Force,, composed of three members of 
the governor's cabinet; a Radioactive Waste Consultation Committee, 
composed of eight members of the state legislature, and a Governor's 
Advisory.Comittee on WIPP. 

W I R  program activities were in progress during the course of this 
study; thus the Panel was evaluating existing data and concepts while 
new information was being obtained and analyzed. This report is not a - 
summary of WIPP activities, but an analytical comentary on those 
aspects that the Panel reviewed through the end of 1979. For 
completeness, material has been included that was incorporated 
previously in two letter reports (Appendixes & and B) that dealt with 
the suitability of the site from a geological and hydrological 
standpoint and the limitations of surface exploration of underground 
formations. 



CKAPTER 2 

SITE SELECTION CRITERIA 

The criteria used in selecting the WIPP site include the generic 
criteria commonly cited in proposals for waste isolation in bedded salt 
(National Research Council 1970, 1978) and seem technically and 
sc~entiflcally adequate. They require (1) a bed of rock salt (halite) 
at least 60 m thick, as pure as possible, to minimize complications 
from brine of complex composition and from water released from hydrous 
minerals; (2 )  a depth greater than 300 m to ensure freedom from surface 
influences: (3 )  a depth less than 1,000 m to ensure acceptable creep 
rates in the salt; ( 4 )  approximate horizontality to minimize difficulty 
in mining operations: (5 )  little indicatiorrof recent tectonic or - igneous activity; (6) sufficient distance from an exposed edge or 
underground aquifer where salt dissolution is occucring; and (7) an 
area without sizable economic resources. 

Two additional criteria specific to the C a r l ~ h d  area were 
suggested by previous experience at Lyons, Kansas (Bradshaw and McClain 
19711 and at an earlier WIPP site mentioned in the DEIS: location of 
the repository at least 1.6 km from the nearest borehole penttrating as 
deep as the selected beds, and at least 8 km f r m  the Capitan Reef, to 
avoid a zone of disturbed bedding known to parallel the reef. 

With these criteria in mind, lines were drawn on a map to outline 
areas where salt beds of requisite thickness at proper depths were 
known to occur and to exclude areas within 1.6 km of known deep 
boreholes, vithin 8 km of the Capitan Reef, vithin 1.6 km of the 
dissolution front, or with known potash or hydrocarbon resources. lb 
areas of reamonable size outside these lines were identified (see 
Figure 2.1). One seemed less suitable because it had deeper salt beds 
and was closer to an oil field where water flooding m y  be used for 
secondary recovery in the future. Both sites have the advantages of 
nearly flat topography, an arid climate, and sparse population. The 
major regional geologic structures in the vicinity are shown in Figure 
2.2. 

Although the generic criteria as applied to the WIPP site are in 
considerable measure satisfied, questions about three of them have not 
been completely answered. Host troublesome of the three is the problem 
of economic resources; recent evaluation of resources during site - characterization indicates the likely presence of economically 
significant quantities of potash and natural gas at the site. Because 
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FIGURE 2.1. Application o f  the sf'te selection c r i t e r i a .  
SOURCE: U. S. Department o f  Energy (1979). 
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h e  potash deposit is 400 to 800 ft (120 to 240 m l  above the proposed 
%epository horizons, it could probably be mined without dlsturbing a 

7 
repository beneath. The natural gas is belov the repository beds and 
could probably be tapped by angle drilling. The existence of the 
potash and hydrocarbons means that the criterion specifying minimal 
Conflict with natural resources may not be satisfied; but the 
possibility of recovering both materials vithout jeopardizing a 
repository site implies that acceptability of the site is not 
necessarily compromised. Further study is needed for a decision as to 
whether recovery of the potash and hydrocarbons must precede 
construction of a repository, in which case government subsidy of the 
operation would be needed, or whether recovery could be safely deferred 
to a later date. after the repository is completed, when the value of 
the resources might be greater or less and their exploitation might be 
more or less economically attractive. 

A second unresolved question concerns the possibility of salt 
dissolution by upward-moving water from aquifers below the salt beds. 
If the dissolution were concentrated in isolated fissures in the 
underlying beds, fluid circulation might be set up that would lead to 
active dissolution of the salt in small areas and possible subsequent 
COllapSt of the overlying salt beds. ~ h l s  hypothetical mechanism is a 
possible explanation for the vertical pipt-like masses of broken rock, 
the so-called .breccia pipes,' that have been found in a few places in 
this region. The number and significance of these features remain 
conjectural. The pipes are difficult to recognize in geologic mapping 
at the surface, because their outcrops are easily confused with local 
areas of breccia formed by near-surface dissolution of evaporite and 
carbonate minerals. All the drilling done through 1979 has identified 
only three pipes, and these are all over the Capitan Reef or its back 
reef facies, which are prolific aquifers. Despite extensive potash 
mining in the Delaware Basin, only asingle pipe has so far been 
encountered underground. Because no pipes are recognized or suspected 
at the WIPP site, and because no certain evidence of present-day 
pipe-forming activity has been reported elmewhere in the region, the 
chance of damage to a waste repository from this source seems small. 
The effects of such a connection are discussed in Chapter 5. 

Nevertbelesa, either the presence of an old, inactive pipe in an 
area being considered as a repository rite or the formation of a pipe 
during or after repository construction could have consequences serious 
enough to require attention. The danger from an inactive pipe is the 
possibility tbat tbe fractured material in the pipe itself, or tbe 
disturbed salt beds near the pipe, might be more permcable than the 
surrounding salt and could thus serve as a conduit for groundwater 
movement into or away from a repository. No evidence of greater 
permeability has been reported in or near the p i p s  examined to the end 
of 1979, and the areas of disturbed beds caused by pip. formtion are 
limited to zones a few tens of meters in diameter. Hence inactive 
pipes beyond the periphery of the UIPP site would not jcop.rdize a 
repository, and a pipe within the site could be avoided in 'repository 
Construction; but the possibility of more permeable material in a pipe 
is great enough that pipes withihtt$ fit* should be located and 
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carefully studied. The danger from formation of a nev pipe is the 
obvious one that collapse of salt beds beneath a repository as the pipe 
works its way uptard would open the site to inflow of groundwater. h y  
evidence for present-day pipe-forming activity would therefore be 
aportant, even though such activity at a distance of several 
kilometers from the WIPP site would not constitute a direct threat to 
repository integrity. 

The distribution of existing pipes in and near the WIPP slte can be 
determined by horizontal drilling into the Salado beds from the base of 
an exploratory shaft and by drilling from the surface in places vhere 
rock structure or topography gives an indication of disturbance that 
might be caused by breccia pipes beneath. Present breccia-forming 
activity, if it exists, would presumably show itself by areas of 
subsidence at the land surface, such as San Simdn sink; drilling into 
such areas could demonstrate vhether the subsidence actually results ' 

from breccia formation at depth. Furthermore, any deep dissolution ' 
that may be occurring vould probably be concentrated along zones of 
fracturing, and such zones may betray themselves on W D S A T  imagery. 
Yapping of lineaments from the images could be used to guide additional 
drilling. Such mapping would be useful also in locating places where 
nearer-surface groundwater flow may be concentrated, particularly in 
aquifers in the Rustler formation. 

further study of the nature and distribution of breccia pipes is 
obviously desirable, but how extensive the study should be is not - clear. Certainly a11 scientific questions about these structures need 
not be answered for purposes of site characterization. A consequence 
analysis of the possible effects of breccia pipes is needed and is in 
fact being planned by Sandia scientists (as of the end of 1979). 
Preparatory to this analysis a program to characterize existing pipes 
is under way, with respect to porosity, deformation of adjacent beds, 
movement of hydrocarbons, and probable age. When this progrm is 
completed a decision should be possible as to whether the hazard to a 
repository posed by existing or potential future pipes is sufficient to 

5 warrant fuller investigation. 
W o  additional possible problems are (1) the pockets of pressurized 

brine that are known to k present in the Castile formation and could 
be present in the Salado and (2) the thin layers of breccia, possibly 
formed by videspread subsurface dissolution within the salt beds. that 
have been noted in a few drill cores from boreholes outside the WIPP 
site (Anderson 1980). A large brine pocket would indeed be a major 
hazard to vorkmen if it were penetrated unexpectedly during excavation 
of a repository, but the pockets can be located in advance of 
construction by exploratory drilling or geophysical techniques and can 
be drained by vell-known engineering procedures. Interpretation of the 
breccia beds is controversial, but no confirmatory evidence for 
extensive interbed dissolution has k e n  suggested except near the salt 
edge on the west side of the basin. Neither breccia beds nor brine 
pockets appear to constitute a serious problem on the basis of present 

- knowledge, but their significance can be better eva1uated.when 
subsurface exploration is undertaken. 

r - . 



Dissolution at the salt edge west of the WIPP site has &en in 
progress for a long time, and of course is continuing today. The 
maximum rate of lateral retreat, estimated from the conservative 
assumption that the Salado formation extended to the Capitan ~ e e f  on 
the eastern edge of the basin at the end of Ogallala time, is 6 to 8 mi 
(9.6 to 12.8 km) Per million years. The rate of vertical lowering of 
the salt by dissolution has k e n  estimated (from rates of brine 
discharge into the Pecos River and streams east of the basln) at 330 to 
500 ft (100 to 150 m) per million Years. Since the Rustler-Salado 
contact where dissolution is active at present lies 2 mi (3.2 km) west 
of the center of the WIPP site, a repository at a depth of 1500 ft (450 
m) below this contact would not be jeopardized by salt dissolution for 
at least a few million years. 

The possibility of rapid dissolution along particular zones in the 
salt should be explored, however, to make sure that the rate of retreat 
of the front through the long future is adequately represented by 
extrapolation of average values. Such exploration (which is currently 
in Progress) will require detailed surface mapping, supplemented by 
trenching and shallow drillholes. The probability of local dissolution 
rates greatly exceeding the average is so remote, however, that the 
sinking of an exploratory shaft should not be delayed on this account. 

The third criterion that has recently been called into question is 
the tectonic stability of the region in which the WIPP site is 
located. Because fault movement and eruptions of basalt are known to 

' 

have occurred in the Rio Grande valley 250 km west of the site during 
the past few million years, because recent faulting has occurred at the 
salt graben 70 km west of the site, and because precise leveling has - 
shorn evidence of continued slow displacement of rocks underlying the 
valley, the WIPP site is thought by some to be in jeopardy. It is even 
speculated that fault motion might be occurring today beneath the salt 
beds, not noticeable at the surface because the motion would be taken 
up by plastic deformation in the salt. Considerable distance separates 
the WIPP site from the Rio Grande valley, however. and there is neither 
seismic evidence for significant crustal movement near the site nor 
geolcgic evidence for tectonic disturbance or volcanic activity during 
the past several million years. The faults and lava flows in the Rio 
Grande valley have k e n  known for a long time and were critically 
considered when the WIPP mite was chosen; recent work has added no 
convincing new evidence for tectonic effects at this distance from the 
valley. 

Because there is no evidence of tectonic effects of any magnitude 
and because ainor toctonic disturbance, in any event. would not 
significantly damage a well-engineered repository. the Panel thinks 
that the site satisfies the criterion of tectonic stability. 
Additional evidence regarding tectonic activity is desirable, of 
course, and measurements to provide such evidence are under way. The 
criterion of tect6nic stability seems so well satisfied, however, that 
these measurements should not be cause for postponing underground 
explora tion. 

Through 1979, study of the wIPP site has been limited tp geologic 
mapping and geophysical measurements at the surfacer examination of 
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boreholes and drill cores, and laboratory experiments on salt samples. 
Assurance that the salt beds do not have structures that might 
complicate repository construction or serve as channels for groundwater 
movements--faults, anticlinal folds, shale interbeds, breccia 
piptS"ha6 k e n  provided Only by Such surface observations. Further 
vork of this sort is still needed, particularly to provide data on the 
number and nature of breccia pipes in the vicinity and on details of 
dissolution at the salt edge. In many respects, however, exploration 
from the surface has been so complete and so detailed that it has 
reached a point of diminishing returns, not to mention the risk to the 
integrity of a future repository that could result from additional deep 
boreholes. Even if long continued. these efforts are unlikely to 
provide the critical evidence regarding details of the physical and 
chemical characteristics of the candidate salt beds that will be needed 
for a decision as to whether the site is or is not suitable for a 
repository. This kind of evidence can be obtained only by study of the 
salt in place, vhich requires sinking a shaft and exploring the salt 
bed or beds by tunnels and horizontal drilling. 

In s m a r y ,  study of the WIPP site and its environs ha6 shown that 
the criteria for site selection were in considerable measure satisfied; 
the Panel thinks probable site suitability has k e n  demonstrated 
sufficiently to justify the sinking of an exploratory shaft without 
delay, as vas recommended in the letter attached as Appendix 8 .  



CHAPTER 3 

DESIGN OF UNDERGROUND FACILITIES 

Once a suitable site for an underground nuclear waste repository 
has been selected, one of the most important factors--if not the most 
important one--contributing to the successful use of deep underground 
excavations for the disposal of radioactive waste is the design and 
construction of the excavations that constitute the repository. 
Unfortunately, the initial conceptual repository designs of which the 
Panel is avare, including the design proposed for the WIPP site, reveal 
neither a clear understanding nor recognition of the important 
'difference between a mine and a repository. Mining engineering 
provides a wealth of experience related to the design and construction 
of a repository, but the function of a repository is very different 
from that of a mine. The principal objective in mining is to remove as - 
much of the ore as is practicable, consistent with short-term safety. 
The principal objective in making repository excavations is to disturb 
the geologic media as little as is practicable, so as to ensure 
long-term safety and isolation. 

The WIPP repository has already progressed to the stage of 
preliminary (Title I) design. According to DOE definitions, Title I 
design .. . . utilizes the conceptual design and design criteria that 
have k e n  prepared for the project as design bases.. It involves the 
refinement of descriptive information and the development of more 
detailed outline specificatiohs that will serve as the firm basis for 
definitive (Title 11) design. The Title I Design Report by Bechtel 
National, Inc. (1979) reveals concepts and details that raise questions 
concerning design safety and adequacy. 

Adequate conceptual design of an underground repository requires 
recognition that the properties of a geologic medium, even salt, are 
unlikely to k uniformly satisfactory over dimensions of interest and 
that many variations in the properties and structure of the salt at the 
depth of the repository will be revealed only as the excavations are 
made. Some of these variations m y  lead to unexpected difficulties or 
may adversely affect the ability of the salt or the overlying strata to 
isolate the wastes from the biosphere. Accordingly, it may prove 
desirable to be able to treat some portions of the repository 
differently from others and perhaps even exclude some p0rti0nS of the 
site from use for the disposal of waste. 
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For these reasons. and to limit the extent of any accidents that 

may occur prior to final sealing of the repository, such as the 
intersection of a major brine reservoir or the outbreak of a fire, the 
repository should be laid out as a number (say, four to six) of 
independent modules- Substantial barriers of undisturbed salt should 
be left between modules, to ensure that each module is isol.%ted 
effectively from every other module. As few accessways as .iecessary 
for safe development of a moduh should penetrate these barriers, and 
each accessway should be provided with a bulkhead, which can be closed 
quickly at either end of the barrier. Ultimately, these accessvays 
must be sealed permanently with a fill having low pcrosity and 
permeability. 

As shown in Figure 3.1. the original Title I design (note: changes 
in this design made Since the end of 1979 should be revieved by the 
Panel in its subsequent deliberations1 showed the repository 
essentially as sets of four rooms 32 ft (9.7 m) wide, separated by 
support pillars 25 ft (7.6 m) wide, and separated from adjacent sets bf 
rooms and pillars by abutment pillars 360 ft (109 m) wide, penetrated 
at intervals of 268 ft (81.2 m) by crosscuts. This design gives an 
overall extraction ratio of about 26 percent. Kaiser Engineers, Inc., 
note that "A room with a central pillar is not favored because high 
extraction ratio is counterproductive for a repository, where safety is 
reduced and cost increased as extraction is increased' (Watson et al. 
1979). 

This original Title I design incorporated a degree of modular 
design through the use of the large abutment pillars, but the integrity - of the pillars was destroyed partially by the crosscuts. The Panel was 
advised that these crosscuts would be closed by bulkheads at each end 
and that, finally, the space between bulkheads would be sealed by 
filling each crosscut, in an endeavor to restore the integrity of the 
abutment as a whole. The original Title I drawings, however, show that 
these crosscuts are to be used for the disposal of waste. The 
isolation that would be provided by the bulkheads in the event of fire. 
flooding, or leakage of waste is questionable, and thus even the modest 
degree of modularisation in the original design is compromised. The 
Panel is convinced that truly modular repository design vould make 
better provision for geological variations and vould provide more 
inherent safety, by preventing accidents or,failures in one part of the 
repository from spreading throughout the repository. 

A well-established rule of thumb from wide mining experience is 
that adjacent excavations should occupy less than a third of the plan 
area if there is to be no adverse interaction between them. Figure 3.2 
was prepared by Serata (1978) of Serata Geomechanics, Inc., consultants 
to Bechtel on the design of the underground excavations at the XIPP 
facility who have a wealth of experience in evaporite mining. The 
figure illustrates the interaction between two adjacent circular 
cavities in weak and strong salt at various depths as a function of the 
ratio of their separation to their diameter. From this figure it is 
clear that this ratio must be greater than 4 to preclude excessive 
interaction. Serata claims that at ratios of less than unity the . .. 

plastic deformation of the salt between cavities is stable. but it 
, - I '  



FIGURE 3.1. Repository room design. 
SOURCE: Bechtel National, Inc. (1979). 



FIGURE 3.2. Crftical separation distance of double cavit ies  
a t  various depths. 

SOURCE: Serata (1978). 



w u l d  seem to be most imprudent to design a radioactive waste 
repository, especially an early repository, in such a way that there 
was any question whatsoever about the behavior and stability of the 
salt between the excavations. 

If the above arguments and evidence are accepted, the ratio of the 
center-line spacing of the cavities to the cavity diameter in the Title 
I design is much too small. Interaction between these excavations must 
be expected, and no one can be sure that it will not impair the safety 
and stability of these excavations. Accordingly, on the basis of much 
experience and Serata's data, the Panel believes strongly that the 
'separation distance' ( S D )  between adjacent excavations everywhere 
should be greater than 4,  giving an extraction ratio of 25 percent or 
less. 

Using the SANCtlO finite-element large-strain creep code, Sandia has 
done a structural analysis of the Title I design and compared this with 
two alternative layouts of the repository excavations (Krieg et al. 
1979). In this analysis, a 'standard structural model" for the geology 
was based on data from the ERDA 9 borehole (Wawersik 1979); mechanical 
properties for the salt were taken from SAND79-1853 (Munson and Dawson 
1979): and, for other rocks and seams, properties were taken from the 
literature or estimated. The two alternative layouts both comprised 
uniformly spaced rooms: one layout with rooms.33 ft (10 m) wide 
separated' by pillars on centers of 127 ft (38.6 m), giving the same 
Overall extraction ratio as that in the Title I design; and the other 
with rooms 50 ft (15.2 m) wide separated by pillars on centers of 236 -. 
ft (71.7 m), giving a slightly smaller extraction ratio. 

Even though the analysis was made for periods up to only 10 years, 
the t w  alternative layouts were shown to be superior to the Title I 
design, which showed horizontal convergence of the excavations as much 
as 4 times greater than that for a single-drift contiguration. In the 
far field, a stress disturbance was found to extend over the entire 
horizontal span of the pillars, tending to confirm the criterion that , , 

the local extraction ratio should not exceed 25 pcrcent. 
E 
.&$ 

An analysis such as this, based on limited data, uses many 
assumptions and may contain important omissions. In view of the $.# ,"4ii."";~?$ r 
pervasive changes in stress that occur within 10 years and of stress, ,*.# concentrations at stratigraphic discontinuities, it should be noted 

" *  1.' 
. . that serati chose pillars 360 ft (109 m) wide to achieve isolation 
iy,, ';between sets of adjacent rooms. In any event, the incorporation of a ,. ., 

L L  Uimited number of major barrier pillars several hundred feet in width, 
, .% 

' as proposed in the nodular design, w u l d  make it unnecessary to rely on 
.-pillars 100 ft (30.4 m) wide acting infallibly as .infinite  pillar^.^ 
Although, am stated above, the local extraction ratio within each 
nodule could safely be as high as 25 percent, the overall extraction 
ratio for the repository, including these barriers, should b. 
significantly lover. 

The analysis shows far-field effects brought about by relatively 
small amounts of convergence across the excavations in the short term 
(10 years). Waste and backfill in these.excavations are likely to have 
a void space of about 40 percent, unless special procedurcsare 
developed for greater compaction. In the longer term, partial 



- compression of this void space will occur as a result of much greater 
convergence across these excavations than that calculated in the 
analysis. Correspondingly greater far-fleld effects, particularly at 
stratigraphic discontinuities, may disrupt the salt in a very different 
way than would geologic events in the absence of man-made 
perturbations. Assumptions based on the behavior of salt in its 
pristine conditions may not be valid. Accordingly, analyses of this 
kind should be done for much longer periods of time--say 50, 100, and 
1.000 years. Such analyses should address the questlon whether, if the 
intrinsic self-healing, viscous properties of the salt are to be used 
to ensure isolation, closure of the excavations will need to be limated 
to values much lower than those that would prevail if the cavitaes were 
filled with waste and backfill having an initial total void space of 
about 40 percent. A finding that closure should be limited would have 
important implications for waste forms and backfills. 

Closure of the excavations. even in the long term--say between 100 
and 1,000 years-is not likely to reduce the void space in the waste 
and backfill to a negligible value. A void space of the order of 10 
percent is a likely equilibrium condition, and such a void space will 
result in a hydraulic permeability significantly greater than that of 
the pristine salt. Thus the excavations of a repository make up a 
network of interconnected hydraulic conduits in the salt mass. 
Although stratigraphic discontinuities, breccia pipes, and brine 
reservoirs are known to occur in salt, geological evidence indicates 
that the self-healing properties of the salt in its undisturbed - condition make these relatively unimportant in connection with the 
dissolution of salt beds. Ilwever, the perturbation of these geologlc , F- -, 
features by the repository excavations and the establishment within the 4 
salt of an extensive interconnected netwrk of hydraulic conduits may ' 
change the effects of these geological features and render the salt 
much less stable than has been assumed. 

A careful analysis of such effects should be made, though they A 

would not be expected to be greater than those resulting from scenarios 
of water f l w  between tvo aquifers (Bingham and Barr 19791. There has 
recently been discussion of increasing the extraction ratio to 

-. accelerate closure of the excavations and, perhaps. create additional 
,'\ 6pace for the disporal of waste. Very careful conaideration must be 

iven to such proposals. A t  some point, the degree to which the salt 
A 

s perturbed by tho excavations will affect adversely the safety of the 
? epository and the ability of the salt to isolate the waste from the 4 I 
,* biosphere. 

The implication of the proposals t o  accelerate closure--that 
excavations should not be left standing with significant void space-is 
probably correct and is, in fact, another aspect of the concerns 
discussed above. Ari adequate study of these problems should be made t o  
determine whether it is necessary to seal the excavations in such a way 
that their void space and permeability are very much less than is 
currently envisaged. Such 8 study is needed to show that the intrinsic 
properties of salt can be taken advantage of to eftect safe isolation 
of radioactive vaclte by deep geologic disposal. 



CHAPTER 4 

-.. .. ACCEPTANCE CRITERIA FOR TRANSURAh'IC WASTE 

A table of acceptance criteria for transuranic (TRU) waste, from 
the WIPP DEIS (U.S. DOE 19791, is reproduced here as Table 4.1. These 
criteria are principally concerned with factors that affect the 
short-term operational aspect of WIPP, that is, the emplacement and 
10-year retrievability of containers of waste. The only long-term 
concern that is covered by a criterion is that of gas generation. 
Environmental impacts of transportation of waste packages to WIPP are 
not considered to be part of the waste acceptance criteria. These 
impacts are treated in Section 3.2.3 of the DEIS. 

The most debatable of the acceptance criteria for TRU waste is the 
inclusion of organic materials such as wood, paper, plastics, and 
fabrics. The presence of these materials raises questions about fire 
in the short term and about gas generation and formation of organic 
complexes with radioactive materials in the long term. 

FIRE 

The criteria in the DEIS place no limit on combustibles, as long as 
they are enclosed in steel drums or in wooden containers with steel 
overpacks. This decision is supported by analysis of various accident 
scenarios, and the consequences of the accidents are estimated from 
fire tests documented in Section 4 of Summary of Research and 
Development Activities in Support of Waste Acceptance Criteria for WIPP 
(Sandia 1979). 

The relevance of these tests is open to question, because a11 were 
made in the open rather than in the confined spaces where operations 
will actually be carried out; that is, within the surface processing 
buildings and underground. In a sense this is a conservative 
evaluation, because a fire in a confined space tends to extinguish 
itself as the available oxygen is depleted. Ilowever, there are 
important factors operating in the other direction. Firefighters are 
quickly incapacitated or panicked by accumulation of smoke and heat, 
failure of lighting, and depletion of oxygen. Furthermore, the 
forced-draft ventilation system that must be used in underground 
workings may have the effect of propagating and intensifying the fire. 



TABLE 4.1. Interim Waste Acceptance Criteria f o r  Contact-Handled TRU 
and  Remotely Handled TRU Uaste 

Crl te r ion Contdct-handled TRU waste R m t t l y  handled TRU waste 

No limit.   st be packaged i n  s t ee l  No criterion; quant i t ies  a re  
containers or  overpack ins igni f icant .  and processing 

wl l l  probably not be available 

Cmnbustlblllty 

6as Generation 

l m o b i l ~ z r t i o n  

6as-generating inaterials i n  any No c r i t e r ion  fo r  above rearons 
slngle storage mom may not 
exceed 10Z by weight 

Pwders.  ashes. e t c . .  must be bound 
i n  g la s s ,  concrete,  ceramic, o r  
Other approved matrix; double 
c o n t a i m n t  a l l w e d  f o r  sDecial 

Same a s  fo r  CH TRU waste 

cares;  sludges r u s t  conrrin no 
f r e e  l iqu id  

Explosives 

Pyrophorics 

Not allowed Ssmc as  f o r  CH TRU waste 

Sme  r s  f o r  CH TRU waste hull quan t i t i e s  of radionuclide- 
metal pymvhortcs m y  be 
accepted w l t h  o ther  waste f o m  

Allowed only with special  
procedures and precautions 

Same as  fo r  Cn TRU waste Hazardous. m t e r t a l s  

CONTAINER 

Sam as  f o r  t H  TRU waste 

Sam as  f o r  CH TRU waste \ 

, 

Design Life  

St ructure  

10 years t o  allow r e t r t e v a b t l i t y  

Type A r e q u l r a n t s  

PACMGE 

Type A; any damaged contafnrr  
rust be overprcked 

Sme  a s  f o r  CH I R U  waste St ructure  

Drvlcrs t o  a l l n r  handling, by means 
of r f o r k l i f t  

khl l i f t i n g  p l n t l e  

Less than 12.000 pounds Less than 10.000 pounds 

24-inch diameter. 15-foot lensth 
, . ., *. -* $ Dimensions 
, . 

, i 
. . a  

Not l a r g e r  than 8 by 12 by 
9 f r e t  

Not caceedtng 200 m r W h r ;  so rce r  S pmducing Inore than 5000 f t  /yr 
must produce waste w l t h  a 3-wnth 
average of less than 10 a W h r  

49 CFR 173.398 
49 CFR 173. Subpart H 

Less than 100 rWhr 

49 CFR 73.398 
a - g e l l o n  d r m .  100 grams f i s f i l e ;  

55-gallon drum. 200 Oram 
f i ~ ~ t l c ;  WT-?A. 540 9 r m r  

Surface contamlmtlon 
C r i t i c a l  i t y  

Color code if g rea te r  than 
0.1 W f t 3  

No c r i t e r i o n  

SOURCE: U.S. Dcpartavnt of Energy (1979). 



Fires underground are well known from mining experience. They are 
particularly difficult to Control. To extinguish such a fire it is 
generally necessary to cut off the supply of air. In principle this 
can be achieved by interrupting the ventilation air, or by supplanting 
the air by steam or some other noncombustible gas. In practice, it has 
proved to be very difficult to cut off completely the flow of air to 
underground fires. Even a low rate of combustion can generate high 
temperatures, because underground combustion sites are well insulated 
thermally. If the fire is successfully extinguished by ventilation 
control, the burned area may take a long time, even months, to cool off 
by conduction. Readmission of air before temperatures have dropped 
below the ignition point merely restarts the fire. 

Fire control should be easier in a salt repository than in a mine. 
It is probable that a dependable fire-extinguishing system can be 
designed, using some combination of dry powder, foam (to control 
burning diesel fuel), and fog (to cool the burning material and 
displace air). For fire safety to be fully credible, however, a waste 
disposal configuration should be stipulated that will self-extinguish 
without any fire control measures whatever. Such a configuration 
involves both waste acceptance criteria and repository design. 

To provide a self-extinguishing configuration it is not necessary 
t o  be concerned about the manner in which the fire starts, other than 
to assume that the initial energy is a pulse of finite magnitude and 
duration. It is further assumed that the-mixture of combustible and 
noncombustible materials is arranged in a tunnel-like configuration, 
supplied with a continuous and unidirectional flow of ventilation air 
at ambient temperature, which carries the combustion products and the 
associated heat of combustion over and through the unburned material. - 
Whether or not the fire propagates under these conditions depends on 
the heat balance; that is, on whether the heat liberated by reaction of 
oxygen with a combustible component of the tunnel contents is 
sufficient to raise the temperature of neighboring components to the 
ignition point. This heat balance should be calculated for various 
ratios of combustibles (boxes, plastics, etc.1 to noncombustibles 
(steel containers, concrete, backfill salt, and the nitrogen of the 
ventilation air). 

A meaningful fire test could & carried out in a tunnel packed with 
simulated TRU waste packages in a proposed repository configuration, 
vith or without salt backfill, supplied with forced ventilation. The 
fire could b. started with diesel oil or any other source of an intense 
heat pulse. 

GAS GENERATION 

Gas generation by TRU waste and the possible pressurization of the 
repository are considered briefly in the WIPP DEIS (pages 9-133 to 
9-136) and exhaustively in several Sandia reports (Helecke 1979a,br 
Sandicr 1979). These documents concludethat bacterial action is the 
dominant potential source of gas production, with gas production from 
the plywood boxes covered with fiberglass-reinforced polyester (FRP) 



k i n g  the largest single contributor in this category. This conclusion 
is independent of whether aerobic or anaerobic environmental conditions 
are assumed. 

The analysis of gas gentration Sources has been carried out by 
resolving every doubt in the direction of higher gas generation 
potential. In an apparent effort to get measurable gas evolution in a 
reasonable time, the experimenters added water and nutrient salts to 
comminuted organic waste and then used the results of these accelerated 
tests to estimate possiblt gas evolution rates. It is not clear from 
the text whether any determination was made of the magnitude of the 
acceleration factor implicit in the tests. Such a factor might have 
been estimated by carrying Out the tests at a series of controlled 
relative humidity levels that.could be extrapolated to the level 
expected in the sealed repository. 

Humidity obviously has important relevance to both bacterial act& 
and corrosion, and efforts should be made to measure or estimate it 
reliably. It would not be surprising to find that the true gas 
generation rate is quite low, owing to the desiccant effect of the 
large mass of salt surrounding a sealed repository. The metabolic 
activity of protoplasm effectively ceases if the material is dried to 
the point of rigidity. Many organisms can survive for an extended 
'period in a dry environment, but they do not interact with the 
environment under these conditions. The recovery of wood, cloth, and 
m m i f i e d  animal remains from Egyptian tombs after more than 3,000 - years is a welldocumented example of the preservative effect of 
moderately low humidity. The contents of steel drums will be exposed 
to this desiccation, because the plaotic gaskets used to seal the lids 
are relatively permeable to water vapor. It is reasonable to assume 
that during a storage period of hundreds of years the contents of the 
drums will reach a humidity level dictated by the ambient salt. 

A neglected element in the evaluation of the potential for. 
repository pressurization by biologically generated gas is the fact 
that metabolic activity is usually poisoned by the accumulation of 
metabolic products. On this score alone it is doubtful that methane or 
carbon dioxide pressures of hundreds of atmospheres could be produced 
through biological activity. Published literature in this area should 
provide rufficient information to place a reasonable upper limit on 

". . .., 
this type of pressurization. 

.. . , -.. The other major potential gas source is the steel drums 
, themselves. A chemical reaction can be hypothesized that would 

' . generate large quantities of hydrogen by reaction of metallic iron with ! 
': ;' the water contained as brine in the surrounding salt. The DEIS 
. , '  concludes that this reaction will not occur to a significant extent in 

the initially aerobic environment'of the drums. This conclusion is 
correct, because gaseous oxygen will depolarize the cathodic Portions 
of the metal surface before the potential reaches a level sufficient to 

. generate gaseous hydrogen from water. There is, however, a great deal 
of steel and a limited supply of air after the repository is sealed. SO 
there. is a distinct possibility that the repository will reach an 

,-. anaerobic state. In this condition, and assuming an adequate supply of 
water (brine inundation), the DEIS redicts that hydrogen will be 4 generated at the rate of 0.5 mle/m year. 



This rate Muld appear to be an overestimate. 1t is knwn from - 
practical experience that, at ordinary temperatures, iron does not 
decompose water to liberate hydrogen unless the pH reaches 3 to 4. m e  
pH of the Salado brines is not reported in the documentation. It seems 
unlikely to be so low, unless sour gases (C02, 825) are present at 
high partial pressures. 

Radiolysis Was also discu~sed as a source of gas generation. In 
view of the low level of total radioactivity in TRU waste, however, the 
rate of radiolytic gas generation estimated in the DEIS is negligibly 
small--only a fraction of that assumed for microbial action. 

The computational model used to calculate the repository 
pressurization associated with gas generation is straightforvard. The 
conclusion that the repository pressure will be below the lithostatic 
pressure even for the bounding 0.5 microdarcy case is acceptable, 
especially in viev of the fact that the source term used for the gas 
generation rate is probably too high by orders of magnitude, as just ' 

discussed. 
In view of the minor importance of gas generation for projected TRU 

waste, it is suggested that consideration be given to dropping the 
waste acceptance criterion relating to gas generation, while 
restricting the disposition of organic materials in accordance with the 
self-extinguishment criterion stated above. 

COMPLEXATION 

So many variables are involved in the quantitative evaluation of 
the effect of complexation on the transport of dissolved radwaste 
elements in an aquifer that writers of the DEIS have calculated 
transport rates both with and without allowance of credit for 
adsorptive retardation. Neglecting retardation is equivalent to 
assuming that a11 dissolved ions are fully complexed, which is highly 
unlikely. 

This criterion specifies that waste sludges must contain no free 
liquid, such as drained or exuded water. It is necessary to specify 
somewhere how the presence of free liquid is to be detected if this 
criterion is retained. 

The criterion implies that sludges not associated with free liquid 
are acceptable. Tbis contradicts the recommendation in supporting 
document SAND79-1305 (Sandia 1979) that sludges should not be 
accepted. Perhaps the question of the acceptability of sludges could 
be resolved by a measurement or calculation of the quantity of ~ i s t u ~ e  
that can be absorbed by a quantity of crushed Salado salt. 



PACKAGE STRUCTURE 

It would be well to be specific about the disposition of any drums 
that give evidence of being internally pressurized (bulging head or 
bottom). Limited field test data (Sandia 1979) suggest that only small 
overpressurea ( 4  psi) will be encountered, but it is necessary to be 
alert, in view of the field observations that flammable and explosive 
gases can occur within these drums. 

The amount of void space present within the waste packages is 
probably significant, particularly in packages filled with clothing, 
viper, and the like. This volume should be estimated and added to the 
void volume associated with the backfilling operation, because the 
packages will surely be crushed during the planned convergence of the 
repository walls. 

SOLUTION RATES 

Solution rates become a significant consideration in the long-term 
release scenarios discussed in SAND78-1730 (Bingham and Barr 1979) an 
which the repository is floode.;. Questions of solution rates and 
mechanisms were finessed in these scenarios by making the estimate that 
the wastes dissolve as though they were salt. 

It is desirable to consider separately each radioisotope-bearing 
material in TRU waste and make some sort of conservative but realistic 

- estimate of its solution rate. The materials in question are 
identified in several Sources as plutonium oxide, plutonium metal, 
'first-stage sludge,. sludge concrete, and pyrolysis slag (in case 
pyrolysis is carried out). 

The solution rate of pyrolysis slag, for example, might 
conservatively be taken as equal to the leach rate of one of the 
pro sed Waste disposal glasses in the bulk leach testr that is, about 
10-%0g/cm2 day, decreasing by a factor of 10 in one year and 
remaining constant thereafter. Pyrolysis slag will have a higher 
content of silica and alumina than borosilicate waste disposal glass, 
and these are the network-forming components that impart durability to 
glass. 

Ilydrotbermal conditions need not be considered, because there is no 
significant generation of heat in ttansuranic wastes. The fact that 
the leachant is brine rather than pure water needs to be taken into 
consideration. Data on leach rates for glasses in brine are only now 
becoming available. 



CHAPTER 5 

ENVIRONMENTAL EFFECTS 

This chapter is based on'the Panel's review of the WIPP Draft 
Environmental Impact Statement (DEIS). One of the main purposes of 
that document is to estimate possible radiation exposure of both 
project employees and the general public. Such exposures could arise 
from transportation of the waste to the repository site, surface 
storage of waste at the WIPP site preparatory to emplacement, and 
accidents that may occur during normal operation of the facility. In 
addition, radioactive waste will be generated in the course of 
operating the repository, and all of these may result in exposures to 

' persons both on-site and off-site. Finally, there may be releases of 
radioactive material to the environment if the repository is breached 
sometime in the future. These potential sources of exposure have been 
examined in the DEIS and are discussed here. 

. , ,. ..,': .. 
TRANSPORTATION TO THE REPOSITORY 

. .  . 

, , 
LY -* Transportation of radioactive materials has been regulated for 

years by the Department of Transportation, the U.S. Postal Service, 
and, in the case E intrastate shipments, by the U.S. Nuclear 
Regulatory Commission and the states. Rcgulationc have been 
promulgated that prescribe the methods of packaging, the maximum 
quantity of radioactive materials that can be included in any one 
package, and the maximum number of packages that can be included in any 
one shipment. Rundreds of thousands of shipments h a w  been made over a 
period of amre than three decades, and although many vehicles carrying 
radioactive waste have been involved in accidents, the procedures have 
thus far k e n  successful in safeguarding the public. It should. of 
Courser be emphasized that most of the shipments involve very small 
quantities of radioactivity. 

Quantitative estimates of the doses to be expected to crews 
involved in the shipments, to passing motorists, and to inhabitants 
along the shipping route have been made by means of RADTRAN, a computer 
code approved by the U.S. Nuclear Regulatory Commission for making 
estimates of occupational and public exposure from shipments en route. 
The dose estimates are of the order of one thousandth of the dose 
normally received from natural radioactivity (U.S. DOE 1979, pages 6-15 
to 6-19). 



Of greater concern are the doses that might result from 
transportation accidents. D M  Type B containers are assumed to be used 
in all shipments of high-level waste and spent fuel. The standard test 
sequence required by WT and NRC for Type B containers involves the 
follwing : 

a) A 30-ft drop onto an unyielding target 
b) A 40-in. drop onto a 6-in. diameter probe 
C) A 30-min fire at 1475.P (BO2.C) 
d) An 8-h submersion in water 

Prom statistical rtudies reported in the literature, the DEIS concludes 
that more than 99.5 percent of all accidents will be less severe than 
the test conditions required by the regulatory standards. The DEIS 
then proceeds to analyze the consequences of accidents more severe than 
those covered by the regulations. 

Four SUCh scenarios are presented: a rail accident involving 
contact-handled TRU waste, a truck accident involving contact-handled 
TRU waste, a rail accident involving refn~ttly handled TRU waste, and a 
rail accident involving spent fuel. 

The dose calculations aoociated with the four scenarios are 
typically conservative (i.t., they estimate the worst-case dose), in 
that the meteorologicsl condition8 that lead to the highest population 
doses were chosen and the accidents were assumed to occur in urban 
areas. 

Inhalation war chosen as the principal pathway to humans, and the 
doses were calculated by using the computer code AIRDOS 11. For the 
meteorological conditions assumed, the maximally exposed individual 
vould be about 0.5 mi (0.8 km) from the accident and vould receive a 
whole-body dose of about 1 rem. If the accident occurred in a small 
urban area, about 6,000 people would be exposed, for a total dose of 
about 4,000 person-rems. (A person-rem i8 the unit of population 
exposure obtained by summing individual dose-equivrlent values for a11 
people in the population. Thus, the number of person-rems contributed 
by 1 person exp#ed to 100 rcms ir equal to that contributed by 100,000 
people each exposed t o  1 mrem (National Research Council 1980).) A 
rptnt fuel accident in a large urban area vould expose about 106,000, 
people, who vould receive a whole-body dose'of 8,300 person-rems and a 
bone dose of 9,400 person-rcms. The dose cominitment to the lung would 
be somewhat less, about 2,300 person-rems. On the basis of the ;;\ 

>-"J 'I! 
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; :  projected number of shipments, actuarial records on the type and 
frequency of transportation accidents, and the known distribution of 

* !the various environmental parameters, the annual frequencies of the 
accidents described in the four scenarios are estimated to have upper 
limits ranging from 1.9 x to 8.6 x 10'~ (1.9 to 86 cbances in 
a millon of occurring each year). 

Under the most pessimistic of the assumptions adopted in the DEIS 
for transportation accidents, the dose to the maximally exposed 
individual vould be within the legally permissible dose limits applied 
to certain types of accidents involving nuclear facilities.- The 
population dose exposure in person-rems suggest8 that, in the most 



pessimistic scenario, the exposures vould result in a maximum of about --. 

one additional cancer during the lifetime of the exposed population. 
Intentional destructive acts are considered briefly in the DEIS. 

The Panel accepts the conclusion that such acts are not likely to 
produce consequences more significant than those resulting from the 
other accident scenarios described. 

SURFACE AND UNDERGROW R E L W E S  DURING N O m  OPERATION 

Waste delivered by either rail or truck to the WIPP site will be 
unloaded and passed through airlocks to the waste-handling building. 
The handling procedures are described in detail, and a number of 
unlikely assumptions are made as to the levels of contamination.   or 
example, it is assumed that all waste packages are contaminated to the 
maximum level of surface contamination permitted by U.S. NRC/WT 
regulations. The total radioactivity that would be released to the 
environment from both surface and underground operations is estimated 
to be 8.3 Ci/year, of which 94 percent would be 'hr. Throughout the 
analysis. the assumptions are conservative, so the final dose estimates 
are exaggerated. 

The requirements of the DEIS for radiological impact analysis 
during normal operations could probably be met by simply noting that 
many years of experience with the handling of properly packaged waste 

' 

provide assurance that the dose to the employees can be kept well 
within prescribed limits and that the dose off-site would be so low as - 
to be undetectable. 

The occupational doses to forklift operators at WIPP from handling 
the contact waste are estimated to range from 15 to 1,900 mrems (0.015 
to 1.9 rems) per year. The occupational doses from remotely handled 
waste have not yet been evaluated. The estimated doses, though within 
acceptable limits, are too high for routine operations, since other 
exposures from nonroutine events may axlur. 

The results of rather straightforward dose calculationsr based on a 
conservative set of assumptions, show that for an individual at the 
closest point of habitation, the maximum dose (to the bone) is 0.003 
percent of that received from natural radioactivity, and the whole-body 
dose would be less than 0.0001 percent of background (U.S. DOE 1979, 
page 3-10). 

ACCIDENTAL RELEASES DURING OPERATION OP THE FACILITY 

Accidents that may occur in the course of handling the radioactive 
waste will have a potential for exposure to both employees and nearby 
inhabitants. The consequences of a waste-handling accident are 
examined by analysis of 43 scenarios ranging from a vehicle collision 
in the receiving area (no radioactive material released) to various 
failures of the drums and canisters from collisions, drops.down mine 
shafts, spontaneous combustion, and external fires. The radiation - 
doses are calculated from estimates of the quantities of radioactivity 



released, the atmospheric concentration at a given location per unit of 
radioactivity released based on meteorological observations at the 
site, and measured population distributions. 

The worst case for contact-handled TRU waste involves an 
underground fire, in which case the SO-year bone dose commitment 
off-site is estimated to be about 0.01 m r e m .  For remotely handled 
waste, the worst Case would be an accident in which a spent fuel cask 
is dropped down the waste shaft. in which case the maximum dose to a 
nearby inhabitant would be 10 microrems to the lung. The .population 
doses' have also been calculated for the worst sector, inhabited by 
28,700 people: it is estimated that they would be less than 
one-millionth the dose received from natural radiation. 

LONG-TERM E F W T S :  RELEASE OF RADIONUCLIDES 
AFTER CLOSURE OF THE REPOSITORY 

To assess the long-term performance of the proposed WIPP repository 
in terms of possible and potential releases of radionuclides, several 
release modes are analyzed in the WIPP DEIS. The most serious of the 
cases considered is development of a postulated fault that diverts 
water from the Rustler formation above the repository such that water 
flows down into the repository and dissolves the salt and radioactive 
waste- The resulting saturated brine solution then flows back up to 
the Rustler formation and eventually out to the Pecos River at Halaga 
Bend. It is assumed that the diversion of the water from the Rustler - aquifer into the repository can occur at any time after the closure of 
the repository and that some hypothetical individual relies on the 
Pecos River water as his only source of potable water. The dose to 
that individual is then calculated. The available data indicated that 
the presently understood hydrology of the proposed WIPP site does not . 
lead to any expectation that vater from an upper or lower aquifer could 
or would be so diverted as to flow into the repository. 

Inadvertent drilling could also establish a hydraulic connection 
between the Rustler formtion and the repository. Bingham and Barr 
(1979) estimate the probabilities of breaching the repository salt 
formation by inadvertent drilling to be 0.1 at 1,000 years, decreasing 
to 0.001 at 10,000 years and later, as the importance of hydrocarbons 
in the economy decreases. The Sandfa analysis assumes that once water 

\intrudes into the repository it will eventually contact the waste. The 

t eposftory fs assumed to contain TRU waste, as specified earlier in 
his report, and an array of 6,000 spent fuel elements, each in l 

2' 
stainless steel canister. 

The water entering the repository is assumed to dissolve the salt 
until it reaches the concentration of saturated brine. When the 
dissolution front intersects a package of TRU waste or a canister of 
spent fuel, the waste material is assumed to dissolve at the same rate 
as the surrounding salt1 the much l w e r  solubility of the waste 
material and the relative insolubility of some of the contained 
radionuclides are disregarded. But even this extremely unrealistic 
assumption yields such small dose estimates that more detalled 



calculations taking into account the actual dissolution rates of the 
waste material are not made in the DfIS. However, the use of such a 
simplistic &el of the waste material will lead many readers into 
believing incorrectly that little additional protection is offered by 
the long-term stability and corrosion resistance of the waste material. 

The release model assumes that the saturated brine solution, with 
its dissolved radionuclides, flows back up to the Rustler aquifer. 
Various possible mechanisms for the upward flow have been considered in 
the Sandia analysis (Bingham and Barr 1979). For example, degradation 
Of the waste by the intruded water might generate gas, with an 
accompanying pressure rise. If accompanied by sequential breaching, 
closure, and rebreaching, a pressure gradient forcing upward flow could 
occur. A more plausible mechanism, not considered by Sandia, would be 
the venting of pressurized brine during operation of the repository or 
after its closure. It is also possible that this driving force could 
be caused by a rise in fluid potential within the Bell Canyon aquifer' 
in the event of a return to pluvial conditions. These possibilities 
require further consideration. though they have been bounded by 
existing scenarios. 

Sandia also considers the possible creation of upflow by thermal 
convection, resulting from heating of the brine solution by spent fuel, 
which is the only heat-generating waste considered in the DEIS. If 
this were to occur. it would be limited to the heat-generating period 
of about 1,000 years. But the number of spent fuel elements considered 
in this analysis is in fact too m a l l  to set up sufficient thermal 
Convection for the creation of an upflow from the repository. The 
properties of the waste material and the placement geometry preclude 
the possibility pf nuclear criticality, with its accompanying heat 
generation. It can only be concluded that a plausible mechanism by 
which the saturated brine could flow.back up to the Rustler aquifer has 
not been identified in the DEIS. 

Having assumed that a contaminated and saturated brine solution 
does reenter the upper Rustler aquifer, Sandia then calculates the 
hydrological transport of this contaminated brine through the aquifer 
to the Pecos River, over an assumed distance of 21 km--the shortest or 
straight-line distance from the repository to the Pecos. Transport is 
assumed to occur largely through the dolomitic rock. Further. the 
assumed range of hydraulic gradients and permeabilities used in thei'r 
analysis result in velocities of water transport varying from 0.23 to 
4.6 m/year and water transport time varying from 5.000 to 100,000 
years. These estimates appear to have been suitably conservative for 
the Rustler hydrology because the pathway for groundwater flow is 
expected to be twice as long as the straight-line distance used in the 
calculations. The transport distance has been estimated with the use 

.,of more recent and more abundant water level data obtained from 
idrillholes completed in the Rustler aquifer. 

Still not adequately addressed. however. is the possible presence 
o f  zones of fracture concentration that may be revealed by fracture 
traces and lineaments that may provide distinct, more conductive 
channels for water flow than considered in the Sandia analysis. Such 
privileged pathways. if present, could cause groundwater toflow along 



29 - 
still undefined pathways with orientations different from those 
assumed, and at greater velocities. The maximum volumes are Limited by 
the observed f l w s  into the PeCOS River along the Salado-Rustler 
contact zone (U.S .  DOE 1979, Page 7-69). The presence of privileged 
pathways need not be defined by flow lines drawn at right angles to 
equipottntial lines using the most up-to-date Rustler water level data 
or by test holes located with other Site selection criteria in mind. 
Their presence and potential significance to water flow can be 
determined by mapping fracture traces and lineaments, matching 
permeability data obtained from existing test holes with locations of 
existing test holes and lineaments, and from controlled drilling and 
field testing of one or more lineament-related structures if none have 
been penetrated to date. Shorter, more abundant rock fractures and 
joints are harder to map lacking adequate outcrops but are more apt to 
be penetrated by existing drillholes and be reflected in field-derived, 

' permeability data. 
Using the present analyses, the dissolution and transport processes 

take over 5,000 years for even the nonsorbing radionuclides and far 
longer for the sorbing species. Even if fission products are included 
among the vastt.~, this gives ample time for and 1 3 7 ~ s  to decay 
without the additional delaying effect of sorption. Sorption by the 
dolomite precludes the release of the transuranics, although some of 
their more toxic decay daughters, such as 2261hr contribute to the 
later do6es to man (U.S. DOE 1979 page K-20). Weakly sorbed fission- - product radionuclides, such as 12'1 and possibly 991k, are also 
contributors. 

The aorption data listed in the DEIS vere derived from more than 
one source. It ii not clear to vhat extent these data are applicable 
to the geochemistry of the Rustler formation and to sorption from 
solutions containing appreciable concentration8 of dissolved salt. 
These uncertainties affect the estimated doses from 22h but not the 
estimated doses from the veakly sorbing species, sucb as 129~. NO 

, , .  . discussion of the effects o f  such sorption uncertainties has been found 
. , . .. in the report. 

.j 
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The exact procedures by which the dose estimates have been made are 
d i not fully explained in the DEIS. The dose estimates vere made by the , 1  

"-S. Nuclear Regulatory Commission computer code LADTAP, but the 
!I , ' '  required input data are not given. From consultation vith the Sandia 

' staff, however, it has been determined that the maximally exposed 
individual is one who i r  located at the ihlaga Bend of the Pecos Rivere 
where he catches and eats 21 km of fish per year. Be also consumes 730 
liters per year of the highly saline, nonpotable vater from the PeCos 
River at Nalaga Bend, and he spends 82 hours per year in recreation on 
the river or its shoreline. His recreational use of the river 
contributes insignificantly to the dose received. Because exposure is 
thus from ingestion of food and vater, the dose varies from organ to 
organ, depending on the metabolic characteristics of the individual 
nuclides. 

The doses to the maximally exposed individual are estimated in the 
DEIS to be small, as can be seen from the following a w r y :  



Organ 
Whole body 

Annual Dose, mrern/year 

Thyroid 1.9 
Bone 2.1 
Kidney 0.41 
Lower large intestine 0.16 

(The dose from natural radioactivity is about 100 mrem/year in most 
localities (NCRP 1975, page 1081.1 

The scenario selected in the DEIS as the bounding case appears to 
be totally implausible. Apart from the implausible mechanisms for 
water intruding into the repository and returning to the aquifer, the 
assumptions in each step of the analysis tend to exaggerate the dose 
estimates. For example, the waste is assumed to dissolve as rapidly as 
salt; no solubility limits for the waste material and for its 
radionuclides are considered; upper values of the Rustler hydraulic 
permeability and transmissivity measured to date are assumed; the 
sorption coefficients may be lower than realistic; and the transport 
distance assumed for the analysis i8 less than the actual distance, 
though fracture flow is not considered. Finally, no allowance is made 
for the fact that the radionuclides emerge into the Pecos River, the 
water of which is already not potable because of high salinity. It is . 
not consumed by man or beast, and the river does not support a 
significant population of fish or shellfish. 

If this scenario is discarded, another becomes the bounding case. 
It is nearly as implausible and results in even lower doses. But it is - 
not even clear that the scenarios described in the DEIS do include the 
bounding case. For example, however unlikely the probability that 
solution mining will be practiced at the WIPP site, the consequences of 
doing so might be far more severe than the scenarios considered in the 
DEI S. 

Though fracture flow8 could yet be discovered, their total flow 
would be limited and would be mixed in the saline Pecos River. With 
this exception, by compounding implausibility on implausibility and 
conservatism on conservatism, the DEIS docs indeed convey the message 
that the long-term risk to future populations from the hydrological 
transport of radionuclides from the WIPP repository is likely to be 
extremely small. 



CHAPTER 6 

IN-SITU TESTS AND EXPERIMENTS 

Assuming the prior conduct of extensive laboratory and field 
investigations, calculations, and analyses. a sequence of confirmatory 
underground in-situ tests and experiments will be required when access 
to the proposed repository horizon has been provided by means of an 
exploratory shaft. First, geotechnical uncertainties in the 
characterization of the essentially unperturbed site will need to bc 
resolved by direct observation. Second, if the site is not 
disqualified by the results of these observations, other in-situ tests 
and experiments will be needed to evaluate the physical characteristics 
Of the host media that contribute to the achievement of acceptable 
isolation. Third, if the site still appears to be suitable, additional - tests will be required to corroborate the design of the repository, 
demonstrate the viability and effectiveness of underground techniques 
such as backfilling, and obtain measurements of initial rock response 
to excavation an& waste emplacement as part of the predictive modeling 
effort. 

Such a neat sequence is unlikely to occur in practice. For 
instance, comprehensive plans have been made for in-situ experiments, 
aimed at the second and third of the purposes listed above, to be 
conducted in potash mines in southeastern New Mexico. Detailed plans 
should be developed and thoroughly reviewed prior to sinking an 
exploratory shaft for M e  purpomes of in-situ investigations. To the 
extent possible, such plans should be developed well in advance, 
specifying the issues that need to be resolved, the criteria to be 
satisfied, the measurements to be made, the instrumentation required, 
and the proposed metheds of interpreting the expected data. In-situ 
work will be the final step in the process of learning what is not 
known and confirming what is thought to be known, before cormaitment to 
actual repository construction and operation. This may require a 
degree of redundancy and the concurrent conduct of many different kinds 
of experiments. Consistency among several different measurements often 
proves to be an important basis for confidence in experimental findings. 

It must be recognized that instruments capable of reliable 
operation underground for years--or even decades--may not exist. 
Difficulties have been experienced, for example, in making even simple 
temperature measurements for such periods. Major emphasis +herefore - must be placed on the development of suitable instrumentation. 



It is very difficult to accelerate in-situ tests without raising 
serious doubts as to the validity and interpretation of their results. - 
Accordingly, every advantage should be taken of opportunities to begin 
such tests early. to conduct them on a sufficiently large scale, and to 
continue them for as long as is practicable prior to the operational 
emplacement of radioactive waste. 

The Panel is not in a position to draft a plan for such tests and 
experiments. But after several briefings and examination of reports on 
the subject, we take this opportunity .? point out a few areas of 
concern and what appear to be some deficiencies in existing plans. 

RESOLUTION OF GEOTECHNICAL UNCERTAINTIES /--- 

An exploratory shaft will provide an opportunity to verlfy the 
geologic and hydrologic data obtained from the eight deep holes already \ 
drilled on site. The Panel understands that, as of the end of 1979, , 
plans call for the sinking of an exploratory shaft 12 ft (3.6 m) in 
diameter to the level of the proposed repository by downhole drilling, 
using reversed mud circulation. A tubular steel lining, extending 
about 820 ft (249 m) from the surface to the top of the Salado 
formation, vill be grouted in place. The location of this exploratory 
shaft is presumably coincident with the proposed storage exhaust shaft, 
placing it some 500 ft (150 m) northwest of the EPDA 9 test drillhole. ' 

In this location, the shaft should pass through the Santa Rosa 
sandstone, the Dewey Lake Red Beds, and the Rustler formation, as well 
as more than 1,000 ft (300 m) of the Salado formation, in which it will - 
be unlined. 

The Santa Rosa sandstone is the principal aquifer in several areas 
(although not at the site or in areas to which the site would 
discharge); the Dewey Lake Red Beds contain no aquifers. The Rustler 
formation contains two water-bearing dolomite beds, and a third brine 
aquifer is located at the contact vith the Salado. In view of this 
geologic sequence, through which every shaft of the proposed repository 
will have to pass, it seems unfortunate that the method of sinking the 
exploratory shaft preclude8 visual observations and, to a large extent, 
other testing of the sequence for which this shaft will provide the 
first oppertunity. Careful consideration should be given to using some 
other method of sinking this shaft that vould permit geologic mapping 
and hydrologic testing of the different rock 1ayetS. 

The Salado formation itself is not simpler it contains interbedded 
salt, anhydrite layers, clay seams, and partings, a11 of which have 
been taken into account in specifying the depth of the proposd 
repository and in its underground design (Krieg et al. 1979). 
Moreover, there remains a possibility that breccia pipes, large brine 
pockets, or intrusive dikes may be encountered. Once the exploratory 
shaft has reached the proposed depth of the repository, parallel 
horizontal exploratory drifts consistent vith the planned design Should 
be driven out a s  far as safety permits, to obtain first-hand 
information concerning the structure, proprties, and behavior of the 
salt at the horizon of the proposed repository excavations. 



Purtherwrtt differences can be expected between the properties of 
laboratory test specimenc from the Salado formation and properties of 
the formation en masse. In-situ measurements should reveal these 
differences and allow them to be taken into account in the design and 
predicted performance of the repository. 

ISOLATION N E C W I S K S  AND FAILURE-MODE EXPERIrnLENTS 

The specific characteristics-or rven the feasibility--of certain 
in-situ tests will, of Course, be determined by the nature of the waste 
eventually to be accommodated. For instance, meaningful in-situ 
experiments on brine migration or radiolysis would be difficult to 
design and perform--and probably unnecessary--in the temperature and 
radiation regimes that would prevail if only defense transuranic waste, 
were emplaced in the repository. 

Regardless of waste type, however, some important vork could be 
undertaken as seen as an exploratory shaft has been sunk. Evaluation 
could k comenced with waste packages, including engineered barriers 
but not necessarily containing radioactive material. Drifts developed 
fromthe shaft could be instrumented for large-scale tests of 
hydrological effects such as mass transport and nuclide migration. 
Large-Scalt permeability of the salt might be determined by 
psychrometric measurements of air flowing into and out of a sealed 
section of tunnel. 

.- 
If the emplacement of heat-producing waste is contemplated, early 

in-situ tests and experiments on the effects of temperature should be 
undertaken. Initially, it is probably prudent not to emplace 
radioactive vaste for this purpose but to use electrical heaters t o  
simulate the thermal effects of canisters of waste and yet obviate the 
hazard of having to retrieve radioactive materials. The results of 

. . , . .. Such a simulation should remove many uncertainties and increase the 
'> level of confidence with which a decision u n  be made whether or not to 

, 1 ':, 
; ;, ; emplace high-level vaste or spent fuel rods in the repository. The 

: . .  .i ;. ;:? .! effects of radiation and possible synergistic effects between radiation 
. . 

, .'.,;7# and temperature, of courw, would have to' be tested separately, but 

.-..~,.-.. this could be done with less risk on a much smaller scale. 
The proposed experimental high-level waste emplacement would 

constitute an in-situ investigation of major importance, but it should 
not be attempted until and unless the development of the site has gone 
well beyond the exploratory shaft phase. The underground design should 
have been validated by in-situ testing, and all the additional shafts 
and equipment necessary for safe, large-scale excavation and materials 
handling should be in place and proven by a period of successful 
operation. 

The radioactive waste in these experiments (except for special 
tests) vill be encased in metallic canisters with walls thick enough t o  
ensure that corrosive action, if any, vill be detected by routine 
monitoring and inspection long before any radioactive material is 
exposed. In many cases there vill also be overpacks of absorbent 
substances, and the holes in the salt in which the canisters vill be 



placed may be lined with Steel- Corrosion of metals is therefore the 
main concern. Corrosive substances include oxygen from the surrounding - 
air, salt, and possibly brine. The surface temperature of the waste 
canisters will be one of the experimental variables. 

corrosion of mild steel in a salt environment has k e n  studied 
extensively. Dilute brines are very corrosive in the presence of air, 
especially when the surface is alternately exposed to liquid and gas. 
Concentrated brines are not intrinsically corrosive to steel, as 
attested by the long and successful use of carbon steel heat-exchange 
piping in ice-houses. Even aeration causes little corrosion because of 
the low solubility of oxygen in saturated brine. Accordingly, it 
appears that whether or not there is brine migration along the 
temperature gradient associated with a high-level waste canister, 
corrosion of steel hole liners should be minimal during in-situ 
experiments lasting a few decades at most. A paper (Pigford 1981) 
discussing brine migration is being prepared by one of the Panel 
memkr s . 

On the other hand, stainless steel canisters that have been filled 
vith hot glass may fail rapidly in contact with brine by stress 
corrosion cracking, although this type of failure can be postponed 
indefinitely by the use of overpacks and,hole liners. In the 
experimental program, some of the canisters should be deliberately 
exposed to conditions that are expected to.cause this type of failure. 
Of course, provision must be made for detecting failure in situ and for 
retrieving cracked canisters. 

Corrosion of ferrous alloys may be expected if the repository is 
designed with such a dense loading of heat-producing waste that the 
temperature rises high enough to liberate HCl from tho hydrated MgC12 
present in the brine. This process is fairly rapid at or above 200.C. 
The Panel would not recommend use of a loading density that w u l d  cause 
such high temperatures in a repository, unless for experimental 
purposes. 

Mild steel vill corrode rapidly in an acidic (pH 2 3 to 4 )  
aqueous solution. No data have been found in the DEIS or supporting 
documents on the pH of the brines that may be encountered in the Salad0 
formation. If this information is in fact unknown, an effort should be 
made to obtain it. 

Corrosion or other failures of the liners should be monitored 
during the experimental program, when any failures vill give valuable 

,..,.< '-., 
information without significant environmental consequences. 

3 -.\ 

VALIDATION OP UNDERGROUND DESIGN 
. \-. , , .., , XZ , . ' 2  

2, ... - .  ". W' ,'f' 

. _.... If the results of preliminary exploration by horizontal drilling 
and lateral drifts ara encouraging, consideration probably vill have to 
be given to a second shaft, for reasons of safety and more complete 
evaluation of the site. However, prior to making any decision about a 
second shaft, test areas adjacent to the first one but far enough from 
it to avoid adverse effects should be set aside for several important 
tests that vill be needed to validate whatever underground design 18 



eventually decided upon. One of those should be a section designed - according to the same methods as those used for the repository 
excavation but with much higher local stresses, so that excessive 
closure or Other difficulties, such as instability of pillars, are 
expected to Occur. This section should be instrumented as early as is 
practicable with closure meters, extensometers, and inclusion 
stressmeters, so that the behavior of the salt can be measured and 
compared with the design predictions and labratory measurements of the 
properties of salt. Another important test would be a fully 
instrumented replica of the proposed repository excavations to ensure, 
at least in the short term before commitment to excavation of the full 
repository, that they behave as predicted by design. 

The exploratory shafts and tunnels will provide the first 
opportunity to develop and prove in place the techniques for shaft 
sealing that will k a critical consideration. This may involve 
developing sections of test shafts parallel to the exploratory shaft 
especially for this purpose. In any event, tests of proposed sealing' 
methods should be commenced as soon as practicable. 

An item of particular concern is the Title I design proposal to 
store the salt on the surface and wet it for dust suppression. Even in 
the absence of wetting, salt stored on the surface will absorb water, 
and since it is propsed also to use this salt for backfilling the 
repository, the addition of water in the vicinity of the waste by this 
process does not appear to be well advised. Moreover, the porosity and 
permeability of the backfilled salt will far exceed that of the 
undisturbed salt deposit; unless proper precautions are taken, the - backfilled tunnels could provide a ready access route for any intrusive 
waters. 

Numerous in-situ tests and experiments will no doubt be needed to 
develop, prove, and demonstrate safe repository and equipment operation 
under normal and accident conditions. Although such tests and 
experiments may not be regarded as fundamental to deciding whether or 
not a particular site is suitable for a waste repository, two factors 
must be borne in mind. First, many aspect. of repository design and 
operation will k determined t o  a large extent by the geological 
conditions encountered at the site. Second. unless the necessary 
equipment can be developed and operated safely, even the best potential 
site cannot b. used. 
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NATURAL RESOURCES AT TEE WIPP S I T E  
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A variety of natural resources underlie the reference site 
currently being considered for WIPP. Included are caliche, gypsum, 
salt, sylvite, langbeinite, crude oil, natural gas, and distillate, but 
potash and hydrocarbons are generally considered to be the most 
significant resources. A deposit of the potash mineral langbeinite 
IK2Mg2(SO4)3] is located 1,500 to 1,700 ft (450 to 510 m) below 
the surface: oil and gas resources are inferred to be located 4,000 to 
14,000 ft (1,200 to 4,200 m) below the surface. hngbcinite is an 
unusual form of naturally occurring potash, important for preparation 
of potassium fertilizers in which chloride ion is absent (since 
chloride ion is harmful to some plants). The Carlsbad Potash District - 
is by far the largest potash-processing area in the United States. 

The objectives of this chapter are twofold: to evaluate the 
adequacy of the technical data base used to depict natural resources at 
the WIPP site, and to assess the adequacy of progrllms intended to 
evaluate the extent and implications of the presence of natural 
resources as it affects the suitability of the site as a repository for 
radioactive waste. The two chief problems arising from the presence of 
natural resources at the site are (1) the threat to repository safety 
that past or future exploration for the resources might entail and (2) 
the long-term denial of natural resources. 

THE LONG-TERn DENIAL OF RESOURCES 

The review of the WIPP DEIS and associated data base indicates that 
the analyses to date for valuing denied resources are adequate in terms 
of current market prices, assuming updating to reflect recent economic 
changes. More problematic, however, is the economic value to be 
assigned to long-term denial of resources. 

The DEIS does not assign an economic value to denied resources. 
Rather, it indicates the significance of resources (and reserves) by 
comparing those present at the reference site with available reSOUrCeS 
in the region, the United States, and the world (see Table 1.1). For 
more detailed economic valuation of respurces, it is necessary to 
consult the back-up studies. The value of denied resources in these -. 
studies is invariably calculated at present prices, with escalators 
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TABLE 7.1.  Significance o f  the Resources and Reserves at 
the Reference Site 

A 

Reference United 
Oeposit Site Region States Yorld 

RESOURCES' 

Sylvite 
Quantity. million tons K7O 
Percentage at reference te 

Langbcinite 
Quantity. million tons K20 

Crude Oil 
Quantity. million barrles 
Percentage at reference site 

Natural Gas 
Quantity. billion cubic feet 
Percentage at reference site 

Oistillate 
Quantity, million barrels 
Percentage at reference site 

Sylvitec 
Quastity. million tons K20 
Percentage at reference sIte 

Langbelnite 
Quantity. million tons K9O 
Percent& at reference iite 

Crude 011 
Qvantity. million barrels 
Percentage at reference slte 

Natural Gas 
Quantity. billion cubic feet 
Percentage at reference slte 

Oistillate 
Quantity. millign barrtls 
Percentage at reference site 

16.15 No estimate available 

37.50 1.915 200.003 Not 
2.. 0 0.019 Available 

4 90 25.013 855,000 Not 
2.0 0.057 Available, . . 

1.1 
7. 

5.72 293 Not Available 
2.0 

4.41 38d 38d Not 
11.6 11.6 Available 

0.55 169.1 35.500 Not 
0.32 . 0.0014 Available ' 

aOata Sources: Hydrocarbons. Foster (1974) for the site and re ion; potash salts. 
John et al. (1978) for the site and region; Brobst and Pratt (19733 for U.S. oil and gas 
ma the wrld resources of sylvlte. 

bats Sources: Hvdrocarbons. Keesev [1976) for the site: hrlcan Petroleum ~ ~-~ 

Institute (1978) for-the~iegion; the Uiited h e r .  and the.wrld; potash salts. 
U.S. Bureau of Mines (USBM. 1977). 

CThe U.S. Bureau of Mines (USBM. 1917) does not consider any Sylvite to be 
comnercial today. bwver. one bed (mining unit A-1) of $ylvit@ was marginal md has 
been added to the reserve list. 

h o t  an official rstlrate by the U.S. 6eological Survry; see Section 9.1.4. 

SOURCE: U.S. Otpartmnt of Energy (1979). 



built in for projected price increases. It is apparent that, with 
rapidly escalating prices, the value of hydrocarbon resources has been 
greatly underestimated. The estimate therefore needs to be updated. 

In the case of potash, current prices were used to derive the 
estimate of potash products that could be produced economically. 
Bowever, prices in the potash industry have been notoriously unstable 
over time (Bingham and Barr 19791, a factor that makes any long-term 
projections of resource value extremely difficult. 

The valuations of natural resource denial may be quite sensitive to 
the economic assumptions underlying the projections. To cite several 
examples from the Bureau of nines potash valuation (U.S. BOM 1977): 

'there will be a 2.9 percent annual growth in U.S. consumption 
of fertilizer (compared with a recent growth rate of 6.3 
percent) .' [page 331 
'U.S. potash consumption will double by the year 2000, but , 
domestic production will supply less than 10 percent of the 
total.. [page 351 . 'there will be increasing physical limitations on potash 

consumption due to such things as the decline of available 
land for farming, more efficient use of fertilizer, new 
technology in the use of fertilizer, and a possible decline in 
the foreign market for U.S. food products.. [page 331 

The data base at present contains only limited information on the 
size of potash reserves available elsewhere in the world. The 
substitutability of other sources (e.g., brines at Searles Lake, 
California, and Great Salt Lake, Utah; and synthetic langbcinite 
produced by solar evaporation of seawater) and their economic 
feasibility receive only passing mention in the DEIS and merit greater 
attention. 

O n  the whole, the resource analysis, with the caveats noted above, 
appears to provide adequate baseline information. The commitment of 
the site for a waste repository would involve denial of natural 
resources, but such denial would probably have only a marginal impact 
on mineral resources at the national and even regional level, 
particularly if controlled drilling and mining are allowed within the 
outermost zone of the repository site. 

Further research on the opportunity costs involved in natural 
resource denial is currently under way at the University,of New Mexico. 

NATURAL RESOURCES AND REPOSITORY SAFETY 

Of considerably greater concern, however, are the implications of 
the presence of significant natural resources at a repository site for 
the long-term integrity of the repository. Numerous shallow holes have 
been drilled to evaluate potash resources, and some deep holes have 
been drilled for hydrocarbon assessments. Possible breach of the 
repository as a result of resource exploration at some future date, 
after records of its siting and purpose may have been lost, is a 
troublesome issue. 

-i 



A wide variety of sources~ including the National Research council - (1978). have formulated site suitability criteria (see Goad 1979) 
addressing the natural resources issue, and recent critics have 
directed attention to the risk implications of such resources at the 
WIPP site (R.W. Foster, memorandum to the WIPP Review Committee, n.d.; 
Sierra Club 1979). In a letter to DOE dated December 21, 1978, on the 
suitability of the IOs Medanos study area as a repository site, Sandia 
itself notes that the natural resources site selection criterion is 
.not well satisfied by the WIPP site. and that 'these concentrations of 
minerals may prove an enticement for future exploration and 
expl~itation.~ 

The chief risk studies that bear upon this issue are the analyses 
of 19 scenarios presented in Bingham and Barr (1979) and the 94 
scenarios covered in the WIPP DEIS. Of the 19 Bingham and Barr 
scenarios. 5 include drilling for resources as a risk element. The 
study finds that 10,000 years from now drilling is still one of the 
most probable scenarios, but the consequences to the general public 
associated with nearly a11 these scenarios are estimated to be quite 
small. None of the included scenarios treats the purposeful mining of 
the radioactive materials themselves, although this has been cited 
previously as an intrusion factor. 

The scenarios developed in the DEIS are consistent with Bingnam and 
Barr's findings. The worst-case analysis for high-level waste involves, 
the accidental transfer of radioactive materials to the surface of the 
earth, resulting from drilling activities involved in the search for 
natural resources 100 or 1,000 years from now. The maximum individual - dose in-that case is calculated to be 90 rems to the whole body. Such 
a dose, while exceeding the maximum permissible occupational exposure 
for one year, results in a risk that is small compared to that from 
nonradiological industrial hazards. 

This scenario, however, may fsil.to bound the maximum credible 
event arising from natural resources conflict. Either solution mining 
for table salt 100 yoara after closure of a high-level waste repository 
or mining of radioactive materials themselves, whether purposeful or 
not, could produce consequences greater than those indicated in the 

- .  worst-case analysis containing currently accepted bounding conditions. 
:''A recent study (Earvell 1979) argued both a high probability of human 

-I 
ntrusion at silt domes and unacceptably large possible consequences., 
l significance of this assessment for the WIPP rite should bt .; a 

:': , ~ Carefully evaluated. 

. 
, '  A major additional issue is the possible storage of spcnt fuel 
elements in the repository. Such waste is in fact a resource that 
increases in value over time. There is a strong possibility that 
sooner or later sowone vill seek to recover the material, whether or 
not there is still 8 historical record of it. 

Bingham and Barr (1979) assign probabilities for intrusion in only 
a highly speculative and subjective manner. As a result, the ranking 
of scenarios by lfkelihced is open to legitimate debate. Given the 
residual uncertainties associated vith the intrinsic inability to 
define probabilities of future human intrusion except in ..gross and - subjective way, and possible substantial consequences, the concern Over 
resource conflict at the WIPP site appears merited. 
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The possibility of breach of the repository during exploration for 

potash and hydrocarbon after records of its location and contents have 
been lost must therefore be taken into account. It should be pointed 
out, however, that a repository for spent fuel or reprocessed 
high-level waste. even in a region free from mineral resources, may 
give rise to a geophysical anomaly that provides an incentive to 
explore it by drilling anyway. 

No studies have k e n  found that deal with the possible impacts upon 
long-term repository safety of exploitation of natural resources other 
than minerals (e.g., solar energy and its future effects upon 
population densities or undiscovered water resources). In its 
Geological Criteria for Repositories for Aigh-Level Radioactive Wastes 
(National Research Council 1978), the Committee on Radioactive Waste 
Uanagement of the National Research Council adopted, among others, the 
criterion, 'No area with a present or past record of resource 
extraction, other than for bulk material won by surface quarrying, 
should be considered as a geological site for radioactive wastes. (page 
13). That report also calls specific attention to the hazard posed by 
the spent fuel elements themselves if they are disposed of in a 
nonretrievable manner. While the Committee criteria are not intended 
as absolute or even of equal importance, they are intended .as a basis 
for the determination of the suitability of the repository siteg (page 
1 It is reasonable to infer that the burden of proof for long-term 
cafety is on the developer if a criterion is to be overridden. 

/- 

REDUCING THE RESOURCES CONFLICT 

Given the difficulties posed for the long-term integrity of the 
site by the presence of natural resources, particularly langbeinite and 
hydrocarbons, and the value of the resources that must be foregone, the 
possibility of extracting these resources prior to, during, or after 
repository operation needs to be explored. It may be possible, for 
example, to hold the upper zones of potash as a reserve and mine them , 

after the site is decommissioned or some time after sealing, if this 
can be done without compromising the integrity of the repository. The 
same tactic could k used for oil and natural gas-employing 
directional drilling-it the exploratory group can prove the existence 
of a probable trap that can contain hydrocarbons. 

The safety issues involved in such a venture need to be carefully 
assessed. For example, is there any possibility that the extraction of 
hydrocarbon. from underneath the repository horizon will facilitate the 
entrance of radioactive materials into an aquifer? Would the mining of 
the potash from above the repository possibly weaken the repository 
roof, or could it act as a depot for collecting a head of water that at 
some time could enter the repository? It needs to be pointed out, 
moreover, that extraction of the resources vould not in any care 
resolve the future intrusion threat, for it is the perception of likely 
resources that will motivate future resource seekers. ~he'proximft~ of 
significant natural resources in the site area will remain as a 
residual safety problem. 
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PREFACE. 

I n  March 1978, t h e  Department of Energy ( W E )  asked t h e  Na t i ona i  
Research Council  " t o  review t h e  s c i e n t i f i c  dnd t e c h n i c a l  c r i t e r i a  and 
g u i d e l i n e s  f o r  des ign ing ,  c o n s t r u c t i n g  and ope ra t i ng  a Waste I s o l a t i o n  
P i l o t  P l an t  f o r  i s o l a t i n g  r a d i o a c t i v e  wastes from t h e  biosphere." The 
Na t i ona l  Research Council  a ss igned  t h e  s tudy  to t h e  C o m m i t t e e  on 
Radioac t ive  Waste Management under t h e  Commission on Na tu r a l  
Resources.  The committee o rgan ized  t h e  Panel  on t h e  Waste I s o l a t i o n  
P i l o t  P l an t  to "review t h e  s c i e n t i f i c  and t e c h n i c a l  adequacy of t h e  
s i t e - s u i t a b i l i t y  c r i t e r i a :  t h e  g u i d e l i n e s  f o r  t h e  site confi rmat ion 
s t u d i e s :  t h e  de s ign  c r i t e r i a  f o r  t h e  r epos i t o ry ,  inc lud ing  t h e  waste 
accep tance  c r i t e r i a ,  t h e  de s ign  phi losophy, .  and t h e  o p e r a t i o n a l  
philosophy: t h e - c r i t e r i a  f o r  de te rmin ing  t h e  environmental  s a f e t y  of 
f u t u r e  planned o p e r a t i o n s  viewed from t h e  pe r spec t i ve  of t h e  
environmental  c o n d i t i o n s  o f  t h e  r e p o s i t o r y  site: and t h e  des ign  c r i t e r i a  
f o r  t h e  exper imenta l  t e s t i n g  program of t h e  behavior of t h e  
waste-geolcqic  medium in t e r ac t i on . "  - 

I n  July 1978, when t h i s  s t udy  began, t h e  Waste I s o l a t i d n  P i l o t  P lan t  
(WIPP) was to  be a mined r e p o s i t o r y  i n  bedded s a l t  i n  Eddy County, N e w  
Mexico, f o r  t h e  d i s p o s a l  of t r a n s u r a n i c  (TRU) waste,  wi th  exper imental  
f a c i l i t i e s  f o r  s t udy ing  t h e  i n t e r a c t i o n s  of h igh- leve l  waste wi th  t h e  
h o s t  rocks. A t  t h a t  t ime, use  of t h i s  r epos i t o ry  f o r  d i s p o s a l  of a 
l i m i t e d  number of commercial, s pen t - fue l  e lements  was a l s o  being 
cons idered ,  a l thougn  t h i s  was no t  p a r t  of t h e  p r o j e c t ' s  mission. Th is  
o p t i o n  was d i s cus sed  f r e q u e n t l y  i n  t e c h n i c a l  b r i e f i n g s  of t h e  p a n e l  and 
i n  suppor t ing  documentation. The p a n e l  has  examined some of t h e  gene r i c  
i s s u e s  r e l a t e d  to t h i s  p o s s i b l e  c o u r s e  of a c t i o n ,  a s  w e l l  a s  t hose  
concerns  r a i s e d  s o l e l y  by t h e  proposed a i s p o s a l  of t r a n s u r a n i c w a s t e  i n  
t h e  p a r t i c u l a r  sa l t  fo rma t ions  a t  t h e  WIPP si te.  

With a few excep t i ons  t o  take account  o f  more recen t  information,  
t h i s  report r ecoun t s  t h e  p a n e l ' s  f i n d i n g s  through t h e  end of J u l y  1982. 
By t h a t  t i m e ,  s e v e r a l  major WIPP program documents had keen i s sued ,  
i nc lud ing  t h e  Geo log i ca l  C h a r a c t e r i z a t i o n  Report  (Powers e t  d l .  19781, 

'NOW t h e  Board on  Rad ioac t i ve  Waste Management under t h e  Commission on 
P h y s i c a l  Sc i ences ,  Mathematics, and Resources. 



t h e  T i t l e  I Design Report  ( B e c h t e l  Na t iona l ,  I: 1975). t h e  Final 
Environmental  Impact S ta tement  (U.S. Departmert  f Energy 1 9 8 0 ) ,  and t h e  
S a f e t y  A n a l v s i s  Report (U.S. Department of Ene.;y 1980-1982). The 
p r e s e n t  r e p o r t  is based o n  a n a l y s i s  of t h e  c o n t e n t s  of t h e s e  and o t h e r  
documents, numerous t e c h n i c a l  b r i e f i n g s ,  e x t e n s i v e  a i s c u s s i o n s  wi th  
r e p r e s e n t a t i v e s  o f  DOE and i ts  c o n t r a c t o r s ,  comments by i n t e r e s t e d  
members of t h e  p u b l i c ,  and s e v e r a l  f i e l d  v i s i t s .  

Some of t h e  documents have been a v a i l a b l e  o n l y  i n  d r a f t  form, some 
a r e  undergoing major r e v i s i o n ,  and s t i l l  o t h e r s  remain t o  be i s sued .  
E v a l u a t i o n  o f  t h e  adequacy of c r i t e r i a  i n  t h e  f i n a l  v e r s i o n s  of such  
m a t e r i a l  is a  matter f o r  f u t u r e  c o n s i d e r a t i o n  by t h e  panel.  The p a n e l  
e x p e c t s  t o  e v a l u a t e  w o r k  through approximately  December 31, 1983. 



CONCLUSIONS AND RECOMMEXDATIONS 

INTRODUCTION 

The panel has evaluated the  s c i e n t i f i c  and technica l  adequacy of work 
being done on the  WIPP Projec t  t o  s a t i s f y  the  charge t o  the  panel  s e t  
out  i n  Chapter 1. It has found t h a t  t h e  s c i e n t i f i c  work has been 
c a r r i e d  ou t  w i t h  a high degree of profess ional  competence, and t h a t  the  
present ly  unresolved hydrological and geological  unce r t a in t i e s  about the  
WIPP s i t e  w i l l  not i n t e r f e r e  w i t h  t he  completion of t h e  WIPP research 
and development mission. W i t h  a f l e x i b l e  approach, there  is time y e t  t o  
resolve these  u n c e r t a i n t i e s  before large-scale t ransuranic (TRU) waste 
emplacement begins. The panel  regards a l l  WIPP f a c i l i t y  planning and 
des ign  t o  be p rov i s iona l  a t  t h e  present  time and subjec t  t o  revis ions  i n  
the  l i g h t  of f u t u r e  f ind ings  of the  WIPP R6D program. 

The engineering a spec t s  of t h e  many WIPP s tud ies  by W E  con t rac to r s  
have not y e t  reached the  f i n a l  s tage ,  so our conclusions on these  
ma t t e r s  a r e  l imited.  

Although t h e  pane l ' s  conclusions and recommendations appear a t  t he  
end of each chapter ,  they a r e  c o l l e c t e d  i n  t h i s  sec t ion  f o r  the  reader ' s  
convenience. 

CONCLUSIONS 

Chapter 2: S i t e  Se lec t ion  and ~ h a r a c t e r i z a t i o n  

o Although the  eviaence now suggests  t h a t  hydrocarbons and potash 
might be ex t rac ted  E r a  Zone I V  without harm to  the  reposi tory,  the  
i n t e g r i t y  of the  reposi tory must be t h e  f i r s t  consideration. Each 
proposal  t o  develop the  resources should be examined rigorously on a 
case-by-case basis, with t h e  burden of proof res t ing  with the  proposer 
(pp. 1 4 ,  16; see a l s o  Appendix Dl. 

0 The long d i s t ance  from f a u l t  displacements and b a s a l t i c  
e rup t ions  i n  t h e  Rio Grande Valley and the  lack of evidence of major 
seismic events  near t h e  s i t e  seem s u f f i c i e n t  t o  ensure t ec ton ic  
quiescence a t  t h e  s i t e  during t h e  period of i n t e r e s t  (p. 16).  



.- 
o Deformation of evaporite beds at tbe repository site is slight. 

The rate of deformation, if any is going on at present, is so small that 
it would not present a credible risk to the repository (pp. 16, 17). 

o Evidence is good that karst-forming processes are unlikely for a 
period of more than a million years to disturb the repository site (pp. 
17, 18). 

0 The location of existing 'breccia pipesg and of the hydrologic 
and stratigraphic conditions capable of containing and supporting large 
solution voids apparently necessary to cause them, indicate that the 
likelihood of encountering an old pipe or a new one forming de novo near 
the WIPP site is practically nonexistent (pp. 18, 19; see also Appendix 
El . 

0 Evidence seems good that because of its low permeability, high 
salinity, and isotopic composition the Bell Canyon Formation cannot 
function as a source or transporting agent for solutions that could form 
breccia pipes by density flow, nor could it be responsible for extensive 
interstratal dLssolution (p. 18, 19). 

o The preponderance of evidence does not support the hypothesis 
that large-scale recent stratrbound dissolu'tion might endanger a 
repository at the WIPP site, but evidence against the hypothesis is not 
conclusive (pp; 19-23). 

o The brine reservoirs encountered in the Castile Formation near 
the WIPP site are most likely isolated pockets of fluid not connected 
with or residual from recent solutions moving long distances through the 
fornution (22, 23). Even if the WIPP-12 pressurized brine.reservoir in 
the CIIstile extended directly beneath the WIPP sit., this should not - 
adversely affect the operating facility, and there is insufficient 
justification to delay progress on the WIPP. 

Chapter 3: In-Situ Tests and Experiments 

o The opportunity to carry out R6D 1.1 emplacement and retrieval of 
a variety of waste forms, particularly high-level waste, in a real 
underground salt repoaitocy at depth, is an important aspect of the WIPP 
program (pp. 32-34). 

Chapter 4: Waste-Acceptance Criteria 

o The possibility of self-sustaining underground fires can be 
'eliminated by embedding copbustible materials in a matrix of 
nonconbuatible material in a suitable proportion (pp. 35, 37). 

0 The criteria related to biological gar generation are baaed on a 
rather superficial analysis. The extreme nature of the repository 
environment imposes many conditions that are not adequately taken into 
account. It is possible that the humidity (water activity) in a sealed 
repository is low enough to inhibit biological activity completely 
(PP. 37, 38)- 



- 
o I f  there  is bio logica l  a c t i v i t y ,  the presence of s u l f a t e  i n  the  

s a l t  makes it l i k e l y  t h a t  hydrogen s u l f i d e ,  rather  than methane, would 
be the  malor Product (pp. 37. 38). 

o From the  WIPP viewpoint, t he  qua l i ty  assurance system i s  
ixadequate, i n  tha t  it  requires  no on-s i te  ve r i f i ca t ion  of conformance 
of package contents  t o  the  c e r t i f  i ca t lon  (pp. 39, 40) . 

Chapter 5: Design and Operation of F a c i l i t i e s  

o The present  plan t o  develop the  s torage  a reas  t o  t h e  south of 
the  s h a f t s  and the  experimental a reas  t o  the  north of the  s h a f t s  is 
commendable (p. 4 4 ) .  

o The layout of the  e igh t  panels  of s torage rooms separated by 
b a r r i e r  p i l l a r s  i s  wel l  considered, provided the  penet ra t ions  of these 
b a r r i e r s  a r e  sealed adequately (p. 44). 

o D e t a i l s  of devices  f o r  temporary and permanent c losu re  of t h e  
pene t ra t ions  through the  b a r r i e r s  have not been provided (p. 4 4 ) .  

o Recently the  repos i tory  design has changed from four  t o  th ree  
sha f t s .  The four-shaft  system had a f a r  g rea te r  degree of redundancy 
and f l e x i b i l i t y ,  both i n  terms of the  system and of opera t ions ,  than 
does the  three-shaf t  system (pp. 47, 48) . 

o The panel  has  not seen an adequate quan t i t a t ive  evalua t ion  of 
t h e  economic advantages of the  three-shaft system t h a t  j u s t i f i e s  
forgoing t h e  f l e x i b i l i t y  and sa fe ty  of t h e  four-shaft  System - (PP. 47, 48) - 

o The system a s  p resen t ly  proposed with t h r e e  s h a f t s  has 
redundancy more t y p i c a l  of conventional  mining p r a c t i c e  than of nuclear 
indus t ry  p r a c t i c e  (p. 48) .  

Chapter 6: Performance Assessment 

o The dosages ca lcu la t ed  t o  bc received by humans a s  a r e s u l t  of 
normal opera t ions  and acc iden t s  a r e  within prescribed l i m i t s  f o r  workers 
and f a r  below the  aosages from normal background radia t ion  f o r  members 
of t h e  public .  There is a g r e a t  d e a l  of experience i n  these  types of 
ope ra t ions ,  and confidence i n  t h e  accuracy of t h e  c a l c u l a t i o n s  is high 
(pp. 50, 51). (Since t h i s  a n a l y s i s  was completed, the  lower l i m i t  of 
concent ra t ion  f o r  c l a s s i f y i n g  t r ansuran ic  wastes has been changed 
[9/30/821 by t h e  Department of Energy from 10 t o  100 nanocuries per  
gram. The amount of waste a f f e c t e d ,  t h e  c o s t  t o  handle it, and t h e  
s a f e t y  consequences of t h i s  change have not y e t  h e n  published).  

o The long-term r e l e a s e  scenar ios ,  shown i n  Figures 6-1 t o  6-60 
lack experimental ve r i f i ca t ion .  Nevertheless,  the  scenar ios  appear t o  
s e t  ou t s ide  l i m i t s , t o  what would be c r e d i b l e  releases.  Though Only a 
consequence ana lys i s  is performed, t h e  r e su l t ing  dose commitments (50 
years)  a r e  w e l l  wi th in  prescr ibed  l i m i t s  (maximum 170 mrem whole body) 
and f a r  below the  dosages from normal background rad ia t ion  (average 50 
years ,  5,000 mrem) (pp. 51-57]. 



RECOMMENDATIONS 

Chapter 2: S i t e  Se lec t ion  and Characterizat ion 

o I t  i s  p rac t i cab le  t o  evaluate  t h e  e f f e c t s  of resource ex t rac t ion  
i n  Zone I V  on a case-by-case bas i s  t o  a s sess  whether o r  not s u c h  
ex t rac t ion  poses any s i g n i f i c a n t  t h r e a t  t o  the  sa fe ty  and i n t e g r i t y  of 
the  reposi tory.  Though present  ex t rac t ion  techniques pose no 
s i g n i f i c a n t  t h r e a t s  t o  the repos i tory ,  the  Department of Energy should 
obta in  the  r i g h t  t o  deny mineral and hydrocarbon ex t rac t ion  i n  Zone IV, 
a s  well  a s  Zones I, 11, and 111, during the  opera t ional  and 
adminis t ra t ive  c o n t r o l  period,  unless s u c h  ex t rac t ion  can be shown t o  
pose no s i g n i f i c a n t  t h r e a t  to  t h e  reposi tory (pp. 14, 16).  

o To test  t h e  extent  of deep strata-bound d i s so lu t ion ,  Sandia 's  
p lans  f o r  f u r t h e r  f i e l d  and a n a l y t i c a l  work should be implenented. 
These p lans  include (a)  making f irmer es t imates  of the  amount of salt 
deposi ted and removed by comparing i n  d e t a i l  d r i l l  co res  and borehole 
logs from many p a r t s  of t h e  basin, and (b) studying i n  d e t a i l  t h e  water 
flow and res idues  i n  anhydr i te  kds (pp. 19, 20). 

o One o r  both of the  remaining kfdrologic test holes  planned t o  be 
d r i l l e d  i n  1983 should be loca ted  on lineaments or f r a c t u r e  traces i f  
such f e a t u r e s  a r e  revealed on s a t e l l i t e  images and high-al t i tude a r e a l  
photographs. Hydrologic test holes  so located vould h e 4  to determine 
i f  zones of f r a c t u r e  concentra t ion  e x i s t  within dolomite a t  t h e  WIPP 
site and i f  they a r e  influencing d i f f e r e n t i a l  s a l t  d i s s o l u t i o n  and/or 
secondary permeabil i ty development. Such narrow and elongate zones of 
more c l o s e l y  spaced f r a c t u r e s  should e x i s t  i n  dolomite a t  the  WIPP s i t e  
judging from t h e i r  observed presence i n  reef and o the r  s t r a t a  southvest  
of the  s i t e  and elsewhere. The hydrologic s ign i f i cance  of shor te r ,  more 
numerous r w k  f rac tu res ,  o r  anisotropy,  haw been revealed a t  th ree  
Rust ler  dolomite sites by Gonzalez (1982). The bas ic  short-term 
hydrologic inves t iga t ions  planned and being c a r r i e d  out  by Sandia 
National  Labora tor ies  t o  re f ine  understanding of t h e  nature and . . 
d i s t r i b u t i o n  of permeabil i ty wi th in  Rust ler  aqu i fe r s  a r e  w e l l  conceived 
and should be continued (pp. 19, 20) . : 

"% ; I ir. .h 

o Opera t ional  experience with t h e  handling and emplacement of 
var ious  type8 of waste package shapes and s i z e s  containing TRU wastes a t  
t h e  WIPP si te should k obta ined i n  a t imely manner so t h a t  t h i s  
experience can be fac to r& i n t o  f i n a l  choices  f o r  large-scale d i sposa l  
of TRU wastes (p. 32). 

o The l a t e r  s t a g e s  of t h e  WIPP RcD program should be kept f l e x i b l e  
t o  accomcdate  changes suggested by e a r l y  WIPP r e s u l t s  or by progress  i n  
waste d i s p o s a l  technoloqy by o the r  organizat ions.  Active e f f o r t s  should 
be made t o  solicit idea and p a r t i c i p a t i o n  from t h e  genera l  s c i e n t i f i c  
cammunity. Publishing &..~ject RCD r e s u l t s  i n  t h e  refereed l i t e r a t u r e  
w u l d  encourage such p a r t x i p a t i o n .  Outside developments i n  automated 



sensing, robotics, instrumentation in hostile environments, etc., should 
be systematically screened for application or testing at the WIPP 
facility (p. 33). 

o Procedures for handling defense high-level waste in the 
experimental RSD areas should include special safety precautions, which 
may not be needed for facility ~ 0 n S t r ~ ~ t i 0 n  or emplacement of TRU waste 
(P. 33). 

o The matrix of tests on waste form, waste package, overpack, and 
backfill to be investigated at the WIPP facility should be supplemented 
by aboveground laboratory tests to validate the latter form of testing 
and thus permit expansion of the matrix by less expensive experiments 
(PP. 33, 3 4 ) .  

Chapter 4: Waste Acceptance Criteria 

o As soon as feasible. standardized waste packages should be 
adopted in a minimum number of sizes (p. 35). 

o The storage of combustible waste should be controlled so that 
noncombustible material is intermixed with combustible packages in such 
a way as to render the mixture incapable of self-sustaining combustion 

' in a current of air (pp. 35, 37). 
o The existing deficiency in the SAR on procedures for fighting 

transient underground fires should be remedied (p. 37). - o The humidity of still air in equilibrium with the salt and the 
pH of the salt at the storage horizon should be measured. These 
fundamental quantities are significant for the evaluation of biological 
and chemical degradation processes (p. 38) .  

o The restrictions on permissible mass of organic material per 
unit volume of waste should be dropped from the gas-generation criterion 
if measurement shows the relative humidity of a sealed enclosure in the 
salt at the repository horizon to be 60 percent or less (p. 38). 

o If the humidity of tbe air is higher than 60 percent, a 
competent biological specialist should be engaged to evaluate the 
metabolic prospects for particular classes of microorganisms that might 
contribute to gas generation in the expected repository environment 
(P. 38). 

o State-of-the art equipment should be provided at the WIPP 
facility for nondestructive verification of compliance with those 
elements of the wasteacceptance criteria for which such equipment 
exists (p. 39).  

o The existence of a practical alternative should be ensured for 
handling those TRP wastes that arrive at the WIPP site and that fail to 
meet the WIPP TRU waste-acceptance criteria. The alternative should be 
available at the time that it is heeded (p. 40). 

o waste-acceptance criteria should be defined for the defense 
high-level waste that is to be used in the experimental program. The 

definition should be early enough to allow time for review before 
experimental operations begin (p. 40). 



Chapter 5: Design and Operation of F a c i l i t i e s  

o E x p l i c i t  mechanisms f o r  t h e  t r a n s f e r  of in fomat ion  from S P M  
experiments and information gathered during cons t ruc t ion  and development 
t o  f i n a l  design must be e s t ab l i shed  (p. 4 2 ) .  

o Displacements of the  s a l t  i n  t h e  f a r  f i e l d  t h a t  occur a s  a  
r e s u l t  of long-term c losu re  of excavations m u s t  be shown t o  be 
s u f f i c i e n t l y  small  t h a t  they do not s i g n i f i c a n t l y  increase  t he  
permeabil i ty of the  bulk of the  s a l t  (pp. 44, 47 ) .  

o It should be shown t h a t  sea l ing  the  reposi tory i s  s u f f i c i e n t  t o  
preclude unacceptable increases  i n  hydraulic  conductivi ty across  the 
repos i tory  horizon (p. 47) .  

o The j u s t i f i c a t i o n  f o r  using d i e s e l  motive power f o r  s a l t  
t r anspor t  underground should be reexamined (pp. 47, 48 ) .  

o The e f f e c t s  of changes i n  t h e  conf igura t ion  of t h e  sur face  
f a c i l i t i e s ,  t h e  number of s h a f t s ,  t he  v e n t i l a t i o n  system, and the  
e l e c t r i c a l  backup need t o  be f u r t h e r  e labora ted  i n  terms of opera t ional  
safe ty ,  e f f i c i ency ,  and nucl ide r e l e a s e s  (pp. 44, 45 ) .  

- Chapter 6: Performance Assessment 

o Hydrologic i n v e s t i g a t i o n s  and nmnitoring programs should be 
continued t o  more adequately resolve  t h e  d i f f e r e n c e s  between recent  and 
i n i t i a l  i n t e r p r e t a t i o n s  of potent iometr ic  maps and to provide a more 
c o n s i s t e n t  and conf ident  d e f i n i t i o n  of t h e  r a t e s  and d i r e c t i o n s  of 
groundwater flow wi th in  Rust le r  a q u i f e r s  above and immediately adjacent  
t o  t h e  s i t e  (pp. 56. 58 ) .  

o Though karst-type flow i n  t h e  Rus t l e r  occurs  near Nash Draw, the  
ex ten t  t o  which it reaches eastward is not c l e a r l y  de l inea ted .  I f  t h i s  
type of flow should be joined by connected f r a c t u r e s  t o  t h e  WIPP s i t e  
a r e a ,  t h e  time of t r a v e l  of the  nucl ides  and t h e i r  r e t a rda t ion  would be 
sharply  reduced. Both t h e  p r o b a b i l i t y  of such flows and t h e i r  e f f e c t  
upon r a d i a t i o n  dosages need t o  be determined (p. 5 8 ) .  



CBAPTER ONE 

INTRODUCTION AND BAiKGROLTD 

T h e  h i s t o r y  of t h e  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) p r o j e c t  was 
p r e s e n t e d  t o  t h i s  p a n e l  a t  a s t u d y  p lann ing  s e s s i o n  on June 5, 1978. A s  
f a r  back a s  March 1974. t h e  Oak Ridge N a t i o n a l  Laboratory  had begun s i t e  
i n v e s t i g a t i o n s  f o r  a t e r m i n a l  r a d i o a c t i v e  waste r e p o s i t o r y  f o r  
commercial h igh- level  waste  i n  a reg ion  selected by t h e  U.S. Geolog ica l  
Survey i n  t h e  L o s  MedanOS a r e a  of New Mexico. I n  May of t h a t  y e a r ,  t h i s  
work was suspended i n  f a v o r  of t h e  concep t  o f  r e t r i e v a b l r  s u r f a c e  
s t o r a g e ,  and t h e  land-withdrawal a c t i o n  t h a t  had been i n i t i a t e d  was 
d e f e r r e d  i n  December 1974. The Albuquerque O p e r a t i o n s  O f f i c e  of t h e  
U.S. Atomic Energy C o m i s s i o n  (AEC) and t h e  Sand ia  N a t i o n a l  L a b o r a t o r i e s  
were t h e n  reques ted  by AEC h e a d q u a r t e r s  to  become involved i n  t h e  
program to  l o c a t e  a s i te  f o r  a r a d i o a c t i v e  w a s t e  d i s p o s a l  p i lo t  p l a n t  
for defense-re la t -ed l o r  and i n t e m e d i a t r l e v e l  t r a n s u r a n i c  waste, w i t h  
some p r o v i s i o n s  f o r  e x p e r i m e n t a t i o n  w i t h  d e f e n s e  h igh- leve l  waste. When 
d r i l l i n g  began i n  1975 a t  a site i n  t h e  Los Hedanos r e g i o n  recomPended 
by Sandia ,  i r r e g u l a r  s u b s u r f  a c e  g e o l o g i c a l  c o n d i t i o n s  were found, 
i r r l u d i n g  high-pressure  b r i n e s  and gasas .  Consequently,  t h e  f i r s t  s i te  
was r e j e c t e d ,  and a new one was i d e n t i f i e d  independen t ly  by Sandia  
N a t i o n a l  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  Survey 11.2 4m t o  t h e  
southwest .  The g e n e r a l  l o c a t i o n  o f  t h e  S i t e  and a g e o l o g i c  s e c t i o n  
th rough  t h e  Los Medanos a r e a  a r e  shown i n  F i g u r e s  1-1 and 1-2, 
r e s p e c t i v e l y .  I n  January  1976, t h e  g e o l o g i c a l  i n v e s t i g a t i o n s  were 
resumed a t  t h e  newly proposed site, and t h e  p r o j e c t  was g i v e n  its 
p r e s e n t  name: Waste I s o l a t i o n  P i l o t  P lan t .  

The d r i l l i n g  of ERDA-9, t h e  f i r s t  ho le  a t  t h e  new si te,  c o m e r r e d  i n  
A p r i l  1976. I n  October  1976, fund ing  was reques ted  f o r  a n  
a r c h i t e c t - e n g i n e e r ,  and a new land-withdrawal n o t i c e  was p l a c e d  i n  t h e  
F e d e r a l  R e q i s t e e  i n  December 1976. I n  A p r i l  1977, a p r e l i m i n a r y  v e r s i o n  
of t h e  D r a f t  Environmental  Impact S ta tement  was d i s t r i b u t e d  by t h e  U.S. 
Department o f  E n e q y  (1979) f o r  commit, and it was announced t h a t  WIPP 
would be a l i c e n s e d  f a c i l i t y .  I n  June,  t h e  f i n a l  v e r s i o n  o f  t h e  
c o n c e p t u a l  d e s i g n  w a s  i s s u e d .  I n  September,  B e c h t e l  was selcc'ted as t h e  
a r c h i t e c t - e m i n e e r ,  and i n  November, t h e  DOE s e n t  a le t ter  to  t h e  
Nuclear  Regula to ry  C o m i s s i o n  s a y i n g  it in tended  to r e q u e s t  a l i c e n s e .  
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In February 1978, the "Deutch Reportm (U.S. Department of Energy 
1978) called for a demonstration of the experimental emplacement of 
high-level waste and possibly ultimate disposal of commercial spent fuel 
at the WIPP site. Objections were raised by the Committee on Armed 
Services, U.S. House of Representatives, which insisted that the site 
should be unlicensed and used only for defense waste. This view 
eventually prevailed. 

The Geological Characterization Report (Powers et al. 1978), a 
compilation of geotechnical information available as of ~ugust 1978 and 
judged to be relevant to WIPP studies, war published in Dccembcr 1978. 

In March 1979, an Interagency Review Group (IRG) appointed by 
President Carter reported on its review of the progress of the U.S. 
waste disposal program and suggested four alternative technical 
strategies, one of which would specify salt as the host gaologic medium 
for the first mined repository (Interagency Review Group 1979). The 
following month, DOE issued for public comment the WIPP Draft 
Environmental Impact Statement, or DEIS (U.S. Department of Energy 
19791, including consideration of the possibility of disposal of limited 
quantities of commercial spent fuel. 

Public Law 96-164, enacted in December 1979, authorized WIPP as a 
research and developllcnt facility to demonstrate the safe disposal of 
radioactive wastes resulting from the defense activities and program of 
the United States exempted from regulation by the Nuclur Regulatory 
Conmission. Within three months, President Carter announced his 
intention to recommend cancellation of WIPP and requested rascission of 
previously appropriated funds. Congress did not act on the rescission -~ 
request, however, and the project continued, as authorized by PL 96-164. 

The WIPP Safety Analysis Rewrt, or SAR (U.S. Department of Energy 
1980-1982), was issued in February 1980 and has been updated by 
amendments in September 1980, January 1981, October 1981, and September 
1982. 

In October 1980, DOE issued a Pinal Environmental Imact Statement, 
or PEIS (U.S. Department of Energy 1980), which included responses to 
comments received from the public and from government agencies, and 
which reflected changing policies and legislative requirements. In the 
new document, the concept of an intermediate-sale facility for the 
disposal of spent fuel and the associated twc-level underground layout 
were eliminated. A l w  deleted was the proposal for licensing of the 
repository. 

Thus, as of this writing, the WIPP repository is intenhed as an 
unlicensed facility for the diaposal of TRU waste generated in Z1.S. 
defense programs and for the experimental emplacement of a small 
quantity of high-level waste. No permanent disposal of high-11901 waste 
is planned. TRO waste, it should be noted, differs from high-level 
waste in that very little heat is generated. Calculations indicate that 
the maximum temperature rise in the center of the repository will he 
less than 20C, so that the effects of heating on the Salt beds will be 
negligible. 

One of the first official acts of the Reagan administration was the 
January 1981 issuance of a Record of Decision to proceed with the 
project; but in April, the State of New Mexico filed suit against W E  to 
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- 
require acquisition of extensive additional technical information and 
the resolution of a number of controversial issues. Under the resulting 
Stipulated Agreement, signed in July 1981, a number of technical reports 
are being prepared and are being examined by the panel as they become 
available. 

Independently of this M3E-sponsored Study by the National Research 
Council, the State of New Mexico itself has set up four groups concerned 
with WIPP--an Environmental Evaluation Group IEEG): a Radioactive Waste 
Consultation Task Force, composed of three members of the governor's 
cabinet; a Radioactive Waste Consultation Committee, composed of eight 
members of the state legislature; and, until June 1, 1981, a Governor's 
Advisory Committee on WIPP. 

WIPP program activities were in progress during the course of this 
study; thus the panel was evaluating existing data and concepts while 
new information was being obtained and analyzed. This report is not a 
summary of WIPP activities, but an analytrcal commentary on those 
aspects that the panel has reviewed. For completeness, some material . 
has been included that was incorporated originally in three spcial 
reports (Appendices A, B, and C) that dealt with site suitability of the 
proposed site'near brlsbad, New Kexico, from a geological and 
hydrological standpoint; the limitations of surface exploration of 
underground formations, and continued evaluation of the Carlsbad site. 
A September 1981 Proqress Rcwrt (National Research Council 1981) on the 
first 18 months of this study has also been drawn upon, as appropriate. 



CaAPTER nm 

SITE SELECT ION AND CHARACTER1 ZATION 

The criteria that were used in selecting the WIPP site.reflect the 
criteria commonly cited in proposals for waste isolation in bedded salt 
(National Research Council 1970) and the g.ological criteria for 
repositories (National Research Council 1978) and seam technically and 
scientifically adequate. The rocomendations include (1) a bod of rock 
salt (halite) at least 60 m thick, of purity sufficient to minimize 
chemical ccaplications from brine of corplex composition and from water 
released from hydrous minerals; (2) a depth greater than 300 m to ensure 
freedom from surface influencesr (3) a depth less than 1.000 m to ensure 
acceptably low creep rates in the salt; ( I )  approximate horizontality to 
minimize difficulty in mining operations; ( 5 )  little indication of 
recent tectonic or igneous activity; (6) sufficient distance from an 
exposed edge or underground aquifer where salt disaolution is occurring; 
and (7) an area without a history of resource extraction and sizable 
economic resources. Although many sites in the United States would 
probably satisfy these criteria, a site in southeastern New Mexico was 
chosen as described in Chapter 1. 

Two additional criteria specific to the Carlsbad area were suggested 
by the conclusions of a study (Bradshaw and McClain 1971) at Lyons, 
Kansas, and by observations at an earlier WIPP site (a  site near 
borehole ERDA-6): the repository should be.located at least 1.6 km from 
the nearest borehole penetrating through the salt beds, and at least 8 
km from the bpitan R8ef to avoid a zone of disturbed bedding known to 
parallel the reef. 

With these criteria in mind, lines were drawn on a map to outline 
areas where salt W s  of requisite thickness at proper depths were known 
to occur and to exclude areas within 1.6 km of known deep boreholes, 
within 8 km of the bpitan Reef, within 1.6 km of the dissolution front, 
or with known potash or hydrocarbon resources. Two areas of reasonable 
size outside these lines were identified (see Figure 7-11. Site 2 
seemed less suitable because it had deeper salt beds and was closer to 
an oil field where water flooding may be used for sacondary recovery in 
the future, even though Site 1 was closer to the reef and the potash 
zone. Both sites have the advantages of nearly flat topoqraphy, an arid 



FIGURE 2-1 Application of the site-selection criteria. Source: U.S. Departnent of Energy (1980). 



- 
c l ima te ,  and sparse  population. The major regional  geologic s t r u c t u r e s  
i n  the  v i c i n i t y  a re  shown i n  Figure 2-2 .  

S i t e  1 was chosen and subsequently an exploratory s h a f t  was 
constructed.  The p a r t  of the  Salado Formation preselected f o r  
repos i tory  cons t ruc t ion  was mapped i n  g r e a t  d e t a i l  f  rom exposures i n  the  
sha f t .  For the  s h a f t  s t a t i o n ,  a l ~ a t i O n  was picked i n  the  th i ckes t  
layer  of h a l i t e ,  conta in ing  only minor po lyha l i t e  and a few t h i n  c l ay  
seams. The p r e c i s e  s t r a t i g r a p h i c  p o s i t i o n  was chosen during a t echn ica l  
d iscuss ion  among exper t s  from WE and i ts  p r i n c i p a l  con t rac to r s ;  
personnel of the  USGS and EEG were kept informed, and t h e i r  comments 
were s o l i c i t e d  (Jarolimek and McKinney 1982) .  

REMAINING UNCERTAINTIES 

Although t h e  gene r i c  c r i t e r i a  a s  applied t o  the  WIPP s i t e  a r e  i n  l a r g e  
measure s a t i s f i e d ,  ques t ions  have k e n  ra i sed  about t h e  s u i t a b i l i t y  of 
t h e  s i t e  t o  s a t i s f y  a few of t h e  c r i t e r i a  i n  d e t a i l .  Grounds f o r  these  
ques t ions  include: (1) t h e  l i k e l y  presence o f  economically s i g n i f i c a n t  
q u a n t i t i e s  of potash  and n a t u r a l  g a s  a t  t h e  s i te ;  (2) poss ib le  t ec ton ic  
i n s t a b i l i t y  o f - t h e  site: (3 )  p o s s i b l e  continued movement of t h e  kind 
t h a t  produced t h e  d i s t o r t e d  s t r u c t u r e s  i n  the evapor i t e  beds of t h e  
.disturbed zone,' u l t i m ~ t e l y  a f f e c t i n g  t h e  now undisturbed beds i n  the  
middle of t h e  WIPP site: ( 4 )  p o s s i b l e  d is turbance  of th site by 
karst-forming processes;  (5)  p o s s i b l e  l o c a l  co l l apse  of t h e  s a l t  bcds a s  
a r e s u l t  of s o l u t i o n s  moving up from a q u i f e r s  beneath t h e  s a l t  beds, -. 
leading t o  formation of v e r t i c a l  chimneylike masses of brecc ia  
(so-cal led b recc ia  p i p e s ) :  (6)  p o s s i b l e  strata-bound d i s s o l u t i o n  of salt  
adjacent  t o  l a y e r s  of f r ac tu red  or brecc ia ted  anhydri te ,  e s p e c i a l l y  near 
the  Cast i le-Salado con tac t ,  supposedly rapid during the  l a t e  Cenozoic 
and continuing today; and (7)  poss ib le  presence of pressurized-brine 
reservoi rs .  

These o b j e c t i o n s  t o  the  WfPP site have been expressed many times 
over t h e  p a s t  s e v e r a l  years.  Many of t h e  ob jec t ions  have been p a r t i a l l y  
answered and so have become less s e r i o u s  i n  t h e  course of time, but 
v a l i d  ques t ions  remain about a few. The following d iscuss ion  i s  f a u s e d  
on recent  a t tempts  t o  d e a l  with t h e  remaining questions. 

Natural  Resaurcrs 

, .. 
Fur the r  study a f t e r  t h e  s i t e  had been picked showed t h a t  probable potash  

' .  and hydrocarbon resources  were g r e a t e r  than had k e n  thought o r i g i n a l l y ,  s; 
, though they are still not economically worth recovering with p resen t  
\ techniques  and a t  c u r r e n t  p r i ces .  Because o f  these  resources, t h e  

; , it Tt?.  %.,. '$)ability of t h e  site to s a t i s f y  t h e  c r i t e r i o n  r e l a t i n g  to  n a t u r a l  
%!.. %. fi resource p o t e n t i a l  seemed dubious, and two y e a r s  ago t h i s  ques t ion  

, \ ?  .-" 
--:-.- loomed a s  a major f law i n  t h e  c a s e  f o r  s i te  s u i t a b i l i t y .  A recent  study 

i n d i c a t e s ,  however, that wst c u r r e n t  techniques of mineral  e x p l o i t a t i o n  
can be s a f e l y  unployed i n  t h e  o u t e r  p a r t  of t h e  s i t e  a r e a  (Zone I V ,  
shown i n  Figure  D-1, Appendix D) (Brausch st a l .  1982), s o  t h a t  a l a r g e  



FIGURE 2-2 Major regional geologic s t r u c t ~ ~ e s .  Source: U.S. Departsent of Energy (1980). 



p a r t  of the hydrocarbon and potash resources may be recoverable with no 
appreciable hazard t o  the  waste f a c i l i t y .  The panel accepts  t h i s  
conclusion only w i t h  the  proviso t h a t  each proposal t o  develop t h e  
resources should be ca re fu l ly  examined. with t h e  burden of proof a s  to 
i ts  sa fe ty  made the r e spons ib i l i ty  of the proposer. 

That is, subsidence and increased hydraulic conductivi ty due t o  the  
use of mining techniques such a s  hydraulic f rac tur ing  (mhydrofracking'l 
o r  so lu t ion  mining would not a f f e c t  t h e  i n t e g r i t y  of the reposi tory i f  
these  a c t i v i t i e s  were r e s t r i c t e d  t o  Zone IV.  Bowever, t h i s  docs not 
reduce the  a t t r a c t i v e n e s s  of the  s i t e  t o  fu tu re  generat ions f o r  mineral 
explorat ion.  

More d e t a i l e d  d iscuss ion of the value of na tu ra l  resources and t h e  
consequences of mining them is included i n  Appendix D. 

Tectonic S t a b i l i t y  

The well-known occurrence of f a u l t  displacements and b a s a l t i c  erupt ions  
dur i rq  the  Quaternary epoch i n  the  R i o  Grande Valley 250 km v e s t  of t h e  
s i t e  was c i t e d  a few yea r s  ago a s  posing a poss ib le  r i s k  of f u t u r e  
t e c t o n i c  d i s t u r b a n c e . a t  t h e  waste f a c i l i t y .  The r i s k  is not  wholly 
neg l ig ib le ,  of  course,  but  to most observers the long d i s t ance  from t h e  
Rio Grande coupled w i t h  capp lc te  absence of seismic evidence f o r  
s i g n i f i c a n t  c r u s t a l  movement and of geologic evidence f o r  recent  
t e c t o n i c  d is turbance  o r  volcanic a c t i v i t y  has see- s u f f i c i e n t  to 
assure  t e c t o n i c  quiescence a t  the  site. The only recent  evidence 
bearing on t h e  ques t ion  is simply the continued l a c k  of anything but  
very minor seismic events  recorded by the seismic network es tab l i shed  
near the  site. . . 

The .Disturbed zonem . . 
:: 
'9 

The 'disturbed zoneg is an a r e a  adjacent  t o  the Capitan Reef i n  t h e  
northern and e a s t e r n  p a r t s  of the  Delaware Basin i n  which evapor i te  beds ', 

a r e  deformed, a s  shcun by borehole d a t a  and seismic prof i l e s .  The 
deformed beds a r e  i n  p a r t  s t rongly  t i l t e d ,  folded,  and fau l t ed ,  and i n  
p laces  show marked inc rease r  and decreases  of their normal thickness. 
I n  general ,  the i n t e n s i t y  of deformation decreases away from t h e  Capitan 
Reef, and a t  the d i s t a n c e  of the WIPP s i t e  is r e l a t i v e l y  mild. Deformed 
rocks a t  t h e  margin of t h e  disturb& zone have been e ~ o u n t e r e d  i n  
boreholes i n  the nor thern  part of the  WIPP a rea ,  and s t ronger  
deformation is found beyond its borders to  t h e  northeast .  I n  add i t ion  
t o  the d i s tu rbed  zone, smal l  i so la ted  a r e a s  of somewhat deformed rocks 
occur elsewhere i n  the basin,  but  none wi th in  3 miles Of the  WIPP s i t e .  

Concern has been expressed about the p o s s i b i l i t y  t h a t  deformation 
may be continuing today, and may a f f e c t  the  present ly  almost undisturbed 
s t r a t a  i n  the middle of the  WIPP si te  a t  some t i m e  i n  the  fu tu re .  
Strong movements i n  t h e  beds containing a waste f a c i l i t y ,  it is feared ,  
might d i s r u p t  the  s t o r e d  waste and permit  e n t r y  of s o l u t i ~ n s  that could 
d i s so lve  and t r anspor t  sow of the radioact ive  material .  



To investigate this possibility, an intensive study of deformation 
processes in the salt beds has been undertaken (Borns et al. 1983). The 
study includes detailed descriptions of the kinds of deformation 
present, evidence regarding the age of deformation, and discussion of 
several hypotheses of origin. Although the authors conclude that 
evidence is insufficient to give a firm date for the time (or times) of 
deformation or to establish beyond question the mechanism by which the 
deformation occurred, they note that by any reasonable hypothesis of 
origin, the time involved in forming the observed structures is very 
long, on the order of a million years or more. Hence, the deformation, 
even if it is continuing now, would not .present a major hazard to the 
construction and opecational stages of the facility.. Later deformation 
might result in minor distortion of a repository, but according to Borns 
et al: (1983). this would not lead to appr.eciable movement of 
radionuclides because there is no evidence for involvement of solutions 
in the deformation at this horizon beyond small amounts of interstitial 
fluids. 

Karst-forming Processes 

The Loo Medanos region, like other areas of the world underlain by 
' soluble rocks, is subject to locally rapid and potentially widespread 

dissolution wherever undersaturated solutions corn. in contact with the 
rocks beneath. The dissolution in part works down from the surface and 
in part is caused by groundwater moving through permeable beds and 
channels below the surface. As parts of the cock dissolve, overlying 
material collapses into the open spaces. The result is a distinctive 
kind of topography called karst, characterized by sinkholes, caves, 
valleys without stream channels, and underground drainage (Bachman 1980, 
p. 46)--features prominently displaydin parts of southeastern New 
Mexico near the WIPP site. Although no karst features have been noted 
at the site itself, the presence of such features within severil 
kilometers, particularly in Nash Draw (about 10 km west of the site) has 
led to worry that karst may w r k  its way into the site in the near 

5 . ih: geologic future and provide pathways for water to reach a subsurface 
. , id waste facility. 

1 ..! 
' ' \ Dissolution is clearly in progress on the uptilted edges of the 3i J 
;!, evaporite beds in the -atern part of the Dalaware Basin, and can be 

.. _ . _..- .-.' expected to work its way slowly eastward. Important questions, then, 
concern the rate of present dissolution and possible future changes in 
the rate due to clhatic change or tactonic disturbance. 

The rate of dissolution has been estimated in various ways. In Nash 
Draw, where geologically recent dissolution has removed much of the 
~ustler Pornation and part of the u p p a  Salado, two Pleistocene 
formations, the Gatuna and the Mescalero, in part lie undisturbed on an 
old karst surface and in part have collapsed as a result of continuing 
dissolution. Prom these facts bchman (1980) concludes that present 
karst features have focwd during and since the deposition of these 
beds. The older one (Gatuna) can be confidently dated (from an included 
bed of volcanic ash) as about 600,000 years old, and from the thickness 



of evapor i te  s t r a t a  removed s ince  Gatuna time, Bachman de r ives  an 
average r a t e  of v e r t i c a l  d i s s o l u t i o n  of 1 0  cm in  1,000 years. A s imi la r  
f i g u r e  has been est imated from t h e  amount of s a l t  cu r ren t ly  being 
dissolved and discharged by streams and spr ings  i n  the  basin (u.s. 
Department of Energy 1980. p. 7-98). For the  r a t e  of hor izonta l  
d i s so lu t ion ,  Bachman and Johnson (1973) estimated 10 t o  13 km per 
mi l l ion  yea r s ,  on t h e  assumption t h a t  'a t  t h e  end of Oqallala  t i m e  t h e  
Salado Formation extended to  the  Capitan Reef on the  western edge of the  
basin." These e s t ima tes  suggest  t h a t  a waste f a c i l i t y  a t  t h e  WIPP s i t e  
should be secure from karst-forming processes f o r  a t  l e a s t  a mi l l ion  
years.  

I~mpl ic i t  i n  t h i s  conclusion is t h e  assumption t h a t  t h e  f u t u r e  
c l ima te  of southeas tern  New Mexico w i l l  be s i m i l a r  t o  the  average 
c l ima te  over t h e  p a s t  600,000 years .  During t h i s  period i n  t h e  p a s t ,  
t he  c l imate  has f l u c t u a t e d  from dry t o  p l u v i a l ,  but on the  whole has 
been f a i r l y  a r i d .  There is l i t t l e  reason t o  expect t h a t  average 
c l ima tes  i n  t h e  f u t u t e  w i l l  d e v i a t e  g r e a t l y  from t h i s  p a t t e r n  ( B a c h n  
1980); nor is it l i k e l y ,  a s  noted i n  t h e  l a s t  sec t ion ,  t h a t  t e c t o n i c  
movement i n  t h e  next few hundred thousand yea r s  w i l l  e l eva te  t h i s  region 
s u f f i c i e n t l y  t o  cause a marked change i n  average r a i n f a l l .  

The panel  secognizes t h a t  e s t ima tes  of d i s s o l u t i o n  r a t e s  and guesses 
a b u t  f u t u r e  c l ima tes  are based on somewhat s lender  evidence, but t h e  
assumptions inrolved seem reasonably conservat ive,  and t h e  gene ra l  
conclus ion  t h a t  a repoei tory  a t  t h e  WIPP s i te  w u l d  not be dis turbed by 
karst-forming processes  f o r  a m i l l i o n  y e a r s  o r  more seems w e l l  founded. 

Breccia Pipes 

The p o s s i b i l i t y  of forming v e r t i c a l  p i p e l i k e  masses of brecc ia  by 
co l l apse  induced by s o l u t i o n s  w r k i n g  t h e i r  way upward i n t o  t h e  
r epos i to ry  i n  t h e  salt beds from a q u i f e r s  beneath, s imi l a r  t o  brecc ia  
p i p e s  observed elswhere i n  t h e  basin, has been ra ised  repeatedly over 
t h e  p a s t  s e v e r a l  y e a r s  (Anderson and Kirkland 1980; Anderson 1981a. b) .  
Two y e a r s  ago t h e  favored form of t h i s  hypothesis  envisioned s o l u t i o n s  
i n  t h e  B e l l  Canyon Formation (of t h e  Delaware Mountain Group below the  
evapor i t e  beds) a s  t h e  a c t i v e  agents  o f  d i s so lu t ion ,  and pos td la ted  t h a t  
t h e  s o l u t i o n s  not  on ly  formed t h e  c o l l a p s e  p ipes ,  but a l s o  worked t h e i r  

. _  - way along t h e  C a s t i l c S a l a d o  con tac t ,  d i s so lv i rq  t h e  lower Salado sal t  
C.;~ . ,  ( i n  which t h e  repository would be s i t e d )  a s  they moved. I n  o t h e r  w r d s ,  

. . > . at t h a t  time a combination of t h e  f i f t h  and s i x t h  u n c e r t a i n t i e s  
% :> hentioned previous ly  w a s  proposed--active formation of brecc ia  p i p e s  and 

'.' widespread d i s s o l u t i o n  of salt i n  t h e  lowr Salado, i n  p a r t  by s o l u t i o n s  
, , r i s i n g  i n t o  t h e  p i p e s  f rom below. 

More recent ly ,  t h e  formation of b recc ia  p ipes  near t h e  waste 
f a c i l i t y  has been'rhown to  be highly improbable, and t h e  B e l l  Canyon 
Formation has  been proved incapable of generat ing s o l u t i o n s  t h a t  could 
e i t h e r  form b r e c c i a  p i p e s  o r  cause widespread d i s s o l u t i o n  (Lambert 1982: 
Wood a t  a l .  1982). Demonstration t h a t  formation of brecc ia  p i p e s  poses 
no apprec iab le  hazard t o  t h e  WIPP s i t e  depends on a recent  t h e o r e t i c a l  
argument and a d d i t i o n a l  f i e l d  data.  U n t i l  recent ly  t h e  formation of 



breccia pipes has been attributed to a mechanism of .density flowm--the 
rise of unsaturated solutions into overlying salt beds, the dissolving 
of salt to form more saturated and hence more dense solutions, and the 
descent of these dense solutions to make room for fresh injections of 
unsaturated fluid (Anderson and Kirkland 1980). On theoretical grounds 
this mechanism could produce pipes of collapsed material only if 
dissolution at the base of the Salt section is fairly rapid. With 
fast-enough dissolving of salt, a cavity or zone of weakness might be 
produced into which overlying beds would collapse by brittle fracture; 
but if the dissolving is slow, the salt would gradually subside by 
plastic flow to form a funnel-shaped volume of somewhat deformed beds 
rather than a pipe of brecciated salt (Davies 1983). Rapid dissolution 
at the WIPP site could only be caused by fluids in the Bell Canyon 
Formation, which immediately underlies the salt. Recent data on this 
formation, however, indicate that it is not a credible source of such 
fluids: The permeability of this formation is low and practically 
restricted to a few small sand stringers with little hydraulic 
interconnection; the amount of water is small, it moves only slowly, and 
it contains too much dissolved material to be an effective solvent 
(Lambert 1982, p. 119). Spiegler (1982). ,using reasonable numbers for 
the properties.of salt and the solutions in the Bell Canyon, has 
calculated that the rate of plastic flow of salt would be on the order 
of a hundred times its rate of remval by dissolution. 

A more likely cause of breccia pipes is sudden collapse into an 
opening dissolved out of an underlying brittle rock such as limestone. - All known pipes in the Lor Medanos area have been shown to exist only in 
places where the salt beds overlie parts of the limestone of the Capitan 
Reef; and the near certainty that collapse originated in the limestone 
has been established by deep drilling in one of the pipes that showed 
breccia persisting downward to the bottom of the drill hole, only a few 
meters above the reef (Snyder and ~ard.1982). 

Since the WIPP site is 8 km from the nearest part of the reef, and 
since solutions in the -11 Canyon Formation are unlikely to cause 
sudden collapse in the salt itaelf, the formerly suggest& danger of 
encountering an old pipe at the WIPP site, or of a pip. forming de novo 
under the waste facility, seems remote. More details on breccia pipes 
are found in Appendix E. 

. $ ' \  
? ,,. % Deep Strata-bound Dissol~ti~n 

i t  

Xfinderwn h s  continued to express concern about possible extensive deep 

..d 
/interstratal dissolution caused by solutions generated by infiltration 

of wteoric water, moving long distances through layers of fractured 
anhydri te near the CastilcSalado contact and dissolving halite f ron the 
beds above and below [Anderson 1982.). The evidence for such 
dissolution is chiefly the absence of much of the lower Salado salt 
under the western part of the basin (Anderson 1981b, 1982ar Anderson et 
al. 1972). The amount of missing salt was estimated by extrapolating 
salt thicknesses, from areas where salt is believed to be intact to 
areas where salt is thinned or missing. Detailed matching of fine 



laminat ions ("varves")  i n  the  evapor i te  sequence, p a r t i c u l a r l y  i n  
anhydri te  beds, i n  co res  from d r i l l h o l e s  a t  i n t e r v a l s  ac ross  the s i t e ,  
indica ted  t h a t  Salado s a l t  was o r i g i n a l l y  deposited throughout the  
Delaware Basin. The gap i n  t h e  s a l t  sequence is thought t o  bc due t o  
d i s so lu t ion :  the  anhydr i te  b recc ias  ("d issolu t ion  brccc iasn  formed a s  
res idues  of s a l t  d i s so lu t ion )  i n  some Of t h e  co res  from t h e  western half 
of the  basin a r e  c i t e d  a s  f u r t h e r  e v i d e ~ e .  It is thought t h a t  some of 
t h e  su r face  depressions above t h e  supposed d i s so lu t ion  f r o n t  were formed 
by subsidence due t o  d i s so lv ing  out  of s a l t  beneath, and from f a i l u r e  t o  
f ind  sediments o lde r  than Ple is tocene  i n  these  depressions, Anderson 
concludes t h a t  rapid d i s s o l u t i o n  is l imi ted  to t h e  p a s t  fev  mi l l ion  
yea r s  and is probably continuing today. Water f o r  dissolving t h e  s a l t  
is assumed t o  be of meteoric o r i g i n  (Anderson 198Za). It descends i n t o  
t h e  upturned sa l t  edge i n  t h e  western p a r t ' o f  the  basin, traverses 
l a y e r s  of f r ac tu red  and brccc ia ted  anhydr i te  near the  Castile-Salado 
contac t .  and leaves  t h e  basin through c a v i t i e s  i n  t h e  buricd Capitan 
Reef on t h e  e a s t  s ide .  The b r i n e  r e se rvo i r s  encountered i n  the  -A-6 
and WIPP-12 d r i l l h o l e s  a r e  c i t e d  by Anderson a s  ponded remnants of the  
s o l u t i o n s  t h a t  have moved, o r  a r e  moving, through the  brccc ia ted  
anhydr i t e  layers .  

The v a l i d i t y  of t h i s  hypothesis  is d i f f i c u l t  t o  judge a g a i n s t  
. a l t e r n a t i v e  ideas. S c i e n t i s t s  a t  Sandia National  Laboratories  agree  

t h a t  strata-bound d i s s o l u t i o n  of t h e  Sort d e r r i b e d  above is poss ib le ,  
and may ve l l  be respons ib le  f o r  formation of 80. of the su r face  
depress ions  i n  t h e  Los Hedanos a rea  (L1Plbert 1982). They d i sag ree  with 
regard t o  t h e  s c a l e  and recency of t h e  d i s s o l u t i o n  process. The e a r l i e r  
hypothes is  envis ions  s o l u t i o n s  moving completeiy through t h e  evapor i te  
bas in  t o  t h e  Capitan Reef, concentrated i n  s t r a t a  near t h e  
Castile-Salado boundary, and a c t i v e  p r imar i ly  i n  t h e  last few mi l l ion  
years .  By c o n t r a s t ,  t h e  Sandia s c i e n t i s t s  cons ider  strata-bound 
d i s s o l u t i o n  to be a r e l a t i v e l y  minor process  today and i n  t h e  recent  
geologic  p a s t ;  they th ink  of it r a t h e r  as a phenolacnon that was a c t i v e  
adjacent  t o  many anhydr i te  beds a t  var ious  times s ince  the  Permian, is 
r e s t r i c t e d  ta the  r c s t e r n  p a r t  of the  basin,  and is l imi ted  i n  its r a y e  
by escape of t h e  s o l u t i o n s  i n t o  va r ious  d e b r i s - f i l l e d  depressions. I n  
t h e  previous  hypothesis  t h e  d i s s o l u t i o n  is a c t i v e  enough and extens ive  
enough t o  be a  s e r i o u s  t h r e a t  t o  a  waste f a c i l i t y  a t  t he  WIPP site: t o  
t h e  Sandia s c i e n t i s t s ,  t h e  i n t e r s t r a t a l  d i s s o l u t i o n  is simply a minor 
p a r t  of t h e  slow, genera l  d i s s o l u t i o n  of t h e  evapor i te  sequence t h a t  has 
gone on i n t e r m i t t e n t l y  for hundreds of m i l l i o n s  of y e a r s  and poses no 
apprec iab le  hazard to t h e  proposed f a c i l i t y .  

A cho ice  between t h e  two viewpoints must rest on answers to s e v e r a l  
subs id ia ry  quest ions:  (1) what i s  t h e  magnitude of s a l t  removal, 
p a r t i c u l a r l y  from t h e  lower Salado? (2) Can a c t u a l  movement of l a r g e  
volruncs of f l u i d  through anhydr i t e  beds near  t h e  C a s t i l c S a l a d o  c o n t a c t  
ba demonstrated, e i t h e r  a s  present-day movemcnt or movement i n  t h o  
recent  geologic  pas t ?  (3) What is t h e  evidence f o r  major d i s s o l u t i o n  
i n  t h e  l a t e  Cenozoic, a s  opposed t o  d i s s o l u t i o n  a t  i n t e r v a l s  since t h e  
Permian? 



(1) Amount of S a l t  Removed 

That some of the  thick,  lower Salado h a l i t e  present  i n  the  eas t e rn  p a r t  
of the  basin i s  missing toward t h e  west i s  wel l  es tabl i shed,  but 
explanat ions f o r  i ts absence d i f f e r .  Anderson, i n  suppcrt of h i s  
hypothesis, es t imates  t h e  amount of missing s a l t  by painstaking 
comparison of many t ens  of thousands Of t h i n  s t r a t i g r a p h i c  u n i t s  based 
on geophysical logs  i n  d r i l l c o r e s  from boreholes across  the  basin, and 
asc r ibes  the  absence of s a l t  e n t i r e l y  t o  removal by geological ly recent 
d i s so lu t ion  (Anderson e t  a l .  1972). Lambert (Lambert 1982, Chapter I X )  
quest ions the  v a l i d i t y  of some of the  s t r a t i g r a p h i c  co r re l a t ions ,  and 
a t t r i b u t e s  the  missing p a r t  of the s a l t  sequence t o  severa l  phenomena: 
nondeposition of h a l i t e  on e levated  p a r t s  of t h e  Or ig ina l  evapor i te  
basin, depos i t ion  of anhydri te  r a the r  than h a l i t e  i n  p a r t s  of some 
continuous beds ( a s  is common i n  evapor i te  sequences elsewhere) ,  removal 
of some h a l i t e  by eros ion  during the  Permian ( a s  evidenced by an 
unconformity separat ing p a r t s  of t h e  C a s t i l e  and Salado) , and removal of 
some h a l i t e  by d i s s o l u t i o n  a t  s eve ra l  per iods  s ince  t h e  Permian. A 
c lear -cut  choice  between t h e  two views is not poss ib le  on t h e  bas i s  of 
present  knowledge, but a d e t a i l e d  review of borehole co res  and 
geophysical  Logs being undertaken by Sandia w i l l  probably provide t h e  
a d d i t i o n a l  information f o r  a resolu t ion  of t h e  conf l i c t ing  hypotheses. 

(2) Movement of Fluid Through Anhydrite 

Anderson (1982b) regards b r ine  r e se rvo i r s  l i k e  those encountered i n  
Castile anhydri tes  i n  t h e  ERDA-6 and WIPP-12 boreholes a s  prime evidence 
f o r  h i s  present  hypothesis. The b r ine  reservoi rs ,  i n  h i s  view, a r e  
i s o l a t e d  pockets containing samples of t h e  so lu t ions  t h a t  have moved o r  
perhaps a r e  moving through t h e  anhydri te  layers .  A s  a source f o r  the  
d i s s o l u t i o n  f l u i d s ,  Anderson suggests  e i t h e r  r a i n f a l l  i n  an a r e a  of 
g r a v e l s  near t h e  west margin of t h e  Delaware Basin (Black River gravels )  
o r  water from t h e  Pecos River where it c rosses  the  u p t i l t e d  
Salad-Castile con tac t ;  a s  a s ink f o r  t h e  so lu t ions  he proposes the  
cavernous Capitan Reef limestone on t h e  e a s t  and nor theas t  s i d e s  of t h e  
basin. Lambert (1982) argues, on t h e  o the r  hand, t h a t  ana lys i s  of the  
b r ines  i n  t h e  r e se rvo i r s  s h o w s  t h a t  they cannot be t h e  r e s u l t  of sirbple 

. 
, ,. 

d i s s o l u t i o n  of halite, because n e i t h e r  t h e  observed chemical canposi t ion  
. , . . i , ''.& nor i s o t o p i c  composition would r e s u l t  from such a process. I t  was also 

. >  L . ., 
. . 

pointed o u t  t h a t  f r ac tu red  anhydr i te  lacks  scme expected c h a r a c t e r i s t i c s  
. ,f : 

, s . . of a d i s s o l u t i o n  brecc ia  (no  concent ra t ion  o f  r e s idua l  c l a y  minerals  and 

ji < ~ .  - 
none of t h e  gypsum t h a t  should form i f  water - f i l led  open spaces develop 
i n  anhydri te)  and is more l i k e l y  produced by deformation Of the  s a l t  

' , ,,., . . ~  #+' beds. He regards the  b r i n e  r e se rvo i r s  a s  pockets of brecciated ma te r i a l  
c rea ted  by s l i g h t  movement i n  the  s a l t  l a y e r s  near t h e  edge of the  
"disturbed zoneo adjo in ing  the  Capitan Reef; t he  br ine  has accumulated 
from a va r i e ty  of sources, perhaps l a r g e l y  by .kneading outg  of f l u i d s  
from h a l i t e  beds during defamation (Borns e t  a l .  1983). and remains 
i m o b i l e .  The f a c t s  t h a t  t h e  br ine  r e s e r v o i r s  have pressures  well above 
hydros ta t ic ,  t h a t  flow of s o l u t i o n s  f r m  one reservoi r  has no e f f e c t  On 



nearby re se rvo i r s ,  and t h a t  anhydr i te  from most boreholes r3a t  p e n e t r a t e  
t h i s  horizon is not f r ac tu red  and conta ins  no f l u i d s ,  a re  good evidence 
t h a t  the  r e se rvo i r s  a r e  not p a r t  of a  widespread interconnected aqui fer ,  
a t  l e a s t  not one a t  t h e  p resen t  time. A s  an a d d i t i o n a l  test of 
Anderson's views, s c i e n t i s t s  a t  Sandia National  Laboratories  p lan  a  
study of t h e  de ta i l ed  c h a r a c t e r i s t i c s  of r e s idua l  brecc ias  formed by 
d i s s o l u t i o n ,  t o  e s t a b l i s h  c r i t e r i a  f o r  d is t inguishing  such b recc ias  from 
s i m i l a r  f r ac tu red  ma te r i a l  produced by s a l t  movement; anhydr i te  f o r  the  
study w i l l  come from res idua l  b recc ias  higher i n  the  evapor i te  sequence 
where d i s s o l u t i o n  i s  known t o  be taking place. 

( 3 )  Dissolu t ion  Limited Chief ly  t o  t h e  Quaternary 

Anderson (1981a. bJ g r a n t s  t h a t  some S a l t  d i s s o l u t i o n  has taken p lace  a t  
var ious  times s i n c e  t h e  Permian, but contends t h a t  the  major p a r t  is 
geo log ica l ly  recent  and hence is probably a c t i v e  a t  present .  T h i s  
conclus ion  is based on two kinds of evidence: t h e  supposed recency of 
the  eastward t i l t i n g  of beds i n  t h e  Delaware Basin ( l a t e  Te r t i a ry )  , 
which t r igge red  t h e  d i s so lu t ion .  and t h e  supposed lack of sediments 
o l d e r  than Ple is tocene  i n  depress ions  whose o r i g i n  is ascr ibed  t o  
d i s s o l u t i o n  o f  t h e  s a l t  beneath. The Sandia workers (L.mbhrt 1982; 
Powers 1982) counter  t h a t  t h e  time of t i l t i n g  of t h e  evapor i t e  beds is 
uncer ta in ,  but  i f  it is p a r t  of t h e  widespread d is turbance  that formed 
basin-and-range s t r u c t u r e s  i n  t h e  western s t a t e s ,  it should be dated a s  
mid-Tertiary r a t h e r  than  l a t e  T e r t i a r y .  They p o i n t  o u t  a l s o  that l i t t l e  
i s  a c t u a l l y  known about t h e  age of d e p o s i t s  i n  depressions i n  the  Los 
Medanos area:  c e r t a i n l y  t h e  depress ions  con ta in  Pleis tocene Sediments, 
but these  sediments may conceal  o l d e r  beds beneath. Information about 
maximum age of t h e  depress ion  f i l l s  might be ob ta inab le  from boreholes 
d r i l l e d  f o r  t h i s  purpose: but  d a t a b l e  material i s  so sca rce  i n  such 
sediments t h a t  d e f i n i t i v e  d a t i n g  might requi re  many boreholes, and it 
can be quest ioned whether t h e  expense o f  such an  e n t e r p r i s e  would be 
j u s t i f i e d .  A c l e a r  d e c i s i o n  about t h e  timing of most s a l t  d i s s o l u t i o n  
seems impossible on t h e  b a s i s  of p resen t ly  a v a i l a b l e  evide l re .  Fur ther  
information on salt d i s s o l u t i o n  is found i n  Appendix F. 

Because c l e a r  evidence f o r  s a l t  removal from t h e  lower Salado is 
found 20 miles sou th  of t h e  WIPP s i t e  i t s e l f ,  k c a u s e  evidence f o r  major 
d i s s o l u t i o n  i n  t h e  late Cenozoic r e s t s  on t h e  quest ionable m a t e r n a r y  
age of t h e  e n t i r e  thickness of sedimentary f i l l  i n  s o l u t i o n  basins,  and 
because no adequate s i n k  f o r  pos tu la t ed  d i s s o l u t i o n  b r ines  of t h e  
p resen t  day has been loca ted ,  t h e  panel: doubts  t h a t  deep d i s so lu t ion .  
even i f  it is occurring a s  Anderson supposes, is progressing f a s t  enough 
t o  jeopardize t h e  i n t e g r i t y  of a r epos i to ry  wi th in  the next mi l l ion  
years .  

Pressurized-Brine Reservoirs  

Pressur ized  
s u l f i d e  has 

b r ine  accompanied by carbon d ioxide ,  methane. 
been encountered i n  s e v e r a l  w e l l s  penet ra t ing  

and hydrogen 
t h e  C a s t i l e  



Formation (Grisvold 1980: ?gister 1981). The brine occurs in fractured 
anhydrite in places where the salt beds are deformed, most of them in 
the zone of deformation near the Capitan Reef. An especially large 
brine pocket [estimated volume 2.7 x lo6 m3 (17 x lo6 bbl) 1 was 
encountered durinc the deepening of drillhole WIPP-12 in November 1981, 
only about 1 mile north of the projected repository site, and this 
finding has led to concern that (1) the brine in this and other 
reservoirs may be part of an interconnected flow of brine through the 
anhydrite layer, and (2) a similar large reservoir may exist at or near 
the repository site and could cause flooding of the repository. 

Investigation of the WIPP-12 occurrence, together with previous 
studies of other brine pockets, has shown that such concerns are without 
substance (Wood et al. 1982). The principal lines of evidence are the 
following : 

0 In the Salado Formation (in which the repository is to be 
constructed), no brine pockets have been found except small ones at low 
pressures. 

0 The chemical and isotopic composition of brines in different 
reservoirs is different from one to another, and also different from the 
canposition of groundwater in aquifers above and below the salt beds. 

o Brine pockets can be emptied by allowing the brine to flow. 
o Salt beds are undeformed at the repository site. 
o Even if the reservoir found in WTPP-12 should extend under the 

repository site, or if another reservoir should exist at the site, the - anhydrite layer is 244 m (800 ft) below the progosed repository horizon 
in the Salado Pormation. 

On the basis of this evidence, the panel concludes that brine reservoirs 
do not pose a threat to the integrity of a repository at the selected 
site. 

The panel believes that the criteria used to show that there is little 
appreciable hazard to a waste facility at the WIPP rite from breccia 
pipes, tectonic disturbance, brine pockets, or extension of the 
.disturbed zone* are sufficient. If the hydrocarbon and potash 
resources at the site prove to bo econonic, with proper limitations much 
of the resources can be recovered without hazard to the repository. The 
preponderance of evidence, in the panel's opinion, does not support 
Anderson's hypothesis of large-scale, recent strata-bound dissolution 
that might endanger a repository at the WIPP site, but the evidence 
against the hypothesis is not conclusive. Further analytical and field 
work are necessary to make firmer estimates of the amounts of salt 
deposited and remved by comparing in detail drillcores and borehole 
logs from many parts of the basin. In addition, definitive evidence 
regarding water flow and dissolution residues in anhydrite beds is 
needed. 



CONCLUSIONS 

o Although the evidence now suggests that hydrocarbons and potash 
might be extracted from Zone IV without harm to the repository, the 
integrity of the repository must be the first consideration. ~ a c h  
proposal to develop the resources should be examined rigorously on a 
cascby-case basis, with the burden of proof resting with the proposer 
(pp. 14, 16; see also Appendix Dl. 

o The long distance from fault displacements and basaltic 
eruptions in the Rio Grande Valley and the lack of evidence of major 
seismic events near the site seem sufficient to ensure tectonic 
quiescence at the site during the period of interest (p. 16). 

0 Deformation of evaporite beds at the repository site is slight. 
The rate of deformation, if any is going on at present, is so small that 
it wuld not present a credible risk to the repository (pp. 16, 17). 

o Evidence is good that karst-forming processes are unlikely for a 
period of more than a million years to disturb the repository site.(pp. 
17, 18). 

0 The location of existing *breccia pipesg and of the hydrologic 
and stratigraphic conditions capable of containing and supporting large 
solution voids apparently necessary to cause them, indicate that the 
likelihood of encountering an old pipe or a new.one forming denovo near 
the WIPP site is practically nonexistent (pp. 18, 19f see also Appendix 
El. 

0 Evidence seems good that because of its low permeability, high 
salinity, and isotopic composition the Bell Canyon Ponrution curnot -. 
function as a source or transporting agent for solutions that could form 
breccia pipes by density flow, nor could it be responsible for extensive 
interstratal dissolution (p. 18, 19). 

o The preponderance of evidence does not suppqrt the hypothesis 
that large-scale recent strata-bound dissolution might endanger a 
repoaitory at the WIPP site, but evidence against the hypothesis is not 
conclusive (pp. 19-23). 

o The brine reservoirs encountered in the Castil- Formation near 
the WIPP site are moat likely isolated pockets of flui not connected 
with or residual from recent solutions moving long distances through the 
formation (22, 23). Even if the UIPP-12 pressurized brine reservoir in 
the Castile extended directly beneath the WTPP site, this should not 
adversely affect the operating facility, and there is insufficient . .. 
justification to delay progress on the WIPP. 

REU3M2iDATIONS \ "> > 

\ 

0 It is practicable to evaluate the effects of resource extraction 
in Zone IV on a casrby-case basis to assess whether or not such 
extraction poses any significant threat to the safety and integrity of 
the repository. Though present extraction techniques pose no 
significant threats to the repository, the Department of Energy should 
obtain the right to deny mineral and hydrocarbon extraction in Zone IV, 
as well as Zones I, IT, and 111, during the operational and 



a d m i n i s t r a t i v e  c o n t r o l  pe r iod ,  u n l e s s  such e x t r a c t i o n  can be shown t o  
pose no s i g n i f i c a n t  t h r e a t  t o  t h e  r epos i t o ry  (pp. 1 4 ,  16 ) .  

o To t e s t  t h e  e x t e n t  o f  deep s t ra ta-bound d i s s o l u t i o n ,  S a n d i a ' s  
p l a n s  f o r  f u r t h e r  f i e l d  and a n a l y t i c a l  w o r k  should be implemented. 
These p l a n s  i nc lude  ( a )  making f i r m e r  e s t i m a t e s  of t h e  amount of s a l t  
depos i t ed  and removed by comparirq i n  d e t a i l  d r i l l  c o r e s  and t o r e h o l e  
l o g s  from many p a r t s  of t h e  bas in ,  and (b )  s tudy ing  i n  d e t a i l  t h e  water  
f low and r e s idues  i n  a n h y d r i t e  beds (pp. 19,  20) .  

o One o r  both of t h e  remaining hydrologic  test ho les  planned to  be 
d r i l l e d  i n  1983 should be l o c a t e d  on l ineaments  o r  f r a c t u r e  t r a c e s  if 
such f e a t u r e s  a r e  revea led  on s a t e l l i t e  images and h igh -a l t i t ude  a r e a l  
photographs.  Hydrologic test ho l e s  s o  l oca t ed  would help  to  determine 
i f  zones o f  f r a c t u r e  c o n c e n t r a t i o n  e x i s t  w i t h i n  do lomi te  a t  t h e  WIPP 
site and i f  they  are in f l uenc ing  d i f f e r e n t i a l  salt d i s s o l u t i o n  and/or 
secondary pe rmeab i l i t y  development. Such narrow and e longa t e  zones of 
more c l o s e l y  spaced f r a c t u r e s  should e x i s t  i n  do lomi te  a t  t h e  WIPP s i te  
judging from t h e i r  observed presence  i n  reef  and o t h e r  strata southwest 
o f  t h e  s i t e  and elsewhere.  The hydro log ic  s i g n i f i c a ~ e  of s h o r t e r ,  more 
numerous rock f r a c t u r e s ,  o r  an i so t ropy ,  have been revealed a t  t h r e e  
R u s t l e r  do lomi te  si tes by Gonzalez (1982).  The basic short - term 
hydro log ic  i n v e s t i g a t i o n s  planned and being carried o u t  by Sandia  
Na t i ona l  Labo ra to r i e s  t o  r e f i n e  unders tanding of t h e  na tu r e  and 
d i s t r i b u t i o n  o f  pe rmeab i l i t y  w i t h i n  R u s t l e r  a q u i f e r s  a r e  well conceived 
and should be cont inued  (pp. 19,  20) .  



CHAPTER TEREE 

IN-SITU TESTS AND EXPERIMENTS 

The WIPP RU) program seeks ansvers  to  ques t ions  about reposi tory 
development and waste package in t e rac t ions ,  a s  shown i n  Table 3-1 
(Matalucci e t  a l .  1982). This  program c o n s i s t s  of p r o j e c t s  f o r  
v e r i f i c a t i o n  of t h e  var ious  models, labora tory  and f i e l d  t e s t i n g  of 
components, and in - s i tu  t e s t s  v i t h  and without radioact iv i ty .  The 
i n i t i a l  phase of t h e  i n - s i t u  tests, termed S i t e  and Preliminary Design 
Validat ion (SPDV) , c o n s i s t s  o f  c e r t a i n  geomechanical measurements to be 
made underground from two s h a f t s  and a n  experimental area. A s  of August 
1982 t h e  s h a f t  boring6 had been completed and geomechanical test 
instruments  were k i n g  i M t a l l e d  f o r  t h e  SPDV measurement program, 
scheduled to  comrence i n  la te  1982. 

A v a r i e t y  of in - s i tu  experiments are planned f o r  t h e  WIPP R M  
program (Table 3-2) extending to the 1990s (Table 3-3). t o  be c a r r i e d  
out  i n  a s p e c i a l  a r e a  (Pigure 3-1). Although planning f o r  and des ign  of 
t h e  even tua l  cons t ruc t ion  and ope ra t ion  of t h e  WIPP f a c i l i t y  f o r  
permanent d i s p o s a l  of d e f e n s e g e n e r a t e d  t r ansuran ic  (TRO) wastes is 
a l r eady  underway (U.S. Department of Energy 1980-1982) and d i scuss ions  
f o r  its layout  a r e  i n  progress  ( R o c k w e l l  I n t e r n a t i o n a l  1982), t h e  WIPP 
f a c i l i t y  des ign  is  s u b j e c t  to change, depending on f ind ings  from t h e  
i n - s i t u  tests. Even t h e  abandonment of t h e  WIPP s i t e  a l toge the r  would 
be p o s s i b l e  i f  t h e  f i n d i n g s  prove t h a t  permanent d i s p o s a l  of TRU waste 
is not  f e a s i b l e  a t  t h e  WIPP site. The panel  regards a l l  WIPP f a c i l i t y  
planning and des ign  t o  k prov i s iona l  a t  t h e  present  time and sub jec t  t o  
r ev i s ion  i n  t h e  l i g h t  of f u t u r e  f ind ings  of the  .WIPP R M  program. 
Therefore,  t h e  panel  has d i r e c t e d  its a t t e n t i o n  to  t h e  adequacy of t h e  
R M  program f o r  providing t h e  in fo rna t ion  needed t o  cons t ruc t  and to  
ensure  the  sa fe ty  of a n  adequate WIPP f a c i l i t y .  

THE SPDV PIIASE 

As d e s c r i k d  i n  s e c t i o n s  8.2.1 and 8.9.1 of t h e  =IS (U.S. Department of 
Energy 1980),  two underground s h a f t s  have been cons t ruc ted  f o r  in - s i tu  
t e s t i n g  i n  t h e  SPDV program. These s h a f t s ,  which were sunk i n  



S0l)mXx natalucci et al. (1982). 



TABLE 3-2 WIPP In-Situ T e s t s  

wlTnouT RAOIOACTIVITV WITH IIAOIOACTIVITV 

TECHWOLOGI 
EICEIIYEWlS DEYOIITIAT8ONS EXP€IYYYTS 

IWnQcuI . 



TABLE 3-3 Schedule for WIPP In-Situ Tests 

CONSTMTWWl 
I 

lEXPERUENTS 
&DATA ANALVSIS AND TECHNICAL REPORTS 1 I I 

omw 
TESTS 

CONSTRUCTION I 
1.;. , ~ .  I EXPEAIUENTS 
i . . 1. . DATA ANALVSIS 

\:.~. ' & REPORTS 

CALENDAR YEAR 

TECHNoLOaV 
DEYOI)STRATIOW 

SWRCE: Matalucci et al. (1982). 

DESIGN CONSTMTION 1 FUL-SCALE 
I TRI WAS= -w. 

SMALL-SGA WA-SZE_D_E_YO 

I DHLW OEM0 



. . 
i). EWE A PIIEL~WAIV 

,., ~*. DESION VALVATION (SPOVI 

NOTES: 
0. THE GEOMECHANICAL EVALUATION TESTS ARE 

ILLUSTRATED AS ONE TEST CONFIGURATION. 
BUT THEY CAN BE MODIFKO OR SEGREGATED 
INTO SEPARATE TESTS AT DIFFERENT LOCA- 
TIONS. FINAL CONFIGURATION WILL DEPEND ON 
FURTHER DESIGN CONSIDERATIONS. 

I. INSTRUMENTATION ALCOVES 
16 m WIDE. 10 m LONG. 3.1 m HIGH. TYPICAL) 

6. WORKSHOP ALCOVE 

(ALL DIMENSIONS IN METRES) 

TESTS: 

A. 12 w/m2 MOCKUP 
8. DHLW OVERTEST ~ ~ 

MOCK DHLW EYPLACEYENTlRETRlEVAL DEMO 
0. AADIAIMN-SOURCE EXPERIMENTS 
G. GEOMECHANICAL EVALUATION 
H. HEATED PILLAR 
J. TRU DRUY DURABILITY (CH) 
w. MOCK TRU M Y 0  (CH AND RH) 
L. PLUOGllO AND SEALING 
W. DHLW TESTS 

FIGURE 3-1 Layout of WIPP in-s i tu  t e s t s .  Source: Watalucci et a l .  (1982). 



accordance with a previous recommendation by the panel (Appendix B), are 
3.7 m (12 ft) and 1.8 m ( 6  ft) in diameter, about 700 m (2,300 ft) and 
670 m (2,200 ft) deep. respectively, and extending more than 411 m 
(1,350 ft) into the 610 m (2,000 ft)-thick Salado salt formation (Figure 
1-2). The SPDV underground experimental area at the facility depth 
adjacent to the shafts is not yet constructed. 

Because the mechanical properties of the salt are considered by W E  
to be important for facility design, geomechanical experiments have been 
given the first priority for in-situ testing and are the only tests 
planned in the SPDV phase. These consist of convergence and radial 
motion measurements of the shafts, piezometers for water pressure 
build-up behind the shaft liner, strain measurements in unlined sections 
of the shaft, optional monitoring of shaft key loading and strain at the 
contact of the Salado salt with overlying Rustler Formation, survey 
measurements at geometric grid points, and geologic mapping of lithology 
and structure. Matalucci et al. (1982) expect the SPDV tests to meet 
the following objectives: 

0 To validate the design for the WIPP access shafts and TRU waste 
disposal demonstration rooms. 

o To evaluate the amount and rate of shaft convergence and room 
creep deformation and to correlate these data with model predictions. 

0 To perform a preliminary evaluation of creep in salt and of the 
steady-state creep model. 

o To evaluate instrumentation systems for accuracy and the - reliability of measurements made with them in rock salt and to document , .. - the suitability of the system for future measurements. . , ,  
. '  , ,'.' 

o To evaluate the response of the in-situ formations such as,clay ,. , .::' ,. a t  

seams and other material layers in addition to the salt. : 6 %  ,.:: y, 
v ,:, . . '?  $ o To collect a large number of samples of rock salt and other , ~, . .  , . .. $ 

materials and to conduct laboratory and bench-scale tests to determine . : , , I  ,". 
the mechanical properties of these samples. - - . , . u ~  / 

Tests of interaction between waste and surrounding rock will follow the 
SPDV phase. 

The WIPP design has to allow for long-term repository closure 
( >  200 years) by plastic flow and short-term access (L 20 years) for 
waste package emplacement and retrieval. A key problem of the SPDV is 
to verify by very short-term measurement (-2 years) that pradictions 
from the (twediwnsional computer program) model of repository behavior 
over the long term are correct. The SPDV implies that this is a routine 
check, with little expectation of surprises. Longer-term observations 
will be needed to confirm that the design requirements will really be 
met. 

IN-SITU TESTING PLAN 

Bedded salt is a prime candidate to be the geologic medium for the 
emplacement of high-level radioactive wastes, both civilian and 



military. The main information presently available on such emplacement 
comes from Project Salt Vault. a program begun in 1963 by the Oak Ridge 
National Laboratory using canister and instrumentation technology of the 
time in a salt mine. The WIPP facility offers an opportunity for 
professionally executed emplacement experiments, using present waste 
form concepts and equipment, in an actual repository operation. This 
will be possible years before any comparable repository is available. 
Results of experiments with high-level waste in WIPP can bring d ~ i s i v e  
experience to the design of future repositories. Consequently, the 
opportunity to carry out RCD on emplacement and retrieval of a variety 
of waste forms, particularly high-level waste, in a real underground 
salt repository at depth, is an important aspect of the Waste Isolation 
Pilot Plant ,(WIPP) program. 

Plans have been formulated and reported by V. P. Likar (1979) and 
Hatalucci et al. (1982) for an RiD program that includes emplacement and 
retrieval of contact-handled TRU waste, remotely handled TRU waste, and 
defense high-level waste (DHLU): the investigation of interactive 
effects of heat- and radiation-generating waste packages with a salt 
repository: and the investigation of repository backfilling, plugging, 
and sealing. The program (see Table 3-2 and Figure 3-1) is scheduled to 
begin in 1983 and contintie through the life of the facility. The test 
sequence begins with thermal-structural interactions to verify the 
ability of structural models to predict long-term repoaitory response, 
and (assuming these results are positive) continues in stages to 
demonstration of DBLW retrieval froo corroded and failed waste 
packages. Obviously, the earlier experiments are tetter defined than 
are the later experiments, which will allow for incorporation of the 
results from the early WIPP experiments and the on-going parallel 
experimental programs into the plans for the later WIPP experiments. 
This is appropriate since, although the general philosophy appears to bc 
that the experiments are *verificationsn of present concepts and models, 
it is almost inevitable that surprises will be encountered and that' new 
concepts and models relating to waste foms, waste package materials, 
design, dimenslons, and heat outputs will evolve over the next decade. 
To take maximum advantage of progress in waste disposal technology 
worldwide, the periodic revisions'of the experimental program should be 
preceded by deliberate solicitation of ideas for experiments, 
instrumentation, and equipment from outside the DOE (cf. National 
Research Council 1979). 

At present, WIPP is designed to accommodate a considerable variety 
of waste packages. While operational smoOthness vould benefit frcnn 
fewer and better-characterized packages and waste forms, the 
experimental program should take advantage of the present lack of 
uniformity to make an operational input into the recommandations for 
size, shape, weight, and other criteria for the waste packages that will 
be used on a large scale. 

The over-all facility design is as yet not fixed. A recent major 
revision has reduced facility cost substantially, at the expense of the 
rate of waste emplacement and of operational flexibility. The plant 
electrical system has loat some redundancy, which means that the 
electrical supply system for the experimental program cannot be relied 



on for those experiments and systems that demand an uninterrupted power 
supply (such as the brine migration experiments). The alternative 
facility orientation now being evaluated, which extends the storage area 
to the south of the present shafts instead of to the north, would 
isolate the experimental area (assuming it remains at its 
earlier-planned location north of the shaft) by 823 m (2,700 ft) from 
the storage area and from continuing construction and storage 
activities. This would benefit both the experimental and the storage 
activities in a number of ways, including reduced chance of interference 
and continued availability. 

The WIPP FEIS and SAR (through Amendment 3)  recognize that accidents 
associated with the experiments with DHLW constitute the largest risk of 
environmental contamination, of plant contamination, and of operator 
exposure. Complete procedures for carrying out these important 
experiments have not yet been written (nor is it reasonable to do so 
before more operational experience with less hazardous experiments has 
been gained). Previous hazard analyses contemplated no changes in the 
standard ventilation precautions, i.e., high efficiency particulate air 
(HEPA) filters normally off-line, and cut in on detection of 
radioactivity in the vent stream. However, special precautions, such as 
putting the KEPA filters in line in advance of the experiment, might be 
considered as part of the operational procedures for experiments 
involving the handling of degraded DHLW canisters. The special 
ventilation requirements of the room experiments on brine corrosion. if 
a significant 82s content is introduced with the brine, also need to 
be developed. 

The demonstration emplacement and retrieval activities will reveal 
any weaknesses (such as excessive time for operations) in the storage 
concepts (e.g., the sidewall emplacement of remotely handled TRU waste) 
or in the equipment procured to implement them, and should be given 
sufficient priority to allow alterations in advance of largrscale waste 
emplacement operations in the storage area. We may confidently expect 
remarkable progress in the next half-dozen years in such areas as 
automated sensing devices, robotics, remote imaging, and instrumentation 

- and control for hostile environments. These developments should be 
'i, continually screened for application to waste isolation by testing in 

, ., . .  - 
.., 

: the WIPP RkD program. 
B .: 

I 
.) . ,' 

Accelerated tests, such as room closure measurements with a heat 
' 

. source four times reference design conditions, experiments with 
, " i j  highgr-than-expected radiation levels, and corrosion experimnts on 

deliberately compromised canisters or overpacks, tackle the difficult 
problem of investigating long-term effects within the lifetime of one 
generation of experimenters. Overall, the approach is reasonable. 
Extrapolations from these experiments would be more convincing with 
practicable three-dimensional models and improved computer PrOqrmS. 
One can reasonably expect to have these with the next generation Or SO 
of computers. 

Since the number of experiments that can be undertaken in the WIPP 
project itself is finite, the number of variables that can be dealt with 
in the many combinations of waste package, overpack, backfill, and 
sleeve, or of plugs and seals, is limited. One could improve the 



usefulness of the WIPP tests by concentrating on the difference between 
in-situ tests and smaller scale laboratory experiments. Laboratory 
tests paralleling the WIPP tests would be helpful in validating the 
former, thus improving the eventual rate of development of new 
materials. In general, inaugurating the WIPP in-situ testing program 
does not decrease the importance of the laboratory and field research 
programs that have contributed so much to the choice of materials for 
the WIPP project. 

o The opportunity to carry out R&D on emplacement and retrieval of 
a variety of waste forms, particularly high-level waste, in a real 
underground salt repository at depth, is an important aspect of the WIPP 
program (pp. 32-34). 

o Operational experience with the handling and emplacement of 
Various typas of waste package shapes and sizes containing TRO vaates at 
the WIPP rite should be obtained in a timely muinor no that this 
experience can be factored into final choices for largcscala diupoual 
of TRO wastes (p. 32). 

o The later stages of the WIPP RLD progran should be kept flexible 
to a c c d a t e  changes suggested by early WIPP results or by progress in 
waste disposal technology by other organizations. Active efforts -should 
be made to solicit ideas and participation from the general scientific 
cormpunity. Publishing project RkD results in the refereed literature 
vould encourage such participation. Outside developments in automated 
sensing, robotics, instrumentation in hostile environments, etc., should 
be systematically screened for application or tenting at the WIPP 
facility (p. 33). 

o Procedures for handling defense high-level waste in the 
experimental RLD areas should include special safety precautions, which 
may not be needed for facility construction or emplacement of TRU waste 
(P. 33). 

o The matrix of teats on waste form, waste package, overpack, and 
backfill to be investigated at the wIPP facility should be'supplenunted 
by abowground laboratory teats to validate the latter form of testing 
and thus permit expansion of the matrix by lass expensive exp.rimants 
(PP. 33, 34). 



CHAPTER FOUR 

WASTE ACCEPTANCE CRITERIA 

T h e  d e f i n i t i v e  statement of the  TRU waste a c c e p t a x e  c r i t e r i a  f o r  the 
WIPP pro jec t  is contained i n  W I P P - W E 4 6 9  (U.S. Department of Energy 
1981). A summary of these c r i t e r i a  appears i n  Table 4-1. 

The waste acceptance c r i t e r i a  a r e  f o r  t h e  most p a r t  q u i t e  
s traightforward.  They a r e  concerned with es tabl i sh ing standards on 
dimensions, weight, radia t ion  l e v e l s  and t h e  l i k e ,  such t h a t  operat ional  
d i f f i c u l t i e s  a t  the  WIPP site w i l l  be minimized when waste emplacement 
a c t u a l l y  begins. The c r i t e r i a  have a permissive f lavor ,  which r e f l e c t s  
the  real-world cons idera t ion  t h a t  ex i s t ing  s tored  wastes a r e  very 
heterogeneous i n  terms Of composition, physical  s t a t e ,  and package 
configurat ion.  ~ b i d e n t l y ,  the  philosophy has been adopted t h a t  
inconveniences a t  t h e  WIPP s i t e  a r e  l e s s  consequential  than those t h a t  
w u l d  occur a t  t h e  various s torage  s i t e s  i f  highly r e s t r i c t i v e  c r i t e r i a  
were adopted. These inconveniences a r e  acceptable on an interim basis, 
but it should be a s t a t e d  objec t ive  of t h e  lead manaqement organizat ion 
of t h e  defense TRU waste program to work as rapidly a s  poss ib le  i n  the  - d i r e c t i o n  of standardized packaging of f u l l y  characterized and 
thoroughly s t a b i l i z e d  waste. 

The most debatable of the  c r i t e r i a  a r e  those re la ted  t o  the  
i&lus ion  of organic ma te r i a l s  i n  the  waste. The presence of such 
mate r i a l  i n  s u f f i c i e n t  quant i ty  r a i s e s  quest ions about combustibi l i ty i n  
t h e  s h o r t  term and a b u t  g a s  generat ion,  complexation, and possibly 
accelera ted  radionuclide t ranspor t  i n  t h e  long tern. 

FIRE 

F i r e s  underground, as is w e l l  known f r c ~  c o a l  mining experience, a r e  
p a r t i c u l a r l y  d i f f i c u l t  to contro l .  In  p r a c t i c e  it has proved t o  be very 
d i f f i c u l t  t o  ex t ingu i sh  such f i r e s  because underground combustion s i t e s  
a r e  so well  insu la ted  themal ly .  

F i r e  p re tnn t ion  and c o n t r o l  w i l l ,  of course, be e a s i e r  i n  a salt 
repos i tory  than i n  a c o a l  mine. For f i r e  s a f e t y  t o  be f u l l y  credible ,  
however, a waste d i s p o s a l  conf igura t ion  should be s t i p u l a t e d  t h a t  w i l l  
se l f -ext inguish  without any f i r e  c o n t r o l  measures whatever. 

A se l f -ext i rquishing conf igura t ion  can k provided by stacking of 
the  waste packages i n  such a way t h a t  c a b u s t i b l e  and noncombustible 



TABLE 4 -1  Waste-Acceptance Criteria for Contact-Handled and Remotely Handled TRU Waste 
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materials are intermixed in a proportion such that the heat liberated by 
oxidation of the combustible component is dissipated. Thereby the 
temperature of the mixture is prevented from reaching the ignition point 
of the organic materials. A conservative a priori calculation of 
sufficient accuracy should be quite simple, given the data on maximum 
organic content of each package that is part of the waste certification 
documentation. 

A self-extinguishing configuration does not, of course, eliminate 
the possibility of transient underground fires arising from transporter 
accidents, such as electrical faults and welding, that may involve one 
or more waste packages. The provision for handling such situations has 

, , . . . ... . not yet been specified (U.S. Department of Energy 1980-1982). This must 

K,.i, not be overlooked in the Title 11 design. 
3 :$, '\ .. "I- 

. . : Q  
. ,  , . ~  I. , GAS GENERATION 

i . . The gas-generation limit of 10 moles/m3 of disposal-room volume per 
year (Table 4-1) is briefly explained in DOE-069 (U.S. Department of 
Energy 19811, with reference to supportikg experimental data in SAND 
79-1305 (Sandia National Laboratories 1979). The number was derived 
from a consequence analysis based on the effective permeability (taken 
as 0.1 microdarcy) of the geologic formation, with the condition that 
lithostatic pressure of 0.15 ~ / m l  (150 bars) at the repository depth 
should not be exceeded. 

From the gas-generation limit the permissible organiccontent of the 
waste was derived through the experimentally based conclusion that the 
major source of gas is the bacterial decomposition of the cellulosic 
component of the waste-primarily the plywood boxes. This conclusion is 
independent of whether aerobic or anaerobic conditions are assumed. 
Under the expected anaerobic conditions, methane is presumed to be the 
major constituent of the gas. 

The limiting microbial gas-generation rates given in SAND 79-1305 
are derived from experiments carried out under conditions that do not 
give adequate weight to certain fundamental facts of microbiology: 

o Micro-organisms are critically sensitive to ambient humidity. 
Host species require a humidity of 90 percent or higher for growth, and 
there are no confirmed reports of growth at humidity below approximately 
60 percent (Horowitz 1979). 

o Metabolic activity is poisoned by the accumulation of metabolic 
products. This will limit the magnitude of the pressure generated by a 
gaseous metabolic product. 

o Methanogenesis does not normally occur in the presence of 
sulfates. Hydrogen sulfide is a primary metabolic product in such 
systems. Sulfates are plentiful in the Salado Formation. 

The likelihood of biological gas generation should be reexamined in the 
light of these generalizations, and others that may be discovered by 
study of the specialized literature on life in extreme environments. 



-. 
The restriction imposed by humidity may be particularly 

significant. A saturated NaCl brine has a relative humidity of 70 to 75 
percent at ordinary temperatures. If traces of calcium and/or magnesium 
chlorides are present in Salado salt, the humidity of a sealed 
repository could fall as low as 20 percent. Now that the SPDV program 
has made the Salado directly accessible, measurement of humidity should 
be made in a suitable still-air cavity. 

The tendency for 82s formation by sulfate-metabolizing bacteria 
suggests a pssibility worthy of attention: that this gas, and the 
C02 likely to be a coproduct. might maintain the pH of a 
brine-inundated repository low enough (below 3-01 to cause corrosive 
dissolution of steel drums with generation of substantial amounts of 
gaseous hydrogen. The chemical part of this scenario is well known from 
oil field experience with "sour" gases under pressure (Shock 1953). The 
biological part, of course, depends on the ability of the organisms in 
question to thrive in the repository environment. 

Radiolysis was also discussed as a source of gas generation. 
Because of the low level of total radioactivity in TRU waste, the rate 
of radiolytic .gas generation estimated in the =IS (U.S. Department of 
Energy 1980, p. 9-153) is negligibly small--only a small fraction of 
that assumed for microbial action. 

The computational model used to calculate the repository 
pressurization associated with gas generation is straightforward. The 
conclusion that the repository pressure will be below the lithostatic 
pressure even for the bounding case is acceptable, especially in view of 
the fact that the source term used for the gas-generation rate is -~ 
probably too high by orders of magnitude, as just discussed. 

In view of the minor importance of gas generation for projected TRU 
waste, it is suggested that consideration be given to dropping the waste 
acceptance criterion relating to gas generation, particularly if the 
humidity in the repository proves to be less than 60 percent. IiCiWeverv 
the emplacement density of organic materials should be limited to 
conform with the self-extinguishment criterion stated above. Rough 
calculations indicate that the restriction on organic, material imposed 
by the self-extinguishing requirement is easily met. 

COMPLEXAT ION 

Many documents, including the SAR (U.S. Oepartment of Energy 1980-19821, 
examine the Consequences of scenarios in which the Salado salt 
containment is breached. Radionuclides then move upward into the 
aquifers of the Rustler Formation and thence by hydrologic flow to the 
surface at Halaga Bend or elsewhere. Sorption by the clays and 
dolomiter Of the aquifers has been experimentally shown to be very 
strong for plutonium and its daughters, which leads to a significant 
retardation of the transport of thcse species with respect to the 
groundwater flow. Complexation by xganic materials included with or 
derived from the organic component if the waste will interfere with the 
sorption process and shorten transport time accordingly. 

-. . . 



A sensitivity analysis of the consequences of the reduction of Kd, 
the partition coefficient. by complexation is reported in SAND 79-1305 
(Sandia National Laboratories 19791, and a similar analysis appears in 
EEG-8 (~ofsy 1980). Both analyses conclude that even complete 
elimination of the sorption effect would not increase the dose 
commitment to the maximally exposed individual to parity with the dose 
received from natural sources, owing to the long travel time for the 
water. 

The FEIS does not even mention complexation as a factor in the 
establishment of Waste acceptance criteria. Within the limits of the 
particular scenarios considered in the PEIS the omission probably is 
justifiable. In other possible scenarios, where flow occurs through 
fracture systems, or in the extreme case through karst, travel time 
would be reduced and sorption would become a matter for more careful 
evaluation, especially since in these two instances opportunity for 

.'.. sorption is materially reduced. The credibility of such scenarios needs 

i '?,further study (see also Chapter 6). 
$ 

I 1, 
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CERTIFICATION 

The best possible set of wastcacceptance criteria is of doubtful effect 
unless compliance is systematically certified. Misgivings on this point 
have been expressed by the New Mexico Environmental Evaluation Group 
(EEG) and by this panel. Recent briefings and recently released 
documents (U.S. Department of Energy 1982: Whitty et al. 1982) are 
making it clearer how compliance can be assured. 

A particularly important part of the certification strategy, and one 
that this panel supports, is the policy of beginning certification with 
newly generated waste. This postpones the serious problem of 
determining exactly what is contained within old packages that have 
inadequate documentation. Certification will not begin at any 
waste-generating site until appropriate procedures have b u n  developed, 
facilities built, and personnel trained. all of which are easier with 
newly generated waste. 

Less satisfactory is the proposed procedure for verifying compliance 
after the packages are received at the WIPP. The BEIS specifies only 
that each container be inspected for damage and contamination; then if 
the certification documents are in order, the container is ready for 
transportation underground. This panel would prefer to see a policy of 
having the WlPP equipped with state-of-the-art nondestructive 
examination devices, so that at least a sample from each shipment can be 
subjected to an independent verification. 

After newly generated wastes have a11 been certified, it will be 
necessary to deal with stored wastes. Those of recent origin--since 
1970, approximately-are stored retrievably and are comparatively well 
documented. Wastes in this category that are stored at Idaho National 
Engineering Laboratory (INEL) will be processed along with n ~ l y  
generated waste. Stored waste from other sitas will be processed later, 
with technology developed at INEL in the Stored Waste Examination Pilot 



Plant (SWEPP) and Processing Experimental Pilot Plant (PREPP) programs. - 
Technology for preparation and transportation of remotely handlad TRU 
waste is also to be developed in this second phase. 

Another category is the special-case wastes, which include buried 
pre-1970 TRU wastes, uncertifiable stored wastes, contaminated soils, 
and the like. This panel endorses the proposed strategy of postponing 
decisions about these wastes until the other categories of wastes have 
been dealt with, additional technical or institutional developments have 
occurred, and more information has been obtained on costs and hazards. 

These troublesome certification procedures could be simplified and 
transportation facilitated by shredding and pyrolyzing all the waste. 
Against this must be weighed the monetary costs and particularly the 
hazards to the operators of pyrolysis facilities.' Evaluation of the 
factors on both sides of the option is highly subjective because 
practical experience is scanty. It is the judgment of this panel that 
the strategy proposed by Rockwell International ('1982) is a reasonable 
compromise at the present state of knowledge. Further information on 
such issues as' complexation might shift the balance to pyrolysis. That 
part of the waste which is readily certifiable is currently expected to 
be transported and emplaced without pyrolysis; that which is 
undocumented or for other reasons falls in the "specia~ caseo category 
is to be processed by whatever technology appears to be appropriate, 
including any of several varieties of pyrolysis. A substantial amount 
of practical information on pyrolytic processing is already available 
from experience with pilot facilities, and pilot testing of other 
techniques is already operating or in the planninq stage. 

In the view of this panel it is particularly important that the - 
pyrolysis option or something functionally equivalent should be 
available. A certification procedure cannot be truly meaningful unless 
there exists a practical alternative for handling those wastes that fail 
to meet the criteria. 

DEFENSE HIGH-LEVEL WASTE 

The WIPP mission includes a program of experiments with retrievably 
emplaced, high-level waste, presumably solidified in glass and contained 
in metal canisters. No criteria have been written for this class of 
waste, even though the experimental area has been laid out and tentative 
plans for experiments have been formulated. It is important to have 
these criteria prepared well in advance of need. 

0 The possibility of self-sustaining underground fires can be 
eliminated by embedding combustible materials in a matrix of 
noncoarbustible material in a suitable proportion (pp. 35, 37).  

o The criteria related to biological gas generation are based on a 
rather superficial analysis. The extreme nature of the repository 
environment imposes many conditions that are not adeqwtely taken into 



account. I t  is poss ib le  t h a t  the humidity (water a c t i v i t y )  i n  a sea led  
reposi tory i s  low enough t o  i n h i b i t  b io logica l  a c t i v i t y  completely (pp. 
37, 38). 

o I f  there  is bio logica l  a c t i v i t y ,  the presence of s u l f a t e  i n  the 
s a l t  makes it l i k e l y  t h a t  hydrogen s u l f i d e ,  ra ther  than methane, would 
be the  major product (pp. 37, 38). 

o From the WIPP viewpoint. the qua l i ty  assurance system is 
inadequate, i n  t h a t  it requires  no on-si te  v e r i f i c a t i o n  of conformance 
of package contents  t o  the c e r t i f i c a t i o n  (pp. 39, 40) .  

RECOMMENDATIONS 

o A s  soon a s  f eas ib le ,  standardized waste packages should be 
adopted i n  a minimum number of s i z e s  (p. 35).  

o The s torage  of combustible waste should be cont ro l led  so t h a t  
noncombustible ma te r i a l  is intermixed w i t h  combustible packages i n  such 
a way a s  t o  render the  mixture incapable of self-sustaining combustion 
i n  a cu r ren t  of a i r  [pp. 35, 37). 

o The ex i s t ing  deficiency i n  the SAX on procedure6 f o r  f ight ing  
t r a n s i e n t  underground f i r e s  should be remedied (p. 31). 

o The humidity of s t i l l  a i r  i n  equil ibrium with the salt  and the  
pH of the  salt a t  the  s torage  horizon should be measured. These 
fundamental q u a n t i t i e s  are s i g n i f i c a n t  f o r  the  evaluat ion of b io log ica l  
and chemical degradation processes (p. 38).  

o The r e s t r i c t i o n s  on permissible mass of organic material per  
u n i t  volume of waste should be dropped from the  gas-generation c r i t e r i o n  
i f  measurement shows the r e l a t i v e  humidity of a sealed enclosure i n  the  
s a l t  a t  the  reposi tory horizon to  be 60 percent  o r  less (p. 38). 

o I f  the  humidity of the  air  is higher than 60 percent ,  a 
competent b io log ica l  specialist should be engaged t o  evaluate the 
metabolic prospects  f o r  p a r t i c u l a r  c l a s s e s  of  microorganism t h a t  might 
con t r ibu te  t o  g a s  generat ion i n  the expected reposi tory envir0IUEent 
(P. 38) 

o S t a t c o f - t h e  a r t  equipment should be provided a t  t h e  WIPP 
f a c i l i t y  f o r  nondestruct ive v e r i f i c a t i o n  of compliance with tho.. 
elements of t h e  waste-acceptance c r i t e r i a  f o r  which such equipment 
e x i s t s  (p. 39). 

o The exis tence  of a p r a c t i c a l  a l t e r n a t i v e  should be ensured f o r .  
handling those TRb waster t h a t  a r r i v e  a t  t h e  WIPP site and that f a i l  t o  
meat t h e  WIPP TRLT waste-acceptance criteria. The a l t e r n a t i v e  should be 
ava i l ab le  a t  t h e  tim t h a t  it is needed (pa 401- 

o Waste-acceptance c r i t e r i a  should be defined fo r  t h e  defense 
high-level waste t h a t  i r  t o  be used i n  t h e  axperimental proqran. The 
d e f i n i t i o n  should be e a r l y  enough t o  all- time f o r  review before 
experimental opera t ions  bogin (p. 40). 



CKWTER FIVE 

DESIGN AND OPERATION O f  FACILITIES 

INTRODUCTION 

Plans f o r  t h e  WIPP design,  cons t ruct ion ,  and operation have changed 
continuously, and f u r t h e r  changes can and should be expected. F lex ib le  
planning enables changes t o  be made t o  t h e  design, cons t ruct ion ,  and 
opera t ion  of t h e  proposed f a c i l i t y  i n  t h e  l i g h t  of new information t h a t  
emerges from the  WIPP program and from o the r  relevant programs. One 
i q o r t a n t  r e s u l t  of such changes has been t o  improve confidence i n  t h e  
predic ted  performance and s a f e t y  of t h e  f a c i l i t y .  In  t h i s  respect,  it 
is p a r t i c u l a r l y  important t h a t  e x p l i c i t  arrangements be made t o  u t i l i z e  
t h e  r e s u l t s  from t h e  SPDV experiments i n  t h e  f i n a l  design and 
Performance assessment of  t h e  repository. Another important r e s u l t  has 
k e n  to  e f f e c t  economies i n  t h e  des ign of the  prOpO6d f a c i l i t y .  
However, g r e a t  c a r e  must be taken to  ensure t h a t  such economies do not  
impair t h e  performance and s a f e t y  of t h e  f a c i l i t y .  

SPDV EXPERIMENTS 

The r e s u l t s  of t h e  SPDV experiments a r e  regarded a s  c r u c i a l  i n  
e s t ab l i sh ing  t h e  performance and s a f e t y  of t h e  WIPP reposi tory,  and 
these  r e s u l t s ~ w i l l  provide a wealth of d a t a  concerning t h e  behavior and 
p r o p e r t i e s  of sal t .  

It is  important t h a t  e f f e c t i v e  and t imely comparisons be made 
between t h e o r e t i c a l  p r e d i c t i o n  of t h e  SPDV experimental r e s u l t s  and d a t a  
obtained underground during t h e s e  experiments. Such comparisons provide 
an  e s s e n t i a l  mechanisa f o r  developing and helping t o  v a l i d a t e  t h e  
t h e o r i e s  upon which t h e d e s i g n  of t h e  s to rage  excavations a r e  based. 
Bouever, t h e  e x t e n t  t o  which t h e  behavior and p roper t i e s  of t h e  s a l t  i n  
the  experimental a r e a  is s i m i l a r  to, o r  d i f f e r e n t  from, t h e  s a l t  i n  t h e  
s to rage  a r e a  must be taken i n t o  account i n  t r a n s f e r r i n g  knowledge gained 
i n  t h e  former t o  des ign and p r e d i c t i o n  i n  t h e  latter. Therefore, it is 
important that d e t a i l e d  observat ions  of  t h e  p r o p e r t i e s  of t h e  sal t  be 
made and recorded during excavation of both t h e  experimental and of t h e  
s torage  areas.  P red ic t ions  of  t h e  r e s u l t s  of t h e  SPDV experiments w i l l  
have t o  be made on t h e  basis of t h e o r e t i c a l  ca lcula t ions .  Theory and 
c a l c u l a t i o n a l  methods developed f o r  t h e  SAlV experiments and refined i n  



the light of results from those experiments provide an important basis 
for the qualitative and quantitative evaluation of the design of the 
storage area. It is important that the design of the storage area 
reflect the knowledge gained as a result of the SPDV experiments. 

The value of the SPDV experiments will be enhanced greatly by prompt 
publication of their results in scientific and technical journals, so as 
to facilitate their consideration by the scientific and engineering 
community. rather than only by those individuals involved directly with 
the WIPP project. 

UNDERGROUND EXCAVATIONS 

Once a' suitable site for an underground nriclear waste repository has 
been selected, one of the most important factors--if not the most 
important one-contributing to the successful disposal of radioactive 
waste is the design of the excavations and associated facilities that 
constitute the repository. Mining engineering provides a wealth of 
experience related to the design and construction of a repository, but 
the function of a repository is very different from that of a mine. The 
principal objective in mining is to remove as much of the ore as is 
practicable, consistent with short-term safety. The principal objective 
in making repository excava+ions is to disturb the geologic media as 
little as is practicable, so as to ensure long-term safety and effective 
isolation of the wastes. 

Adequate conceptual design of an underground repository requires 
recognition that the properties of a gaologic~medium, a w n  salt, are 
unlikely to be uniformly satisfactory over the dimensions of the 
proposed repository site, and that many variations in the properties and 
Structure of the salt at the depth of the repository will be revealed 
only as the excavations are made, and related underground experiments 
are done. S o w  of these variations may lead to unexpected difficulties 
in excavation or they m y  adversely affect the ability of the salt or 
the overlying strata to isolate the wastes from the biosphere. 

I \ (  

Accordingly, it m y  k desirable to treat some portions of the 
r .' 

. . 
repository differently fronothers and perhaps even exclude some 

~ .. 
' ,  portions of the site frca use for the waste disposal. 

'1 , . For these reasons, and to l b i t  the extent of any accidents that may .- i 
; occur prior to final sealing of the repository, such .a the intersection 

. . of a major brine reservoir or the outbreak of a fire, the repository 
. , . should be laid out as a number of independent modules. Substantial 

barriers of undisturbed salt should be left between modules, to ensure 
that each module can be isolated effectively from every other module. 
No more accessvays than are necessary for safe development of a module 
should penetrate these barriers,and each accessway should be provided 
with a b-ikhead, which can be closed quickly at either end Of the 
barrier. Ultimately, these accesswayb should be sealed permanently with 
a fill having low porosity and permeability. Devices for temporary 
closure of accessvays, in the form of ventilation doors and other 
fabricated bulkheads, have been developed and are used extensively in 
the mining industry. In mining, permanent closure of accessways is 



usually effected by the construction of concrete plugs. For the wIPP 
site, a salt aggregate could be used. No details are given in the 
program documents available to the panel of either devices for temporary 
Or permanent closure of accessways. 

The current design (Figures 5-1, 5-2) comprises three shafts: (1) a 
construction, salt-handling, and intake-ventilation shaft; (2) a waste 
shaft: and (3) an exhaust shaft. An experimental area is laid out to 
the north of these shafts and the storage area is laid out to the south 
of them. Access from the shafts to the experimental and storage areas 
is by parallel entries, two to the experiments, and four to the storage 
area. The entries to the storage area (Figure 5-2) are separated from 
one another by pillars about 42 m (138.5 ft) thick and are penetrated by 
cross'cuts at 61 m (200 ft)- and 91 m (300 ft)-intervals. 

The storage area, measuring 629 m (2,064 ft) by 778 m (2,552 ft), 
comprises four panels on each side of the main entries. Within each 
panel are seven storage rooms, measuring about 10 m (33 ft) wide by 4 m 
(13 ft) high by 91 m '(300 ft) long, with their long axes parallel to the 
main entries, and separated by salt pillars 30 m (100 ft) thick. The 
panels are separated from one another by barrier pillars 61 m (200 ft) 
thick. Access from the main entries to the panels is by cross cuts at 
intervals of a b u t  91 m (300 ft) and 61 m (200 ft), the length of rooms 
and the thickness of the intervening barrier pillars, respectively. The 
overall extraction ratio is less than 25 percent, and the layout of the 
panels constitutes effective modularization, provided that the 
penetrations of the pillars can be closed effectively, both temporarily 
in an emergency and permanently after storage has been completed. - 

Using the SANCIK) finite-element, large-strain creep code, Sandia has 
done a structural analysis of the original Title I design and compared 
this with two alternative layouts of the repository excavations (Krieg 
et al. 1979). In this analysis, a .standard structural modelm for the 
geology was based on data from the ERDA-9 borehole (Wawersik 1979); 
mechanical properties for the salt were taken from SAND 79-1853 (Munson 
and Dawson 1979); and, for other rocks and seams, properties were taken 
from the literature or estimated. The analysis of the original design 
showed far-field effects that disturbed the superincumbent strata and 
were brought about by relatively small amounts of convergence across the 
excavations in the short term (1Oyears). These effects would increase 
continually with ti-, until ultimately the backfill becomas 
consolidated. Waste and backfill in these excavations are likely to 
have a void space of about 40 percent, unless special procedures are 
developed for greater compaction. In the longer term, this void space 
will allow much greater convergence across these excavations than that 
calculated in the analysis of the short term. Correspondingly greater 
far-field effects, particularly at stratigraphic discontinuities, may 
disrupt the salt in a very different way than would geologic events in 
the absence of man-made perturbations. Assumptions based on the 
behavior of salt in its pristine conditions may not be valid. 
Accordingly, analyses of the far-field effects should be done for much 
longer periods of time-say 50, 100, and 1,000 years--to show whether or 
not closure of the excavations will need to be limited. The amount of 
closure that would prevail if the cavities were filled with waste and 
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FIGURE 5-2 Representative WIPP underground layout. 
Source: Bechtd National, Inc. (1983) . 
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b a c k f i l l  having an i n i t i a l  t o t a l  void space of about 40 percent may be 
unacceptable. A f i n d i w  t h a t  c losu re  should be l imited would have 
important implicat ions f o r  waste forms, b a c k f i l l s ,  excavation layout,  
and ex t rac t ion  r a t i o .  

I n  the  near f i e l d ,  t he  excavations of a  reposi tory make up a  network 
of interconnected hydraulic condui ts  i n  t h e  s a l t  mass a t  t h e  reposi tory 
horlzon. Closure of the  excavations, even i n  the  long term, say beyond 
1,000 years ,  may not reduce the  void space i n  the  waste and b a c k f i l l  t o  
a  negl ig ib le  value, so  t h a t  the  b a c k f i l l  may have a permeability much 
g rea te r  than t h a t  of the  i n t a c t  s a l t .  This res idual  void space may 
r e s u l t  i n  a  hydraulic  conductivi ty through t h e  reposi tory excavations 
t h a t  is s i g n i f i c a n t l y  g r e a t e r  than t h a t  of the  p r i s t i n e  s a l t .  

A c a r e f u l  a n a l y s i s  of the  e f f e c t s  of void space on the  hydraulic 
conductivi ty should be made, though t h e  consequences would not be 
expected t o  be g r e a t e r  than those r e su l t ing  from scenar ios  of water flow 
between t w o  a q u i f e r s  (Bingham and Barr 1979). 

The recently proposed chanqe (U.S. Department of E n e q y  1982) from a 
system of four  s h a f t s  comprising: 

o a  waste-handling sha f t :  
o  a  cons t ruc t ion ,  exhaust,  and salt-handling shaf t :  
o  a  s torage ,  exhaust s h a f t :  and 
o a  ven t i l a t ion ,  supply, and s e r v i c e  shaft 

* % 

t o  a  system of t h r e e  s h a f t s  canpr is ing:  . : :. . 
. , 9 

* 1 

o a waste-handling and personnel  s h a f t :  
o  a  cons t ruc t ion ,  sal t -handling,  and in t ake  sha f t :  and 
o an exhaust shaft 

has profound e f f e c t a  f o r  repos i tory  cons t ruc t ion  and operation, 
The four-shaf t  system allowed f o r  caaplete separa t ion  between 

cons t ruc t ion  and storage.  Each of these  two opera t ions  was planned t o  
proceed concurrent ly  and independently of t h e  o the r ,  except f o r  
v e n t i l a t i o n  supply through a c-n sha f t .  This  concept provided an 
except ional  degree of f l u i b i l i t y ,  redundancy, and safety.  

The t h r e r s h a f t  system i n t e r l i n k s  cons t ruc t ion  and s torage  
ope ra t ions  i n  many ways. It involves  c y c l i c a l  and sequential opera t ions  
on tw s h i f t s  a  day: One s h i f t  is f o r  cons t ruc t ion ,  t h e  o the r  is f o r  
s torage.  To ope ra te  on e i t h e r  s h i f t  i n  t h e  three-shaft  system, the  
v e n t i l a t i o n  subsystems i n  both t h e  cons t ruc t ion  and s to rage  area6 must 
work. This r equ i re s  t h a t  a l l  t h r e e  of the v e n t i l a t i o n  f a n s  run on both 
s h i f t s  t o  provide about 83 m3/sec (175,000 cfm) of a i r  flow. In 
c o n t r a s t ,  i n  t h e  four-shaft  system, t h e  use of s i x  f ans  was e n v i s a q d ,  
only four  of which were raquired a t  any time. 

The p r i n c i p a l  v e n t i l a t i o n  load d e r i v e s  from t h e  dec is ion  t o  us* 
d i e s e l  t rucks  f o r  underground t r anspor t .  Ven t i l a t ion  requiramants could 



be reduced i f  e l e c t r i c - s h u t t l e  c a r s  and e l e c t r i c  conveyors ins tead  of - 
d i e s e l  t r u c k s ,  were used t o  t ranspor t  S a l t  underground. Diesel vehic les  
could s t i l l  be used f o r  the  t ranspor t  of men. I f  d i e s e l s  were not used 
underground f o r  the t ranspor t  of s a l t ,  the  v e n t i l a t i o n  requirements 
would be reduced t o  two fans,  of which one would s u f f i c e  i n  an emergency. 

E l e c t r i c a l  power t o  back up the  32 km (20-mile)-long high-voltage 
l i n e  from the  subs ta t ion  t o  the  WIPP s i t e  has been reduced t o  one 
manually operated 800-kw d i e s e l  generator ,  from two automatic 2,500-kw 
d i e s e l  genera tors  s u f f i c i e n t  to  operate the  man ho i s t  and one fan. 
There a r e  reported to have been two subs ta t ion  outages w i t h  dura t ion  
longer than 8 hours over the p a s t  5 years. 

I t  should be noted t h a t  the  proposed three-shaft system has 
redundancy moce t y p i c a l  of t h a t  i n  conventional mining p rac t i ce  than of 
t h a t  i n  nuclear industry prac t ice .  

, .b ~. . 
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o The present  plan t o  develop the  s to rage  a r e a s  ' t o  the  south of ':-'''Y, :: ' '  : 
the  s h a f t s  and the  experimental a reas  to the  north of the s h a f t s  is 6, :>  \< , <  . , ' $ 3  ' i , commendable (p. 44). .\"I 

, . ., . . . . o The layout  of t h e  e i g h t  panels  of s to rage  r- separated by 
barrier p i l l a r s  is w e l l  considered, provided the  penet ra t ions  of these  
b a r r i e r s  a r e  sealed adequately (p. 44). 

o De ta i l s  of device. f o r  t-rary and permanent c losure  of t h e  
pene t ra t ions  through t h e  b a r r i e r s  have not  been provided (p. 44). 

o Recently t h e  repos i tory  design has changed from four to  th ree  
s h a f t s .  The four-shaft  system had a f a r  g r e a t e r  degree of redundancy 
and f l e x i b i l i t y ,  both i n  terms of t h e  system and of operat ions,  than 
does the  t h r e c s h a f t  system (pp. 47, 48). 

o The panel  has  not  seen a n  adequate quanti ta . t ive evaluat ion of 
t h e  economic advantages of t h e  t h r e r s h a f t  system t h a t  j u s t i f i e s  
forgoing t h e  f l e x i b i l i t y  and s a f e t y  of the  four-shaft  System 
(PP. 47, 48). 

o The system as present ly  proposed with t h r e e  s h a f t s  has 
redundancy moce typical of conventional  a in ing  p r a c t i c e  than of nuclear  
industry p r a c t i c e  (p. 48). 

0 E x p l i c i t  mechaniaru fo r  the t r a n s f e r  of information from SPvD 
experiments and infonaat ion  gathered during const ruct ion  and development 
to f i n a l  design must  k es tab l i shed  (p. 42). 

o Displacements of  the salt  i n  the f a r  f i e l d  t h a t  occur a s  a 
r e s u l t  of long-term clo8ura of excavations must be shorn to  be 
s u f f i c i e n t l y  -11 t h a t  they do no t  r i g n i f i c a n t l y  increase  the 
permeabi l i ty  of t h e  bulk of t h e  salt (pp. 44, 47). 

o I t  should be shown t h a t  sea l ing  t h e  repos i tory  is S u f f i c i e n t  t o  
preclude unacceptable increases  i n  hydraul ic  conduct iv i ty  across  t h e  
repos i tory  horizon (p. 47). 



o The justification for using diesel motive power for salt 
transport underground should be reexamined [pp. 47,  4 8 ) .  

o The effects of changes in the configuration of the surface 
facilities, the number of shafts, the ventilation system, and the 
electrical backup need to be further elaborated in terms of operational 
safety, efficiency, and nuclide releases (pp. 47, 4 8 ) .  



CmPTER SIX 

PERFORMANCE ASSESSMENT 

T h i s  chapter  is based primari ly on the panel ' s  review of the  WIPP 
Environmental Impact Statement (PEIS) (U.S. Department of Energy 1980), 
t h e  Sa fe ty  Analysis Report (SAR) (U.S. Department Of Energy 1980-1982) 
and Modeling Ver i f i ca t ion  Studies :  Low-Term Waste I so la t ion  Assessment 
!DIAppolonia Consulting Engineers 1981). One of t h e  main purposes of 

~ s e  documents was t o  e s t ima te  poss ib le  r ad ia t ion  exposure of both 
f:>ject employees and t h e  genera l  public. Such exposures could a r i s e  
during prepara t ion  and loading of t h e  wastes a t  the  Idaho National 
Erqineering Laboratory (INEL), t r anspor ta t ion  of the  waste to t h e  
reposi tory s i t e ,  sur face  s to rage  of waste a t  t h e  WIPP site preparatory 
t o  emplacement, a i d  a s  a r e s u l t  of acc idents  t h a t  may occur during 
opera t ion  of t h e  f a c i l i t y .  I n  addi t ion ,  the re  may be re leases  of 
radioact ive  ma te r i a l  t o  t h e  environment i f  the  reposi tory is breached a t  
scm f u t u r e  t i m e .  

While t h e  panel  has reviewed t h e  p lans  for packaging t h e  wastes a t  
INeL and t ranspor t ing  them t o  tho  WIPP s i t e  to  determine how t h i s  
a f f e c t s  t h e  m a t e r i a l s  t h a t  w i l l  ba emplaced i n  t h e  reposi tory,  a 
d e t a i l e d  review of t h e  consequences of rout ine  and acc iden ta l  events  
during these  processes  is beyond t h e  scope of t h i s  study. 

RELEASES AND OCCUPATIONAL DOSES DURING NORMU OPEDATION 

Wastes de l ivered  by e i t h e r  r a i l  or truck t o  t h e  WIPP s i t e  w i l l  be 
unloaded and passed through a i r l o c k s - t o  t h e  waste-handling building. 
The handling procedures a r e  described i n  d e t a i l  i n  t h e  FEIS, and a 
number of conservat ive  assumptions a r e  made as t o  t h e  l e v e l s  of 
contamination. For example, it is assumed t h a t  a l l  waste packages a r e  
contaminated to  t h e  maximum l e v e l  of su r face  contamination permitted by 
National  Regulatory Comiss ion  (NRC) and Department of Transportat ion 
(DOT) regulat ions.  The t o t a l  r a d i o a c t i v i t y  t h a t  Muld  be rde l l scd  t o  
t h e  environnont from both su r face  and underground opera t ions ,  from both 
r e s i d u a l  s u r f a c e  contamination and leakage from damaged c a n i s t e r s  of 
remotely handlod waste, is  est imated to be 0.004 Ci/yr. Throughout t h e  
ana lys i s .  t h e  assumptions a r e  conservative,  so the f i n a l  dose es t ima tes  
a r e  exaggerated. 



The requirements of the FEIS for radiological impaci analysis during 
normal operations could probably be discharged by smply noting that 
many years of experience with the handling of properly packaged wastes 
provide assurance that necessary calculations can easily be made. 

The maximum annual occupational doses to workers at the wIPP 
facility from waste handling are estimated to reach an average of 0.3 
rem for workers handling contact-handled waste and an average of 0.6 rem 
for workers with remotely handled waste. Although such doses, taken 
singly, are within acceptable limits, they may be too high for routine 
operations, since the same people may handle both types of waste, and 
other exposures from nonroutine events may occur. 

The results of rather straightforward dose calculations, based on a 
conservative set of assumptions, show that for an individual at the 
closest point of habitation, the maximum dose (to the bone) is 0.007 
percent of that received from natural radioactivity, and the whole-body 
dose would be less than 0.0002 percent of background (U.S. Department of 
Energy 1980, p. 9-30). 

ACCIDENTAL RELEASES DURING OPERATION OF THE FACILITY 

Accidents that may occur in the course of handling the radioactive 
wastes will have a potential for exposure to both the employees and 
nearby inhabitants. The consequences of a waste-handling accident are 
examined by analysis of 43 scenarios ranging from a vehicle collision in - the receiving area (no radioactive material released) to various 
failures of the drums and canisters from collisions, drops down mine 
shafts, spontaneous combustion, and external fires. The radiation doses 
are calculated from estimates of the quantities of radioactivity 
released, the atmospheric concentration at a given location per unit of 
radioactivity released based on meteorological observations at the site, 
and measured population distributions. 

The worst case for contact-handled TRU waste involves an underground 
fire, in which case the 50-year bone dose commitment off-site is 
estimated to be about 4 x mrem. For remotely-handled waste, the 
worst case would be an accident in which a spent-fuel cask is dropped 
down the waste shaft, in which case the maximum dose commitment to a 

,, . nearby inhabitant would be 2 x 10-3 mrem to the bone (U.S. Department 

, . ' of Energy 1980, p. 9-107). The maximum dose commitment to a worker from 
. , .  . . 

an accident would be 140 rem from an underground fire. 
, .  . . ' 
6. . . , \ 
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REPOSITORY BREACH SCEKARIOS 
'*%."".+ 

For breach of the repository and effects upon the biosphere, there must 
be an event to breach the repository, a means to bring the wastes Out of 
the repository, and finally a place for the wastes to move to at a lower 
fluid potential energy level than that of the repository. Without all 
three conditions, movement to the biosphere will not occur. In a number 
of the scenarios considered in the FEIS (U.S. Dapartment of Energy 1980, 
p. 9-131 ff), not all of the above conditions are fulfilled. 



Nevertheless. the calc.11ations were c a r r i e d  out  t o  determine the  
consequences of the ~mplaus ib le  events. F ina l ly ,  the s tud ies  were 
consequence analyses ra ther  than r i sk  analyses ( i .e . ,  the  consequence of 
c e r t a i n  events are  evaluated without regard t o  t h e i r  l ike l ihood) .  T h i s  
methodoloqy is p a r t i c u l a r l y  useful  i f  the consequences a r e  then found t o  
be so small t h a t  the  frequency of the  event is not material .  In  a l l  
cases ,  the waste mater ia l  is assumed t o  d i s so lve  congruently w i t h  the  
s a l t ,  i . e . ,  a t  the same r a t e  a s  the  s a l t .  

The f i r s t  scenar io  i n  the  FEIS assumes a connection between the 
Rustler  and Bel l  Canyon (of the  Delaware Mountain Group) Formations 
through the repos i tory  with flow upwards and out  of the Rustler i n t o  the  
Pecos River a t  Malaga Bend ( see  Figure 6-1). Thouqh the  flow may 
a c t u a l l y  be i n  the opposi te  d i r e c t i o n ,  this is a aonservative assumption 
s ince  the  t ransmiss iv i ty  and hydraulic conductivi ty of the  Rustler  a r e  
o rde r s  of magnitude g rea te r  than those p roper t i e s  i n  the  B e l l  Canyon 
( i .e . ,  g rea te r  flows and shor te r  residence times [U.S. Department of 
Energy 19801). The Magenta and Culebra Members of the  Rustler  a r e  
t r e a t e d  a s  a s i n g l e  uni t .  

The second scenar io  assumes unsaturated flow through a d r i l l  p ipe  
from the  Rustler  through the  repos i tory  a n d s a t u r a t e d  flow back t o  the  
Rustler  and t o  Malaga Bend. The dr iv ing fo rce  f o r  t h i s  scenar io  appears 
t o  be lacking,  - s ince  t h e  unsaturated water (8,000 ppm) flow does not  
appear to have the  p o t e n t i a l  t o  push the  s a t u r a t e d  (400,000 ppm) flow 
o u t  of t h e  repos i tory  (see Figure 6-21. 

The t h i r d  scenar io  al lows coimunication of t h e  t o t a l  waste s torage  
horizon v i t h  the  Rust ler ,  but  v i t h  no flow through the  repos i tory  (i.e., 
the  t r a n s f e r  is by d i f f u s i o n  only) .  Then, t h e  flow is through the  .- 

Rustler  t o  Malaqa Bend (see Figure 6-31. 
The  four th  scenar io  allows the  t o t a l  flow of t h e  Rustler  above the  

waste repos i tory  to flow through the  repos i tory  and then back t o  t h e  
Rustler  and out  to  t h e  Pecos River a t  Malaga Bend (see Figure 6-4). 

The f i f t h  scenar io  d e a l s  with d r i l l i n g  i n t o  Me  waste reposi tory  
and, i n  p a r t i c u l a r ,  with the  dose t o  the d r i l l  crews. Bingham and Barr 
(1979) es t imate  t h e  p r o b a b i l i t i e s  of breaching t h e  repos i tory  S a l t  
formation by inadver tent  d r i l l i n g  i n  t h e  d i s t a n t  fu ture .  

A recent  a n a l y s i s  (Woolfolk 1982) p r e d i c t s  the  p robab i l i ty  and 
consequence of a pressur ized  b r ine  pocket belov t h e  repos i tory  with 
subsequent r e l e a s e  to t h e  ground su r face  (see Figure 6-5). 

The  consequences of d r i l l i n g  and using a water w e l l  near the  site 
have a l s o  been evaluated (U.S. Department of Energy 1980-1982: Spicgler  
1981). 

Thouqh it is not  intended t h a t  so lu t ion  mining w i l l  be c a r r i e d  o u t  
a t  the waste site, the  consequences of doing so a r e  moce Severe than the  
l i q u i d  breach scenar ios  but  less severe than the  d r i l l i n g  scenar io  
considered i n  the  FEIS and SAR as shown by the  EEG repor t  ( L i t t l e  19821 
f o r  t h e  maximally exposed individual .  The populat ion dose due t o  
s o l u t i o n  mining is much grea ter .  

Some perspect ive  on t h e  t o t a l  amount of r a d i o a c t i v i t y  t o  be 
permanently i s o l a t e d  a t  t h e  wIPP r i t e  might be gained by noting t h a t  the  
t o t a l  inventory of the  WIPP is expected to  be 6 x l o 6  c u r i e s  ( C i )  
(U.S. Department of Energy 1980-1982, Figure 8.1-4) and a f t e r  1,000 



FICCVE 6-1 Schematic representation of scenario I. Source: 
U.S. :eparment of Energy (1980). 

FIGURE 6-2 Schematic representation of scenario 2 .  Source: 
U . S .  Department of Energy (1980). 
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FIGURE 6-3 ScheLtatic representation of scenario 2 .  sorrrce: 
U.S. Department of Energy (1980). 

PIGLaE 6-4 Schematic represenUeion o f  scenario 4,  shoving 
the bounding condition (top) and v e l o c i t i e s  in the Rustler 
during the bounding condition (bottcd.  Source: U.S. hpartmant 
of Energy (1980). 



FIGUPE 6-5 Schematic representation of scenario involving 
a brine reservoir b e l o w  the repository and release to the 
ground surface. Source: Case at dl. (1982). 



years is still expected to be about 5 x lo5 Ci (U.S. Department of 
Energy 1980-1982, Table 8.2-3). At the present time, the city of 
Albuquerque is expecting to use 15 x 106 Ci of cesium137 for 
sterilization of sewage sludge. 

Water flow times in the Rustler Formation from above the WIPP site 
to the Pecos River at Malaga Bend are calculated from models of flow 
through porous media to range from 5,000 to 100,000 years based upon 
point measurements. For the consequence analyses, the shorter flow 
times are used together with the shortest distance between the site and 
Malaga Bend. The actual flow paths may be substantially longer and 
particularly for the Culebra where there is some indication of an 
arcuate route to the Pecos. Substantially shorter flow times, 1,850 
years., have also been postulated (D'Appolonia Consulting Engineers, Inc. 
1981). 

The sorption data listed in Appendix K-20 of the FEIS were derived 
from more than one source. It is not clearto what extent these data 
are applicable to the. geochemistry of the Rustler Formation and to 
sorption from solutions containing appreciable concentrations of 
dissolved salt, nor whether precipitation may not be a more important 
mechanism than sorption. These uncertainties affect the estimated doses 
from radium-226. No discussion of the effects of such sorption 
uncertainties has been found in the report. 

Using the porous-media analyses, the dissolution and transport 
processes take over 5,000 years for even the nonsorbing radionuclides 
and far longer for the sorbing species. Even considering wastes 
containing fission products, this gives ample time for strontium-90 and 
cesium-137 to decay without the additional delaying effect of sorption. -. 

Sorption by the dolomite delays the release of the transuranics. 
although some of their more toxic decay daughters, such as radium-226, 
contribute later to doses to man (U.S. Department of Energy 1980, p. 
9-139). 

The dosages (50-year comitment) to the maximally exposed individual 
(as well as the dose to the maximally exposed worker in the drilling 
scenario) from each of these scenarios, are given in Table 6-1. These 
doses were computed on the basis of International Corm~ission on 
Radiological Protection (ICRP) reports ICRP-2 and ICRP-6. The revised 
permissible limits for neptuni~m-237 of ICRP-30 were not factored into 
these calculations. Houever, analysis of the dose calculations 
indicates that the portion of dose contributed by neptunium-237 is 
substantially less than onrtwo-hundredths of the total and, therefore, 
will have no effect on the dose numbers in Table 6-1- 

The doses are calculated based upon very long transport times 
ranging from 1,200,000 to 1,400,000 years for the t i w  for the peak 
concentrations to reach Elalaga Bend (U.S. Department of Energy 1980, 
Table 9-60). 

The scenarios,selected in the =IS would appear to be the bounding 
cases. Apart from the implausible mechanisms for water intruding into 
the repository and returning to the aquifer, the assumptions in each 
step of the analysis tend to exaggerate the dose esti~te.. For 
example, the waste is assumed to dissolve as rapidly as Salt; no 
solubility limits for the waste material and for its radionuclides are 



TABLE 6-1 Fifty-Year Dose Comitments for Maximally Exposed Individual from 
Bounding Scenarios of Breaches of the WIPP Repository (mrem) 

Scenario Whole Body Lung Bone 

Bell Canyon to Rustler 

Restricted Rustler to 
Rustler Plow 

Diffusion Plow to the 
Rustle5 

Unrestricted Rustler 
to Rustler Plow 

Drill into Xepository 

Pressurized Brine 
Rarervoir Plow to 
the Surface 

Worker 

Solution Mining of Halite 

Natural Background 

SOURCE: U.S. Department of Energy (1980, Tables 9-3, 9-64, 9-65, 9-66, 9-67): 
Little (1982, Table 41. 



considered. Finally, no allowance is made for the fact that the 
radionuclides emerge into the Pecos River, the water of which is 
presently not potable because of high salinity. The water is not 
consumed by man or beast. and the river does not support a significant 
population of fish or shellfish. Even for these bounding cases, the 
dosages are so small that it is not worthwhile to consider more 
plausible cases. Confidence in the accuracy of these calculations of 
low dosages is strengthened by the independent calculations carried out 
by the a G  on transportation accidents, breccia pipe release mechanisms, 
withdrawal through wells, transport induced by pressurized brine 
reservoirs and long-term release scenarios. The dose commitments 
calculated by the EEG are similar to those shown in the =IS, SAR, and 
brine reservoir report (Channel1 1982). 

Questions have been raised about the possibilities of reducing the 
time of travel of these higher-water-velocity flow paths by fractures or 
karst-type openings. Though recent publications (e.9.. Gonzales 1982) 
have dealt with the possibility of shortening the flow time by transport 
through fractures, rather than porous media, and thereby reducing the 
sorptive capacity of the Rustler Formation, no comprehensive analyses of 
the probability and consequences of fracture flow through the repository 
and Rustler to the Pecos have been made. This obviously needs to be 
done. Because it may be very difficult to prove that no connected 
fracture flow exists or is likely to exist, the pr0bhm right be 
finessed by coraputing the total water flow and flow rate through the 
aquifers above the WIPP site and, using the solubility lhits of the 
individual nuclides, calculating the maximum w u n t  of radioactive A 

material that could be put into solution and transported to the Pecos. 

CONCLUSIONS 

o The dosages calculated to be received by humans as a result of 
normal operations and accidents are within prescribed limits for workers 
and far below the dosages from normal background radiation for members 
of the public. There is a great deal of experience in these types of 
operations, and confiderrs in the accuracy of the calculations is high 
(pp. 50-51). (Since this analysis was completed, the lower limit of 
concentration for classifying transuranic wastes has been changed 
19/30/821 by the Dopartwnt of Energy from 10 to 100 nanocuries per 
gram. The amunt of waste affected, the cost to handle it, and the 
safety wnaequencos of this change have not yet been published). 

o The long-tom release scenarios, shown in Figures 6-l to 6-6, 
lack experimental verification. Nevertheless, the scenarios appear to 
set outside limits to what would be credible releases. Though only a 
consequence analysis is performed, the resulting dose comnitments (50 
years) are well within prescribed limits (maximum 170 mrem whole body) 
and far below the dosages from normal background radiation (average 50 
years, 5,000 mrem) (pp. 51-51). 



RECOMMENDATIONS 

o Hydrologic investigations and monitoring programs should be 
continued to more adequately resolve the differences between recent and 
initial interpretations of potentiometric maps and to provide a more 
consistent and confident definition of the rates and directions of 
groundwater flow within Rustler aquifers above and immediately adjacent 
to the ;ite (pp. 56, 58) .  

0 Though karst-type flow in the Rustler occurs near Nash Draw, the 
extent to which it reaches eastward is not clearly delineated. If this 
type of flow should be joined by connected fractures to the WIPP site 
area, the time of travel of the nuclides and their retardation would be 
sharply reduced. Both the probability Of such flows and their effect 
upon radiation dosages need to be determined (p. 58). 
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N A T I O N A L  RESEARCH C O U N C I L  
C O M M I S S I O K  Oh: N A T U R A L  R E S O U R C E S  

~ 0 1  hnsnn- A- W r k . n n .  D C. P I I S  

Mr. Sheldor e y e r s  
Prograrr Director 
Offrcc Of Nuclear Yaste Manaomnt 
h v r m n t  of Lnerpy (6 0-107) 
Yashinpton. 0. C. 20545 

h a r  nr. k y r n :  

1 am p l r a s r e  t o  f o n a r d  thr rnclosrd l e t t e r  n o o n  by the 
Panel on the u a s t r  I so la t ion  P t l a t  P l m t  (UIPP) on lts nv iew 
of t h e  Y:PF Draft  S t t r  Charactrrizatlon RIport (SAND 78-1596). 
The Cmittn on Radioactive Mast* Mnagrnmt  has dlscussrd tta 
substance of t h f s  irttrr md r n d o n r s  tm r i w  of the Panel 
expressed th r re in .  

I hope t h r s e  observations rill br usrful  i n  tk eonttnuing 
~ m c e s s  of a r o t r c h n i ~ a l  Characterization of thr prOWsed YIPP 





ao~mov ia t c  s i t e  for the pmmsed p i l o t  plant. The r rv l rm focused on 
the R e ~ a - t ' s  ex?osit ion of gwtechnical i n f o ~ t t o n  wi th  er f t tca1 bearing 
on the s l t e ' s  proMble a b i l i t y  t o  provide the des ind  long-tern lso1a:ion 
of emplaced waste. e.9. seisuic o r  tectonic wl i f t .  Intrusion of ground- 
u t e r .  t h e m 1  an6 rrchanical  ch l racter ls t ics  o f  tk b s t  mk. m d  
r r 2 r d a t i o r  e f f r u  *lor; poSSible migration pathways. T k  Report d id  
no: tFer:. nor dfC the Pam1 conride?. thr effect of thr .nplac.nnt of 
mas:e or th l s t e  l t s e l f  on th long trm l n t r p r l t y  of thr r rpos i tory .  
Al:hwpb rrcognizing thc considerable coverage and deU11 of tk lnfonmt ion 
preseKed. the Pane: notee a fm arras additional data are desirable 
':: wore f u l l y  characterize the geotechnical aspects of tk a r m  under 
consideration. These include tk fo l lodng :  

a) A major disagren*r.t between conclusions rrachrd i n  tk DSCR 
and t L *  vices of R .  V .  AndeclOr I s  m:ioned i n  sererr l  places. Anderson. 
a professo? of 9e:lag.r a t  the University of hm k x i c o  i t  Albuquerque. 
who h ls  spec ia l i led i n  thr study of w a w r i t e  dews i t s  i n  thr Drlarore 
(asin, was cm iss i oned  by Smdia Laberatorles t o  prepare a report on 
the dce: dissolut lon of s a l t  i n  the r q i a n  amune the proposed YIP?  

I s i te .  Basing h ls  rrgunrnt on a postulat!d unconfomity a t  the base of 
I the Sa:adc fornu:lon and on h is  W o t h e n s  thlt Vn so-called 'bwccia 

pipes" ere tocalizeC f ra tur rs  of deep dlssolut ion I h i c h  w l g f m t e t  as 
collapse chambers i n  sa l t  k d s  im tC ia te l y  ovr r ly ing thr mf end basin 
aquife-s. Anderson suggest.d thlt dlssolut ion r y  k so ? w i d  thlt thr 
en t i r e  s a l t  fomat fon  w i l l  dlsae).rr r l t h l n  e r i l l l o n  mars. Th. DSCR. 

! 
on the otner tuna. considers only dlssolut ion e t  thr *stem edge of th. 
s a l t  beds m d  con:ludrs that p n s m t  ra tes rill n s u n  p r rs r r ra t ion  of 

I the Salsa: ex the YIPD s i t e  f o r  a t  l u s t  a fm m i l l i o n  m r s .  T k  h n r l  
f r e l r  thlt a more thomu h rzglenat lon should l u re  h e n  vrovldrd as to 
~ h ,  the au:hors o f  the &R conslde* t h t f r  v t . n  p n f e r r b l e  to ~ e r s o n ' s  
hyp~thes ls .  On t h i s  same Issue of s a l t  dissolution. tk mCR es t im tes  
o f  the ra te  of n t r e a t  o f  the solut ion f m n t  tm or  t h w e  mi les wrst of 
the s i t e  are evidently based on the assm$tlon o f  vni forc dissolut ton 
over a r i d e  area under average condit ions. A ra t ional  ba l l s  should be 
provided f o r  t h i s  rssup t ion .  Ifl r r i s  the poss l b l l i t y  of rcce lerat rd  
dissolut ior.  rates i n  loca l  amas. mi l l i -sr l rct lve ranoval of s a l t  from 
knearr ,  the pnsen'. sed inn ta ry  cover. p r r t i c u l a r l y  I f p l u v l r l  conditi0r.s 
n r e  t o  change t n  tM fu tun .  

b) Addttional data and mr lyses  a u l d  & h r l d u l  to d r t r m i n e  wi th  
greater confidence tk c v m n t  rates of t r c ton ic  u p l i f t  I n  the r y i o n  
me mhethtr. as r r r s u l t .  the sa l t  u, k W o s e d  t o  eccelerrted emSi0n 
n t  ran t'in i n  the f m s e r a b l e  futurr .  

c) t h e  so-called .brrccla pfpes' wed mrr dmtailed r n a l r r l  to 
k t e m t n e  &ether they u y  serve 1s conduits for r t e r  that  u y  hive 
promoted. o r  my i n  thr fu ture prollotr. d.rp d isso lu t lon of Uw Sal t  
brds. 



d) The-e aopears t o  br suff ic ient  i n fonu t ion  to resolve the 
puestlon re;..-d~ng the l ike l ihood 07 u p n r d  flw frm the kll U n p n  
forn;r:ion througc the Salad:. * I t re the pmposd  repositary b r i x o n s  are 
located. t o  the o v e r l ~ i n p  Rustler. This s b u l d  kr addressed. 

r )  Ircause rock properties h v e  a strong in f lwnce  on mine design. 
-re deQfled In fomyt ion i s  needre on tk various rock typrs i n  th. area 
m d  on t h e i r  p . rRa. l i l i t y ,  fracture. and t h e m 1  pmperttes mder Conditions 
as s i n i l a r  as possible to thcse t h l t  m u l d  k found i n  a repository. b t r  
l a b r ~ t o r y  and f i e l d  tests ap j rox imt ins  i n - r t t u  condl t ims rill k mqui red 
t o  derelop t h i s  infomatior,. 

f )  The in fomy t ion  on sorption of the 1.0OrUnt radionuclides by 
m t e r ~ r l s  t c  h expe:te? f n  pcssible migration paths. under conditions 
r e s e r t l i n g  thcse nee-  a possible re3cs1tory. seers t o  be sparse. As soon 
as tne tries of u s t t  t o  be stored I n  the r w a s i t o r y  a r r  knom. a m r e  
ca:lete discussfon should k presented of the retardat ion a n t l c i p a w  i n  
the I;lgratlon Paths. 

9) Thr m s t  r rcent  episode Of any n c r y s t r l l l z a t i o n  i n  th. Salado 
! 

fom,arlon near the propcsed YIPP s t t e  1s m p o r U d  to h v e  occurrrd about 
20: n i l l i o r  years &St. The Pane1 urges c o n f t m t i m  of  t h i s  i m r t a n t  date 
b j  f u r the r  studies m d  other t rcMiques. as C f c r i b r C  i n  Section 7.8 of 
the DXR. j 

I n  suma-y. the Panel v i w s  the DSCR as a VrDgrcss n p o r t  on a 
continuing prop-ar o f  qe~ techn ica l  data co l lec t ion m d  malys ts .  con- 
ducted under thr constraint of no prrturba:ion of the potent ia l  s i t e .  fhr 
Panel considers the repar: t o  be useful as a c w m d f u n  of the i n f o m r i o n  
avai1at:e t o  the authors on the character of the ~ n p e r t u r b d  qeological 
formation a t  the Los hdanos s t t e  and the d y ~ r i o  of the ~ o c k n r i c l l / h y d r o -  
logic17 syste-. On the basis of t h i s  avai lable in fonut ion.  fur ther  
Inves t i j ~ : i on  of the s i t e  I s  uarrantrd. Woeever. f ( ~ 1  &Cisions 
reparding r r?es i to ry  s i t e  se l r c t i on  u s t  take i n t o  rccount -re in fomyt ion 
than i s  contained i n  t h i s  r rpo r t .  Most l a p o r t ~ n t l y .  they l r s t  ULI i n t o  
accour.: thr e f fec t  of the m?laccmrn: o f  the wastr OM the - S t *  i t s e l f  
on the r rpos i to ry  and i t s  surroundin~s. thrse d c f r l o n s  u s t  be based 
a lso on siii>:.nrn:ary a t a  a c q ~ i s f t i o ~  md analyses such as those suggested 
above; the addi t tonal  studies C l f n e a t e d  f n  tk docunnt i t se l f ;  crucral  
f n - r i t u  studies Cond~cteC t h r ~ u g b u t  the construction ph~se; and addi t ional  
d e f ~ n i t i o n  of desip- ob j rc t lver .  c r i t e r i a  for safe operation. m d  *st*  
f o m  t o  be accmmdrted. 

S i n c e n l y  . 
$L'&(. 
Frank L. h r k r r .  O u i m n  
)me1 on the Yaste i so la t i on  

? $ l o t  Plant 
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N A T I O S A L  RESEARCH COUNCIL 
C O % X 1 5 5 1 0 S  0% N A T U R A L  R E S O U R C E S  

Dear Mr. Myers:  

I ac plersed t o  forur rd  tnc enclosed l e t t e r .  by the Panel 
on the Yarce Is0le:ion Pilot Plant (YIPP). n g a r b i n g  the &s i r -  
a b i l i t y  of s ink ing an exploratory shaft a t  the pmvored *cposltOry 
s i te .  T h t  Cumi t tee or. RLdioactlve Yaste M n a p n c n t  h r r  n v r c r -  
ee the l e t t e r  and endane; the Paml 's  vieus eapnssed therein. 

Sincerely. 
p,L/j &J*- 
C 
E. Iri& milson 
C h a i m n  
toran i t t r t  on Rrdioactive 

uaste bnagmcn t  



N A T I O N A L  RESEARCH C O U N C I L  
COh!h:15510S O S  N A T U R A L  R E S O U R C E S  

IIC! C m m ~ l m  A m -  Washm-. D C. 

Dr. E. Br lght  Ullson. C h a i w n  
Cornittee on Radioactive Uaste Mnagarent 
Na:ionrl Acadtmy of Sc i t ncu  
2101 tons t i  tu t ion  Avenue 
YlshingtOn. 0. C. tO( l8  

R a r  Dr.  Yilson: 

During the past year, the Panel a the Y s t t  Iso la t ion P i l o t  Plant 
(YIPP) has become f m f l i a r  with thc findings of the vrrious u t m s i v e  
geological explorations. includlnq boreholes from the surf8ce and at tmdant  
geotechnical studies. r i t m t l n g  t o  characterize tht p r o w ~ e d  YIP? s i t e  
and pmvide a basis for j u d g i q  t h i s  aspect of the s i te 's  s u i ~ b i l l t y  
for a waste repository. This famil iar l2at ion process has included briefings 
by r e p r a m t r t i v n  of Sandfa LkbOratOrleS and the U. S. S.ological 
Survey. study of both the ~vb l i shed  and mpubllshed technical l i terature.  
s i t e  v is i ts .  e i a l n a t i o n  o+ actual borehole cores. and discussions wi th  
other experts i n  selected qco tum ica l  areas. 

Our efforta have brought to l i g h t  no dispualifying m u l t s  fmn 
these explorations and studies to ru le  out further cmsidt ra t ion of thc 
proposed s i t e  a t  t h i s  s ~ g e .  RIC Panel has reached t h i s  conclusion 
af ter  Uk fng  fnto account thc connrnts ~ d e  i n  my l e t t e r  of my 1, 1979. 
repo*tlng or: our r e s h  o f  the YlPP Draft S i t t  Characterization Report 
(issued as YnD18-15%. k o l o q i c a l  Cturacteriaati on Report), point ing 
wt tMt c c r U i n  effects have bm observed .hich U n  be in t t rp re ted  i s  
ind icat ing tk possible axlstence o f  s l q n i f i c m t  a n a l i e s .  A66itiona1 
i n f o r u t i o n  i s  c lear ly  required k f o n  these a w l i t s  can be n s o l v d  



and a decision made regarding the adequacy of t)H proposed YlPP s i t e  f o r  
the construction of a repcsi tory.  f u r t h e m r e .  continued conmitments to 
f i n a l  & O i l s  of reoosi tory &sign i n  the absence of aed i t i on r l  s t  re- 
speci f ic  i n fom: ion  may be both misleading and r s t e f u l .  

The Panel i s  of the unanimous opinion chat continuing efforts t o  
acquire the necessary addi t ional  < n f o m t i o n  solely by wans o f  surface 
ex:loration. incluaing boreholes. b v t  reached the po ln t  o f  diminisning 
refurns and cannot resolve a l l  the W j o r  rmmininq uncertainties. 
Accomingly. tn Panel r t c m n d s  that :  

(1) An ex$loratory shaft Ce sunk a t  thc s i t e  of one of the proposed 
access shafts as soon as practicable. to the W t h  of th propored 
r e w s  i tory  horizon. 

(2 )  D r i l l f n g  PI done and tunnels dcye?o~.d in M+ s a l t  6s necessary 
t o  conauct the lwasurnncnts and observations nude4 t o  m o l v e  r w i n i n g  
s i te -spec i f i c  geotechnical rmcertainttes md t o  ascertain th. Wrn fo 
d i c n  the s i t e  i s  su i tab le  f o r  the excavation of a ~ p o s i t o r y .  

Dcvelopmnt of the shaft, tunnels. and any other exp lwatory  excavations 
s h ~ r l :  h consistent w i t h  applicable m v i r o m n t a l  and Safety SUnbrds.  
s r r ic :  a u ~ l i t y  assurance procedures. and rhould br conpatible with m 
a c t u l  r e ~ o s i t o r y .  I f  one I s  constructrd a t  t h i s  s i t e .  

Sincerely . 
Frank L. PIrker 
Cha imn.  Panel On the 
Yls te  I so la t i on  P i l o t  P lant  
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N O T I C E  

This report uas o w a m  as an account of work soonsored 
by the United States Govennmt. Neither the United 
Str tcs nor thc United States k p a t t r m t  of Emrpy. nor 
any of t h e i r  employees. u k e s  any warranty. express 
or implied. o r  a s s w S  any 1Wal l i a b i l i t y  o r  r c l p o n ~ l b i l -  
i t y  for tkc  accuracy. cPmpletmess. o r  usefulness of any 
infonmtion. apparatus. product o r  process dlsclosIO or 
represents that  i t s  use m u l d  not infr inge p r i va te ly  
w e d  r ignts.  



ABSTRACT 

I t  is t e c h n i c a l l y  f e a s i b l e  t o  r e o r i e n t  t h e  work on t h e  
Car1So.d s r t e  t o  f u l f r l l  t h e  P r e s i d e n t ' s  requirements .  s e t  
f o r t h  i n  h i s  February 12.  1980, m s s a g e  t o  t h e  Congress,  f o r  
e v a l u a t r o n  of t h i s  s x t e  a s  one Of s e v e r a l  c and ida t e  s x t e s ,  f o r  
l a t e r  d e c r r i o n s  r ega rd ing  development of  a l i c e n s e d  f a c r l r t y  
f o r  de f ense  and c o m e r c r a l  h rgh- leve l  and t r a n s u r a n r c  wastes .  
The P r e s r d e n t ' s  announced ob ]ec t l ve s  can  Be achieved s o o m r .  
an0 w i t h  g r e a t e r  c e r t a i n t y  o t  success .  i f  t h e  work bagun unaer 
t h e  YIPP P r o p c t  is cont inued  But r e o r i e n t e d  toward t h e s e  new 
o b ~ e ~ t i v t s .  RuCh a t  t h e  in format ion  from t h e  i n v e s t i g a t r o n  of 
t h e  Car l sbad  s i t e  ana a11  of  t h e  technoloqy k i n g  deve1op.d By 
t h r s  p r o j e c t  a r e  applxcaB1e t o  any reponxtory l o c a t e d  i n  domed 
o r  bedoea s a l t  and l i c l n s e d  f o r  h igh - l eve l  and t r a n s u r a n i c  
d e f e n s e  and commercial wastes .  



NOTICE: The project that is the aubjeet Of this report was 
authorized by the Gaverninq Board of the National Research 
Councll, whose m*mDers are drawn from the Councals of the 
National Academy of Sciences, the National Academy of 
Enqinerrinq, an0 the Institute of mdicim. Such authorizatron 
reflects the Board's ~ u d q u n t  that the project is of mtlonal 
importance an0 appropriate with respect to both the purposes 
and resources of the National Useetch Council. The aembaS of 
the comaattee responsible for the report were chosen for their 
speciai comp.tences and with rogard for appropriate balance. 

The report has boen reviewed by a group other than the 
authors according to procedures approved by the &port U v i W  
Comittee of the national Academy of Sciences. 

The National Research Council was established by the 
Wstional Academy of Sciences in 1916 to associate the broad 
community of science and trchmlogy with the Academy'# purposes 
of fur-thering knowledge and of advising the fedaral 
goverrwnt. The Council op.rates in accordance with general 
policies deteraimd by the Academy under the authority of its 
Congressional charter of 1863. which establishes the &ademy as 
a private, mn-profit, self-governing mabetship corporation. 
?he Council has become the principal op.rating agency of both 
the National ACSdaley of Sciences and the National Academy of 
Engineering in the conduct of their services to the governunt, 
the public. and tha scientific and engineering communities. It 
is adnanratered jointly by both Academies and the Institute of 
nedicine. The National Academy of Enpineering and the 
Institute of Medicine were established in 1964 and 1970, 
respectively, unaer the charter of the Nstronal Acaoemy of 
Scaences. 

Funded by the U. 5 .  mpartment of Energy 
Contract No. ZY-76-C-02-2708-023 
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CONTINGING EVALUATION 

OF TKE -BAD SITE 

The Panel on the Waste Xsolation Pllot Plant (WIPP) was 

organized by the National Academy of Sciences in 1978. under 

the Commattee on Radioactive Waste nanagemmt of the National 

Research Council, to review tbe scientific and technical 

critcrta and guidelines for designing, constructing, and 

operating a Waste Isolation Pilot Plant for isolating 

radaoactive wastes from the biosphere, with spocific attention 

to a proposed site m a r  Carlshad. Nrw Mexico. 

On Tebruary 12. 1980. President Carter.transmitted to the 

Congress *A Report on His Roporals for a Co.preh.nsiw 

Radioactive Waste Uanagennt Program.. Thia report states the 

president's decision that the WIPP project, currently 

authorized for the unlicenseo disposal of defense transuranic 

waste ano for research and developwnt using hlqh-level defense 

waste. should h cancelledi but that Che Carlsbad site will 
I 

contanue to be evaluated, along with other sltes in Other 

locations. for possible use as a licensed repository for ! 
defense and corurcial high-level wastes. 

1 The P a m 1  h.8 reviewed in depth the w r k  of the DOE 

contractors on the geoloqic characteristics of the Carlsbad 

c: . - , -. .. site, the charaeteriatics of t h  defense and spnt-fuel 4 &; .+: i 
I , :::.% radioactin uastes that b e  been considered for e.plaC*nnto ;{ <": ' , " . :  

., ! and tbe conceptual deaign of the repository. The WIPP Draft [ 
;i, ,; , , 

? I . . , .  . , .  . . , Environmrntal Impact Statsunt has h e n  analyzed with 
- .  .... _ _  

i -1- 



respect to the potentlal lmpact on public health and aafety. 

AS a result of these deliberations, the Panel has 

previously concluded that continued investigation of the 

CarlsDaa Cree is warranted and has recommended that the pro3ect 

proceed with an exploratory shaft to determine in greater 

dttall the geologic, hydrologic. and structural features of the 

candidate salt beds. and with in-situ teats as necessary to 

evaluate the g+otechnic adequacy of this site for a waste 

reposatory. The Panel considers these in-situ testa to be no 

less timely and technically desirable within the framework of 

the President's statement. 

In connection with the C.rl8b.d site, a talented team of 

scientists and engineers has been asse.hlOd, and extensive 

geological exploration bas been conducted. L~mratory 

facilities are excellent, i8portant axp.rirnts on waste 

dlsposal are under ray. and underground engiwering designs 

have been developed. The project baa qsimd momentum that 

would be daff&cult to recapture if it were to be interrupted. 

There are sound technical reasona for continuing tbe 

exploratory work: 

1. UuCh of the information from the investiqation of the 

Carlsbad site and a11 of the technology being developed 

by this project are applicable to any revository located . 
in do& or bmdded ralt and licerued tor high-level 

and traruuraaic defense and eonexcia1 wastes. 

u d e  thus tu. supported by ongoing and j 

programs to validate tbere analyses. i 

i 



lead to the reaSOnable expectation that the site u y  

be surtable not only for rts origrnal limrted purpose 

as a defense transuranic waste repository but also as 

a llcensed repository for both defense and commercial 

high-level and transuranic waste. The present 

expctlmental program wlll yield results that can be 

applied to the expanded purpose envisioned in the 

President's program. The exploratory shaft, now 

planned and ready to be constructed to a depth 

Suitable for transuranic waste, can b. extended to s 

lower horizon, where there is another salt b.d that 

u y  be ktter auited Lor high-level wastes. ihe 

information obtained from this exploratory work will 

n o c  only tm useful for further evaluation of tbe 

Wrlsbad site but can also b. applied to otbor 

canordate 0.1: fozmations. 

2. The President's announced objectives can bm achieved 

sooner, .no wlth greater certainty of auccess, if the 

work k q u n  under tbe YlPP Project is continued but 

rroraentrd toward these now objectives. 

very long load t i w s  are involvod in the 

President's proposed new proqru of selecting 

altrrnative sites, constructing test facilities at 

each, choosing a first repository eite, and eventually 

corutructing one or .or0 licensed repositories. 

Tho extensive information slrsady obtaimd on 

, , tb. Uclsbad site and the demonstrated oxprtiso of ! 

the existing investiqacive teams provide an 1 
I 

-3-  ! 
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opportunity t o  proceed much sooner w i t h  in - s i tu  

t e s t i n g  a t  a p o t e n t i a l  candidate site--. capeb i l i ty  

which w i l l  have t o  be deve1op.d before t h i s  or any 

other s i t e  can be se lected fo r  a f i r s t  a c t u a l  

reposi tory .  

More is known about the Carlsbad s i t e  than about 

any of t h e  other s i t e s  under consideration.  Questions 

remain t h a t  w i l l  require  reso lu t ion  by add i t iona l  

analyses and t e s t i n g ,  but much questions a r e  normal 

fo r  t h i s  s t age  of an invest igat ron.  

Me 'Pane l  concludes t h a t  it is techn ica l ly  f e a s i b l e  t o  

r e o r i e n t  the  work on the  Carlsbad site t o  f u l f i l l  t b e  

Pres iden t ' s  requirements f o r  eva lua t ion  of this site, as one Of 

severa l  candidate s i t e s ,  f o r  l a t e r  dscis iona reqardinq 

d e v e l o p n n t  of a l i censed  f a c i l i t y  for defense and commercial 

high-level  and t ransuran ic  wastes. I f  so r .orient .d,  the  

p r o j e c t  could con t r ibu te  by: 

o providing prototype experience I n  s i t e  q u a l i f i c a t i o n ;  

o t e s t i n g ,  i n  s i t u ,  prformance assumptions a b u t  the  

geologic wdiumr and 

0 developing techniques and i n f o r u t i o n  which rill be 

required i n  the  l i c e n s i n g  process. 

I f  91-11 t h i s  a mission,  work should proceed on const ruct ing 

t h e  exploratory  s h a f t ,  a c q u i r i r q  hands-on repor i to ry  mining 

expmrienca, conductinq in -a i tu  tests m d  u a s u r e m n t s  a t  

var ioue d q t b s ,  v e r i f y i n g  engineeriml des ign assurpt ions ,  and 

developing analyses  f o r  licmnsinq review. 

-4- 



APPENDIX D 

NATURAL RESOURCES A T  W I P P  

OCCURRENCE O F  POTASH AND HYDROCARBONS 

The o r i g i n a l l y  proposed controlled-access area  a t  the WIPP s i t e ,  
~ n c l u d i n g  Zones I ,  11, 111, and I V ,  has recently been reduced by t h e  
proposed el imination of Zone I V .  The area of Zone 111 has been s l i g h t l y  
increased t o  give a square area comprising 16 sect ions,  a s  shown i n  
Figure D-1. Thrs means t h a t  most of Zone I V  i s  now open fo r  
exp lo i t a t ion  of its mineral resources. The consequences t o  reposi tory 
i n t e g r i t y  of the  cont rac t ion  of the controlled-access zone a r e  discussed 
below. 

The resources cu r ren t ly  considered within the  o r i g i n a l  area include 
ca l i che ,  gypsum, s a l t ,  s y l v i t e ,  langbeini te ,  crude o i l ,  na tu ra l  gas,  and 
d i s t i l l a t e .  0-f these,  the  potash minerals and hydrocarbons (Table D.1) 
a r e  genera l ly  considered t o  be the most s i g n i f i c a n t  (Brausch a t  a l .  
1982). The depos i t s  of ca l i che ,  gypsum, and s a l t  a r e  not  considered 
economic reserves (defined a s  resources t h a t  can be extracted p ro f i t ab ly  
by ex i s t ing  techniques and under present  economic condit ions) .  

Hydrocarbons 

The new proposal is t h a t  within the  time limits of reposi tory cont ro l ,  
no d r i l l i n g  w i l l  be allowed within Zones I ,  11, and 111. Since the 
hydrocarbon horizons a r e  below the  s a l t  sequences, d i r e c t i o n a l  d r i l l i n g  
from Zone IV could be considered to  explore f o r  hydrocarbons. The 
explorat ion fo r  and poss ib le  removal of hydrocarbons could be 
accomplished without penet ra t ing  the  reposi tory.  Bowever, the panel  
be l ieves  t h a t  DOE should have the au thor i ty  t o  review and approve each 
proposed d r i l l i n g  and recovery p ro jec t  i n  Zone I V  i n  order  t o  assure  
procedures c o n s i s t e n t  with reposi tory in teg r i ty .  

Potash 

The Carlsbad region has been the p r inc ipa l  source of potash i n  t h e  
United S t a t e s  f o r  many years. The es tab l i shed  mines are located t o  the  
north and w e s t  of the  WIPP si te.  These potash zones a r e  a l s o  knovn t o  
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TABLE D-1 Significance of the Resources and Reserves a t  the WIPP 
Reference Site  
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be present  e a s t  of the WIPP s i t e ,  becoming deeper toward the  eas t .  The -. 

ex ten t  of the potash beds throughout the basin has not been thoroughly 
invest igated.  but fragmentary da ta  from o i l  well  logs indica te  these  
beds a r e  not of high grade i n  potash content  or thickness. The potaoh 
o r e  horizons a t  the  WIPP s i t e  a r e  from 457 m (1,500 f t )  t o  549 m (1,800 
f t)  below the su r face  and, i n  general.  a r e  i n s u f f i c i e n t  i n  e i t h e r  grade 
o r  thickness t o  make the  mining economically a t t r a c t i v e  a t  the  present  
time. The mineral langbeini te  [K2Mg2(S04)31 may have some 
economic value a s  it has a s p e c i a l  appl ica t ion  i n  f e r t i l i z e r  f o r  the 
types of p l a n t s  t h a t  a r e  s e n s i t i v e  t o  ch lo r ide  ions. Within the new 
l i m i t s  of Zone 111, the reserves  of langbeini te  a r e  estimated t o  be 
about 12 mi l l ion  metr ic  tons  (13.3 mi l l ion  tons ) ,  and s y l v i t e  is not  
present .  The a r e a l  ex ten t s  of s y l v i t e  and langbeini te  o r e  i n  t h e  new 
and revised Contro l  Zones a r e  shown i n  Figure D-1. 

Questions regarding the c l a s s i f i c a t i o n  of these potash depos i t s  a s  
reserves  o r  resources and the  timing of fu tu re  development a r e  complex. 
The discovery of potash d e p o s i t s  i n  the  Michigan Basin, which a r e  of 
s i g n i f i c a n t  quan t i ty  and q u a l i t y ,  could a f f e c t  t h e  value and, the re fo re ,  
t h e  c l a s s i f i c a t i o n  of M e  brlsbad depos i t s  (Mathaws 1970). The 
Michigan depos i t s  a r e  some 3,130 m (7,000 f t )  t o  3,440 m (8,000 f t )  
deep, and t h e i r  economic recovery has y e t  to be determined; however, the 
gecqraphical  ioca t ion  with r e l a t i o n  to the f e r t i l i z e r  market, water 
a v a i l a b i l i t y ,  land a v a i l a b i l i t y ,  and o the r  'such f a c t o r s ,  favor t h e i r  
va lue  and might depress  t h e  value of t h e  potash depos i t s  i n  t h e  b r l s b a d  
region. The e x t r a c t i o n  of  potash i n  Zone I V  is not  present ly  econonic. 

WNSEQUENCES OF NATURAL RESOURCE 
EXTRAffION ON CONTROL ZONB I V  

Considerat ion of the p o s s i b i l i t y  of permit t ing mineral explora t ion  and 
e x t r a c t i o n  on Control  Zone I V  has been j u s t i f i e d  as a balancing of the  
f a c t  t h a t  ' the primary concern of the  DOE is protec t ing  the  public  
hea l th  and sa fe tyg  a g a i n s t  the recognit ion t h a t ,  i n  addi t ion  t o  such 
concern, ' the state of N e w  Mexico . . . does r e l y  upon the  r o y a l t i e s  
generated from resource recovery a s  a s i g n i f i c a n t  source of revenuem 
(Brausch e t  a l .  1982). Zones I11 and I V  each provide a 1-mile buffer  
around t h e  repos i to ry  cxcavationa under Zone 11. Zone I1 is defined a s  
t h e  .area of approximately 1,800 a c r e s  which o v e r l i e s  t h e  a rea  of 
m a x i m u m  p o t e n t i a l  underground development.. The depth of t h e  repos i tory  
has been t o t  a t  a depth of approximately 655 m (2,150 f t ) .  The 
resource. of concern are p r i n c i p a l l y  t h e  potash  salts which a r e  located  
61 m (200 f t )  to 122 m (400 f t )  above t h e  repos i tory  depth, and 
p o t e n t i a l  hydrocarbon resources vhich a r e  well b a l w  the reposi tory  
depth. The o the r  resources, such a s  s a l t ,  gypsum, and ca l i che ,  were 
considered of i n s u f f i c i e n t  importance to warrant concern8 a s  their 
abundance throughout t h a  a r e a  is such t h a t  the  withdrawal Of t h i s  a r e a  
would have no impact on t h e i r  a v a i l a b i l i t y .  



Subsidence 

The effects that may be anticipated on the extraction of resources by 
excavating the repository cavity are principally those related to the 
redistribution of rock forces. Thus, the questions to be addressed 
are: (1) How will the location and construction of the repository 
affect tne removal of potash beyond the control zones? and (2) Will 
the possible exploration for and removal of hydrocarbons endanger the 
repository? These questions are all concerned with predicting the 
effects of subsidence. The potash deposits are above the cavity, and 
the hydrocarbon removal would be related to the subsidence below the 
repository. 

Subsidence at the surface or at points below cannot exceed the 
height of the entry. The distance of the subsidence is related to the 
extent of extraction and other factors unique to the overlying strata. 
Thus, with a 3-m (10 ft)-high entry and 25 percent extraction, the 
maximum subsidence above the cavity would be 0.76 m (2.5 ft). Since the 
salt will flow plastically and the rooms and entries are to be 
backfilled, this would decrease the subsidence at least by 50 percent or 
0.38 rn (1.25 ft). In addition. because there are 610 m (2,000 ft) of 
overburden, the bulking factor would be sufficient to make this 
subsidence over the entry even less. These are reasonable assumptions 
in agreement with mining practice (Society of Mining Engineers 1973) 
The extent of the effects of subsidence are discussed at some length in 
the Natural Resources Study report by Brausch et al. (1982). Using 
unconsolidated sand as a model, the angle of draw would be 45%. 

,- Thus, for an excavation at a depth of 610 m (2,000 ft), the area that 
could be disturbed at the surface would extend 610 m (2,000 ft) beyond 
the excavation perimeter. If the horizon from which resources are to be 
mined is 61 m (200 ft) above the repository horizon, the limit of the 
zone of influence of the repository would be 61 m (200 ft) beyond the 
excavated edge of the repository. The angle of draw for salt is quoted 
at various values. The study report states that for New Mexico potash 
mines, the angle of draw is typically considered to be 45%. 

The nature of subsidence effects from hydrocarbons extraction is 
significantly different from mined extraction. Since the hydrocarbon 
horizons are well below the repository and there is a considerable 
thickness of salt in the Salado and Castile formations, there is no 
evidence that there would be a measurable subsidence effect by their 
withdrawal. 

Potash Operations 

Developing potash reserves involves three sequential steps: (1) 
exploration, (2) mining, and ( 3 )  ore processing. The exploration step 
requires the drilling of boreholes completely through the potash zone 
and Something less than 6 m (20 ft) beyond to establish mine floor 
conditions. Since the depth and lateral control of such boreholea is 
between 1.5 (5 ft) and 3 m (10 ft) , and the depth of the potash zone is 
some 61 m (200 ft) to 122 m (400 ft) above the repository, there is 



little chance of any detectable influence from the repository 
particularly if the mining and prospecting are not permitted in Zone 
111, which extends one mile beyond the repository limit. 

Potash mining is done by shaft sinking and room and pillar 
development. If water tones are encountered they are sealed by 
grouting. The New Mexico mines are typically free from water intrusion 
and the occasional incidence seems to come from pockets of limited 
volume. Several approaches have been made to evaluate the limiting 
distance of influence from the repository toward the nearest possible 
mine. It should be pointed out that this distance is between the 
outermost repository excavations at 655 m (2,150 ft) and the nearest 
Potash excavation at the potash zone level, e.g. 61 m (200 ft) to 122 m 
(400 ft) above the repository entry. Using the empirical 450 angle of 
draw and a difference in depth of 61 m (200 ft), there is no effect 
beyond 61 m (200 ft) from the repository, and at a 122 m (400 ft) 
difference, the limit is 122 m (400 ft) from the'repository, etc. 
Brausch et al. (1982) present several more sophisticated analysis 
methods, with the conclusion that the effects of the WIPP facility would 
extend a maximum distance of 115 m (376 ftl. They conclude that a 
potash zone 610 m (2,000 ft) deep and a repository 655 m (2,150 ft) deep 
would show no interaction if separated by 213 m (700 ft) or more. On 
the surface above the site the repository could have an influence to 
655 m (2,150 ft) beyond the boundary between Zone I1 and Zone 111, and 
the influence of a potash mine at a depth of 610 m (2,000 ft) in Zone IV 
Could extend inward 610 m (2,000 ft) from the Zone 111-Zone IV 
boundary. This would leave some 305 m (1,000 ft) of surface 
undisturbed. Nearer the repository horizon, the distance would be 
proportionally greater. 

Stress-induced increases in hydraulic conductivity were examined 
(Brausch et al. 1982) for the inert gases and several hydrocarbons. It 
was concluded that while the mining of potash "would result in a zone 
immediately surrounding the openings in which the hydraulic conductivity 
of the rock would be greatly increased," further from the mine; the 
hydraulic conductivity would be less and 'therefore no preferential 
paths for groundwater flow between a potash mine developed within 
Control zone IV and the WIPP facility would be expected to be created 
due to stress induced change 'in hydraulic condu~tivity.~ 

Hydrocarbon Exploration and Production 

The hydrocarbon development in the vicinity of the WIPP site requires 
drilling and removal of its hydrocarbon values. Since the target 
 reservoir^ are considerably below the repository, deviated drill holes 
are applicable. Standard well techniques of casing, cementing, and 
Production can assure that minimal damage to the rock system will take 
place. Recovery and stimulation methods, e.g., acidizing and hydraulic 
fracturing are all at sufficient depth and under sufficient Control to 
have no effect on the integrity of the repository (Brausch et al. 1982). 



S o l u t i o n  Mining 

The technique of s o l u t i o n  mining has g e n e r a l l y  been excluded a s  a mining 
method t o  be cons idered .  The technique has ,  however, been sugges ted  a s  
a means of making S t o r a g e  c a v i t i e s  f o r  hydrocarbons.  While t h i s  mining 
system r e q u i r e s  water t o  d i s s o l v e  the s a l t ,  t h e  s t r e s s e s  and water  
convec t ion  problems do n o t  d i f f e r  from s t a n d a r d  mining when t h e  shape 
and s i z e  of t h e  c a v i t i e s  a r e  taken under c o n s i d e r a t i o n .  I t  is p o s s i b l e  
t h a t  Zone I V  cou ld  be cons idered  f o r  s t o r a g e  s i t e s .  I t  is q u i t e  
obv ious ,  however, t h a t  t h e r e  is no apparen t  reason t o  l o c a t e  a s t o r a g e  
c a v e r n  i n  any of t h e s e  Zones a s  any l o c a t i o n  wi th  244 m (800 f t )  of 
overburden and a minimum o f  9 m (30 f t )  t h i c k n e s s  o f  s a l t  w i l l  be 
s u f f i c i e n t  t o  make a s u i t a b l e  s t o r a g e  c a v i t y .  Thus, w h i l e  t h e r e  is 
l i t t l e  t e c h n i c a l  reason f o r  p r o h i b i t i n g  s t o r a g e  c a v i t i e s  t o  be 
c o n s t r u c t e d  w i t h i n  Zone I V ,  t h e r e  is no obvious  advantage i n  doing so. 
S o l u t i o n  c a v i t i e s  should  be r e s t r i c t e d  from Zone I1 and 111. 
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APPENDIX E 

BRZCCIA PIPES 

Of the various karst landforms and deposits observed in the Delaware 
Basin, only three have been shown to be breccia pipes, despite the many 
miles of geophysical surveys (Pigure E-l), the drilling of 71 shallow 
and deep exploration holes in the vicinity of the WIPP site, examination 
of 300 oil and gas well records adjacent to the WIPP site, the 'detailed 
mapping of subsurface and surficial deposits, and the extensive mining 
Of M u t t  potash on three sides of the WIPP site. By 1976, 142 km7 
(55 sq miles) of potash mines were developed in the region above 
backreef, reef, and forereaf deposits in the Delaware Basin. Despite 
these extensive excavations, only one breccia pipe was encountered, Bill 
C (Pigure E-2). Another possible pipe other than Bills A and C was 
reported to have been penetrated by one of more than 300 potash 
exploration holes drilled in the region. No conclusion can be drawn 
from this report because data were scanty. 

These observations indicate that breccia pipes are exceptions, 
rather than the rule, in the Delaware Basin, and are far more restricted 
in their distribution than originally implied by Anderson. Anderson and 
Kirkland's model (1980) for pipe formation requires the concentrated 
solution removal of salt at depth (they postulated the Bell Canyon 
Aquifer), presence of unsaturated groundwater at some time in the 
history of the pipe, an aquifer or aquifers with sufficient hydraulic 
conductivities and poromities to allow groundwater to transport salt 
from the aquifer, sufficient gradients to induce groundwater flow, and 
an outlet or sink for both the water and dissolved salt. The bounding 
calculations of Wood at al. (1982) for necessary rates of groundwater 
circulation and salt dissolution show that necessary and Sufficient 
conditions for breccia pipe development in the number, size, and time 
frame required to threaten the integrity of a WIPP repository cannot be 
met within the Bell Canyon Aquifer. This is in agreement with Lambert's 
(1982) gecchemiul and isotopic data. 

Conditions could be met for breccia pipe formation only within the 
Capitan Reef of the Delaware Basin and near its forereef and backreef 
environment. An abrupt collapse of Salado and Rustler roof rock into a 
large void temperarily supported by an anhydrite 'beamg within salt 
(Snyder and Card 1982) or related resistant layer within salt could 
account for breccia pipe characteristics observed as well as the large 
diameter and large volumc of rock instantaneously displaced into Kermit 
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FIGURE E-1 Soismic ref lect ion l ines .  Source: U.S. mpuanurt of Energy (1980-1982). 
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sink, San Simon sink, and possibly other related karst features observed 
near or above the Capitan Reef in the Delaware Basin. 

Bill C (Dome C in Vine 1960) and Hill A have been shorn to be 
deep-seated 'breccia pipes.' R. P. Snyder (U.S. Geological Survey, 
personal ~OmUunicati~n to the WIPP Panel, 1982) points out that they are 
not unlike a rubble chimney caused by the detonation of a buried nuclear 
device. Because of their size and potentially disruptive nature, 
breccia pipes require better understanding, because they are a mechanism 
that could affect a repository. 

Drill-stem tests in bcrehole AEC-7 indicate that: (a) the 8 m to 
10 m thick Lamar Shale Member that occurs near the upper portion of the 
Bell Canyon is practically impermeable, and (b) the permeability of the 
brineproducing zone of the Ramsey Sandstone in borehole AEC-7 is about 
1.2 m/yr (Lynes. Inc. 1979). Hiss (1975) constructed a potentiometric 
surface map for the Delaware Mountain Group, using a large number of 
control points. Bis potentiometric surface map and chloride 
concentration gradients show that flow is generally to the northeast 
within the northern part of the Delaware Basin. The average hydraulic 
gradient, using potentiometric data corrected for fluid density, is 
about 0.0025 d m  (Wood et al. 1982) and the computed flow rates in the 
Bell Canyon, is about 0.135 m3/yr per meter width of aquifer. 
Allowing for probable ranges in hydraulic conductivity, effective 
aquifer thickness and hydraulic gradient, probable flow rates were 
estimated to range from 0.02 to 0.40 d/yr per meter. 

Groundwater quality analyses of samples taken from the Bell Canyon 
Pormation reveal that chloride concentrations range from 1 to 190 
kg/m3, and that total dissolved solids typically exceed 20 kg/m3 for 
much of Bell Canyon groundwater (Hiss 1975). Eiss' contours of equal 
chloride concentration (isochlorr) roughly parallel the potentiometric -,. 

surface for the Bell Canyon and increases from southwest to northeast 
near the WIPP site. Wood et al. (1982) and Lambert (1982) indicate that 
the specific source of chloride is difficult to determine, although some 
of it may be derived from the overlying Castile Formation, having been 
derived from a more regional, rather than concentrated site originating 
from a few distinct points, and from reactions within the Bell Canyon 
Aquifer. Wood et al. (1982) computed the water particle velocity to be 
approximately 0.03 m per year within the Bell Canyonnear the WIPP Site 
based on an average hydraulic conductivity of 1.8 dyr, a porosity of 
0.16 and hydraulic gradient of 0.0025 dm. This travel time in the Bell 
Canyon from underneath the center of the WIPP rite to the nearest known 
point on the Capitan Reef, is approximately 500,000 years. A mechanism 
is lacking, however, for getting nuclides into the Delaware Mountain 
Group (OW;). At present, heads in the Dn; stand above the proposed 
repository level. 

wood et al. (1982) analyzed two major mechanisms for deepseated 
dissolution of salt from halite horizons through the agency of an 
underlying aquifer at the WIPP site: 

o molecular diffusion along grain boundaries and through fractures 
in the intervening anhydrite layer; and 



o solute-driven convection, either through a single wide fracture 
or through a Permeable porous zone or fracture network between halite 
and aquifer horizons. 

The latter is a worst case example similar to that postulated by 
Anderson. 

To demonstrate the dissolution capabilities of the salt removal 
mechanisms, one-dimensional analytical equations describing the 
mechanisms of salt dissolution and their interrelationship have been 
applied to the Delaware Basin. Two-dimensional numerical modeling of 
flow and mass transport has provided a more precise study of salt 
dissolution in the Castile Formation and mass transfer to M e  Ball 
Canyon Aquifer. The results of the Wood et al. (1982) modeling are 
consistent with observed chloride concentration levels associated with 
dissolved halite in the Bell Canyon Aquifer (Lambert 1982). Conditions 
required to support dissolution within the Bell Canyon Aquifer include a 
concentration gradient to drive the diffusion process and a density 
gradient to initiate convection. Additionally, convection is dependent 
on the fracture size or porous zone (fracture network) permeability. As 
shcun in the Wood et al. (1982) analysis, convection can be 
substantially greater than diffusion for a fracture greater than 
0.0015 m, or for intrinsic permeabilities greater than 10-16 m2. 
Rwcver, for conditions in the hlaware Basin, the Bell Canyon Formation 
will limit thr dissolution mechanism because the concentration and 
density gradient will bc controlled by the-aquifer transport rate. The 
Bell Canyon Aquifer water transport rate is inadequate to transport the 
necessary amounts of salt implied by Anderson's original brine-density 
model. 

Two implausible worst case scenarios were also developed by Wood et 
al. (1982), and the sizes of associated solution cavities estimated. 
Based on the calculated solution cavities, the possible implications of 
developrpent of a dissolution cavity at the Balite I horizon on the 
integrity of the underground WIPP facility were assessed. 

The following conclusions were reachad: 

0 Observed site features which provide evidence for deepseated 
dissolutioning are Located at the Capitan Reef margin and consist 
primarily of breccia pipes. The origin of other dissolution features 
observed in the basin is o p n  to interpretation, although near-surface 
rather than deep-seated dissolutioning appears laore plausible. 

o The resideme tine of groundwater in the Bell Canyon Aquifer is 
relatively long, with a flow rate which requires'more than two million 
years to travel from recharge near the west reef margin to discharge at 
the east aection of the Capitan Reef. 

o Tho potential dissolution mechanisms include diffusion and 
convection from halite zones to the aquifers. Computation Of the 
present dissolution rate, based on observed chloride concentration 
levels in the Bell Canyon, indicates that diffusion and possibly very 
weak convection result in the removal of halite from the Castile 



Formation. Bowever, convection may be considerably more significant at 
locations adjacent to the Capitan Reef Aquifer. 

o Evaluation of the present DMG hydrogeologic and geochemical 
conditions and review of their potential range of values, indicate that 
halite d-solution associated with the Bell Canyon Aquifer will not 
impact the underground WIPP facility. A solution zone of less than 
0.1 m in height was calculated, based on the maximum dissolution rate in 
10,000 years. 

o Based on an analysis of potential changes in the hydrologic 
characteristics (i.e. hydraulic gradient) of the Bell Canyon Aquifer, a 
possible increase in flow rate of one order of magnitude in the future 
would not impact the WIPP facility over the period of investigation, 
10,000 years. 

o Based on an analysis of the maximum potential dissolution rate 
associated with convective and diffusive dissolution r~cchanisms at the 
Bell Canyon Aquifer-Castile Formation interface (i.e. worst case), no 
impact should be observed at the underground WIPP facility during the 
period of investigation, 10.000 years. 

The analysis by Wood et al. (1982) of deep-seated dissolution due to 
diffusion and convection (brine density flow; Anderson and Kirkland 
19801, and the significance of the parameters which influence these 
dissolution mechanisms are revealing. Brine density flow or convecti;.e 
dissolution as a potential mechanism for removal of halite is possible 
in areas overlying and imediately adjacent to the bpitan Reef Aquifer 
where high rates of groundwater flow can occur and water is 
undersaturated with respect to NaC1. However, geochemical data suggest 
that convective disao1ut:on by the Bell Canyon Aquifer is not very 
significant and results in dissolutioninq at the rate no greater than - 
associated with the diffusive dissolution mechanism. Purtherwre, the 
very low flow rate of the Bell Canyon Aquifer and the associated salt 
transport rate indicate that significant convective dissolution of 
halite in the overlyinq Castile Pormation would be precluded due to the 
inability of the aquifer to maintain the density gradient for any 
significant period of time (Wood et al. 1982). 

The deep dissolution analysis by Wood at al. (1982) has adequately 
set bounds on the rates and unimportance of subCastile disaolution 
process. 

Several questions remain unanswered: Where are conditions favorable 
for possible future breccia pipe formation? Ate San Simon Sink and 
Kermit Sink modern examples of breccia pipes in various stages of 
formation? Ace there possible circumstances available for renewed 
breccia pipe formation at or near the WIPP site? Bow might specific 
high risk rites for future pipe development be identified? 

It is important to be sure that the reef facies margin immediately 
northwest, north, and northeast of the WIPP site is accurately known# 
and that there are no smaller fringing reefs present between the site 
and the main reef that may be hydraulically connected with it. Red 
masses tend to be rather complex when traced in their development 
through time and space. Bovever, no such reef occurrences were noted in 
test holes, and a number of industry deep well loqs, borehole 



~ e o p h y s l c a l  a a t a ,  and s e l t r l c  refraction d a t a  were used i n  :est h o l e s  
AEC-i and AEC-b t o  snow t h a t  t h e  sou thern  edge o f  the  reef  is a t  l e a s t  
seven m i l e s  away from t h e  n o r t n e r n  edge of t h e  vI?? s i t e .  

Jucglng from t n e  importance t h a t  zones of f r a c z u r e  c o n c e p t r a t i o n  
have on the  l o c a t l o n  o f  C a r l s a a c  and o t h e r  caves  i n  t h e  Guaaalupe 
:4ouncalns (Par lzek  1 9 7 9 ) ,  s i n i l a r  s t r u c t u r e s  a l s o  most l i k e l y  
c o n t r f o u t e a  t3 m e  format lon  of c a v e s  and c o n d u i t s  wi th in  bur ied ree f  
rocn. F rac rure  t r a c e  and l ineament  r e l a t e d  s t r u c t u r e s  t h a t  iaterse:. 
r ee f  rock a r e  major c a n a i d a t e  s i t e s  f o r  p o s s i b l e  p r e s e n t  and f u t u r e  
SlnKhole and b r e c c i a  p ipe  aevelopment. 
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APPENDIX F 

SALT DISSOLUTION 

Containment of radioact ive wastes a t  t he  WIPP f a c i l i t y  hinges on t h e  
long-tern i n t e g r i t y  of the  evapor i te  sec t ion  which w i l l  be subjected t o  
p e r s i s t e n t  d i s so lu t ion ,  t o  per turbat ion  during the  development of the  
repos i to ly  and following its decommissioning, and t o  poss ib le  f u t u r e  
human in t rus ion .  

S a l t  d i s so lu t ion  can progress from t h e  top  of the  s a l t  sect ion,  from 
below, and within indiv idual  s a l t  beds. The r a t e  of d i s so lu t ion  i s  
d i r e c t l y  r e l a t ed  t o  the  volume of water t h a t  comes i n  con tac t  w i t h  s a l t  
i n  a given time period,  the  chemical q u a l i t y  of t h i s  water, and the  r a t e  
a t  which dissolved s a l t  can be t ransported within and from t h e  aquifer.  
On a geologica l  time sca le ,  t h e  d i s s o l u t i o n  can be rapid. Pew outcrops 
of so lub le  s a l t  beds a r e  ever  observed i n  humid regions o r  even i n  
moderately a r i d  i q i o n s  k c a u s e  t h e  s h a l l o w ,  unprotected s a l t  has Lorq 
s i n c e  been leached away. Bowever, s a l t  t h a t  is deeply buried, or 
covered by poorly-permeable s t r a t a  t h a t  r e s t r i c t  groundwater 
c i r c u l a t i o n ,  can survive  f o r  long per iods  of geologica l  time even i n  

.- 
bas ins  with a c t i v e  groundwater c i r c u l a t i o n .  Permian-aged s a l t s  of the  
Delaware Basin of New Mexico and west Texas a r e  g . 4  examples, f o r  they 
have p e r s i s t e d  f o r  more than 200 mi l l ion  yea r s  d e s p i t e  a c t i v e  
d i s s o l u t i o n  a t  some points .  

Re l i ab le  es t imates  of t h e  t o t a l  amount of Salado and C a s t i l e  
evapor i te6  removed to d a t e  by d i sao lu t ion  a r e  d i f f i c u l t  to  make because 
of ( a )  o r i g i n a l  he te rogene i t i e s  of depos i t ion ,  (b) ilmbig~0uS 
i d e n t i f i c a t i o n  of members or marker beds, ( c )  p a r t i a l  removal of h a l i t e  
by d i s s o l u t i o n  o r  e a r l y  subae r i a l  erosion,  and (d) per turbat ion  of 
o r i g i n a l  bedding thicknesses by l oca l i zed  deformation (Lambcrt 1982). 

Episodes of u p l i f t  accompanied by eros ion  and d i s s o l u t i o n  of 
evapor i t e  beds a r e  described by Powers, e t  a l .  (1978) : 

Per icds  of terrestrial depos i t ion  a l t e r n a t e d  with 
e r o s i o n a l  episodes,  ao t h a t  a s e r i e s  of non-mrine 
d e p o s i t s  separated by angular  u ~ o n f o r m i t i e s  blanket t h e  
evapor i t e  beds a t  tho  s i t e .  These angular unconfomi t i e s  
represent  i n t e r v a l s  during which s a l t  beds a t  t h e  WIPP 
s i t e  were t i l t e d  and subjected t o  p o t e n t i a l  d i s so lu t ion .  
A t  l e a s t  four  e ros iona l  episodes separated by 
depos i t iona l  i n t e r v a l s  a r e  recognized: (1) e a r l y  





Formation a t  the Castile-Delaware Mountain Group contact  (wood e t  a l .  
1982). Uany l i n e s  of convergent evidence were reviewed by wood e t  a l .  
(19821 and Lamkr t  (1982) t o  help bound r a t e s  of s a l t  d isso lu t ion .  
Local and basin-wide s t r a t i g r a p h i c  and s t r u c t u r a l  observations were 
considered i n  these analyses,  a s  wel l  a s  mineralogical and t e x t u r a l  
ce la t ionships  observed i n  c a w s  and cores. Lamkrt  (1982) presented 
add i t iona l  d a t a  obtained from chemical and i so topic  analyses of rocks 
and s o l u t i o n s  regarding equil ibr ium re l a t ionsh ips  of br ines  and o ther  
?roundwaters obtained from various sources i n  the  Delaware Basin. These 
i i n e s  of evidence provide support f o r  es t imates  of d i s so lu t ion  r a t e  t h a t  
previously were based l a rge ly  on s t r a t i g r a p h i c  and geomorphic evidence. 
Additional evidence regarding d i s so lu t ion  r a t e  is cur ren t ly  k i n g  sought 
from incongruent phase r e l a t i o n s  (Lambert 1982). 

Erosion by so lu t ion  and f i l l  is a mechanism o r i g i n a l l y  proposed by 
Lee (1925) f o r  shallow d i s s o l u t i o n  of gypsum t e r r a i n ,  character ized by 
inc i s ion  of d e n d r i t i c  drainage p a t t e r n s  and development of underground 
drainage channels  t h a t  c o l l a p s e  a s  so lub le  ma te r i a l s  a r e  dissolved. 
Bachman (1980) th inks  t h a t  t h i s  mechanism is a c t i v e  i n  sec t ions  of t h e  
Delaware Basin underlain by gypsum, r e su l t ing  i n  a chao t i c  jumble of 
less so lub le  r o c k  a s  an  end product. 

Bachman (198Q), Chr is t iansen  1 9 7  Jagnow (1979), and others 
desc r ibe  a shallow process  of p h r e a t i c  d i s so lu t ion  of aoluble rocks 
wi th in  open condui ts  which con ta in  f r e e l y  c i r c u l a t i n g  groundwater t h a t  
is undersaturated with respect  t o  t h e  rocks (such a s  carbonate rocks, 
anhydri te ,  gypsum, and h a l i t e )  k i n g  dissolved.  This  process  is 

.- d i f f e r e n t i a l  i n  na ture  and can produce l a rge  open c a v i t i e s ,  such a s  
Carlsbad and r e l a t e d  caverns  i n  t h e  Guadalupe and Delaware Mountains and 
smaller  c a v i t i e s  noted i n  Nash Draw. Many Of t h e m  caverns i n  the  
Capitan Limestone e x h i b i t  s t r u c t u r a l  con t ro l ,  i.e., zones of f r d c t u r t  
concentrat ion,  which a r e  a l s o  l i k e l y  to influence present  development of 
s o l u t i o n  permeabil i ty wi th in  Capitan Reef rock where buried bj Salado, 
Rust le r ,  and o t h e r  strata. Simi lar  zones of f r a c t u r e  concentrat ion a r e  
present  i n  t h e  back reef a d b e n t s  of t h e  Ar tes ia  Group t h a t  lies 
shelfward of t h e  Capitan Reef and appear to  have helped t o  l o c a l i z e  
numerous s ink holes and co l l apse  St ruc tures .  

A d i f f e r e n t  o r i g i n  f o r  some k a r s t  d e p o s i t s  and landforms is proposed 
by Anderson (1978). Ha sugges ts  t h a t  many of these f e a t u r e s  were 
c rea ted  by d e e p s e a t e d  s o l u t i o n  a c t i v i t y ,  which he th inks  is an ongoing 
p r a e s s  wi th in  the  D d a u a r e  Basin. Ha be l i eves  that the  region of 
concentrated s a l t  d i s s o l u t i o n  a c t i v i t y  has miqrated from west t o  e a s t  
through geologic  time, a s  well a s  along and away from t h e  margins of t h e  
Capitan Reef. I n  support  of h i s  hypothesis of deep-seated dissolution, 
Anderson cite* t h e  prerence  of m n y  s inks ,  domes, and breccia p ipes  i n  
va r ious  p a r t s  of the  Delaware Basin, and the  thinning of h a l i t e  h y e r s  
I, I1 and I11 d e p o s i t s  i n  the Castile Formation near the  western margin 
of t h e  basin. 

A s  a c o r o l l a r y  of t h e  d e e p s e a t e d  d i s s o l u t i o n  hypothesis, Anderson 
and Kirkland (1980) proposed a brine-densi ty flow model t o  account f o r  
breccia p ipes  i n  the  Mlaware  Basin. For t h i s  mechanism to operate.  
f r a c t u r e s  must expose thm base of t h e  evapor i t e  Sect ion t o  
undersaturated s o l u t i o n s  t h a t  w i n  to d i s so lve  salt. A s  Sd l t  



dissolves ,  water becomes more dense and s inks  i n t o  the  lower p a r t  of the 
aqu i fe r ,  allowing new unsaturated Waters t o  come i n  contac t  w i t h  the  
s a l t  i n  a se l f -perpetuat ing  manner. Overlying s t r a t a  col lapse  i n t o  the  
cav i ty  crea ted  by the  d i s so lu t ion .  A s  the  aqui fer  providing the  
urdersaturated solu t ion .  Anderson and Kirkland suggested the  ell Canyon 
Formation, which immediately under l ies  t h e  salt sequence. 

Recent work, however, has c a s t  doubt on t h e  a b i l i t y  of the  B e l l  
Canyon Fonnation t o  supply the  necessary flow of undersaturated f l u i d  
(Lambert 1982: Wood e t  a l .  1982). PiVe l i n e s  of evidence a r e  presented 
by ~ a m b e r t  (1981) t o  show t h a t  t h e  Be l l  Canyon is an unimportant aquifer:  

o extremely l imi ted  q u a n t i t i e s  of water produced from but a few 
t h i n  Bell.Canyon Formation horizons; 

o B e l l  Canyon water is highly sa l ine ,  but not completely saturated 
with sodium ch lo r ide  under t h e  evapor i t e s  (8iss 1975): 

o t h e  s a l i n i t y  does not r i s e  abrupt ly  from west to  e a s t  a s  
evapor i t e s  appear i n  the  overlying sec t ion  ( H i s s  1975) : 

o t h e  water con ta ins  s o l u t e s  i n  c m b i n a t i o n s  not found i n  the  
evapor i t e s  (Lambeet 1978) : and 

o t h e r e  is l i t t l e  evidence f o r  appreciable movement of water i n  
t h e  B e l l  Canyon (Mercer and Orr 1979). 

Anderson (1982a) now agrees  t h a t  t h e  B e 1 1  Canyon is an unl ike ly  aource 
of s o l u t i o n s  f o r  t h e  br ine-dens i ty  nechanim, and suggests  ins tead  t h a t  
deep d i s s o l u t i o n  is concentrated i n  l a y e r s  of f r ac tu red  anhydr i te  mar 
t h e  Salad-Castile contact .  The a l leged flow i n  t h i s  layer ,  c a l l e d  .-. 
.blanketg o r  'stratabound. d i s so lu t ion ,  i n v o l v r ~ t h e  lateral movement of 
water along a permeable bed, adjacent  to  which so lub le  rock dissolves .  
More rock d i s s o l v e s  a s  new void space is created.  Such dissolution i n  
t h i s  and o the r  anhydr i te  beds, according t o  Anderson (1981b1, has 
removed near ly  50 percent  of  t h e  h a l i t e  i n  t h e  Delaware Basin by a 
process  t h a t  he th inks  is s t i l l  a c t i v e  and still  praceeding eastward a t  
s i g n i f i c a n t  rates. More recently,  Anderson (1981b. 1982a) has t i e d  t h i s  
process  t o  t h e  o r i g i n  of b r ine  r e s e r v o i r s  i n  C a s t i l e  anhydri tea a s  
w e l l .  kk has droppod t h e  B e l l  Canyon a s  an important aqu i fe r  f o r  
s i g n i f i c a n t  s a l t  removal and breccia  p ipe  f o m t i o n  as p r w s e d  i n  h i s  
e a r l i e r  papers. 

Bachman (1980) and L.nbcrt (1982) agree t h a t  s tratabound d i s s o l u t i o n  
occurs, but  th ink  t h a t  it opera tes  only near to p o i n t s  of r ~ h a r g e  where 
waters  a r e  more l i k e l y  to  be undersaturated with s a l t s  and where 
groundwater s i n k s  are a v a i l a b l e  f o r  salt  and water removal. They do not 
agree  with Anderaon tbt t h i s  mechanim is wide8pread or is responsible 
f o r  p ressu r i zed  b r ine  re se rvo i r  formation. To d a t e ,  no evidence has 
been provided to  show that anhydr i te  bcds wi th in  the  C a s t i l e  o r  Salado 
Formations serve a s  regional ly  interconnected a q u i f e r s  i n  t h e  basin- 

Hydraulic heads i n  t h e  B e l l  Canyon Aquifer s tand above t h e  p r o p ~ s e d  
reposi tory  level and no foreseeable  mechanism e x i s t s  f o r  introducing 
radionucl ides  i n t o  t h e  B e l l  Canyon. Ex t rac t ion  of o i l  and mostly g a s  i n  
t h e  northern s e c t i o n  of t h e  Delaware Basin has not caused a drawdown i n  
p o t e n t i m e t r i c  heads wi th in  sub-Bell Canyon reservoirs that ham 
reversed hydraulic  g r a d i e n t s  i n  t h e  B e l l  Canyon. A l s o ,  est imated flow 



r a t e s  i n  cne B e l l  Canyon show t h a t  nea r l y  5 0 0 , 0 0 0  yea r s  may be requ i red  
f o r  i ts  wa te r s  t o  nove from beneath t h e  WIPP s i t e  t o  t h e  Capi tan 
i lmescone P q u i f e r ,  a s su r i ng  t h a t  it is hyd rau l i c a l l y  in te rconnec ted  t o  
m e  3e l l  Canyon Aquifer.  

Tne Capi tan Linestone is an important  a q u i f e r ,  w i t h  ex t ens ive  
s o l u t l o n  p o r o s i t y  where exposed west o f  t he  WIPP s i t e  a s  well a s  where 
bu r l ea  i n  t h e  nor thern  and e a s t e r n  margin of t h e  Delaware Basin. H i s s  
(1975) r e p o r t s  h igh  po ros i t y  zones wi th in  bur ied  reef rock a s  shown by 
f l v e  occur rences  o f  b i t  drops  dur ing  d r i l l i n g  of 3.6 t o  18m (12 t o  60 
f t ) .  H i s s '  moael f o r  r eg iona l  groundwater f low wi th in  t he  Capi tan 
i l n e s t o n e  and a a j a c e n t  s t r a t a  has  been modified by Lambert (1982) t o  be 
c o n s i s t e n t  w i th  c u r r e n t  i s o t o p i c  da t a .  Lambert concludes:  

o v i r t u a l l y  no involvement of t he  B e l l  Canyon e x i s t s  i n  e i t h e r  
grounawater recharge  or d i s c h a r g e  from the  Capitan; 

o t h e  ree f  s h e l f  system may be d iv ided  i n t o  va r i ous  u n i t s  t h a t  can 
a c t  a s  e i t h e r  recharge  O r  d i s cha rge  a r e a s  f o r  t he  Capitan; and 

o t h e  B e l l  Canyon Formation is n o t  being a c t i v e l y  and continuot&ly 
recharges by any known meteor ic  o r  groundwater source  i n  t h e  Delaware 
Basin  a s  revea led  by i s o t o p i c  d a t a  (Lambert 1978) .  

A l l  c u r r e n t  lines of evidence have l e d  Lambert (1982) to  conc lude  
t h a t  water  movement i n  t h e  B e l l  Canyon, C a s t i l e  and Sa lado  Formations i n  
t h e  n o r t h  c e n t r a l  Delaware Basin is e i t h e r  impercep t ib ly  slow o r  
non-exis tent  and t h a t  s t ra tabound  d i s s o l u t i o n  i n  unspec i f i ed  beds, most 
l i k e l y  a n h y a r i t e  l a y e r s ,  is the most p l a u s i b l e  model f o r  e f f i c i e n t  
removal o f  e v a p o r i t e s  a t  depth.  What t o  do with  t h e  s a t u r a t e d  b r i n e  of 
a l s s o l u t i o n  o r i g i n  remains a major problem wi th  t he  s t ra tabound  model. 
T h i s  i s  t h e  same i s s u e  on which Anderson's t h e s i s  is vu lnerab le .  A 
plausible wate r  and s o l u t e  s i n k  needs to be l oca t ed  f o r  s a l t  t o  J e  
removed.. 

C i s s o l u t i o n  ?recesses desc r i bed  by t h e  h m b e r t  mcdel a r e  no t  l i k e l y  
t o  a r s r u p t  s u r f a c e  suppo r t  f a c i l i t i e s  dur ing  ope ra t i on  of t h e  f a c i l i t y ,  
bu t  i n  time, cou ld  i n c r e a s e  t h e  pe rmeab i l i t y  o f  t h e  Magenta and Culebra  
3o loml te  Members w i t h i n  t h e  ~ u h t l e r  Formation a s  sa l t  is s lowly 
a i s s o l v e a  from t h e  R u s t l e r  and t h e  t o p  of  t h e  Salado. Th i s  could 
i n f l u e n c e  t h e  pe rmeab i l i t y  o f  the Rus t l e r  Formation near  t h e  upper 
p o r t i o n s  o f  s h a f t s  and borehole  s e a l s  fol lowing b a c k f i l l i n q  of t h e  
r epos i t o ry .  Pe rmeab i l i t y  i n c r e a s e s  w i t h i n  any of  t h e  Rus t l e r  u n i t s  
w i l l :  (a) i n c r e a s e  groundwater f low r a t e s ,  (bl  a c c e l e r a t e  r a t e s  of sal t  
a l s s o l u t i o n  by a feedback l oop  mechanism, and (c) reduce t h e  t h i c k n e s s  
o f  t h e  p r o t e c t i v e  s a l t  l a y e r  above t h e  proposed r epos i t o ry .  None of 
t h e s e  changes,  however, a r e  l i k e l y  t o  be s i g n i f i c a n t  under p r e s e n t  
c l i m a t i c  c o n d i t i o n s  or be fo r e  TRU v a s t e s  decay t o  accep t ab l e  l e v e l s .  

The fo rmat ion  of  a b r e c c i a  p i p e  unde i  a r e p a s i t o r y  according t o  
Anderson and K i rk l and ' s  (1980) model might have caused s e r i o u s  
a r s r u p t i o n .  The work of  Wood e t  a l .  (19821, however, g r e a t l y  r e s t r i c t s  
t n e  l o c a t i o n  i n  t h e  Delaware a a s i n  where breccia-pipe format ion might be 
p o s s i b l e ;  i.e., above t h e  permeable Capi tan  Limestone. The d i s t r i b u t i o n  
of  t h e  Cap i t an  Limestone and its sou the rn  l i m i t s  a r e  w e l l  4nOwn. The 
n o r t h e r n  o u t e r  edge o f  Zone I V  is a t  l e a s t  7 miles sou th  o f  t h e  mapped 



southern extension of the  r ee f ;  hence, the re  is no chance f o r  a f u t u r e  
Capitan Reef breccia pipe t o  d i s r a p t  the  reposi tory.  

Anderson's (1982a) hypothes-. f o r  intraformational  removal of s a l t  
well  within t h e  basin is  d i f f i c u i t  t o  test. He concludes t h a t  f rac tured  
anhydri te  beds observed wi th in  the  C a s t i l e  Formation a r e  regionally 
interconnected, and chat  they serve a s  a q u i f % r s  containing ac t ive ly  
c i r c u l a t i n g  water t h a t  may be q u i t e  young and is capable of d issolv ing 
s i g n i f i c a n t  amounts of salt. Lambart's (1982) stratabound hypothesis is 
t e s t a b l e ,  but  not enough d a t a  have y e t  been compiled to  support a f i n a l  
conclusion. However, t h e  many cores  taken from C a s t i l e  anhydrite beds 
do not show open f r a c t u r e s  and b r ine  except where br ine  reservoirs have 
been encountered along a n t i c l i n a l  s t r u c t u r e s  near the  Capitan Reef. 
This  suggests  t h a t  b r ine  r e se rvo i r s  a r e  gene t i ca l ly  re la ted  t o  fo ld ing 
of evapor i t e  beds and d e r i v e  t h e i r  bu i l t - in  and confined pressures from 
sources o t h e r  than from e x i s t i n g  groundwater recharge areas. Many o i l  
and gas  indust ry  wells i n  t h e  bas in  have been geophysically logged. 
These do not show br ine  s a t u r a t i o n  wi th in  the  Castile anhydri te  beds nor 
d id  they pene t ra te  b r ine  reservoi rs .  These observations waken t h e  
argument t h a t  most o i l  and g a s  wells j u s t  missed open f r a c t u r e s  inferred 
t o  be p resen t  and widely d i s t r i b u t e d .  

Shut-in p ressu res  measured f o r  b r ine  re se rvo i r s  also a r e  high enough 
to  induce a r t e s i a n  flows. I f  f r ac tu red  anhydr i te  reservoirs served a s  
regional ly  interconnected a q u i f e r s  wi th in  t h e  Delaware Basin, these 
pressures  could not be sus ta ined f o r  prolonged pe r i cds  of time. Thi s  
a l s o  i n d i c a t e s  t h a t  o w r l y i n g  salt  bad5 .KO poorly permeable. 

Powers e t  al. (19781, Regis ter  (19811, and o t h e r s  regard t h e  C a s t i l e  - 
Formation a s  an  aquiclude t h a t  i m l a t e s  poorly pameable  Delaware 
Mountain Group a q u i f e r s  from oparlying Rust ler  Aquifers and the  Salado 
Pornation. Wastes are to be contained i n  salt beds of t h e  lower Salado 
Formation, which is located  between these  aqu i fe r s  (Pigure 1-21. The 
poros i ty  of Salado h a l i t e  and t h e  underlying C a s t i l e  Formation is m q  
low and interconnected pores  are v i r t u a l l y  non-existent (Register  
1981). 

Although open f r a c t u r e s  are precluded i n  individual  sa l t  beds by t h e  
viscoelastic-viscoplastic behavior of sa l t ,  small openings containing 
both b r i m  and gas  can  exist  between g r a i n a  of h a l i t e ,  and ma11  pockets 
of b r i n e  may be encountered. P lu id  inc lus ions  a l s o  are present  on a 
much smal ler  scale. Less common are t h e  l a r g e r  c a v i t i e s  and pockets 
conta in ing ha l i t e - sa tu ra ted  b r i n e  and associa ted  gas  which have been 
encountered i n  Castile anhydri tes .  These pressur ized  br ine  re se rvo i r s  
a r e  under enough p ressure  to  d i s p l a c e  d r i l l i n g  f l u i d s  and b r ine  to 
surface  when encountered during d r i l l i m .  The q u a l i t y  of record 
descr ib ing these occurrences is var i ab le ,  e spec ia l ly  with respect  t o  
br ine  f l w  rates and i n i t i a l  downhole pressures  (Regis ter  1981). A 1 1  of 
t h e  l a r g e r  o c c u r r e m a s  of b r ine  appear t o  be confined to the  C a s t i l e  
Pormation, although smaller b r i n e  pockets  have bean encountered i n  t h e  
Salado Pormation. Griswold (1980) i n d i c a t e s  t h a t  no w r i t t e n  records are 
ava i l ab le  t h a t  desc r ibe  these  Salado encounters; however, from accounts 
given by miners who h a w  worked t h e  ncNutt potash, t h e  pockets hapa been 
reported a s  small and not  highly pressurized.  Estimated brine volumes 
i n  t h r e e  mines a r e  720 m3 (190,000 gal )  (PCh mine, 17 miles from t h e  



-, WIPP s i t e )  ; 9.5  m3 (2,500 ga l )  (Duval Nash Draw Mine, 5 miles from the  
WIPP s i t e ) :  and 57 m3 (15,000 ga l )  (Xerr-Mffiee Mine, 10 miles from the  
WIPP s i t e ) ,  according t o  the  Safe ty  Analysis Report (SAR) (u.S. 
Department of Energy 1980-1982). When encountered, t h e  Salad0 pockets 
a r e  allowed t o  bleed i n t o  the  mine u n t i l  depleted before mining is 
resumed. Routinely, shallow boreholes a r e  d r i l l e d  i n t o  roof s t r a t a  i n  
potash mines t o  explore f o r  and bleed off  such f l u i d s  under cont ro l led  
condit ions.  This same p r a c t i c e  w i l l  be followed during reposi tory 
development following i n i t i a l  more e l abora te  development of t e s t  holes 
d r i l l e d  i n  advance of t h e  working face  during ea r ly  s t ages  of reposi tory 
development. A l l  such f l u i d s  a r e  t o  be removed from t h e  repository 
(U.S. Department of Energy 1980-1982). 

Register  (1981) summarizes pressur ized  br ine  pocket occurrences i n  
t h e  C a s t i l e  Formation i n  t h e  v i c i n i t y  of the  WIPP s i t e  (Figure P-1, 
Table P-1) . These pockets. usual ly associa ted  with Wdrcqen s u l f i d e  
gas, have been encountered mainly i n  the  Castile Formation (exploratory 
holes  ERDA-6, AEC-7 and WIPP-12) by various o i l  and g a s  d r i l l i n g  
c m p a n i e s  and Sandia National  Laboratories.  Register  r epor t s  that of 62 
deep boreholes d r i l l e d  i n t o  t h e  C a s t i l e  Pornation, t e n  (16 percent)  
penet ra ted  pressur ized  br ine  reservoirs .  A l l  b r ine  encounters,  except 
AEC-7 that flowed only one o r  tvo l i t e r s  of b r ine  and hence should bc 
excluded from t h e  list, flowed t o  t h e  su r face  with i n i t i a l  r a t e s  
es t imated  between 600 and 200,000 b a r r e l s  pe r  day and i n i t i a l  downhole 
p r e s s u r e s  of from 1,630 t o  2,222 p s i .  Snyder (1982) shows t h a t  i n  each 
case where s t r a t i g r a p h i c  d a t a  are ava i l ab le ,  C a s t i l e  b r ines  issued from 
t h e  Anhydrite I11 member, o r  the  uppermost a n b d r i t e  i n  those wells 

A where a l l  anhydr i te  memimrs a r e  not  preaent.  Nine of these t e n  
occurrences were associa ted  with t h e  defornat ion  f r o n t  abut t ing  t h e  
Capitan Reef. Eight  of the  nine were a sMcia ted  with known a n t i c l i n a l  
s t r u c t u r e s  i n  t h e  C a s t i l e  Powat ion .  The o ther  occurrence (Belco - 
Federal)  is loca ted  about t h r e e  miles southwest of t h e  WIPP s i te  and is 
c l o s e l y  a s soc ia t ed  with an a n t i c l i n e .  A much smaller p robab i l i ty  of 
pene t ra t ing  a pressur ized  b r ine  r e se rvo i r  wi th in  the  C a s t i l e  Formation 
is noted i f  one draws a c i r c l e  a b w t  t h e  WIPP s i t e ,  with a radius  l a r g e  
enough t o  c imumscr ibe  up t o  350 deep o i l  and gas  wells and outennost 
b r ine  reservoi rs .  I n  t h i s  case,  only a 3 percent  chance of occurrence 
is noted (W. D. Weart, Sandia National  Laboratories ,  personal  
ccmmunication t o  t h e  WIPP Panel 1982). 

The deepening of t h e  WIPP-12 borehole t o  t h e  b a a 1  C a s t i l e  member 
(Anhydrite I) resu l t ed  i n  t h e  i n t e r c e p t i o n  of a br ine  reservoir a t  a 
depth  of 919 m (3,015 ft) wi th in  f r a c t u r e s  i n  Anhydrite 111. The 
shut- in p res su re  recorded a t  the w e l l  p r i o r  t o  s u b s t a n t i a l  br ine  
removal, was 0.014 N/m2 (208 p s i ) .  On Apr i l  15, 1982, the  shut-in 
p res su re  a f t e r  b r i n e  r e m v a l  was 0.012 N/m2 (168 ps i )  and s t i l l  
r i s ing .  For t h i s  reason, no f i n a l  es t imate  was made on the  WIPP-12 
re se rvo i r  volume by B l a c k  a t  a l .  (1982). R. S. Popielak, D'Appolonia 
Consulting Engineers,  Inc. (pe r sona l  communication t o  WIPP Panel 19821, 
indica ted  t h a t  t h e  well-head p ressu re  appeared t o  have s t a b i l i z e d  a t  
a b u t  0.012 N/m2 (170 p s i )  by May 17, 1982. Preliminary a n a l y s i s  of 
t h e  WIPP-12 re se rvo i r  volume sugges ts  i t  may have a capac i ty  on the  
order  of 5 x l o 5  m3 ( 3  x 107 b b l ) ,  but t h e  w e l l  may still be 





- TABLE f-i Brine Pocket Data 

YELL OESIGMATIOII 
IGround Elev.. i t 1  

pogo 
(3,533) 

Shell 
(3.775) 

Tidewater 
(3.755) 

LOCATION 
1%. T .R .1  

35 21s 31E 

31 215 32E 

1 235 3OE 

26 22s 32E 

25 225 32E 

20 22s 33E 

20 22s 33E 

26 21s 31E 

36 225 32E 

36 22s 32E 

YEAR 
WILLED - 

1975 

1979 

1974 

1945 

1975 

1937 

1938 

1979 

1964 

1962 

BRINE 
DEPTH ( f t l  

2710 

Unknown 

2802 

. 3515 

3- 

3320 

3240 
3298 

3322 

3671 

3730 

(1 )  Data f r a  &I drilling histories filed with the USGS. 
(2 )  M i n i w  pressure to displace saturated b r i m  or drilling mud f r m  the well. 
(3 )  Pressure measured at t k  r l l  head with full c o l u n  of u d .  
( 4 )  Total wolwe of brine flow to surface. 
(5 )  Flow during circulation of 14.8 pounds per gallon drilling mud. 

INITIAL 
FLOW fbblldav) 

6M) 

Not ivailable 

SOURCE: Register clsei). 



building up pressure:  hence, t h i s  es t imate  is regarded a s  only 
approximate. Assuming t h a t  its s to rage  space is 5 x 105 m3 ( 3  
10' b b l ) ,  and using o t h e r  assumptions t h a t  have not been v e r i f i e d ,  one 
can es t imate  a value of 1 lun f o r  t h e  approximate radius of t h i s  b r ine  
reservoir .  The WIPP-12 borehole is located on an a n t i c l i n e  where t h e  
b r i n e  occurs  275 m (900 f t l  t o  290 m (950 f t  v e r t i c a l l y  below and a 
minimum hor izonta l  d i s t ance  Of 170 m (558 f t )  from the  proposed waste 
s to rage  f a c i l i t y .  Given t h e  apparent s i z e  of t h i s  br ine  reservoi r ,  i t  
is reasonable t o  assume t h a t  a po r t ion  of it may under l ie  a f a c i l i t y  
o r i en ted  northward from t h e  s h a f t .  

What a r e  the  p o t e n t i a l  consequences, i f  any, of such a br ine  
reservoi r  t o  the  WIPP f a c i l i t y ?  This  depends upon (1) the  chances f o r  
b r ine  communication between such re se rvo i r s  and t h e  reposi tory during 
i t s  development: (2) chances f o r  comunica t ion  following c losu re  and 
acc iden ta l  man-made penet ra t ions ;  and (3)  t he  p o t e n t i a l  f o r  
concentrated,  s i g n i f i c a n t ,  and rapid s a l t  d i s s o l u t i o d  immediately above 
such pressur ized  br ine  r e s e r v o i r s  t h a t  may help expose wastes t o  a 
regional  groundwater flow system. The only p l a u s i b l e  mechanisms f o r  
corm~unication between t h i s  YIPP-12 Castile br ine  r e se rvo i r  and the  
opera t ing  f a c i l i t y  would be through (a )  tha  encounter o r  development of 
extens ive  v e r t i c a l  f r a c t u r e s  wi th in  s a l t  and 'anhydrite loca ted  between 
t h e  b r i n e  r e se rvo i r  and reposi tory:  fb )  t h e  ex i s t ence  Of  unknown, 
urplugged, o r  inadequately plugged boreholes: or (c) t h e  development of 
new f r a c t u r e s  by whatever mechanism during repos i tory  development. 
Penet ra t ion  by d r i l l i r q  would pose t h e  g r e a t e s t  r i sk  fol lowirq c losure  
and is t h e  only mechanism t h a t  appears  mechanically poss ib le  f o r  
breaching deep b r ine  r e s e r v o i r s  i n  t h e  near geo log ica l  future.  

The viscoelastic-viscoplastic behavior of s a l t  under confining 
p r ? s s u r e s  p resen t  a t  repos i tory  and g r e a t e r  depths,  precludes t h e  
presence of open, water-bearing f r a c t u r e s  i n  r o c k  salt. There is no 
kmwn mechanism t h a t  would al low f o r  t h e  development and p e r s i s t e r r e  of 
rock f r a c t u r e s  i n  t h e  s a l t  beds t h a t  could se rve  t o  channel b r i n e  
between t h e  WIPP-12 re se rvo i r  and a working reposi tory.  The wry 
presence of high pressure  b r i n e  and gas  reservoirs supports  st-ngly t h e  
lack of ,  o r  extremely l i m i t e d  na ture  o f ,  v e r t i c a l  o r  ho r i zon ta l  
connectedness. 

Es t imates  of i n i t i a l  downhole p res su res  f o r  Various flOwiRg br ine  
wells range from 1,630 to 2,322 p s i .  These p ressu res  a r e  i n s u f f i c i e n t  
t o  hydrofrac ture  t h e  near ly  265 (870 feet) of s a l t  and anhydr i te  t h a t  
s epa ra te  t h e  WIPP-12 b r i n e  r e se rvo i r  from t h e  proposed repos i tory  a t  
t h i s  depth. Th i s  is also true when t h e  repos i tory  is under atmospheric 
cond i t ions  dur ing  development. For these  reasons, WIPP-12 b r ines  should 
remain confined, even i f  t h e  repos i tory  were t o  l i e  d i r e c t l y  above t h e  
b r ine  reservoi r .  

No o i l  and g a s  wells t h a t  p e n e t r a t e  t h e  evapor i t e  sequence a r e  known 
t o  e x i s t  w i th in  Zone I11 a t  t h e  WIPP site. The chances of one or more 
urplugged wells venting t h e s e  b r ines  i n t o  t h e  repos i tory  during 
development a r e  minimal because major test w e l l  s i t e s  and access  roads 
a re  hard to  obscure i n  t h e  d e s e r t  environment. S c a r s  from these  
a c t i v i t i e s  p e r s i s t  f o r  y e a r s  and a r e  easy t o  de tec t .  Pur ther ,  i f  



unplugged wel ls  d id  e x i s t ,  t he re  Should be ample evidence of b r ine  
discharges,  such a s  vegetat ion k i l l s ,  s a l t  pans, and erosion g u l l i e s .  

F ina l ly ,  chances f o r  strata-bound d i s s o l u t i o n  of s a l t  above the  
WIPP-12 br ine  reservoi r  i n  Anhydrite 111, a s  suggested by Anderson 
(1981a), and t h e  breaching of the  reposi tory from below a r e  very 
remote. C a s t i l e  br ine  pockets  have tbe  highest  hydros ta t ic  heads of any 
groundwaters measured i n  the  region. For t h i s  reason, Black e t  a l .  
(1982) concluded t h a t  these  pockets  cannot receive recharge from other  
nearby sources. The e r r a t i c  d i f f e rences  between hydros ta t ic  heads 
observed wi th in  indiv idual  br ine  pockets and t h e i r  geographic and 
s t r a t i g r a p h i c  ~ e p a r a t i o n  Suggest no com~unica t ion  between indiv idual  
br ine  pockets. Flow d a t a  from the  ERDA-6 bcrehole indica te  a f i n i t e  
reservoi r .  The apparent permanent pressure drop within t h i s  br ine  
pocket, associa ted  with a measured amount of discharge,  i nd ica te s  t o  
Black e t  a l .  (1982) and Others a completely bounded and i so la t ed  
reservoi r  t h a t  rece ives  no de tec tab le  recharge. Further ,  the  lack of a 
pressure  response there  during flow t e s t i n g  a t  t h e  WIPP-12 borehole only 
four  mi les  away, a l s o  ind ica te s  t h a t  these  a r e  i w l a t e d  br ine  pockets, 
d e s p i t e  t h e i r  l a r g e  s i zes .  E r r a t i c  head va r i a t ions  noted f o r  C a s t i l e  
br ine  r e se rvo i r s ,  the  unique geochemistry and i so top ic  content  of t h e i r  
f l u i d s ,  t h e i r  l imi t ed  v o l u m e  est imated from flow test da ta ,  and the  lack 
of p res su re  responses i n  adjacent  w e l l s  during flow tests a l l  suggest 
t h a t  b r i n e  pockets  a r e  not  regional ly  i n t e r c o ~ e c t e d  (Black e t  al. 
1982). These authors  a l s o  note :hat b r ine  r e se rvo i r s  a r e  found only i n  
a n t i c l i n a l  s t r u c t u r e s ,  the v a s t  major i ty  of which a r e  c lose ly  associa ted  

.- with t h e  Capitan Reef d i s tu rbed  zone. In a l l  p robab i l i ty  these  pockets 
a r e  i s o l a t e d ,  and didgenetically-pres8urized from l i t h o s t a t i c  loads, 
b i o g e n e t k  gas  generat ion,  and/or r eac t ion  of gypsum to  anhydri te  p l u s  
water. 

The evidence cited i n d i c a t e s  t h a t  t h e  chance of s i g n i f i c a n t  
strata-bound deep d i s s o l u t i o n  of the C a s t i l e  and Salado Porr~at ions  by 
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PREFACE 

In March 1978 the U.S. Department of Energy (DOE) asked the National 
Research Council 'to review the scientific and.technica1 criteria and 
guidelines for designing, constructing and operating a Waste Isolation 
Pilot Plant for isolating radioactive wastes from the biosphere.. The 
National Research Council assigned the study to the Committee on 
Radioactive Waste Management under the Commission on Natural Resources 
(now the Board on Radioactive Waste Management under the Commission on 
Physical Sciences, Mathematics, and Resources). The committee organized 
the Panel on the Waste Isolation Pilot Plant to 'review the scientific 
and technical adequacy of the site-suitability criteria; the guidelines 
for the site confirmation studies; the design criteria for the 
repository, including the waste acceptance criteria, the design 
philosophy, and the operational philosophy; the criteria for determining - the environmental safety of future planned operations viewed from the 
perspective of the environmental conditions of the repository site: and 
the design criteria for the experimental testing program of the behavior 
of the waste-geologic medium interaction.' 

In July 1978, when this study began, the Waste Isolation Pilot Plant 
(WIPP) was to be a mined repository in bedded salt in Eddy County, New 
Mexico, for the disposal of transuranic (TRU) waste, with experimental 
facilities for studying the interactions of high-level waste with the 
host rocks. At that time, use of this repository for disposal of a 
limited number of commercial spent-fuel elements was also being 
considered, although this was not part of the project's mission. This 
option was discussed frequently in technical briefings of the panel and 
in supporting documentation. The panel has examined some of the generic 
issues related to this possible course of action, as well as those 
concerns raised solely by the proposed disposal of transuranic waste in 
the particular salt formations at the WIPP site; but current plans do 
not include use of the facility for disposal of commercial waste. 

The panel issued an interim report (National Research Council 1983) 
recounting its findings through the end of July 1982. By that time, 
several major WIPP program documents had been issued, including the 
Geological Characterization Report (Powers et al. 1978), the Title I 
Design Report (Bechtel National, Inc. 1979). the Final Environmental 
Impact Statement (U.S. Department of Energy 19801, the Safety Analysis 
'Report (U.S. Department of Energy 1980-1983). 



The panel's final report evaluates work through December 3 1 ,  1983, 
and is based on analysis of the contents of documents issued to that 
date, technical briefings, discussions with representatives of DOE and 
its contractors, comments by interested members of the public, and a 
number of field visits. 



CONCLUSIONS AND RECOMMENDATIONS 

The panel has evaluated the scientific and technical adequacy of work 
being done on the Waste Isolation Pilot Plant (WIPP) project to satisfy 
the charge to the panel set out in Chapter 1. The panel concluded that 
the scientific work has been carried out with a high degree of 
professional competence. The panel notes that the geology revealed by 
shaft sinking and excavation of drifts and the preliminary measurements 
generally confirm the geologic expectations derived from surface 
explorations and boreholes. The purity and volume of the salt, the 
absence of brine pdckets at the repository horizon in the areas 
excavated, the absence of breccia pipes and of toxic gases, and the 
nearly horizontal bedding of the salt indicate that a repository can be 
constructed that will meet the geologic criteria for site selection. 

- Thus, the important issues about the geology at the site have been 
resolved, but there remain some issues about the hydrology and design of 
the facility that should be resolved before large-scale transuranic 
(TRU) waste emplacement begins. 

Some engineering aspects of the many WIPP studies by the U.S. 
Department of Energy (WE) and its contractors have not yet reached the 
final stage, so the panel's conclusions on these matters are likewise 
not final. The final design will need to incorporate the findings of 
the experimental program and construction activities, or it will have to 
be shown that findings in the experimental program, if different than 
predicted (e.g., the larger amounts of water in Marker Bed 193, 
unexpected rates of closure in the drifts, and the permeability of the 
backfilled drifts), will not affect the safety of the repository. 

The packaging of waste at the originating sites, transport to the 
site, transport vehicles, and disposal of heat-generating waste are 
beyond the scope of this study and are not dealt with in this report. 

The health and safety consequences of the postulated repository 
failure mechanisms appear to be so minimal that simplifications in 
design may be justified, and cost-effectiveness studies should be 
carried out to determine whether they would be acceptable. However, the 
probability and the consequences of potentially rapid flow of brine 
solutions, containing radionuclides, through more permeable formations 
have not been completely determined. Once these have been resolved, 
convent.iona1 safety considerations (e.9.. number of shafts and packaging 
of waste for highway transport) might determine the optimum design. - 
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Relaxation of the WIPP waste acceptance criteria (e.g., elimination of 
the incineration of some of the waste at the Process Experimental Pilot 
Plant (PREPPI facility and removal of the requirement for the use of 
steel-case overpack of the wooden boxes) may also have minimal 
consequences. 

Although the panel's conclusions and recommendations appear at the 
end of each chapter, they are collected in this section for the reader's 
convenience. 

CONCLUSIONS 

Chapter 2: Site Selection and Characterization 

o The presence of hydrocarbon and potash resources at the WIPP 
site is not a seriously adverse feature, because it should be feasible 
to recover much of the potash from the former Zone IV and, the 
hydrocarbons from under the entire site by oblique drilling without harm 
to the repository. The effects of such extraction can be evaluated on a 
case-by-case basis lp. 11). 

o Long-term tectonic quiescence at the WIPP site seems assured by 
its great distance from faults of recent displacement and areas of 
volcanic rocks, and by the lack of evidence of major seismic. events 
nearby (p. -11). 

o Deformation of evaporite beds at the repository site is slight. 
The rate of deformation, if any is going on at present, is so small that 
it should not present a significant risk to the repository (pp. 11, 13). 

o Evidence is good that, for a period of more than a million 
years, karst-forming processes are unlikely to expose the repository 
(pp. 13-14). Further studies will determine if the karst is likely to 
affect hydrologic transport in the site area. 

o The location of existing 'breccia pipes' and of the hydrologic 
and stratigraphic conditions capable of containing and supporting lazge 
solution voids apparently necessary to cause breccia pipe formation 
indicates that the likelihood of encountering an old pipe or of a new 
one forming near the WIPP site is practically nonexistent (pp. 14-15: 
see also Appendix El. 

o Evidence seems good that the strata below the salt beds (the 
Bell Canyon Formation) cannot :unction as a source or transporting agent 
for solutions that could form 3reccia pipes by density flow, nor could 
they be responsible for extensive interstratal dissolution (pp. 15-17). 

o The preponderance of evidence does not support the hypothesis 
that large-scale interstratal dissolution might endanger a repository at 
the WIPP site (pp. 16-19). 

o The brine reservoirs encountered in the Castile Formation near 
the WIPP site are isolated pockets of fluid not connected with or 
residual from solutions that have recently moved, or are moving for long 
distances through the formation (p. 19). Even if the pressurized-brine 
reservoir encountered in the WIPP-12 bocehole in the Castile Formation 
were to extend directly beneath the WIPP site, this should not adversely 



affect the operating facility, and the existence of this reservoir is 
insufficient justification to stop the WIPP project. 

-. _.,--,. 
,' 

-. 
#' ;:~ , . Chapter 3: In-Situ Tests and Experiments 

o The in-situ test program is logically designed to explore the 
local waste package-repository interactions that would result from the 
emplacement, retrieval, and long-term isolation of TRU and high-level 
defense waste in salt beds (pp. 22-30). 

o The opportunity to carry out RSD on emplacement and retrieval of 
a variety of waste forms, particularly high-level waste, in an 
underground salt repository at depth, is an important aspect of the WIPP 
program (p. 29). 

Chapter 4: Waste Acceptance Criteria 

o The possibility of self-sustaining underground fires can be 
eliminated by embedding combustible materials in a matrix of 
noncombustible material in a suitable proportion ( p .  34). 

o Criteria related to biological gas generation are based on a 
rather superficial-analysis. The extreme nature of the repository 
environment imposes many conditions that are not adequately taken into 
account. It is possible that the humidity (water activity) in a sealed 
repository is low enough to inhibit biological activity (p. 36). 

o If the repository should become flooded with brine, the presence - of sulfates might entail a new scenario: the biological generation of 

hydrogen sulfide and chemical dissolution of the steel drums, with 
generation of hydrogen (p. 371. 

o From the viewpoint of the WIPP facility, the quality assurance 
system is inadequate in that it requires no on-site verification of 
conformance of package contents to the certification (p. 40). 

o The Certification Committee procedure is cumbersome and may even 
be counterproductive (pp. 39-40]. 

o The PREPP incineration process appears to be an appropriate and 
practical technology for processing contact-handled waste that cannot be 
certified in the original packages (pp. 40-41). 

o No procedure has been established for d,ealing with uncertifiabl6 
remotely handled waste (p.  41). 

Chapter 5: Design and Construction of Underground Facilities 

o The layout of the eight panels of storage rooms separated by 
barrier pillars is well considered, provided the penetrations of these 
barriers are sealed adequately (p. 45). 

o Details of devices for temporary and permanent closure of the 
penetrations through the barriers have not been provided (p. 45). 

o Recently, the repository design has changed from four to three 
shafts. Although the three-shaft design appears to be functionally 
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adequate, i t  does not possess the flexibility and cedundancy of the 
four-shaft deslgn (p. 4 9 ) .  - 

Chapter 6: Performance Assessment 

o The dosages calculated to be received by humans as a result of 
normal operations and accidents are within prescribed limits for workers 
and far below the dosages from normal background radiation for members 
of the public. There is a great deal of experience in these types of 
operations, and confidence in the accuracy of the calculations is high 
Ip. 52). 

o The long-term release scenarios, shown in Figures 6-1 to 6-5, 
lack experimental verification. Nevertheless, the scenarios appear to 
set outside limits to what would be credible releases. Though only a 
consequence analysis is performed, the resulting dose commitments (50 
years) are well within permissible limits for the general population 
(170 mrem whole body) and far below the dosages from normal background 
radiation (average over 50 years of 5,000 mrem) (p. 58). Further 
analyses will be needed to conform to the Environmental Protection 
Agency (EPAI requirements. 

RECOMMENDATIONS 

Chapter 2: Site Selection and Characterization 

o Each proposal to develop resources in the former Zone IV should - 
be examined rigorously on a case-by-case basis, with the burden of proof 
as to its safety resting on the proposer. The U.S. Department of Energy 
should obtain the right to deny mineral extraction from the salt beds 
and hydrocarbon extraction from deep levels below the salt in the old 
Zone IV, as well as Zones I, XI, and 111, during the operational and 
administrative control period, unless such extraction can be shown to 
pose no significant threat to the repository (pp. 10-11). 

o To test the extent of deep strata-bound dissolution, the plans 
of Sandia National Laboratories for further field and analytical work 
should be implemented (pp. 17-18). 

Chapter 3: In-Situ Tests and Experiments 

o Operational experience with the handling and emplacement of 
various types of waste package shapes and sizes containing TRU waste at 
the WIPP site should be obtained in a timely manner so that this 
experience can be factored into final choices for large-scale disposal 
of TRU waste (p. 29). 

o The later stages of the WIPP RbD program should be kept flexible 
to accommodate changes suggested by early WIPP results or by progress in 
waste disposal technology by other organizations. Outside developments 
in automated sensing, robotics, instrumentation in hostile environments, 
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and so on, should be systematically screened for application or testing 
at the WIPP facility (pp. 29-30). - o Active efforts should be made to solicit ideas and participation 
from the general scientific community. Publishing project R6D results 
in the refereed literature would encourage such participation (p. 29). . . 

o Separate radiation-monitoring equipment should be installed for .~ 
the experimental rooms and the TRU waste emplacement areas (p. 29). .- ,. ? , ,, 

o Procedures for handling defense high-level waste in the -il 
'-.lY__l 

/' 

experimental R6D areas should include special safety precautions, which 
may not be needed for facility construction or emplacement of TRU waste 
(p. 30). 

o The matrix of tests on waste form, waste package, overpack, and 
backfill to be investigated at the WIPP facility should be supplemented 
by aboveground laboratory tests to validate that form of testing so that 
the matrix of tests can be expanded by the less expensive laboratory 
experiments rather than by further in-situ testing (p. 30). 

Chapter 4: Waste Acceptance Criteria 

o As soon as is feasible, standardized waste packages should be 
adopted in a minimum number of sizes (p. 32). 

o The storage of combustible waste should be controlled so that 
noncombustible material is intermixed with combustible packages in such 
a way as to render the mixture incapable of self-sustaining combustion 
in a current of air (p. 3 4 ) .  

o The existing deficiency in the Safety Analysis Report (U.S. - Department.of Energy 1980-1983) on procedures for fighting transient 
underground fires should be remedied (p. 34). 

o The humidity of still air in equilibrium with the salt and the 
pH of moisture in contact with the salt at the storage horizon should be 
measured. These fundamental quantities are significant for the 
evaluation of biological and chemical degradation processes (p. 36). 

o The restrictions on permissible mass of organic material per 
unit volume of waste should be dropped from the gas generation criterion 
if measurement shows the relative humidity of a sealed enclosure in the 
salt at the repository horizon to be 60 percent or less (pp. 35-36, 38). 

o If the humidity of the air is higher than 60 percent, a 
competent biological specialist should be engaged to evaluate the 
metabolic prospects for particular classes of microorganisms that might 
contribute to gas generation in the expected repository environment 
(pp. 35-36). 

o The certification procedures, especially those for inspection of 
waste packages upon delivery to WIPP, should be redesigned to simulate 
those used commercially in the purchasing of commodities (p. 39). 

o Procedures should be established for dealing with (1) 
uncertifiable remotely handled waste and ( 2 )  high-curie contact-handled 
waste (pp. 37-38). 

o Waste acceptance criteria should be defined for the defense 
high-level waste that is to be used in the experimental program. The 



criteria should be written early enough to allow time for review before 
experimental operations begin ( p .  41). 

o Consideration should be given to relaxing the waste acceptance -.. 
criterion relating to gas generation due to bacterial action (p. 38). 

Chapter 5: Design and Construction of Underground Facilities 

o Results from the Site and Preliminary Design Validation (SPDV) 
and in-situ experiments and information gathered during construction and 
development to final design must be incorporated with the final design 
of the WIPP repository (p. 44). 

o Models should be used to assess whether or not closure of the 
excavations and consequent encapsulation of the waste in salt are likely 
to occur, and to determine the period of time within which they may 
occur (p. 48). 

o It should be shown that sealing the repository is sufficient to 
preclude unacceptable increases in hydraulic conductivity across the 
repository horizon (p. 48). 

o The Final Environmental Impact Statemene (u.s. Department of 
Energy 1980) should be reissued to correspond with the present design 
(p. 49). 

Chapter 6: Performance Assessment 

o Though karst-type flow in the strata above the salt beds (the 
Rustler Formation) is known to occur near Nash Draw several kilometers 
to the west, the extent to which it reaches eastward is not delineated 
clearly. If thrs type of flow should be joined by connected fractures 
to the WIPP site area, the time of travel of the nuclides and their 
retardation would be reduced sharply. The probability of such flows, 
their degree of development east of the Pecos River, and the effect of 
such flows upon radiation dosages need to be determined (pp. 58-60). 

o For consistency, and to permit direct comparison among all the 
modes of release, it would be useful if all dosages were calculated on 
the same basis . if recommendations of ICRP-26 and ICRP-30 were 
used, rather than those of ICRP-2) (pp. 58-59). 

xvi 



CHAPTER ONE 

INTRODUCTION AND BACKGROUND 

The history of the Waste Isolation Pilot Plant (WIPP) project was 
presented to this panel at a study planning session on June 5, 1978. As 
early as March 1974, the Oak Ridge National Laboratory had begun to look 
for an underground terminal radioactive waste repository for commercial 
high-level waste in'a region selected by the U.S. Geological Survey 
(USGS) in the Los Medanos area of New Mexico. In May of that same year, 
this search was suspended in favor of the concept of retrievable surface 
storage, and the land-withdrawal action that had been initiated was 
deferred in December 1974. 

The Albuquerque Operations Office of the U.S. Atomic Energy 
Commission (AEC) and the Sandia National Laboratories were then 
requested by AEC headquarters to become involved in the program to 
locate a site for a radioactive waste disposal pilot plant fo? - 
defense-related transuranic (TRU) waste, with some provisions for 
experimentat~on with defense high-level waste. When drilling began in 
1975 at a site in the Los Medanos region recommended by Sandia, 
irregular subsurface geological conditions were found, including 
high-pressure brines and gases. Consequently, the first site was 
rejected, and a new one was identified independently by Sandia and USGS 
11.2 km to the southwest. The general location of the site and a 
geologic section through the Los Medanos area are shown in Figures 1-1 
and 1-2, respectively. In January 1976 the geological investigations 
were resumed at the newly proposed site, and the project was given its 
present name: Waste Isolation Pilot Plant. 

The drilling of ERDA-9, the first hole at the new site, commenced in 
April 1976. In October 1976, funding was requested for an 
architect-enaineer, and a new land-withdrawal notice was placed in the - 
Federal Register in December 1976. In April 1977 a preliminary version 
of the Draft Environmental Impact Statement was distributed by the 
U.S. Department of Energy (DOE) for comment, and it was announced that - - 
WIPP would be a licensed facility. In June the final version of the 
conceptual design was issued. In September, Bechtel was selected as the 
architect-engineer, and in November the DOE sent a letter to the 
U.S. Nuclear Regulatory Commission saying it intended to request a 
license. 

In February 1978 the 'Deutch Report' (U.S. Department of Energy 
1978) called for a demonstration of the experimental emplacement of 
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hlqh-level waste and possibly ultimate disposal of commercial spent fuel 
at the WIPP slte. Objections were raised by the Committee on Armed 
Servlces of the U.S. House of Representatives. which insisted that the - 
site should be unlicensed and used only for defense waste. This view 
eventually prevailed. 

The Geological Characterization Report (Powers et al. 1978), a 
compilation of geotechnical information available as of August 1978 and 
ludged to be relevant to WIPP studies, was published in December 1978. 

In March 1979 an Interagency Review Group fIRG1 appointed by 
President Carter reported on its review of the progress of the U.S. 
waste disposal program and suggested four alternative technical 
strategies, one of which would specify salt as the host geologic medium 
for the first mined repository (Interagency Review Group 1979). The 
following month, DOE issued for public comment the WIPP Draft - 
Environmental Impact Statement, or DEIS (US. Department of Energy 
19791, including consideration of the possibility of disposal of limited 
quantities of commercial spent fuel. 

Public Law 96-164, enacted in December 1979, authorized WIPP as a 
research and development facility to demonstrate the safe disposal of 
radioactive waste resulting from the defense activities and programs of 
the united States exempted from regulation by the U.S. Nuclear 
Regulatory Commission. Within three months, President Carter announced 
his intention to recommend cancellation of WIPP and requested rescission 
of previously appropriated funds. Congress did not act on the 
rescission request, however, and the project continued, as authorized by 
PL 96-164. 

The WIPP Safety Analysis Report, or SAR (U.S. Department of Energy 
1980-19831, was issued in February 1980 and has been' updated by - 
amendments in September 1980, January and October 1981, September 1982, 
and January and March 1983. 

In October 1980 DOE issued a Final Environmental Impact Statement, 
or  FEIS (U.S. Department of Energy 19801, which included responses to 
comments received from the public and from government agencies and which 
reflected changing policies and legislative requirements. In this 
document the concept of an intermediate-scale facility for the disposal 
of spent fuel and the associated two-level underground layout were 
eliminated from the DEIS. Congressional action eliminated the proposal 
for licensing of the repository. Now, in view of further changes in 
WIPP plans as a result of efforts such as the cost reduction proposals 
mentioned below, this FEIS needs to be updated. 

As of this writing, the WIPP repocitory is intended as an unlicensed 
facility for the disposal of TRU waste generated in U.S. defense 
programs and for the experimental emplacement and removal of a small 
quantity of high-level defense waste. No permanent disposal of 
high-level waste is planned. TRU waste, it should be noted, differs 
from high-level waste in that much less heat is generated. Calculations 
indicate that the maximum temperature rise in the center of the 
repository will be less than ZOc, a temperature rise that should cause 
negligible effects of heating the salt beds. 

One of the first official acts of the Reagan administration was the 
January 1981 issuance of a Record of Decision to proceed with the - 



project: but in April, the State of New Mexico filed suit against DOE to 
require acquisition of extensive additional technical information and 
the resolution of a number of controversial issues. Under the resulting 
Stipulated Agreement, signed in July 1981, a number of technical reports 
have been prepared by DOE and its contractors and examined by the 
panel. 

In July 1982 DOE proposed simplification and reduction in scope of 
the WIPP facility and evaluated (U.S. Department of Energy 1982) the 
environmental consequences that might result from this cost reduction 
program. These were matters of particular interest to the panel and 
were the topics of several technical briefings. 

A decision to 'proceed with full facility construction' was 
announced by DOE in June 1983, following reports (U.S. Department of 
Energy 1983a,b) on the results of the recently completed Site and 
Preliminary Design Validation (SPDV) Program. 

Independently of the current DOE-sponsored study by the National 
Research Council, the State of New Mexico itself has set up four groups 
concerned with WIPP--an Environmental Evaluation Group (EEG); a 
Radioactive Waste Consultation Task Force, composed of three members of 
the governor's cabinet: a Radioactive Materials Committee, composed of 
eight members of the state legislature: and, until June 1, 1981, a 
Governor's Advisory Committee on WIPP. 

In addition to issuing a number of technical reports, the EEG has 
organized several conferences and field trips in which panel members 
have participated. 

Waste Isolation Pilot Plant program activities were in progress 
during the course of this study; thus the panel was evaluating existing - data an0 concepts while new information was being.obtained and 
analyzed. This report is not a summary of WIPP activities, but an 
analytical commentary on certain aspects of those activities, as 
specified in the panel's charge stated in the Preface. Por 
completeness, some material has been included that was incorporated 
originally in three special reports that dealt with site suitability of 
the proposed site near Carlsbad, New Mexico, from a geological and 
hydrological standpoint (see Appendix A); the limitations of surface 
exploration of underground formations (see Appendix B): and continued 
evaluation of the Carlsbad site (see Appendix C). An interim report 
(National Research Council 1983) on the first three years of this study 
has also been drawn upon, as appropriate. 



CHAPTER TWO 

SITE SELECTION AND CHARACTERIZATION 

HISTORY 

The criteria that we e used in selecting the WIPP site reflect the 
criteria commonlyc~ ed in proposals for waste isolation in bedded salt 
(National Research Council 1970) and the geological criteria for 
repositories (National Research Council 1978) and seem technically and 
scientifically adequate. The recommendations include (1) a bed of rock 
salt (halite) at least 60 m thick, of purity sufficient to minimize 
chemical complications from brine of complex composition and from water 
released from hydrous minerals; ( 2 )  a depth greater than 300 m to ensure 
freedom from surface influences; ( 3 )  a depth less than 1,000 m to ensure 
acceptably low creep rates in the salt; ( 4 )  approximate horizontality to 
minimize difficulty in mining operations: ( 5 )  little indication of - 
recent tectonic or igneous activity; (6) sufficient distance from an 
exposed edge or underground aquifer where salt dissolution is occurring: 
and (7) an area without a history of resource extraction and lacking 
sizable economic resources. Although other sites in the United States 
may also satisfy these criteria, a site in southeastern New Mexico was 
chosen, as described in Chapter 1. 

Two additional criteria specific to the Carlsbad area were suggested 
by the conclusions of a study (Bradshaw and McClain 1971) at Lyons, 
Kansas, and by observations at an earlier WIPP site (a site near 
borehole ERDA-6): The repository should be located at least 1.6 km from 
the nearest borehole penetrating through the salt beds to avoid possible 
entry of surface water and at least 8 km frca the Capitan Reef to avoid 
a zone of disturbed bedding known to parallel the reef (the 'deformation 
front' on Figure 2-11. 

With these crlteria in mind, lines were drawn on a map to outline 
areas where salt beds of requisite thickness at proper depths were known 
to occur and to exclude areas within 1.6 km of known deep boreholes, 
within 8 km of the Capitan Reef, within 1.6 km of the dissolution edge, 
or with known potash or hydrocarbon resources. Two areas of reasonable 
size outside these lines were identified (see Figure 2-1). Site 2 had 
the disadvantages of deeper salt beds and closeness to an oil field 
where water flooding may be used for secondary recovery in the future. 
Thus, Site 1 seemed more suitable even though it was closer to the reef - 
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FIGURE 2-1 Application of the site-selection criteria. Source: U.S. Department of Energy (1980). 



and the potash zone. The major regional geologic structures in the 
vicinity are shown in Figure 2 - 2 ,  and a geologic section in Figure 2-3. 

-. Site 1 was chosen and an exploratory shaft was constructed. The 
part of the Salado Formation preselected for repository construction waL 
studied and logged in great detail where exposed to view in the shaft. 
For the shaft station a stratigraphic position was picked in a thick 
layer of halite containing only minor polyhalite, anhydrite, and a few 
thin clay seams. This precise position was chosen during a technical 
discussion among experts from DOE an3 its principal contractors: 
personnel of the USGS and EEG were kept informed, and their comments 
were solicited (Jarolimek and McKinney 1982). 

REMAINING UNCERTAINTIES 

Although the generic criteria as applied to the WIPP site are in large 
measure satisfied, questions have been raised about the, suitability of 
the site to satisfy a few of the criteria in detail. Grounds for these 
questions include (1) the likely presence of economically significant 
quantities of potash and natural gas at the site: (2) possible tectonic 
instability of the site; ( 3 )  possible continued movement of the kind 
that produced the distorted structures in the evaporite beds of the 
'deformation front,' ultimately affecting the now undisturbed beds in 
the middle of the WIPP site: ( 4 )  possible disturbance of the site by 
karst-forming processes; ( 5 )  possible local collapse of the salt beds 
a result of solutions moving up from aquifers beneath the salt beds, 
leading to formation of vertical chimneylike masses of breccia 
(so-called breccia pipes): ( 6 )  possible interstratal ('strata-bound') 
dissolution of salt adjacent to layers of fractured or brecciated 
anhydrite, especially near the Castile-Salado contact, supposedly rapid 
during the late Cenozoic and continuing today; and ( 7 )  possible presence 
of pressurized-brine reservoirs. 

These objections to the WIPP site have been expressed a number .of 
times over the past several years. Some of the objections have been 
partially answered by recent work and so have become less serious, but 
valid questions remain about a few. The following discussion is focused 
on recent attempts to deal with these remaining questions. 

Natural Resources 

Further study after the site had been picked showed that probable potash 
resources, located in a zone 126 m to 240 m above the planned repository 
horlzon, were greater than had been thought originally. The amount of 
possible hydrocarbon resources in strata below the salt beds was 
estimated during the study. Because of these resources, the ability of 
the site to satisfy the criterion relating to natural resource potential 
seemed dubious, and for a time this question loomed as a major flaw in 
the case for site suitability. A recent study indicates, however, that 
most current techn~ques of mineral exploitation can be safely employed 
in the outer part of the original site area (the former Zone IV, shown 
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in Figure 2-4) (Brausch et al. 1982), so that a large part of the 
hydrocarbon and potash resources may be recoverable with no hazard to 
the waste facility. The main concern would be a disruption of water 
flow in the Rustler Formation, leading to possible reduced travel time 
to the Pecos River; but the analysis of Brausch et al. (1982) indicates 
that consequences would not be serious as long as exploitation is 
confined to Zone IV. The panel accepts this conclusion with the proviso 
that each proposal to develop the resources should be carefully 
examined, with the burden of proof as to its safety made the 
responsibllity of the proposer. 

More detailed discussion of the value of natural resources and the 
consequences of mining them is included in Appendix D. 

Tectonic Stability 

The well-known occurrence of fault displacements and basaltic eruptions 
during the Quaternary epoch in the Rio Grande Valley 250 km west of the 
site has been cited as indicating a possible risk of future tectonic 
disturbance at the waste facility. The risk is not wholly negligible, 
of course, but in the panel's opinion the long distance from the Rio 
Grande and from other areas of recent fault displacement, coupled with 
complete absence of seismic evidence for significant crustal movement 
and of geologic evidence for recent tectonic disturbance or volcanic 
activity, has seemed sufficient to assure long-term tectonic quiescence 
at the site. A seismic network established near the site has recorded 
nothing but minor tremors, most of them explicable by oil field flooding - related to secondary recovery efforts along the Central Basin Platform 
to the east (Figure 2-21. 

The 'Deformation Front' 

The 'deformation front' is an area adjacent to the Capitan Reef in the 
northern and eastern parts of the Delaware Basin (Figure 2-1) in which 
evaporite beds are deformed, as shown by borehole dataand seismic 
profiles. The deformed beds are in part strongly tilted, folded, and 
faulted, and in places show marked increases and decreases of their 
normal thickness. In general, the intensity of deformation decreases 
away from the Capitan Reef, and at the distance of the WIPP site is very 
slight. Deformed rocks at the margin of the disturbed zone have been 
encountered in boreholes in the northern part of the WIPP area, and 
stronger deformation is found beyond its borders to the northeast. In 
addition to the disturbed zone, small isolated areas of somewhat 
deformed rocks have been noted elsewhere in the basin, but none within 4 
km of the WIPP site. 

Concern has been expressed about the possibility that deformation 
may be continuing today and may affect the currently almost undisturbed 
strata in the middle of the WIPP site at some time in the future. 
Strong movements in the beds containing a waste facility, it is feared, 
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might disrupt the stored waste and permit entry of solutions that could 
dissolve and transport some of the radioactive material. 

To investigate this possibility, an intensive study of deformation 
processes in the salt beds was carried out (Borns et al. 1983). The 
study includes detailed descriptions of the kinds of deformation 
present, evidence regarding the age of deformation, and discussion of 
several hypotheses of origin. Although the authors concluded that 
evidence is insufficient to give a firm date for the time (or times) of 
deformation episodes or to establish beyond question the mechanism by 
which the deformation occurred, they noted that by any reasonable 
hypothesis of origin, the time involved in forming the observed 
structures is very long, at least many tens of thousands of years. 
Hence the deformation, even if it is continuing now, would not .present 
a major hazard to the construction and operational stages of the 
facility.' 

Karst-forming Processes 

The Los Medanos region, like other areas of the world underlain by 
soluble rocks, is subject to locally rapid (meaning times of the order 
of thousands of years) and potentially widespread dissolution wherever 
undersaturated solutions come in contact with the rocks beneath. Some 
of the dissolution may be due to water working down from the surface and 
some. to groundwater moving through permeable beds and channels below the 
surface. As parts of the rock dissolve, overlying material collapses 
into the open spaces. The result is a distinctive kind of topography - 
called karst, characterized by sinkholes, caves, valleys without stream 
channels, and underground drainage (Bachman 1980, p. 46)--features 
prominently displayed in parts of southeastern New Mexico near the WIPP 
site. Although no karst features have been noted at the site itself, 
the presence of sucn features within several kilometers, particularly in 
Nash Draw (about 10 km west of the site), has led to concern that karst 
may work its way into the site in the near geologic future and provide 
pathways for water to reach a subsurface waste facility. 

Dissolution is undoubtedly in progress on the buried uptilted edges 
of the evaporite beds in the western part of the Delaware Basin, and can 
be expected to work its way slowly eastward. Important questions, then, 
relate to the rate of present dissolution, the predictability of this 
rate, and possible future changes in the rate due to climatic change or 
tectonic disturbance. 

The rate of dissolution has been estimated in various ways. In Nash 
Draw, where geologically recent dissolution has removed much of the 
Rustler Formation and part of the upper Salado, two Pleistocene 
formations, the Gatuna and the Mescalero, in part lie undisturbed on an 
old karst surface and in part have collapsed as a result of continuing 
dissolution. From these, facts Bachman (1980) concluded that present 
karst features have formed during and since the deposition of these 
beds. The older one (Gatuna) can be confidently dated, from 
potassium-argon dating of an included bed of volcanic ash, as about 
600,000 years old. From the thickness of evaporite strata removed since 



Gatuna deposition, BaChman derives an average rate of vertical 
dissolution of 10 cm in 1,000 years. A similar figure has been 
estimated from the amount of salt currently being dissolved and .- 

discharged by streams and springs in the basin (U.S. Department of 
Energy 1980, p. 7-98). For the rate of advance of horizontal 
dissolution, Bachman and Johnson (1973) estimated 10 to 13 km per 
rnlllion years, on the assumption that .at the end of Ogallala time the ' 
Salado Formation extended to the Capitan Reef on the western edge of the 
basin.' These estimates Suggest that a waste facility at the WIPP site 
should be secure from karst-forming processes for at least a million 
years. 

Implicit in this conclusion is the assumption that the future 
climate of southeastern New Mexicowill be similar to the average 
climate over the Past 600,000 years. During this period in the past, 
the climate has fluctuated from arid to pluvial, but on the whole has 
been fairly arid. Average climates in the future probably will not 
deviate greatly from this pattern (Bachman 1980); nor is it likely, as 
noted in the previous section, that tectonic movement in the next few 
hundred thousand years Will elevate this region sufficiently to cause a 
marked change in average rainfall. 

The panel recognizes that estimates of dissolution rates and guesses 
about future climates are based on somewhat slender evidence, but the 
assumptions involved are reasonably conservative, and the general 
conclusion-that a repository at the WIPP site would not be disturbed by 
karst-forming processes for a million years or more seems well founded. 

Breccia Pipes 

The possibility of the formation of vertical pipelike masses of breccia 
by collapse induced by solutions working their way upward into the 
repository in the salt beds from aquifers beneath, similar to breccia 
pipes observed elsewhere in the basin, has been raised repeatedly over 
the past several years (Anderson and Kirkland 1980, Anderson 1981a,b). 
An early form of this hypothesis envisioned solutions in the Bell Canyon 
Formation (of the Delaware ~ckntain Group below the evaporite beds) as 
the active agents of dissolution and postulated that the solutions not 
only formed the collapse pipes, but also worked their way along the 
Castile-Salado contact, dissolving the lower Salado salt (in which the 
repository would be sited) as they moved. In other words. a combination 
of the fifth and sixth uncertainties mentioned previously was 
pr~posed--a~ti~e formation of breccia pipes and widespread dissolution 
of salt in the lower Salado, in part by solutions rising into the pipes 
from below. 

More recently, the formation of breccia pipes near the waste 
facility has been shown to be highly improbable (Wood et al. 1982, 
Lambert 1983), and none has been encountered during SPDV excavation 
activities. The demonstration that formation of breccia pipes poses no 
appreciable hazard to the WIPP site depends on a recent theoretical 
argument and additional field data. Until recently, the formation of 
breccia plpes has been attributed to a mechanism of .brine density 



flow'--the rise of unsaturated solutions into overlying salt beds, the 
dissolving of salt to form more concentrated and hence more dense 
solutions, and the descent of these dense solutions to make room for 
fresh injections of unsaturated fluid (Anderson and Kirkland 1980). On 
theoretical grounds, this mechanism could produce pipes of collapsed 
material only if dissolution at the base of the salt section were fairly 
rapid. With fast-enough dissolving of salt, a cavity or zone of 
weakness might be produced into which overlying beds would collapse by 
brittle fracture; but if the dissolving were slow, the salt would 
gradually subside by plastic flow to form a funnel-shaped volume of 
somewhat deformed beds rather than a pipe of brecciated salt (Davies 
1983~). 

Sufficiently rapid dissolution.for producing a pipe at the WIPP site 
could only be caused by fluids in the Bell Canyon Formation, which 
underlies the salt. Recent data on this formation, however, indicate 
that it is not a credible source of such fluids. The permeability of 
this formation is currently in dispute (Davies 1983a, Lambert 1983), but 
even the higher of the proposed values would supply insufficient water 
for breccia pipe formation by the brine-density flow mechanism (Neil1 et 
al. 1983, p. 8: L. Chaturvedi, New Mexico Environmental Evaluation 
Group, personal communication, 1983). An additional argument against 
the efficacy of water from the Bell Canyon Formation has been advanced 
by Spiegler (1982): using reasonable numbers for the properties of salt 
and solutions in the Bell Canyon, he calculated that the rate of plastic 
flow of salt would be on the order of a hundred times its rate of 
removal by dissolution, so that possible channels leading to breccia 
pipes could not remain open. Still another argument is the simple fact - 
that the Bell canyon Formation does not extend under any of the known 
breccia pipes. 

A more llkely cause of breccia pipes is sudden collapse into an 
opening dissolved out of an underlying brittle rock such as limestone. 
~ 1 1  known pipes in the Los Medanos area have been shown to exist only in 
places where the salt beds overlie parts of the limestone of the Capitan 
Reef; and the near certainty that collapse originated in the limestone 
has been established by deep drilling in one of the pipes that showed 
breccia persisting downward to the bottom of the drill hole, presumably 
only a few meters above the reef (Snyder and Gard 1982). 

Since the WIPP site is 8 km from the nearest part of the reef, and 
since solutions in the Bell Canyon Formation are unlikely to cause 
sudden collapse in the salt itself, the formerly suggested danger of 
encountering an old pipe at the WIPP site, or of a pipe forming anew 
under the waste facility, seems remote. More details on breccia pipes 
are found in Appendix E. 

Deep Interstratal Dissolution 

Anderson (1982a) has continued to express concern about possible 
extensive deep interstratal dissolution caused by solutions generated by 
infiltration of meteoric water, moving long distances through layers of 
fractured anhydrite near the Castile-Salado contact and dissolving 



halite from the beds above and below. The evidenc for such dissolution 
is chiefly the absence of much of the lower Salado salt under the 
western part of the basin (Anderson et al. 1972, Anderson 1981b, - 
1982a). The amount of missing Salt was estimated by extrapolating salt 
thicknesses from areas where salt is believed to be intact to areas 
where salt is thinned or missing. Detailed matching of fine laminations 
('varves') in the evaporite sequence, particularly in anhydrite beds, in 
cores from drill holes at intervals across the site, suggested an 
assumption that Salado salt was originally deposited throughout the 
Delaware Basin. The gap in the salt sequence supposedly is due to 
dissolution: the anhydrlte breccias ('dissolution breccias' formed as 
residues of salt dissolution) in some of the cores from the western half 
of the basin are cited as further evidence. Some of the surface 
depressions above the supposed dissolution front, according to this 
hypothesis, were formed by subsidence due to dissolving out of salt 
beneath; from the fact that sediments near the surface in these 
depressions are no older than Pleistocene. Anderson has concluded that 
rapid dissolution is limited to the past few million years and is 
probably continuing today. Water for dissolving the salt is assumed to 
be of meteoric origin (Anderson 1982a). It descends into the upturned 
salt edge in the western part of thebasin, traverses layers of 
fractured and brecciated anhydrite near the Castile-Salado contact, and 
leaves the basin through cavities in the buried Capitan Reef on the east 
side. c he brine reservoirs encountered in the ERDA-6 and WIPP-12 drill 
holes are cited as ponded remnants of the solutions that have moved, or 
are moving, through the brecciated anhydrite layers. 

The validity of this hypothesis is difficult to judge against -. 
alternative ideas. Scientists at Sandia National Laboratories have 
agreed that strata-bound dissolution of the sort described above is 
possible and may well be responsible for formation of some of the 
surface depressions in the Los Medanos area (Lambert 1983). They 
disagreed with regard to the scale and recency of the dissolution 
process. The earlier hypothesis envisions solutions moving completely 
through the evaporite basin to the Capitan Reef, concentrated in strata 
near the Castile-Salado boundary, and active primarily in the last few 
million years. By contrast, the Sandia scientists considered 
strata-bound dissolution to be a relatively minor process today and in 
the recent geologic past; they regarded it rather as a phenomenon that 
was active adjacent to many .nhydrite beds at various times since the 
Permian, is restricted to the western part of the basin, and is limited 
in its range by escape of the solutions into various debris-filled 
depressions. According to the earlier hypothesis, the dissolution is 
active enough and extensive enough to be a serious threat to a waste 
facility at the WIPP site; to the Sandia scientists, the interstratal 
dissolution is simply a minor part of the slow, general dissolution of 
the evaporite sequence that has gone on intermittently for hundreds of 
mlllions of years and poses no appreciable hazard to the proposed 
facility. 

An example of a structure that may have been formed by deep 
interstratal dissolution has been pointed out by Davies (1983a). This 
is the so-called PC-92 depression, an area 2 km north of the WIPP site 
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where geophysical data indicate a pronounced funnel-shaped Subsidence 
depression in Salado beds. The subsidence could be the result of slow 

.- dissolution by fluid moving upward from the Bell Canyon Formation or 
from flow along an anhydrite stratum in either the Castile or lower 
Salado. Modeling by Sandia scientists ( A .  Lappin, Sandia National 
Laboratories, personal communication, 1983) has shown that subsidence 
due to fluid from the Bell Canyon Formation is unlikely because the 
amount of subsidence would require greater groundwater flow in the Bell 
Canyon than can be postulated even with the most generous assumptions 
about permeability. The origin of the depression remairis uncertain: it 
cannot have formed by dissolution over a period of a few million years 
by Bell Canyon fluids, but it does provide a possible indication of 
dissolution by some sort of deep interstratal solution at some time in 
the past, perhaps by undersaturated brine moving along an anhydrite bed 
well above the Bell Canyon. 

Thus, the question of the extent and timing of deep dissolution is 
still unsettled. In one hypothesis, dissolution is extensive, largely 
limited to the last few million years, and probably still active; in the 
other hypothesis, dissolution is very slow and has been in progress for 
most of the last 200 million years. In the panel's opinion, the 
preponderance of evidence favors the second, but the evidence is not 
conclusive. A choice between the two viewpoints depends on answers to 
two questions: 61) Can actual movement of large volumes of fluid 
through anhydrite beds near or below the Castile-Salado contact be 
demonstrated, either as present-day movement or movement in the recent 
geologic past? and (2) Is there evidence for major dissolution only in 
the late Cenozoic, as opposed to dissolution at intervals since the - Permian? 

Movement of Fluid Through Anhydrite 

Brine reservoirs like those encountered in Castile anhydrites in the 
EBDA-6 and WIPP-12 boreholes were regarded by Anderson (1982b) as prime 
evidence for his hypothesis. The brine reservoirs, in his view, are 
isolated pockets containing samples of the solutions that have moved or 
perhaps are moving through the anhydrite layers. As a source for the 
dissolution fluids, he has suggested either rainfall in an area of 
gravels near the west margin of the Delaware Basin (Black River gravels) 
or water from the Pecos River where it crosses the uptilted 
Salado-Castile contact: as a sink for the solutions, he proposes the 
cavernous Capitan Reef limestone on the east and northeast sides of the 
basin. Lambert (1983) argued, on the other hand, that analysis of the 
brines in the reservoirs shows that they cannot be the result of simple 
dissolution of halite, because neither the observed chemical composition 
nor isotopic composition is compatible with such aprocess. He pointed 
out also that fractu'red anhydrite lacks some expected characteristics of 
a dissolution breccia (no concentration of residual clay minerals and 
none of the gypsum that should form if water-filled open spaces develop 
in anhydrite) and is more likely produced by deformation of the salt 
beds. The brine reservoirs he regarded as pockets of brecciated - 
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material created by slight movement in the salt layers near the edge of 
the 'disturbed zone' adjoining the Capitan Reef; the brine has 
accumulated from a variety of sources, perhaps partly from fluids that - 
traveled through once-permeable portions of the Castile and partly by 
'kneading out' of fluids (Borns et al. 1983) from halite beds during 
deformation, and remains immobile. The facts that the brine reservoirs 
have pressures well above hydrostatic, that flow of brine from one 
reservoir has no effect on nearby resezvoirs, and that anhydrite 
recovered from most boreholes that penetrate this horizon is not 
fractured and contains no fluids, are good evidence that the reservoirs 
are not part of a widespread interconnected aquifer, at least not one 
that contains brine circulating at the present time. 

As additional tests of Anderson's views, scientists at Sandia 
National Laboratories plan two kinds of study: the first making firmer 
estimates of the amount of salt deposited and removed by comparing in 
detail drill cores and borehole logs from many parts of the basin, and 
the second studying in detail the characteristics of residual breccias 
formea by dissolution in anhydrite beds, to establish criteria for 
distinguishing such breccias from similar fractured material produced by 
salt movement. 

Dissolution Limrted Chiefly to the Quaternary 

Some dissolution of salt undoubtedly has taken place at various times 
since the Permian, but Anderson (1981a,b) has concluded that the major 
part is geologically recent and hence is probably active at present. 
This conclusion is based on two kinds of evidence: the supposed recency -. 
of the eastward tilting of beds in the Delaware Basin (late Tertiary), 
which triggered the dissolution, and the supposed lack of sediments 
older than Pleistocene in depressions whose origin is ascribed to 
dissolution of the salt beneath. The Sandia workers ID. W. Powers, 
Sandia National Laboratories, personal communication, 1982; Lambert 
1983) ,have stated that the time of tilting of the evaporite beds is 
uncertain, but if it is part of the widespread disturbance that formed 
basin and range structures in the western states, it should be dated as 
mid-Tertiary rather than late Tertiary. They have pointed out also that 
little is actually known about the age of deposits in depressions in the 
Los Medanos area: certainly the depressions southeast of the WIPP site 
(the so-called Maley-Huffington troughs) contain Pleistocene sediments 
at the surface, but these sediments may conceal older beds beneath. 
Information about maximum age of the depression fills might be 
obtainable from boreholes drilled for this purpose, but datable material 
is probably so scarce in such sediments that definitive dating might 
require many boreholes, and it is uncertain whether the expense of such 
an enterprise would be justified. A clear decision about the timing of 
most salt dissolution seems impossible on the basis of currently 
available evidence.. Further information on salt dissolution is found in 
Appendix F. 

Because clear evidence for salt removal from the lower Salado is 
found no closer than 20 to 30 km south of the WIPP site itself, because 



evidence for major dissolution in the late Cenozoic rests on the 
questionable Quaternary age of the entire thickness of sedimentary fill 
in solution basins, and because the existence of a connection to an 
adequate sink for postulated dissolution brines of the present day is 
questionable, the panel doubts that deep dissolution, even if it is 
occurring as Anderson supposes, is progressing fast enough to jeopardize 
the integrity of a repository within the next million years. 

Pressurized-Brine Reservoirs 

Pressurized brine accompanied by carbon dioxide, methane, and hydrogen 
sulfide has been encountered in several wells penetrating the Castile 
Formation (Griswold 1980, Popielak et al. 1983). The brine occurs in 
fractured anhydrite in places where the salt beds are deformed, most of 
them in the zone of deformation near the Cap~tan Reef. An especially 
large brine pocket (estimated brine volume of 2.7 x lo6 m3) was 
encountered during the deepening of drill hole WIPP-12 in November 1981, 
only about a mile north of the center of the projected repository site, 
and this finding has led to concern that (1) the brine in this and other 
reservoirs may be part of an interconnected flow of brine through the 
anhydrite layer, and (2) a similar large reservoir may exist at or near 
the repository site and could cause flooding of the repository. 

Investigation of the WIPP-12 occurrence, together with previous 
studies of other brine pockets, has shown that such concerns are without 
substance (Popielak et al. 1983). The principal lines of evidence are 
the following: - 

o In the Salado Formation, where the repository is to be 
constructed, no brine pockets have been found except fairly small ones 
(9.5 to 720 m3) at low pressures (Griswold 1980). 

o The chemical and isotopic composition of brines differs from 
resevoir to reservoir and is also different from the compositionof 
groundwater in aquifers above and below the salt beds. 

o Brine pockets can be emptied by allowing the brine to flow. 
o Salt beds are undeformed at the repository site. 
o Even if the reservoir fo,und in WIPP-12 should extend under the 

repository site, or if another reservoir should exist at the site, the 
anhydrite layer is nearly 250 m below the proposed repository horizon in 
the Salado Formation. 

On the basis of this evidence and observations made as part of the SPDV 
program, the panel concludes that brine reservoirs do not pose a threat 
to the integrity of a repository at the selected site. 

SUHMARY 

The panel believes that sufficient data exist to show that there is 
little appreciable hazard to a waste facility at the WIPP site from 
breccia pipes, tectonic disturbance, brine pockets, or extension of the 



'disturbed zone.' If the hydrocarbon and potash resources at the site 
prove to be econom~cally worth recovering, with proper limitations much 
of these resources can be recovered without hazard to the repository. , 
The preponderance of evidence, in the panel's Opinion, does not supper. 
Anderson's hypothesis of large-scale, recent strata-bound dissolution 
that might endanger a repository at the WIPP site, but the evidence 
against the hypothesis is not conclusive. Further evidence is obviously 
desirable, and the panel endorses the plans of Sandia National 
Laboratories to obtain firmer estimates of the amounts of salt deposited 
and removed by comparing drill cores and borehole logs from many parts 
of the basin, and to seek definitive evidence about water flow and 
dissolution residues in anhydrite beds. 

CONCLUSIONS 

o The presence of hydrocarbon and potash resources at the WIPP 
site is not a seriously adverse feature, because it should be feasible 
to recover much of the potash from the former Zone IV and the 
hydrocarbons from under ttz entire site by oblique drilling without harm 
to the repository. The effects of such extraction can be evaluated on a 
case-by-case basis (p. 11). 

o Long-term tectonic quiescence at the WIPP site seems assured by 
its great distance from faults of recent displacement and areas of 
volcanic rocks, and by the lack of evidence of major seismic events 
nearby (p. 11). 

o Deformation of evaporite beds at the repository site is slight. 
The rate of deformation, if any is going on at present, is so small that - 
it should not present asignificant risk to the repository (pp. 11. 13). 

o Evidence is good that, for a period of more than a million 
years, karst-forming processes are unlikely to expose the repository 
(pp. 13-14). Further studies will determine if the karst is likely to 
affect hydrologic transport in the site area. 

o The location of existing 'breccia pipes' and of the hydrologic 
and stratigraphic conditions capable of containing and supporting large 
solution voids apparently necessary to cause breccia pipe formation 
indicates that the likelihood of encountering an old pipe or of a new 
one forming near the WIPP site is practically nonexistent (pp. 14-15: 
see also Appendix E). 

o Evidence seems good that the trata below the salt beds (the 
Bell canyon Formation) cannot functioi. as a source or transporting agent 
for solutions that could form breccia pipes by density flow, nor could 
they be responsible for extensive interstratal dissolution (pp. 15-17). 

o The preponderance of evidence does not support the hypothesis 
that large-scale interstratal dissolution might endanger a repository at 
the WIPP site (pp. 16-19). 

o The brine reservoirs encountered in the Castile Formation near 
the WIPP site are isolated pockets of fluid not connected with or 
residual from solutions that have recently moved, or are moving for long 
distances through the formation (p. 19). Even if the pressurized-brine 
reservoir encountered in the WIPP-12 borehole in the Castile Formation - 



were to extend directly beneath the WIPP site, this should not adversely 
affect the operating facility, and the existence of this reservoir is 
insufficient justification to stop the WIPP project. 

RECOMMENDATIONS 

o Each proposal to develop resources in the former Zone IV should 
be examined rigorously on a case-by-case basis, with the burden of proof 
as to its safety resting on the proposer. The U.S. Department of Energy 
should obtain the right to deny mineral extraction from the salt beds 
and hydrocarbon extraction from deep levels belov the salt in the old 
Zone IV, as well as Zones I, 11, and 111, during the operational and 
administrative control period. unless such extraction can be shown to 
pose no significant threat to the repository (pp. 10-11). 

o To test the extent of deep strata-bound dissolution, the plans 
of Sandia National Laboratories for further field and analytical work 
should be implemented (pp. 17-18). 



CHAPTER THREE 

IN-SITU TESTS AND EXPERIMENTS 

THE WIPP RhD PROGRAM 

The WIPP RhD program seeks answers to questions about repository 
development and waste package interactions, as shown in Figure 3-1 
(Matalucci et dl. 19821. This program consists of projects for 
verification of the various models, laboratory and field testing of 
components, and in-situ tests with and without radioactive material. 
The initial phase of the in-situ tests, termed Site and Preliminary 
Design Validation (SPDV), consisted of establishing baseline values of 
geomechanical properties in the early excavations (cf. Figure 5-2 for 
the SPDV area) and preliminary measurements of changes in these 
properties. As of October 1983, instruments had been installed and 
measurements had been made in the SPDV. Measurements will continue. in - 
the next phase of work, the in-situ experimental program. 

A variety of in-situ experiments are planned for the WIPP R6D 
program (Figure 3-21 extending to the 1990s (Figure 3-31, to be carried 
out in a special area (Figure 3-41. Although planning for and design of 
the eventual construction and operation of the WIPP facility for 
permanent disposal of defense-generated transuranic (TRU) waste is 
already under way (U.S. Department of Energy 1980-1983) and discussions 
of its layout are in progress, the WIPP facility design is subject to 
change, depending on findings from the in-situ tests. Even the total 
abandonment of the WIPP site would be possible if the findings prove 
that permanent disposal of TRU waste s not feasible at the WIPP site. 
The panel regards WIPP facility plans ng and design to be subject to 
revision in the light of future findings of the WIPP R6D program. 
Therefore, the panel has directed its attention to the adequacy of the 
RLD program for providing the information needed to construct and to 
ensure the safety of the WIPP facility. 

THE SPDV PHASE 

Two underground shafts were available for in-situ testing in the SPDV 
program. These shafts, which were sunk in accordance with a previous 
recommendation by the panel (Appendix 91, are 3.7 m and 1.8 m in 
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diameter, about 700 m and 670 m deep, respectively, and extend more than 
411 m into the 610-m-thick Salado Formation (Figure 1-2). The SPDV 

A four-room test panel at the facility depth adjacent to the shafts has 
been completed. 

Because the mechanical properties of the salt are considered by DOE 
to be important for facility design, geomechanical experiments were 
given the first priority for in-situ testing and were the only tests 
planned in the SPDV phase. These experiments consist of convergence and 
radial-motion measurements of the shafts, determinations of water 

. pressure buildup behind the shaft liner, strain measurements in unlined 
sections of the shaft, monitoring of shaft-key loading and strain at the 
contact of the Salado with the overlying Rustler Formation, survey 
measurements at geometric grid points, and geologic mapping of lithology 
and structure. Matalucci et dl. (1982) expected the SPDV tests to meet 
the following objectives: 

o To validate the design for the WIPP access shafts and TRU waste 
disposal demonstration rooms. 

o To evaluate the amount and rate of shaft convergence and room 
creep deformation and to correlate these data with model predictions. 

o To perform a preliminary evaluation of creep in salt and of the 
steady-state creep model. 

o To evaluake instrumentation systems for accuracy and the 
reliability of measurements made with them in'rock salt and to document 
the suitability of the systems for future measurements. 

o To evaluate the response of lithologic discontinuities such as 
clay seams and layers of other material in addition to the salt. 

A o To collect a large number of samples of rock salt and other 
materials and to conduct laboratory and bench-scale tests to determine 
the mechanical properties of these samples. 

The WIPP design has to provide for long-term repository closure 
(which may extend beyond 200 years) by plastic flow, and also provide 
for short-term access (up to 25 years) for waste package emplacement and 
retrieval. A key problem of the SPDV was to test by very short-term 
measurement (-9 months) the validity of predictions from the 
(two-dimensional computer program) model of repository behavior over the 
long term. The SPDV report (U.S. Department of Energy 1983a, Table XI, 
last row), implies that this is a routine check, with little expectation 
of surprises. Longer-term observations will be needed to confirm the 
degree to which the design requirements will be met. 

The SPDV objectives that require extended observations have not as 
yet been fully achieved. Since the SPDV measurement phase will merge 
into the in-situ testing program, these objectives should be realized 
later in the program. For example, tests of interaction between waste 
and surrounding rock will follow the SPDV phase. 

The panel regards theresults of the SPDV and in-situ experiments as 
crucial in establishing the performance and safety of the WIPP 
repository. These results will provide a wealth of data concerning the 
behavior and properties of salt under repository conditions. The 



information could also be of great value in connection with other waste 
dlsposal activities. - 

It is important that effective and timely comparisons be made 
between theoretical predictions and actual measurements and observations 
made underground during these experiments, and during continued 
construction. Such comparisons provide an essential mechanism for 
developing and helping to validate the theories and understanding of 
behavior and properties upon which the design of the storage excavations 
rs based. Theory and calculational methods used to predict the results 
of the experiments, and refined in the light of results from those 
experiments, provide an important basis for the qualitative and 
quantitative evaluation of the design of the storage area. It is 
important that the design of the storage area reflect the knowledge 
gained as a result of the experiments. 

The principal purpose of the SPDV program was to verify whether or 
not the WIPP site is suitable for a waste repository. Geological and 
geophysical investigations from the surface, supplemented by drilling, 
had indicated that the Salado Formation and the adjacent strata would be 
a suitable host for a waste repository. However, surface exploration is 
necessarily limited in the extent to which it can resolve all factors of 
concern in the design and construction of a repository, especially where 
those factors involve details such as tne stratigraphy within the 
Salado. -It was, therefore, necessary to confirm the major 
characteristics of the site inferred from surface exploration by direct 
observation and measurement in underground excavations, as well as to 
resolve by underground experiments and observations many structural 
details and other factors affecting the design and ability to construct 
a repository. 

IN-SITU TESTING PLAN 

Bedded salt is a prime candidate to be the geologic medium for the 
emplacement of high-level radioactive waste, both civilian and 
military. The main information currently available on such emplacement 
comes from Project Salt Vault, a program conducted from 1965 to 1967 by 
the Oak Ridge National Laboratorv using canister and instrumentation 
technology of the time in a salt mine. The WIPP facility offers an 
opportunity for professionally executed emplacement experiments, using 
present waste form concepts and equipment, in an actual repository 
operation. This will be possible years before any comparable repository 
is available. Results of experiments with high-level waste in WIPP can 
bring useful experience to the design of future repositories. 
Consequently, the opportunity to carry out RLD on emplacement and 
retrieval of a variety of waste forms, particularly high-level waste, in 
a real underground salt repository at depth, is an important aspect of 
the WIPP program. 

Plans have been formulated and reported by Likar (1979) and 
Matalucci et al. (1982) for an RhD program that includes emplacement and 
retrieval of contact-handled TRU waste, remotely handled TRU waste, and 
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defense high-level waste LDHLW); the investigation of interactive 
effects of heat- and radiation-generating waste packages with a salt 
repository; and the investigation of repository backfilling, plugging, 
and sealing. The program (see Figure 3-2 and Figure 3-31 began in 1983 
and is scheduled to continue through the life of the facility. The test 
sequence begins with thermal-structural interactions to verify the 
ability of structural models to predict long-term repository response, 
and (assuming these results are positive) continues in stages to 
demonstration of DHLW retrieval from corroded and failed waste 
packages. Obviously, the earlier experiments are better defined than 
the later, which will allow for incorporation of the results from the 
early WIPP experiments and the ongoing parallel experimental programs 
into the plans for the later WIPP experiments. This is appropriate 
because, although the general philosophy appears to be that the 
experiments are *verificationsm of present concepts and models, 
surprises almost certainly will be encountered, and new concepts and 
models relating to waste forms, waste package materials, design, 
dimensions, and heat outputs will evolve over the next decade. 

The value of the experiments would be enhanced greatly by prompt 
publication of their results in scientific and technical journals in 
order to facilitate their consideration by the scientific and 
engineering community rather than only by those individuals involved 
directly with the-WIPP project. To take maximum advantage of progress 
in waste disposal technology worldwide, the periodic revisions of the 
experimental program should be preceded by deliberate solicitation of 
ideas for experiments, instrumentation, and equipment from outside the 
DOE (cf. National Research Council 1979). 

.- At present, WIPP is designed to accommodate a considerable variety 
of waste packages. While operational smoothness would benefit from 
fewer and. better-characterized packages and waste forms, the small-scale 
mock contact-handled (CH) and remotely handled (RH) TRU waste-handling 
demonstrations in the experimental program (cf. Figures 3-2 and 3-31 
should take advantage of the present lack of uniformity to make an 
operational input into the recommendations for size, shape, weight, and 
other criteria for the waste packages that will be used on a large scale. 

Plans for the aboveground facilities and the number of shafts have 
recently been changed to reduce facility cost substantially, but at the 
expense of the rate of waste emplacement ana of operational flexibility 
(see Chapter 5 for further discussion of these changes). The plant 
electrical system has lost some redundancy, which means that the 
electrical supply system for the experimental program cannot be relied 
on for those experiments and systems that demand an uninterrupted power 
supply (such as the brine migration experiments). The alternative 
facility orientation that has been chosen extends the storage area to 
the south of the present shafts instead of to the north, and would 
isolate the experimental area by 823 m from the storage area and from 
continuing constructibn and storage activities. This benefits both the 
experimental and the storage activities in a number of ways, including 
reduced chance of interference and continued availability. To complete 
the separation of experiments from construction and emplacement, it 
would be desirable to have separate radiation-monitoring facilities. 



The WIPP FEIS and SAR (through Amendment 6) recognize that accidents 
associated with the experiments with DHLW constitute the largest risk of 
environmental contamination, of plant contamination, and of operator -, 

exposure. Complete procedures for carrying out these important 
experiments have not yet been written (nor is it reasonable to do so 
before more operational experience with less hazardous experiments has 
been gained). Previous hazard analyses contemplated no changes in the 
standard ventilation precautions, i-e., high-efficiency particulate air 
(HEPA) filters normally off-line, and cut in on detection of 
radioactivity in the vent stream. However, special precautions, such as 
putting the HEPA filters on line in advance of the experiment, might be 
considered as part of the operational procedures for experiments 
involving the handling of degraded DHLW canisters. The special 
ventilation requirements of the room experiments on brine corrosion, if 
a significant hydrogen sulfide content is introduced with the brine, 
also need to be developed. 

The demonstration emplacement and retrieval activities will reveal 
any weaknesses (such as excessive time for operations) in the storage 
concepts (e.9.. the sidewall emplacement of remotely handled TRU waste) 
or in the equipment procured to implement them, and deserve sufficient . 
priority to allow alterations in advance of large-scale waste 
emplacement operations in the storage area. Remarkable progress is 
expected in the next half-dozen years in such areas as automated sensing 
devices, -robotics, remote imaging, and instrumentation and control for 
hostile environments. These developments should be continually screened 
for application to waste isolation by testing in the WIPP RhD program. 

Accelerated tests, such as room closure measurements with a heat 
source four times reference design conditions and experiments with 
higher-than-expected radiation levels, tackle the difficult problem of 
investigating long-term effects within the lifetime of one generation of 
experimenters. Overall, the approach is reasonable. Extrapolations 
from these experiments would be more convincing with practicable 
three-dimensional models and improved computer programs. One can 
reasonably expect to have these with the next generation or so of 
computers. 

Since the number of experiments that can be undertaken in the WIPP 
project itself is finite, the number of variables that can be dealt with 
in the many combinations of waste package, canister overpack, backfill, 
or plugs and seals is limited. The usesulness of the WIPP tests could 
be improved by concentrating on the comparisons of in-situ tests with 
smaller-scale laboratory experiments. Laboratory tests paralleling the 
WIPP in-situ tests would reveal the differences, if any, between results 
of the two types of tests. This would serve to validate the cheaper and 
more convenient aboveground tests, thus improving the eventual rate of 
development of new materials. In general, inaugurating the WIPP in-situ 
testing program does not decrease the importance of the laboratory and 
field research programs that have contributed greatly to the choice of 
materials for the WIPP project. 



CONCLUSIONS P'x., 
o The in-situ test program is logically designed to explore the 

local waste package-repository interactions that would result from the 
emplacement, retrieval, and long-term isolation of TRU and high-level 
defense waste in salt beds (pp. 22-30). 

o The opportunity to carry out RSD on emplacement and retrieval of 
a variety of waste forms, particularly high-level waste, in an 
underground salt repository at depth, is an important aspect of the WIPP 
program ( p .  29). 

RECOMMENDATIONS 

o Operational experience with the handling and emplacement of 
various types of waste package shapes and sizes containing TRU waste at 
the WIPP site should be obtained in a timely manner so that this 
experience can be factored into final choices for large-scale disposal 
of TRU waste (p. 20). 

o The later stages of the WIPP R&D program should be kept flexible 
to accommodate changes suggested by early WIPP results or by progress in 
waste disposal technology by other organizations. Outside developments 
in automated sensing, robotics, instrumentation in hostile environments, 
and so on, should be systematically screened for application or testing 
at the WIPP facility (pp. 29-30). 

o Active efforts should be made to solicit ideas and participation 
from the general scientific community. Publishing project RhD results ~- in the refereed literature would encourage such participation (p. 29). 

o Separate radiation-monitoring equipment should be installed for 
the experimental rooms and the TRU waste emplacement areas (p. 2 9 ) .  

o Procedures for handling defense high-level waste in the 
experimental RSD areas should include special safety precautions, which 
may not be needed for facility construction or emplacement of TRU waste 
(p. 30). 

o The matrix of tests on waste form, waste package, overpack, and 
backfill to be investigated at the WIPP facility should be supplemented 
by aboveground laboratory tests to validate that form of testing so that 
the matrix of tests can be expanded by the less expensive laboratory 
experiments rather than by further in-situ testing (p. 30). 



CHAPTER FOUR 

WASTE ACCEPTANCE CRITERIA 

The definitive statement of the TRU waste acceptance criteria for the 
,WIPP project is contained in WIPP-DOE-069 (U.S. Department of Energy 
1981). A summary of these criteria appears in Table 4-1. 

The waste acceptance criteria are for the most part quite 
straightforward. They are concerned with establishing standards on 
dimensions, weight, radiation levels, and the like, such that 
operational difficulties and health hazards at the WIPP site will be 
minimized when waste emplacement actually begins. The criteria permit a 
surprisingly wide variety of containers and waste forms, but this 
reflects-the practical consideration that existing stored waste is 
heterogeneous in terms of composition, physical state, and package 
configuration. 

Evidently, the philosophy has been adopted that minor inconveniences- 
at the WIPP site are less consequential than the major ones that would 
occur at the varlous storage sites if highly restrictive criteria were 
adopted. These inconveniences are acceptable on an interim basis, but 
it should be a stated objective of the lead management organization of 
the defense TRU waste program to work as rapidly as possible toward 
standardized packaging of fully characterized and thoroughly stabilized 
waste. 

The most debatable of the criteria are those related to the 
inclusion of organic materials in the waste. The presence of 
substantial amounts of such materials raises questions about 
combustibility in the short term and about gas generatian, complexation. 
and possibly accelerated radicnuclid.. transport in the long term. 

Underground fires, as is well known from coal mining experience. are 
particularly difficult to control. In practice, it has proved to be 
very difficult to extinguish such fires because underground combustion 
sites are so well insulated thermally. 

Fire prevention and control will, of course, be easier in a salt 
repository than in a coal mine. For fire safety, however, the waste 
disposal configuration should be such that a fire would self-extinguish 
without any control measures whatever. 
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A self-extinguishing configuration can be provided by stacking of 
the waste packages in such a way that combustible and noncombustible 
materials are intermixed as intimately as package configurations permit, - 
in a proportion such that the heat liberated by oxidation of the 
combustible component is sufficiently dissipated to prevent the 
temperature of the mixture from reaching the ignition point of the 
organic materials. A conservative a priori calculation of sufficient 
accuracy should be quite simple, given the data on maximum organic 
content of each package that is part of the waste certification 
documentation. Naturally, the backfill salt is important as a 
noncombustible component in this calculation. 

A self-extinguishing configuration does not. of course, eliminate 
the possibility of transient underground fires arising from transporter 
accidents, electrical faults, or welding that may involve one or more 
waste packages. The provision for handling such situations has not yet 
been specified (U.S. Department of Energy 1980-1983). This must not be 
overlooked as the operational period approaches. In particular, in the 
case of fire it is recommended that the flow of ventilation air not be 
interrupted, so that the flow of heat and fumes will be away from 
personnel and into the waste stack, where combustion will soon 
self-extinguish. It is also recommended that major reliance be placed 
on small, portable, fire extinguishers kept in the operational areas, 
rather than on large, centralized fire equipment. 

GAS GENERATION 

Pure polycrystalline halite, well consolidated, is nearly impermeable to 
fluids. This is one of the properties that first drew attention to 
bedded salt as a desirable medium for the storage of nuclear waste. 
However, given the fact that organic waste will almost certainly 
generate a certain amount of gas, it becomes necessary to examine the 
possibility that a sealed repository might self-pressurize to a degree 
that would be dangerous. A reasonable choice for the danger point is a 
gas pressure equal to the lithostatic pressure at the repository depth. 
For WIPP,, this is approximately 150 atmospheres (15 MPa). 

Machine computations have been made of predicted gas pressure, with 
time and permeability as parameters. The added effect of salt flow was 
considered in some cases, but the model on which specifications were 
based was a rigid void of the intended drift dimensions, filled to 75 
percent with incompressible material. Gas was dissipated by 
porous-medium flow in two dimensions (U.S. Department of Energy 1981, 
Sandia National Laboratories 1979). 

A crude estimate of the anticipated gas generation rate was made in 
the same documents, as follows: A reference 210-liter waste drum was 
defined to contain 60 kg of organic waste, of which 20.5 kg was 
polyethylene and the remainder other plastics and cellulose. A total 
gas generation potential of 5,600 no1 per drum was projected by assuming 
that through some combination of processes, all the organic material 
could be converted to gas. For example, it was assumed that each 
methane subunit of polyethylene could be converted to 1 mole of hydrogen 
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and 1 mole of carbon oxides. In recognition of the certainty that 
conversion would not be complete, the practical gas production potential 
was arbitrarily scaled down to 2,000 mol per standard drum. Using the 
assumption that the gas generation period is 400 years, a mean gas 
generation rate of 5 mol per drum per year was indicated. 

This gas generation Kate, combined with a permeability of 
0.1 microdarcy, was computed to give a peak (not steady-state) pressure 
somewhat less than that of the overburden in 400 years. Gas 
permeabilities measured in Salado boreholes gave somewhat variable 
results of the order of 10 microdarcies. It was concluded that a gas 
generation rate of 5 mol/yr per drum is acceptable. In the panel's 
opinion, the safety factor of 100 is adequate to allow for the evident 
uncertainty in the actual effective value of the permeability. The 
higher permeability figures from the field are in fact likely to be more 
realistic, because the bedding-plane seams of clay and anhydrite are 
likely to be major contributors to in-situ permeability. 

The gas generation limit in terms of disposal-room volume 
(10 mol/m3) was derived from consideration of the repository space 
allotted to each drum. This same limit, restated in terms of organic 
waste per unit of package volume, is lower for boxes because they pack 
more densely than do drums. 

Another estimate of the probable gas generation rate was made by 
totaling the contributions of four processes: radiolysis, thermal 
degradation, bacterial degradation, and chemical corrosion. Production 
of helium by alpha decay was found to be negligible. After an extensive 
program of literature study and experimental work, a 'most probable 
overall average' gas generation rate for existing Idaho National 

-. Engineering Laboratory (INEL) TRU waste was estimated to be 0.3 to 1.4 

mol/yr per drum, with 0.0005 mol/yr as the lower limit, and 2.8 as the 
upper limit (Molecke 1979). 

Thus, the crude a priori estimate and the experimentally grounded 
estimate give comparable results, and the gas generation rate in both 
cases is comfortably within the limit determined by the pressurization 
criterion. 

The panel thinks that the 'most probable' gas generation estimate is 
probably too high. It has been reported (Sandia National Laboratories 
1979) that the process making the major contribution to gas generation 
is bacterial attack on organic materials contained in the waste. 
However, the experiments upon which this conclu~ion was based did not 
address adequately a basic question: Is the repository humidity* high 
enough to support active microbial metabolism after exhaustion of the 
moisture in the drums? Microorganisms are critically sensitive to 
ambient humidity because of their high surface-to-volume ratio. Most 
species require a humidity of 90 percent or higher for growth (inactive 
spores may of course survive at low humidity for long periods). A 

'Relative humidity of the repository atmosphere at equilibrium with the 
host rock. This is a measure of the thermodynamic activity of water in 
the microbial environment. 



literature survey (Horowitz 1979) found no confirmed reports of growth 
at humldity below 60 percent. 

Air in contact with saturated sodium chloride brine has a humidity - 
of 70 to 75 percent. If calcium and magnesium chlorides are present as 
grain-boundary phases in Salado salt, their saturated aqueous phases 
could maintain the humidity of a sealed repository as low as 20 
percent. Now that the SPDV program has made the Salado directly 
accessible, measurements of humidity should be made in a freshly 
excavated still-air cavity. 

Even without measurements, the existence of low humidity, coupled 
with a large water-absorption capacity at the storage horizon, may be 
inferred on thermodynamic grounds. The anhydrous calcium sulfate 
(anhydrite) that occurs plentifully in seams throughout the Salado would 
have become hemihydrite or gypsum had the thermodynamic activity of 
water been high enough. Dissociation pressures of calcium sulfate 
hydrates and other Salt phases taken from the chemical literature should 
set an upper limit for the humidity of the repository after sealing. 

The desiccating effect of the salt will not, of course, immediately 
penetrate to the interior of sealed drums, but the appropriate time 
scale on which to evaluate the 'breathing' of drums may be centuries. 
During such a lengthy time period, a drum sealed in the conventional 
manner with an elastomeric gasket can be expected to lose most of its 
initial water content. Internal corrosion and eventual crushing by 
drift closure will tend to hasten the release of water. 

The experimental work reported by Sandia National Laboratories 
(1979) may not have considered the general principle that metabolic 
activity is poisoned by the accumulation of metabolic products. This 
will tend to limit the pressure generated by any gaseous metabolic 
product. The study failed to observe methanogenesis, which.indicates 
that anaerobic conditions were not fully achieved in the experiments. 

Questions about the availability of adequate supplies of phosphorus 
and fixed nitrogen were handled by making the conservative arbitrary 
assumption that these are not limiting factors. 

The discussion of microbial gas generation in DOE'S TRU waste 
acceptance criteria (U.S. Department of Energy 1981) makes no mention of 
the possible role of the sulfates that are present in the Salado salt. 
It is known that methanogenesis does not normally occur in the presence 
of sulfates (Weiss et al. 1982). Hydrogen sulfide, carbon dioxide, and 
hydrogen are produced instead. The rcle of sulfates will not be 
significant unless the repository becc-es flooded: otherwise there is no 
mechanism for bringing sulfates into intimate contact' with the organic 
substrates. However, should flooding Occur, a worst-case scenario is 
conceivable in which the gases generated by ordinary microbial action 
are augmented by hydrogen sulfide, and the pressure of the acidic gases, 
carbon dioxide and hydrogen sulfide, builds to the point that the brine 
dissolves the steel of the drums and of the box overpacks. This will 
generate up to 430 mol of additional hydrogen per drum. The corrosion 
of steel by pressurized brines containing acidic-gas solutes is well 
known from oil field experience (Shock 1953). 

The biochemical situation is obviously very complex, but our 
knowledge of life in extreme environments can probably serve as a basis - 



for reliable predictions. The probability of flooding of the repository 
following decommissioning is likely to be quite small for a long but - undefined period because salt has such low permeability. However, it is 
the opinion of the panel that the potential for flooding merits further 
study, because some geologists believe that void spaces in salt 
repositories will eventually fill with brine. Water may flow along 
shaft backfills, along sheaths of damaged rock located immediately 
adjacent to shafts and drill holes, above rooms and tunnels, and through 
clay and anhydrite interbeds and salt. Salt may be capable of 
transporting brine from adjacent sources, especially if confining beds 
are adversely disturbed by repository development. 

RADIOLYSIS 

Radiolysis is also discussed in the references already cited. Because 
of the low level of radioactivity in typical TRU waste, even the 
remotely handled TRU waste, the rate of radiolytic gas generation is 
considered to be a small fraction of that assumed for microbial action. 
The panel accepts the position that radiolytic gas generation can be 
neglected from the standpoint of repository pressurization. 

There is, however, an interesting special case of radiolytic gas 
generation. New Mexico's Environmental Evaluation Group (EEG) called 
attention to this in EEG-24 (Neil1 and Channel1 1983). The Savannah 
River.Plant and Los Alamos National Laboratory produce substantial 
amounts of waste contaminated with plutonium-238 as a by-product of the 
fabrication of nuclear heat sources. Because of the relatively short 
half-life of this isotope, a drum of such waste may be quite high in 
alpha activity. It has been estimated that 700 to 1,000 drums of 
currently stored waste contain more than 100 Ci per drum. Many (perhaps 
most) of these drums contain cellulosics and polyethylene. It is known 
from laboratory studies (Bibler 1976) that hydrogen and carbon dioxide, 
with traces of carbon monoxide and methane, are produced by alpha 
radiolysis of these materials. The G value (molecules of gas produced 
by absorpt~on of 100 eV of radiant energy) is dependent on both dose and 
dose rate, but an appropriate figure is 1.9. Thus, a drum containing 
100 Ci of plutonium-238 would be expected to produce 0.055 mol/d of a 
mixture of hydrogen and carbon dioxide. The proportion of the two gases 
depends on the substrate. Polyethylene yields nearly pure hydrogen, but 
cellulosics yield about 0.7 mol of carbon dioxide per mole of hydrogen. 

Pressurization of drums from radiolysis has been found not to be a 
problem because the standard elastomeric seal ring is not entirely 
leak-tight. Furthermore, hydrogen diffuses especially rapidly through 
elastomers. 

Bibler 11976) has observed that the oxygen initially present in the 
container is essentially all consumed by reaction with carbonaceous 
material before significant accumulation of hydrogen occurs, regardless 
of the nature of the organic substrate. This means that the generation 
of an explosive mixture within a waste drum is unlikely except for 
special circumstances such as the .breathingm of a drum during 
temperature or altitude changes. Field reports of the occurrence of 

,,"' ._. 
. . 

s,, 

I 5. 
, :  :I 



explosive mixtures (Ryan 19821 are to be ascrlbed to this, and to 
contamination of samples by air. 

The term 'explosive mlxture' gives an erroneous impression of the 
A. hazard associated with mixtures of hydrogen and oxygen that are 

extensively diluted with nitrogen and carbon dioxide and that occupy the 
interstices of a container filled with solid waste. Even if a source of 
ignition is present, the inert gases and solid waste cool and slow the 
flame front so that the resulting pressure transient is very gentle. 
After the reaction, the pressure in the drum will fall below ambient 
because a small volume of liquid water replaces a larger volume of 
hydrogen and oxygen. 

A potentially serious situation might develop if a transport 
container (TRUPACT) were entirely filled with high-curie waste drums, 
each drum exhaling a gas mixture rich in hydrogen. The TRUPACT is 
vented, but not ventilated; so given time, an explosive mixture might 
develop (NRC regulations do not permit such venting). Obviously, it . will be prudent to set a reasonable limit on the number of high-curie 
packages that may be shipped in a single TRUPACT when and if it is 
decided that high-curie drums will be sent to WIPP. 

In view of the minor importance of gas generation for projected TRU 
waste, consideration should be given to relaxing the waste acceptance 
criterion relating to gas generation, particularly if the humidity in 
the repository proves to be less than 60 percent. Nevertheless, the 
emplacement density of organic materials should be limited to conform 
with the criterion of self-extinguishment stated above. Rough 
calculations indicate that the restriction on organic material imposed 
by this requirement is easily met. 

-, 

COMPLEXATION 

Many documents, including the SAR (U.S. Department of Energy 1980-1983), 
examine the consequences of scenarios in which the Salado salt 
containment is breached. Radionuclides then move upward into the 
aquifers of the Rustler Formation and thence by hydrologic flow to the 
surface at Malaga Bend or elsewhere. Sorptionby the clays and 
dolomites of the aquifers has been experimentally shown to be very 
strong for plutonium and its daughters, which leads to a significant 
retardation of the transport of those gecies with respect to the 
groundwater flow. Complexation of the nctinides by organic materials 
included with or derived from the organic component of the waste will 
interfere with the sorption process and shorten transport time 
accordingly. 

A sensitivity analysis of the consequences of thereduction of Kd, 
the distribution coefficient, by complexation is reported in SAND 
79-1305 (Sandia National Laboratories 19791, and a similar analysis 
appears in EEG-8 (Wofsy 1980). Both analyses conclude that even 
complete elimination of the sorption effect would not increase the dose 
commitment to the maximally exposed individual to parity with the dose 
received from natural sources, owing to the long travel time for the 
water. 



The FEIS does not mention complexation as a factor in the 
establishment of waste acceptance criteria. Within the limits of the 

-. particular scenarios considered in the FEIS, the omissionprobably is 
justifiable. In other possible scenarios, where flow occurs through 
fracture systems, or in the extreme case through karst, both travel time 
and solution-soil contact would be drastically reduced. Sorption would 
then become a matter for more careful evaluation. The possibility of 
fracture flow is discussed briefly at the close of Chapter 6. 

CERTIFICATION 

The best possible set of waste acceptance criteria is of doubtful effect 
unless compliance is continually and systematically verified. 
Misgivings on this point have been expressed by the New Mexico EEG and 
by this panel. Recent briefings and recently released documents (U.S. 
Department of Energy 1982; Whitty et al. 1982) are making it clearer how 
compliance can be assured. 

A particularly important part of the certification strategy, and one 
that this panel supports, is the policy of beginning certification with 
newly generated waste. This postpones the serious problem of 
determining exactly what is contained within old packages that have 
inadequate documentation. Certification will -not begin at any 
waste-generating site until appropriate procedures have been developed, 
facilities built, and personnel trained, all of which are easier with 
newly generated waste. 

At an October 1983 briefing, the panel was given an outline of the 
review process that is to occur before certification begins at any waste 
shipment site. Each of the 10 sites is to design a Certification Plan 
and submit it to the five-member Waste Acceptance Criteria Certification 
Committee. This committee has authority to require an iterative 
reworking of each plan. 

Next, the New Mexico EEG is given an opportunity to comment, which 
may lead to further iterations. Finally, if the WIPP Project Office 
finds the plan acceptable, the shipper is notified and waste 
certification may begin at that site, subject to periodic quality 
assurance audits. 

This procedure is obviously quite cumbersome. Rocky Flats, the 
first site to submit a plan in December 1981, was in its sixth iteration 
in October 1983. Final approval is projected for 1984. 

The panel believes that much of this red tape and delay could be 
eliminated by following the procedures universally and successfully used 
by major purchasers of commodity items in the world of commerce. A 
specification is published and suppliers ship only goods that they 
believe will meet the specification. Compliance with the specification 
is verified by the purchaser at the location where the goods are 
delivered. Off-specification goods are returned or accepted with an 
appropriate penalty to the supplier. 

The elaborate Certification Committee procedure was apparently 
conceived in an effort to forestall any possibility of the arrival at 



WIPP of goods (waste packages) that do not meet the specifications (the 
waste acceptance criteria). Yet, WIPP does not (and cannot) rely 
entirely on prior certification. The WIPP Project Office, in fact, - 
plans to have at the receiving building the equipment necessary for 
making a thorough final inspection of at least a sample of the waste 
packages as they are delivered. It is, therefore, not clear what is 
accomplished by the lengthy iterative procedure. The procedure will, in 
fact, be counterproductive if it tempts WIPP to place complete reliance 
on inspections carried out before shipment at a remote site. Centuries 
of commercial experience have taught that inspection of goods on 
delivery is the only reliable way to ensure quality. 

After all newly generated waste has been certified, it will be 
necessary to deal with stored waste. That of recent origin--since 1970, 
approximately--is stored retrievably and is comparatively well 
documented. Waste in this category that is stored at Idaho National 
Engineering Laboratory (INEL) will be processed along with newly 
generated waste. stored waste from other sites will be processed later, 
with technology developed at INEL in the Stored Waste Examination Pilot 
Plant (SWEPP) and Process Experimental Pilot Plant (PREPP) programs. 
Technology.for preparation and transportation of remotely handled TRU 
waste is also to be developed in this second phase. 

The purpose of SWEPP is to effect a separation of the stored waste 
packages into two groups: (1) those that can be immediately certified 
and ( 2 )  those that cannot. For certification purposes, the waste 
acceptance criteria have been elaborated as .Compliance Requirements' in 
the WIPP/DOE-137 report (Rockwell International 1982). This document 
addresses the rather troublesome question of how to treat those packages 
that may be certifiable, but are not adequately documented as to - 
contents. 

Apparently it is intended that undocumented packages not be opened: 
*nondestructive examination' will be undertaken. The techniques to be 
used are not adequately described, and indeed are evidently still under 
development. Briefing has revealed that visual inspection will be 
supplemented by ultrasonic determination of metal thickness where 
corrosion is suspected, neutron assay for fissionable-isotope content, 
and 'real-time radiography' for internal examination. 

It is anticipated that as much as 30 percent of the waste will have 
to be classified as uncertifiable for one reason or another. Such 
packages will be transferred to the PREPP. A test unit was constructed 
in 1982, and the operating principles were adequately demonstrated in 
tests on simulated waste in September of that year. The plant includes 
an impact mill that is capable of coarsely shredding both metal drums 
and wooden boxes. The product is fed to a gas-fired incinerator. The 
resulting ash is screened. The coarse residues are loaded into steel 
drums and 'potted. in a hydraulic cement that includes the fine fraction 
as part of the aggregate. 

The panel has not had an opportunity to inspect the PREPP, but it is 
reassuring to learn that the incineration process is much like that 
which is used routinely in the disposal of municipal waste. The more 
elegant but less familiar concept of fusing the ash into a slag has been 
abandoned as impractical. 



The panel has not received any safety analysis of the PREPP 
operation, but standard techniques should be sufficient for protection 
of operators and the environment, particularly if only contact-handled 
waste is to be processed. There is apparently no intention to use the 
PREPP technique with remotely handled waste. 

A certification procedure cannot be truly meaningful unless a 
practical alternative exists for handling waste that fails to meet the 
criteria. The pyrolysis option, or possibly others, should be pursued 
vigorously for this purpose. 

DEFENSE HIGH-LEVEL WASTE 

The WIPP mission includes a program of experiments with retrievably 
emplaced,.high-level waste, presumably solidified in glass and contained 
in metal canisters. No criteria have been written for this class of 
waste, even though the experimental area has been laid out and tentative 
plans for experiments have been formulated. These criteria should be 
prepared well in advance of need. 

CONCLUSIONS 

o The possibility of self-sustaining underground fires can be 
eliminated by embedding combustible materials in a matrix of 
noncombustible material in a suitable proportion (p. 34). 

o Criteria related to biological gas generation are based on a 
.- rather superficial analysis. The extreme nature of the repository 

environment imposes many conditions that are nrt adequately taken into 
account. 1t is possible that the humidity (wa:-r activity) in a sealed 
repository is low enough to inhibit biological activity (p. 36). 

o If the repository should become flooded with brine, the presence 
of sulfates might entail a new scenario: the biplogical generation of 
hydrogen sulfide and chemical dissolution of the steel drums, with 
generation of hydrogen (p. 37). 

o From the viewpoint of the WIPP facility, the quality assurance 
system is inadequate in that it requires no on-site verification of 
conformance of package contents to the certification (p. 40). 

o The Certification Committee procedure is cumbersome and may even 
be counterproductive (pp. 39-40). 

o The PREPP incineration process appears to be an appropriate and 
practical technology for processing contact-handled waste that cannot be 
certified in the original packages (pp. 40-41). 

o No procedure has been established for dealing with uncertifiable 
remotely handled waste (p. 41). 

RECOMMENDATIONS 

o As soon as is feasible, standardized waste packages should be 
adopted in a minimum number of sizes (p. 32). 



o The storage of combustible waste should be controlled so that 
noncombustible material is intermixed with combustible packages in such 
a way as to render the mixture incapable of self-sustaining combustion 
in a current of air (p. 34). 

o The existing deficiency in the Safety Analysis Report (U.S. 
Department of Energy 1980-1983) on procedures for fighting transient 
underground fires should be remedied (p. 34). 

o The humidity of still air in equilibrium with the salt and the 
pH of moisture in contact with the salt at the storage horizon should be 
measured. These fundamental quantities ace significant for the 
evaluation of biological and chemical degradation processes (p. 36). 

o The restrictions on permissible mass of organic material per 
unit volume of waste should be dropped from the gas generation criterion 
if measurement shows the relative humidity of a sealed enclosure in the 
salt at the repository horizon to be 60 percent or less (pp. 35-36, 38). 

o If the humidity of the air is higher than 60 percent, a 
competent biological specialist should be engaged to evaluate the 
metabolic prospects for particular classes of microorganisms that might 
contribute to gas generation in the expected repository environment 
(pp. 35-36). 

o The certification procedures, especially those for inspection of' 
waste packages upon delivery to WIPP, should be redesigned to simulate 
those used commercially in the purchasing of commodities (p. 39). 

o PKocedures should be established for dealing with (1) 
uncertifiable remotely handled waste, and ( 2 )  high-curie contact-handled 
waste (pp. 37-38). 

o Waste acceptance criteria should be defined for the defense 
high-level waste that is to be used in the experimental program. The - 
criteria should be written early enough to allow time for review before 
experimental operations begin (p.  41). 

o Consideration should be given to relaxing the waste acceptance 
criterion relating to gas generation due to bacterial action (p. 38). 



CHAPTER FIVE 

DESIGN AND CONSTRUCTION OF UNDERGROUND FACILITIES 

Plans for the WIPP design, construction, and operation have changed 
continuouslyi and further changes can and should be expected. Flexible 
planning enables changes to be made to the design, construction, and 
operation of the proposed facility in the light of new information that 
emerges from the WIPP program and from other relevant programs. One 
important result of such changes has been to improve confidence in the 
predicted performance and safety of the facility. In this respect, 
explicit arrangements should be made to utilize the results from the 
in-situ tests in the final design and performance assessment of the 
rep0,sitory. Another important result has been to effect economies in 
the design of the proposed facility. However, great care must be taken 
to ensure that such economies do not impair the performance and safety 
of the facility. - 

Although collection and analysis of data from .the Site and 
Preliminary Design Validation (SPDV) program are not yet complete, the 
data that have become available as a result of sinking two shafts, 
driving drifts to the north and south edges of the repository, and 
excavating of the four test rooms, have provided important and necessary 
verification of the suitability of the WIPP site as a host for a 
repository and of the constructability of a repository at this site. 

Both the eqploratory and the ventilation shafts were sunk by 
large-diameter drilling. This has not only proved the practicability of 
construction, but has also providpd essential verification and further 
detail of the lithologic and petrologic succession. The exploratory 
shaft has a steel lining that terminates in a concrete key at a depth of 
268 m below surface, that is, at the contact between the Rustler and 
Salado formations. Accordingly, detailed inspection of the strata 
penetrated by this shaft could be made only below this depth. However, 
the ventilation shaft is lined to a much shallower depth, and this has 
permitted direct evaluation and logging of the beds from a depth of 30 m 
to about 660 m below surface. The horizontal persistence of the strata 
and lithology to the north and south edges of the repository area has 
been checked by logging at elevations from about 15 m above the 
repository horizon to about 15 m below it and by correlations 
established in the horizontal drifts and core holes drilled from them. 
This information has allowed a selection to be made of the best depth 

' below surface for the proposed repository excavations. 
.- 
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Observations in the shafts and in the horizontal drifts have 
confirmed that the geology at the WIPP site very closely resembles that 
inferred from the surface exploration, and sinking of the shafts and -. 
excavation of the drifts have shown that there are no major practical 
impediments to the construction of a repository at this site. 
Nevertheless, many important factors that may still affect the design 
and construction and final performance of the proposed repository remain 
to be evaluated. These factors include the important effects of 
stratigraphic discontinuities in the Salado on the mechanical and 
hydrological integrity of the repository, the effects of c-eep closure 
of the excavations on retrievability, on the ultimate encapsulation of 
the waste by the salt, and on the reconsolidation of the backfill. 
Extensometer measurements in the shafts, horizontal drifts, and test 
rooms of the SPDV already provide important data concerning these 
factors, and the planned in-situ tests will provide more such data. 
Analysis of these data is essential to ensure that the mechanical 
properties of the salt and the effects of the stratigraphic 
discontinuities that these data reflect are taken into account properly 
in the final design of the repository and in the assessment of its 
performance and safety. Where measurements and observations produce 
unexpected results, it is necessary to incorporate the findings of these 
results into the final design of the repository or, at a minimum, to 
show that they are not indicative of behavior and conditions that would 
affect ttie performance and safety of the repository adversely. 

UNDERGROUND EXCAVATIONS - 
Once a suitable site for an underground nuclear waste repository has 
been selected, one of the most important factors--if not the most 
important one--contributing to the successful disposal of radioactive 
waste is the design of the excavations and associated facilities that 
constitute the repository. Mining engineering provides a wealth of 
experience related to the design and construction of a repository, but 
the function of a repository is very different from that of a mine. The 
principal objective in mining is to remove as much of the ore as is 
practicable, consistent with short-term safety. The principal objective 
in making repository excavations is.to remove only limited amounts of 
rock and thereby disturb tneget.logic media as little as is practicable, 
so as to ensure long-term safety and effective isolation of the waste. 

Adequate conceptual design of an underground repository requires 
recognition that the properties of a geologic medium, even salt, may not 
be uniformly satisfactory over the dimensions of the proposed repository 
site, and that many variations in the properties and structure of the 
salt at the depth of the repository will be revealed only as the 
excavations are made and related experiments are carried out. Some of 
these variatiqns may lead to unexpected difficulties in excavation or 
they may adversely affect the ability of the salt or the overlying 
strata to isolate the waste from the biosphere. Accordingly, it may be 
desirable to treat some portions of the repository differently from 



others and perhaps even to exclude some portions of the site from use 
for the waste disposal. ),I-* --c. 

For these reasons, and to limit the extent of any accidents that may 
occur prlor to final sealing of the repository, such as the intersection 
of a brine-filled void or the outbreak of a fire, the repository has 
been laid out as a number of independent modules. Substantial barriers 
of undisturbed salt will be left between modules to ensure that each 
module can be isolated effectively from every other module. No more 
accessways than are necessary for safe development of a module should 
penetrate these barriers, and each accessway should be provided at 
either end with a bulkhead that can be closed quickly if necessary. 
Ultimately, these accessways should be sealed permanently with a fill 
having low porosity and permeability. Devices for temporary closure of 
accessways, in the form of ventilation doors and other fabricated 
bulkheads, have been developed and are used extensively in the mining 
industry. In mining, permanent closure of accessways is usually 
effected by the construction of concrete plugs. For the WIPP site, a 
salt aggregate could be used so as to give the plugs properties 
compatible with those of the surrounding salt. No details are given in 
the program documents available to the study panel of devices for either 
temporary or permanent closure of accessways. 

The current design (Figures 5-1 and 5-2) comprises three shafts: 
(1) a construction and salt-handling shaft, ( 2 )  a waste shaft, and ( 3 )  
an exhaust shaft. An experimental area is laid out to the north of 
these shafts, and the storage area is laid out to the south of them. 
Access from the shafts to the experimental and storage areas is by 

- parallel entries, two to the experiments and four to the storage area. 
The entries to the storage area (Figure 5-21 are separated from one 
another by wide pillars penetrated at intervals by crosscuts. 

The storage area, measuring 629 m by 778 m, comprises four panels on 
each side of the main entries. Within each panel are seven storage 
rooms, measuring about 10 m wide by 4 rn high by 91 m long, with their 
long axes parallel to the main entries, and separated by salt pillars 30 
rn thick. The panels are separated from one another by wide barrier 
pillars. Access from the main entries to the panels is by crosscuts at 
intervals corresponding to the length of the rooms and the thickness of 
the intervening barrier pillars, respectively. The overall extraction 
ratio is less than 25 percent, and the layout of the panels constitutes 
effective modularization, provided that the penetrations of the pillars 
can be closed effectively, both temporarily in an emergency and 
permanently after storage has been completed. 

A fundamental advantage of salt as a medium for a waste repository 
is the prospect it offers for the ultimate encapsulation of the waste 
and sealing of the excavations by creep deformation of the salt. Every 
effort should be made to determine whether or not sealing and 
encapsulation will in fact occur and, if it does occur, when it will 
become effective as a means for isolating the waste. The extensometer 
measurements reflect the influence of many different factors on the 
response of the salt to the repository excavations. These factors 
include the mechanical properties of the salt and some of the effects of 
dlscontinuitles, such as layers of clay or anhydrite within the salt, as 
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well as the effects of the geometry of the excavations. Numerical 
models that have been used and will be used to evaluate the design and 
performance of the repository must include all these factors. It is - 
unlikely that the properties of the salt over all times, from several 
seconds to thousands of years, can be represented by a single 
constitutive law. However, it may prove practicable to place bounds on 
maximum creep rates and hence on the minimum period of time before 
closure and encapsulation are effective. Many other factors such as the 
geometry of the excavations and stratigraphic discontinuities in the 
salt will be important in the evaluation of the behavior and response of 
the salt around the excavation at different times. 

Measurements of deformation and closure from the SPDV and in-situ 
tests should be examined using numerical and theoretical models, both in 
the short term, when they can be compared with actual measurements, and 
in the long term, to assess what constraints the logic of the models and 
assumptions about the constitutive laws for salt impose on the closure 
of the repository excavations. Specifically, models should be used to 
explore closure of the excavations in the long term, say 100 years, 
1,000 years, and more. Although validation of the models for such long 
periods may be impractical, it is important to assess qualitatively and 
quantitatively the rates of long-term closure and to determine how these 
rates are affected by the properties of the salt and the geometry of the 
excavation. . 

A proper analysis of long-term closure is necessary to arrive at a 
decision concerning the function of backfilling. If closure and 
encapsulation of the waste will occur within a usefully short period of 
time, say, 1,000 years, the backfill will be needed only for a period of 
time shorter than this. On the other hand, if closure cannot be relied 
upon to seal the waste in an impermeable surround of salt, the backfill 
probably will have to be designed to fulfill a long-time performance 
role. Finally, the nature of the backfill itself may affect the time to 
closure: low-porosity backfill may be used to shorten the time taken to 
achieve closure of the excavation. Salt removed during repository 
excavation is to be stored on the surface and eventually used as 
backfill material. Excessive moisture in the backfill salt is not 
expected to be a problem, in view of the generally arid climate and the 
protective crust that forms on the piles during surface storage. 
However, prior to actual backfilling, the matter of moisture content of 
the material should be reexamined. 

In the near field, the excavations of a repository make up a network 
of interconnected hydraulic conduits in the Salt mass dt the repository 
horizon. Closure of the excavations, even in the long term, say beyond 
1,000 years, may not reduce the void space in the waste and backfill to 
a negligible value, so that the backfill may have a porosity much 
greater than that of the intact salt. Unless it can be shown that this 
resldual void space does not result in a hydraulic conductivity through 
the repository excavations that is significantly greater than that of 
the pristine salt, a careful analysis of the effects of void space on 
the hydraulic conductivity should be made. Alternatively, it may be 
shown that the consequences of such conductivity would not be expected 



to be greater than those resulting from Scenarios of water flow between 
two aquifers (Bingham and Barr 1979). ./-.-' 

CHANGE FROM FOUR SHAFTS TO THREE SHAFTS 

The original designs for a repository at WIPP (Bechtel National, Inc. 
1979) were based on a system of four shafts comprising 

o a waste-handling shaft, 
o a construction exhaust and salt-handling shaft, 
0 a storage exhaust shaft, and 
o a ventilation supply and service shaft. 

Subsequently, as part of a cost reduction program (U.S. Department 
of Energy 1982), the number of shafts was reduced to three, comprising 

o a waste shaft, 
o a construction and salt-handling shaft, and 
o an exhaust shaft. 

This change has 'profound effects on repository construction and 
operation and on-costs. 

The four-shaft system allowed for complete separation between 
construction and storage. Each of these two operations was planned to 
proceed independently of the other and concurrently, except for 
ventilation supply through a common shaft. This concept provided an 

.- exceptional degree of flexibility, redundancy, and safety. However, the 
rates at which waste is expected to become available for disposal at the 
WIPP site are very low in relation to the rates at which excavations can 
be made and waste can be emplaced in a four-shaft repository. 
Therefore, four shafts can be justified only insofar as they may be 
needed to provide the degrees of redundancy and safety required for 
nuclear facilities. 

The three-shaft system interlinks construction and storage 
operations in many ways. It involves cyclical and sequential operations 
on two shifts a day: One shift is for construction and the other is for 
storage, but each does provide ample opportunity for the projected rates 
of excavation and disposal. To operate on either shift in the 
three-shaft system, the ventilation subsystems in both the construction 
and the storage areas must work. 

Electrical power to back up the 32-km-long high-voltage line from 
the substation to the WIPP site has been reduced to one manually 
operated 800-kW diesel generator, from two automatic 2,500-kW diesel 
generators sufficient to operate the man hoist and one fan. 

In general, although the three-shaft system appears to be 
functionally adequate, it does not include the degree of redundancy that 
is common in nuclear industry practice. 

As a result of the design changes the WIPP SAR has required 
extensive revision. As of the end of 1983, six amendments had been 
issued. The PEIS, issued in 1980, however, is badly out of date. While 



the environmental impact of the new facility design may not be 
significantly different from that of the original design, the FEIS 
should be reissued to correspond with the present design. -, 

CONCLUSIONS 

o The layout of the eight panels of storage rooms separated by 
barrier pillars is well considered, provided the penetrations of these 
barriers are sealed adequately ( p .  4 5 ) .  

o Details of devices for temporary and permanent closure of the 
penetrations through the barriers have not been provided (p. 4 5 ) .  

o Recently, the repository design has changed from four to three 
shafts. Although the three-shaft design appears to be functionally 
adequate, it does not possess the flexibility and redundancy of the 
four-shaft design (p. 49) .  

RECOMMENDATIONS 

o Results from the Site and Preliminary Design Validation (SPDV) 
and in-situ experiments and information gathered during construction and 
development to final design must be incorporated with the final design 
of the WIPP repository (p. 4 4 ) .  

o Models should be used to assess whether or not closure of the 
excavations and consequent encapsulation of the waste in salt are likely 
to occur, and to determine the period of time within which they may 
occur ( p .  4 8 ) .  

o It should be shown that sealing the repository is sufficient to 
preclude unacceptable increases in hydraulic conductivity across the 
repository horizon (p .  4 8 ) .  

o The Final Environmental Impact Statement .(U.S. Department of 
Energy 1980) should be reissued to correspond with the present design 
(p. 49). 



This chapter is based primarily on the panel's review of the WIPP 
Environmental Impact Statement (FEIS) (U.S. Department of Energy 1980), 
the Safety Analysis Report GAR) (U.S. Department of Energy 1980-1983) 
and ~ o d e l i n ~  Verification Studies: Long-Term Waste Isolation Assessment 
(D'Appolonia ~onsu'lting Engineers, InC. 1981). One of the main purposes 
of these documents was to estimate possible radiation exposure of both 
project employees and the general public. Such exposures could arise 
during preparation and loading of the waste at the originating facility, 
transportation of the waste to the repository site, and surface storage 
of waste at the WIPP site preparatory to emplacement, and also as a 
result of accidents that may occur during operation of the facility. In 
addition, there may be releases of radioactive material to the 
environment if the repository is breached at some future time. 

While the panel has reviewed the plans for packaging the waste at 
the Idaho National Engineering Laboratory (INEL), a major source of TRU 
waste destined for WIPP, and transporting them to the WIPP site to 
determine how this affects the materials that will be emplaced in the 
repository, a detailed review of the consequences of routine and 
accidental events during these processes is beyond the scope of this 
study. 

RELEASES AND OCCUPATIONAL DOSES DURING NORMAL OPERATION 

Waste delivered by either rail or truck to the WIPP site will be 
unloaded and passed through airlocks to the waste-handling building. 
The handling procedures are described in detail in the FEIS and in the 
cost reduction proposals (U.S. Department of Energy 1982). A number of 
appropriately conservative assumptions are made as to the levels of 
contamination. For example, all waste packages are assumed to be 
contaminated to the maximum level of surface contamination permitted by 
U.S. Nuclear Regulatory Commission (NRC) and U.S. Department of 
Transportation (DOT) regulations. The total radioactivity that would be 
released to the environment from both surface and underground 
operations, from both residual surface contamination and leakage from 
damaged canisters of remotely handled waste, is estimated to be 



0.004 Ci/yr. Throughout the analysis, the final dose estimates are 
upper limits. 

The requirements of the FEIS for radiological impact analysis during - 
normal operations could probably be discharged by simply noting that 
many years of experience with the handling of properly packaged waste 
provide assurance that necessary calculations can easily be made. 

The annual occupational doses to workers at the WIPP facility from 
waste handling are estimated to reach an average of 0.9 rem for workers 
handling contact-handled waste and an average of 0.8 rem for workers 
with remotely handled waste. Although such doses, taken singly, are 
within permissible limits (5 rem), they may be too high for routine 
operations, because the same people may handle both types of waste, and 
other exposures from nonroutine events may occur.' 

The results of rather straightforward dose calculations, based on a 
conservative set of assumptions, show that for environmental releases 
during normal operations, an individual at the closest point of 
habitation would receive a maximum dose (to the bone) of 0.007 percent 
of that received from natural radioactivity: and the whole-body dose 
would be less than 0.0002 percent of background (U.S. Department of 
Energy 1980, p. 9-30). 

ACCIDENTAL RELEASES DURING OPERATION OF THE FACILITY 

Accidents that may occur in the course of handling the radioactive waste 
will have a potential for exposure to both the employees and nearby 
inhabitants. The consequences of a waste-handling accident are examined 
by analysis of a number of scenarios ranging from a vehicle collision in 
the receiving area (no radioactive material released) to various 
failures of the drums and canisters from collisions, drops down mine 
shafts, spontaneous combustion, and external fires. The radiation doses 
are calculated in the conventional manner from estimates of the 
quantities of radioactivity released, the atmospheric concentration at a 
given location per unit of radioactivity released based on 
meteorological observations at the site, and measured population 
distributions. 

The worst case described in the SAR (U.S. Department of Energy 
1980-1983) for contact-handled TRU waste involves an underground fire, 
in which case the maximum 50-year bone-d se commitment offsite is 
estimated to be about 450 mrem. For eitt:r remotely handled TRU or 
experimental high-level waste, the worst case would be a hoist failure 
in which a container is dropped down the waste shaft. In these cases, 
the maximum bone-dose commitment to an off-site individual is calculated 
to be 24 mrem for the RH TRU accident and 49 mrem for the experimental 
high-level waste case. The maximum dose commitment to a worker from an 
accident is calculated to be 33 rem to the bone from an underground fire. 

'DOE notes that exposures will be administratively monitored to assure 
that no individual exceeds 1 rem/yr from routine operations. 



REPOSITORY BREACH SCENARIOS /--"-\ 

- For breach of the repository and effects upon the biosphere, there must 
be (1) an event to breach the repository, (2) a mechanism to bring the 
waste out of the repository, and (3) a place at a lower fluid potential 
energy level than that of the repository (water flows downhill) to which 
the water can move. Without all three conditions, movement to the 
biosphere will not occur. In a number of the scenarios considered in 
the FEIS (U.S. Department of Energy 1980, pp. 9-131ff), not all of the 
above conditions are fulfilled. Some of the scenarios have been and are 
being updated and augmented in the SAR. Calculations were carried out 
to determine the consequences of the sometimes implausible events. 
Finally, the studies were consequence analyses rather than risk analyses 
(i.e., the consequences of certain events are evaluated without regard 
to their likelihood). This methodology is particularly useful if the 
consequences are then found to be so small that the frequency of the 
event is not material. In all cases, the waste material is assumed to 
dissolve congruently with the salt, i.e., at the same rate as the salt. 

The first scenario in'the FEIS assumes a connection between the 
Rustler and Bell Canyon formations (of the Delaware Mountain Group) 
through the repository with flow upward and out of the Rustler into the 
Pecos River at Malaga Bend (see Figure 6-11. Though the flow may 
actually be in the-opposite direction, this is a safe assumption because 
the transmissivity and hydraulic conductivity of the Rustler are orders 
of magnitude greater than those properties in the Bell Canyon (i.e., 
greater flows and shorter residence times (U.S. Department of Energy 

- 1980)). The Magenta and Culebra Members of the Rustler are treated as a 
single unit.' 

The second scenario assumes flow of dilute brine through a drill 
pipe from the Rustler through the repository and saturated flow back to 
the Rustler and to Malaga Bend. The driving force for this scenario 
appears to be lacking because the unsaturated water (8,000 ppm salt) 
flow does not appear to have the potential to push the saturated 
(400,000 ppm salt) flow out of the repository (see Figure 6-2). 

The third scenario allows communication of the total waste storage 
horizon with the Rustler, but with no flow through the repository (i.e., 
the transfer is by diffusion only). Then, the flow is through the 
Rustler to Malaga Bend (see Figure 6-3,). 

'More recent data allow analyses for movement through the Magenta and 
Culebra, the individual beds of the Rustler Formation, as well as the 
Rustler-Salado interface. Calculations by Barr et al. (1983) using 
these more recent data yield fluid travel times in excess of 130,000 
years to a point 8 mi south of the center of the site, as compared to 
the 11 'bounding and conservative' FEIS calculations of about 3,600 
years to a point 23 mi'distant. Data collected since issuance of the 
FEIS and analysis of the breach events presented in the SAR allow 
depiction of distinct potentiometric maps for the three aquifers 
(Gonzalez 1983a,b; Mercer 1983). 
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FIGURE 6-1 Schematic representation of scenario 1. Source: 
U.S. Department of Energy (1980). 

FIGURE 6-2 Schematic representation of scenario 2 .  Source: 
U.S. Department of Energy (1980). 



FIGURE 6-3 Schematic representation of  
U.S. Department o f  Energy (1980).  
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scenario  3 .  Source: 

FIGURE 6-4 Schematic representation of scenario  4 ,  showing 
the bounding condition ( top)  and v e l o c i t i e s  i n  the Rustler 
during the bounding condit ion (bottom). Source: U.S. Department 
o f  Energy (1980) .  



The fourth scenario allows the total flow of the Rustler above the 
waste repository to flow through the repository and then back to the 
Rustler and out to the Pecos River at Malaga Bend (see Figure 6-4). 

The fifth scenario deals with drilling into the waste repository 
and, in particular, with the dose to the drill crews. Bingham and Barr 
(1979) estimated the probabilities of breaching the repository salt 
formation by inadvertent drilling in the distant future. 

Recent analyses (Channel1 1982, Bard 1982, Woolfolk 1982) have 
predicted the probability and consequence of a pressurized-brine pocket 
below the repository with subsequent release to the ground surface (see 
Figure 6-5). 

The consequences of drilling and using a water well near the site 
have also been evaluated (U.S. Department of Energy 1980-1983, Spiegler 
1981 1 .  

Though solution mining undoubtedly will be prohibited at the waste 
site, the consequences of this type of mining would be more severe than 
the liquid breach scenarios but less severe than the drilling scenario 
considered in the FEIS and SAR as shown by the EEG report (Little 1982) 
for the maximally~exposed individual. The population dose due to 
solution mining is much greater. 

Water flow times in the Rustler Formation from above the WIPP site 
to the Pecos River at Malaga Bend are calculated from models of flow 
through porous media to range from 5,000 to 100,000 years based upon 
point measurements.* For the consequence analyses, the shorter flow 
times are used together with the shortest distance between the site and 
Malaga Bend. The actual flow paths may be substantially longer, 
particularly for the Culebra where there is some indication of an 
arcuate route to the Pecos. Substantially shorter flow times, 1,850 
years, have also been postulated (D'Appolonia Consulting Engineers, Inc. 
1981).** 

The sorption data listed in Appendix K-20 of the FEIS (U.S. 
Department of Energy 1980) were derived from more than one source. It 
is not clear to what extent these data are applicable to the 
geochemistry of the Rustler Formation and to sorption from solutions 
containing appreciable concentrations of dissolved salt. Furthermore, 
under actual condit.ions, precipitation may be more important than 

'Analyses of the data in the Barr et' :l. (1983) report indicate that for 
the distances affected by pumping th wells (point measurements), 
drawdown values fit a porous medium 6 del better than a fracture model. 
Mercer (19831, however, believed that the flow is through fractures 
through the porous media. The Barr assumption is satisfactory because 
the dolomite is thin and the fractures closely spaced, at least where 
halite still remains below the Culebra aquifer. 
"Since the previously noted studies were conducted, studies of fluid 
movement in the Rustler have continued to allow refinement of knowledge 
of the regional hydraulics over an area larger than within the site 
boundaries. These studies led to development of a more up-to-date 
flow model for the Rustler (Barr et al. 1983). As additional 
hydrological data on the Rustler are collected, this model will be 
modified appropriately. 



t CH WASTE ---iitb-- 
B R I N E  RESERVOIR 

4 .  SINGLE BOREHOLE 

@ BRINE RESERVOIR 

8. FIRST BOREHOLE CONNECTING BRINE RESERVOIR TO CH WASTE. 
SECOND BOREHOLE CONNECTING CH WASTE TO GROUND SURFACE 

FIGURE 6-5 Schematic representation of scenario involving 
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sorption. These uncertainties affect the estimated doses from 
radium-226. No discussion of the effects of such sorption uncertainties 
has been found in the FEIS. - 

Using the porous-medium model, the dissolution and transport 
processes take over 5,000 years for even the nonsorbing radionuclides 
and far longer for the sorbing species. Even considering waste 
containing fission products, this gives ample time for strontium-90 and 
cesium-137 to decay without the additional delaying effect of sorption. 
Sorption by the dolomite delays the release of the transuranics, 
although some of their more toxic decay daughters, such as radium-226, 
contribute later to doses to man (U.S. Department of Energy 1980, p. 
9-139). 

The dosages (50-year commitment) to the maximally exposed individual 
(as well as the dose to the maximally exposed worker in the drilling 
scena,rio) from each of these scenarios are given in Table 6-1. These 
doses were computed on the basis of International Commission on 
Radiological Protection (ICRP) reports ICRP-2 and ICRP-6. The revised 
permissible limits for neptunium-237 of ICRP-30 were not factored into 
these calculations. However, analysis of the dose calculations 
indicates that the portion of dose contributed by neptunium-237 is 
substantially less than one two-hundredths of the total and, therefore, 
will have no effect on the dose numbers in Table 6-1. 

The nuciide releases from the two brine-repository scenarios were 
compared with the proposed release limits for plutonium-239, 
plutonium-240, and americium-241 in EPA's proposed rule on 40 CFR 191 
(U .S .  Environmental Protection Agency 1982). If one assumes that such 
releases are very unlikely, then all are at least a factor of 20 below 
their release limits. If the event results in 'reasonably foreseeable 
releases,' then the americium-241 is a factor of 2 less than the 
permissible amount and plutonium-239 and plutonium-240 are less than the 
permissible amounts by factors of approximately 3 and 10, respectively. 

The doses are calculated based upon very long transport times 
ranglng from 1,200,000 to 1,400,000 years for the time for the peak 
concentrations to reach Malaga Bend (U.S. Department of Energy 1980, 
Table 9-60). 

The scenarios selected in the FEIS would appear to be the bounding 
cases. Apart from the implausible mechanisms for water intruding into 
the repository and returning to the Rustler aquifer, the assumptions in 
each step of the analysis tend to exaggerate the dose estimates. For 
example, the waste is assumed to dissolve as rapidly as salt; no 
solubility limits for the waste material and for its radionuclides are 
considered. Finally, no allowance is made for the fact that the 
radionuclides emerge into the Pecos River, the water of which is 
currently not potable because of high salinity. The water is not 
consumed by man or beast, and the river does not support a significant 
population of fish or shellfish. Even for these bounding cases, the 
dosages are so small that it is not worthwhile to consider more 
plausible cases. Confidence in the accuracy of these calculations of 
low dosages is strengthened by the independent calculations carried out 
by the EEG on transportation accidents, breccia pipe release mechanisms, 
withdrawal through wells, transport induced by pressurized-brine 

-. 



TABLE 6-1 Fifty-Year Dose Commitments for Maximally Exposed Individual 
from Bounding Scenarios of Breaches of the WIPP Repository (mrem) 

Scenario Whole Body Lung Bone 

Bell Canyon to Rustler 

Restricted Rustler to 
Rustler flow 

Diffusion flow to the 
Rustler 

Unrestricted Rustler 
to Rustler flow 

Local well (Bell Canyon 
to Rustler) 

Drill into repository 

Drill crew member 

a 
Pressurized brine 

reservoir flow to 
the surface 

Worker 

Solution mining of halite 

Natural background 

a 
Calculated using recommendations of ICRP-26 arld ICRP-30. All others ' 

calculated using recommendations of ICRP-30. 

SOURCE: U.S. Department of Energy (1980, 1980-1983), Little (1982) 

reservoirs, and long-term release scenarios. The dose commitments 
calculated by the EEG are similar to those shown in the FEIS, SAR, and 
brine reservoir report (Channel1 1982). 

Questions have been raised about the possibilities of reducing the 
time of travel of these higher-water-velocity flow paths by fractures or 
karst-type openings, but seem to have been answered in part in the Barr 
et al. (1983) publication. As is well known, such studies cannot prove 



the existence or nonexistence of karst-type flow within the region 
sampled. It is very difficult to prove that no connected fracture flow 
exists or is likely to exist. The problem might be bounded by computing 
the total water flow and flow rate through the aquifers above the WIPP 
site and, using the solubility limits of the individual nuclides, 
calculating the maximum amount of radioactive material that could be put 
into solution and transported to the Pecos. 

CONCLUSIONS 

o The dosages calculated to be received by humans as a result of 
normal operations and accidents are within prescribed limits for workers 
and far below the dosages from normal background radiation for members 
of the public. There is a great deal of experience in these types of 
operations, and confidence in the accuracy of the calculations is high 
(p. 52). 

o The long-term release scenarios, shown in Figures 6-1 to 6-6, 
lack experimental verification. Nevertheless, the scenarios appear to 
set outside limits to what would be credible releases. Though only a 
consequence analysis is performed, the resulting dose commitments (50 
years) are well within permissible limits for the general population 
(170 mrem whole body) and far below the dosages from normal background 
radiation (average over 50 years of 5,000 mrem) (p. 58). Further 
analyses will be needed to conform to the Environmental Protection 
Agency (EPA) requirements. 

RECOMMENDATIONS 

o Though karst-type flow in the strata above the salt beds (the 
Rustler Formation) is known to occur near Nash Draw several kilometers 
to the west, the extent to which it reaches eastward is not delineated 
clearly. If this type of flow should be joined by connected fractures 
to the WIPP site area, the time of travel of the nuclides and their 
retardation would be reduced sharply. The probability of such flows, 
their degree of development east of e Pecos River, and the effect of 
such flows upon radiation dosages n. 1 to be determined (pp. 58-60). 

o For consistency, and to per: : direct comparison among all the 
modes of release, all dosages shoula Je calculated on the same basis 
(i-e., if recommendations of ICRP-26 and ICRP-30 were used rather than 
those of ICRP-2) (pp. 58-59). 



REFERENCES 

Anderson, R. Y .  1981a. Progress of Salt Dissolution in the Delaware 
Basin, Texas and New Mexico. Special Publication No. 8. New Mexico 
Geological Society. 

Anderson, R. Y. 1981b. Deep-seated Salt Dissolution in the Delaware 
Basin, Texas and New Mexico. Special Publication No. 10. New 
Mexico Geological Society, pp. 133-145. 

Anderson, R. Y. '1982a. Deformation-dissolution potential of bedded 
salt, Waste Isolation Pilot Plant site, Delaware Basin, New Mexico. 
Pp. 449-458 in Scientific Basis for Nuclear Waste Management V, 
W. Lutze, ed. Materials Research Society Symposia Proceedings, Vol. 
11. New York: Elsevier Science Publishing Company. 

Anderson, R. Y. 1982b. Upper Castile Brine Aquifer, Northern Delaware 

-, Basin.. Attachment to a May 23 letter to G. Goldstein. 
Anderson, R. Y., and D. W. Kirkland. 1980. Dissolution of salt 

deposits by brine density flow. Geology, 8:66-69. 
Anderson, R. Y., W. E. Dean, D. W. Kirkland, and H. I. Snider. 1972. 

Permian Castile varved evaporite sequence, West Texas and New 
Mexico. Geological Society of America Bulletin, 83:59-86. 

Bachman, G. 0. 1980. Regional Geology and Cenozoic History of Pecos 
Region, Southeastern New Mexico, OFR 80-1099. U.S. Geological 
Survey, Denver, Colo. 

Bachman, G. O., and R. B. Johnson. 1973. Stability of Salt in the 
Permian Salt Basin of Kansas, Oklahoma, Texas, and New Mexico, with 
a section on Dissolved Salts in Surface Water by F. A. Swenson. OFR 
73-14. U.S. Geological Survey, Denver, Colo. 

Bard, S. T. 1982. Estimated Radiation Doses Resulting if an 
Exploratory Borehole Penetrates a Pressurized Brine Reservoir 
Assumed to Exist Below the WIPP Repository Horizon--A Single Hole 
Scenario. EEG-15. Environmental Evaluation Group, State of New 
Mexico, Santa Fe. 

Barr, G. F., W. B. Miller, and D. D. Gonzalez. 1983. Interim Report 
on the Modeling of the Regional Hydraulics of the Rustler 
Formation. SAND 83-0391. Sandia National Laboratories, 
Albuquerque, N.Mex. 

Bechtel National, Inc. 1979. Waste Isolation Pilot Plant: Title I 
Design Report, Vols. 1 and la. Nuclear Fuel Operations, San 
Francisco, Calif. 



Bechtel National, Inc. 1983. Waste Isolation Pilot Plant: Preliminary 
Design Validation Report. Job 12484. Nuclear Fuel Operations, San 
Francisco, Calif. A 

Bibler, N. E. 1976. Radiolytic Gas Production During Long-Term Storage 
of Nuclear Wastes. DP-MS-76-51. Paper presented at the 28th 
Southeastern Regional Meeting of the American Chemical Society, 
Gatlinburg, Tenn. 

Bingham, F. W., and G. E. Barr. 1979. Scenarios for Long-Term Release 
of Radionuclides for a Nuclear-Waste Repository in the Los Medanos 
Region of New Mexico. SAND 78-1730. Sandia National Laboratories, 
Albuquerque, N.Mex. 

Borns, D. J., L. J. Barrows, D. W. Powers, and R. P. Snyder. 1983. 
Deformation of Evaporites Near the Waste Isolation Pilot Plant 
(WIPP) Site. SAND 82-1069. Sandia National Laboratories, 
Albuquerque, N.Mex. 

Bradshaw, R. L., and W. C. McClain, eds. 1971. Project Salt Vault: A 
Demonstration of the Disposal of High-Activity Solidified Wastes in 
Underground Salt Mines. ORNL-4555. Oak Ridge National Laboratory, 
Tenn. 

Brausch, L. M., A. K. Kuhn, and J. K. Register. 1982. Natural 
Resources Study, Waste Isolation Pilot Plant (WIPP) Project, 
Southeastern New Mexico. TME 3156. U.S. Department of Energy, 
Albuquerque Operations Office, N.Mex. 

Case, J. B., S. M. Dass, J. G. Franzone, and A. K. Kuhn. 1982. 
Analysis of Potential Impacts of Brine Flow Through Boreholes 
Penetrating the WIPP Storage Facility. TME 3155 (Appendix to TME 
3151). U.S. Department of Energy, Albuquerque Operations Office, 
N.Mex. - 

Channell, J. K. 1982. Calculated Radiation Doses from Radionuclides 
Brought to the Surface if Future Drilling Intercepts the WIPP 
Repository and Pressurized Brine. EEG 11. Environmental Evaluation 
Group, State of New Mexico, Santa Fe. 

D'Appolonia Consulting Engineers, Inc. 1981. Modeling Verification 
Studies: Long-Term Waste Isolation Assessment. NM 78-648-701. 
Waste Isolation Pilot Plant (WIPP) Project, Southeastern New 
Mexico. Westinghouse Electric Corporation, Albuquerque. N.Mex. 

Davies, P. B. 1983a. Assessing che Potential for Deep-seated Salt 
Dissolution and Subsidence at the Waste Isolation Pilot Plant 
(WIPP). Prepared for the St te of New Mexico Environmental 
Evaluation Group (EEG) Confeience on WIPP Site Suitability for 
Radioactive Waste Disposal, May 12-13, 1983, Carlsbad, N.Mex. 
Unpublished. 62 pp. 

Davies, P. B. 1983b. A review of USGS Open-File Report 82-968, 
'Evaluation of Breccia Pipes: Southeastern New Mexico and Their 
Relation to the WIPP Site,' by R. P. Snyder and L. N. Gard, Jr. 
Prepared for the Environmental Evaluation Group, Santa Fe. 
7 PP. 

Davies, P. B. 1983c. Structural Characteristics of a Deep-seated 
Dissolution Collapse Chimney in Bedded Salt. Paper presented at 6th 
International Symposium on Salt, Toronto, Ontario, Canada, May 
24-28. Salt Institute, 206 N. Washington St., Alexandria, Va. 

'.- ~ 

- 



6 3 

Gonzalez, D. D. 1983a. Groundwater Flow in the Rustler Formation, 
waste Isolation Pilot Plant IWIPPI, Southeast New Mexico (SENM): 
Interim Report. SAND 82-1012. Sandia National Laboratories, 
Albuquerque, N.Mex. 

Gonzalez, D. D. 1983b. Hydrogeochemical Parameters of Fluid-Bearing 
Zones in the Rustler and Bell Canyon Formations: Waste Isolation 
Pilot Plant (WIPP), Southeast New Mexico (SENM). SAND 83-0210. 
Sandia National Laboratories, Albuquerque, N.Mex. 

Griswold, G. B. 1980. Presentation reported in Geotechnical 
Consideration for Radiological Hazard Assessment of WIPP. EEG-6, a 
report of a meeting held on January 17-16. Environmental Evaluation 
Group, State of New Mexico, Santa Fe. 

Horowitz, N. H. 1979. Biological water requirements. Life Sciences 
Research Report 13, Moshe Shilo, ed. Verlag Chemie, Weinheim, New 
Yo~k, pp. 15-29. 

Interagency Review Group. 1979. Report to the President by the 
Interagency Review Group on Nuclear Waste Management. TID-29442. 
U.S. Department of Energy, Washington, D.C. 

Jarolimek, L., and R. F. McKinney. 1982. Selection of the WIPP 
Facility Horizon and Geologic Investigation of the Shaft Station 
Vicinity in the Exploratory Shaft. June 10 memo to D. K. Shukla, 
D'Appolonia Consulting Engineers, Inc. Unpublished. 

Lambert, S. J. 1983. Dissolution of Evaporites in and Around the 
Delaware Basin, Southeastern New Mexico and West Texas. SAND 
82-0461. Sandia National Laboratories, Albuquerque, N.Mex. 

Likar, V. F. 1979. WIPP Project Retrievability Demonstration Plan. 
TME 2967. U.S. Department of Energy, Albuquerque operations Office, 
N.Mex. 

Little, M. S. 1982. Potential Release Scenario and Radiological 
Consequence Evaluation of Mineral Resources at WIPP. EEG-12. 
Environmental Evaluation Group, State of New Mexico, Santa Fe. 

Matalucci, R. V., C. L. Christensen, T. 0. Hunter, M. A. Molecke, and 
D. E. Munson. 1982. Waste Isolation Pilot Plant (WIPP) Research 
and Development Program: In Situ Testing Plan. SAND 81-2626. 
Sandia National Laboratories, Albuquerque, N.Mex. 

Mercer, J. W. 1983. Geohydrology of the Proposed Waste Isolation 
Pilot Plant Site, Los Medanos Area, Southeastern New Mexico. 
Water-Resources Investigation Report 83-4016. U.S. Geological 
Survey, Albuquerque, N.Mex. 

Molecke, M. A. 1979. Gas Generation from Transuranic Waste 
Degradation: Data Summary and Interpretation. SAND 79-1245. 
Sandia National Laboratories, Albuquerque, N-Mex. 

National Research Council. 1970. Disposal of Solid Radioactive Waste 
in Bedded Salt Deposits. Panel on Disposal in Salt Mines, Committee 
on Raaioactive Waste Management. National Academy of Sciences, 
Washington, D.C. 

National Research Council. 1978. Geological Criteria for Repositories 
for High-Level Radioactive Wastes. Panel on Geological Site 
Criteria, Committee on Radioactive Waste Management. National 
Academy of Sciences, Washington, D.C. 



National Research Council. 1979. Implementation of Long-Term 
Environmental Radiation Standards: The Issue of Verification. 
Panel on the Implementation Requirements of Environmental Radiation - 
Standards, Committee on Radioactive Waste Management. National 
Academy of Sciences, Washington, D.C. 

National Research Council. 1983. Review of the Criteria for the 
Site Suitability, Design, Construction, and Operation of the 
Proposed Waste Isolation Pilot Plant (WIPP), Interim Report ~ u l y  1, 
1978 to July 31, 1982. DOE/NE/93023-3. Panel on the Waste 
Isolation Pilot Plant, Board on Radioactive Waste Management. 
National Academy of Sciences, Washington, D.C. 

Neill, R. H., and J. K. Channell. 1983. Potential Problems from 
Shipment of High-Curie Content Contact-Handled Transuranic (CH-TRU) 
Waste to WIPP. EEG-24. Environmental Evaluation Group, State of 
New Mexico, Santa Fe. 

Neill, R. H., J. K. Channell, L. Chaturvedi, M. S. Little, 
K. Rehfeldt, and P. Spiegler. 1983. Evaluation of the Suitability 
of the WIPP Site. EEG-23. Environmental Evaluation Group, State of 
New Mexico, Santa Fe. 

Popielak, R. S., R. L. Beauheim, S. R. Black, W. E. Coons,. 
C. T. Ellington, and R. L. Olsen. 1983. Brine Reservoirs in the 
Castile Formation, Southeastern New Mexico. TME 3153. U.S. 
Department of Energy, Albuquerque Operations Office, N.Mex. 

Powers, D. W., S. J. Lambert, S.-E. Shaffer, L. R. Hill, and 
W. D. Weart, eds. 1978. Geological Characterization Report, Waste 
Isolation Pilot Plant (WIPP) Site, Southeastern New Mexico. SAND 
78-1596, Vols. I and 11. Sandia National Laboratories, ~lbuquerque, 
N.Mex. - 

Rockwell International. 1982. TRU Waste Certification Compliance 
Requirements for Contact-Handled Wastes Retrieved from Storage for 
Shipment to the WIPP. WIPP-DOE-137. Energy Systems Group, Rocky 
Flats Plant, Golden, Colo. 

Ryan, J. P. 1982. Radiogenic Gas Accumulation in TRU Waste Storage 
Drums. DP-1604. Savannah River Laboratory, E. I. du Pont de 
Nemours & Co., Aiken, S.C.. 

Sandia National Laboratories. 1979. Summary ofResearch and 
Development Activities in Support of Waste Acceptance Criteria for 
wIPP. SAND 79-1305. Albucuerque, N.Mex. 

Shock, D. A. 1953. Acidity o condensate well waters. Chapter XI11 in 
Condensate Well Corrosion. Natural Gas Association of America, 422 
Kennedy Bldg., Tulsa, Okla. 

Snyder, R. P., and L. M. Gard. 1982. Evaluation of Breccia Pipes in 
Southeastern New Mexico and Their Relation to the Waste Isolation 
Pilot Plant (WIPP) Site, with a Section on Drill-Stem Tests. OFR 
82-968. U.S. Geological Survey, Denver, Colo. 

Spiegler, P. i981. An Approach to Calculating Upper Bounds on Maximum 
Individual Doses from the Use of Contaminated Well Water Following a 
WIPP Repository Breach. EEG-9. Environmental Evaluation Group, 
State of New Mexico, Santa Fe. 



' 65 

Spiegler, P. 1982. Analysis of the Potential Formation of a Breccia 
Chimney Beneath the WIPP Repository. EEG-13. Environmental 
Evaluation Group, State of New Mexico, Santa Fe. 

U.S. Department of Energy. 1978. Report of Task Force for Review of 
Nuclear Waste Management. DOE/ER-0004/D. Directorate of Energy 
Research, Washington, D.C. 

U.S. Department of Energy. 1979. Draft Environmental Impact Statement 
(DEIS): Waste Isolation Pilot Plant, Vols. 1 and 2. 
DOE/EIS-0026-D. Washington, D.C. 

U.S. Department of Energy. 1980. Final Environmental Impact Statement 
(FEIS): waste Isolation Pilot Plant, Vols. 1 and 2. DOE/EIS-0026. 
Washington, D.C. 

U.S. Department of Energy. 1980-1983. Waste Isolation Pilot Plant 
Safety Analysis Report. WIPP SAR (includes Amendments 1-6). 
Albuquerque Operations Office, N.Mex. 

U.S. Department of Energy. 1981. TRU Waste Acceptance Criteria for the 
Waste Isolation Pilot Plant. WIPP-DOE-069, Revision 1. Albuquerque 
Operations Office, N-Mex. 

U.S. Department of Energy. 1982. Environmental Analysis, Waste 
Isolation Pilot Plant (WIPP) Cost Reduction Proposals. 
WIPP-DOE-136. Albuquerque Operations Office, N.Mex. 

U.S. Department of Energy. 1983a. Summary of the Results of the 
Evaluation of the WIPP Site and Preliminary Design Validation 
Program. WIPP-DOE-161. Albuquerque operations Office, N.Mex. 
March. 

U.S. Department of Energy. 1983b. Results of Site Validation 
Experiments, Volumes I and 11. TME 3177. Albuquerque Operations 
Office, N.Mex. 

U.S. Department of Energy. 1983c. Quarterly Geotechnical Field Data 
Report. WIPP-DOE-177. Albuquerque Operations Office, N.Mex. 
October. 

U.S. Environmental Protection Agency. 1982. Environmental Standards 
for the ~inagement and Disposal of Spent Nuclear Fuel, High-Level 
and Transuranic Radioactive Wastes. Proposed Rule (40 CFR Part 
191). Federal Register 47(250):58196-58206. December. 

Weiss, A. J., R. L. Tate, 111, and P. Columbo. 1982. Assessment of 
Microbial Processes on Gas Production at Radioactive Low-Level Waste 
Disposal Sites. BNL 51557. Brookhaven National Laboratory, Upton, 
N.Y. 

Whitty, W. J., C. A. Ostenak, and K. K. S. Pillay. 1982. Preliminary 
Identification of Interfaces for Certification and Transfer of TRU 
Waste to WIPP. LA-9207-MS. Los Alamos National Laboratory, N.Mex. 

Wofsy, C. 1980. The Significance of Certain Rustler Aquifer 
Parameters for Predicting Long-Term Radiation Doses from WIPP. 
EEG-8. Environmental Evaluation Group, State of New Mexico, Santa 
Fe. 

Wood, 8. J., R. E. Snow, D. J. Cosler, and S. Haji-Djafari. 1982. 
Delaware Mountain Group (DMG) Hydrology--Salt Removal Potential. 
TME-3166. U.S. Department of Energy, Albuquerque Operations Office, 
N.Mex. 



Woolfolk, S. W. 1982. Radiological Consequences of Brine Release by 
Human Intrusion into WIPP. TME 3151. U.S. Department of Energy, 
Albuquerque Operations Office, N.Mex. -. 



activity 

anhydrite 

anticline 

,- 

aquifer 

GLOSSARY 

A measure of the rate at which a material emits 
nuclear radiation, usually given in terms of the 
number of nuclear disintegrations occurring in a 
given length of time. The unit of activity used in 
this document is the curie (Ci). 

A mineral consisting of anhydrous calcium sulfate: 
CaS04. It is gypsum without its water of 

- hydration and is denser, harder, and less soluble 
than gypsum. 

A fold of rocks whose core contains the 
stratigraphically older rocks: it is convex upward. 

A body of rock that contains enough saturated 
permeable material to transmit groundwater and to 
yield significant quantities of groundwater to 
wells and springs. The opposite of an aquiclude. 

argillaceous Rocks, especially shale, containing appreciable 
rocks amounts of clay. 

artesian 

background 
radiation 

bedded salt 

Bell Canyon 
Format ion 

Refers to water confined underground under,pressure 
so that it wil1.rise in a well. Sometimes the word 
is used to mean that the water flows out at the 
surface, but that, strictly speaking, is 'flowing 
artesian. ' 

Radiation in the human environment from naturally 
occurring elements, from cosmic radiation, and from 
fallout. 

consolidated layered salt separated from other 
layers by distinguishable planes of separation. 

A sequence of rock strata that forms the topmost 
unit of the Delaware Mountain Group. 



biotransport 
(biosphere 
transport ) 

breccia pipe 

brine aquifer 

brine inclusion 

canister 

Capitan Reef 

Carlsbad Potash 
District 

Castile Formation 

characterization, 
site 

clastic rock 

Movement of radionuclides through the biosphere, as 
in food chains. Used in contrast to geotransport. 

As used in this report, a vertical geologic 
structure composed of angular broken rock 
fragments, in a fine-grained matrix or held 
together by a mineral cement; formed by the 
collapse of rock overlying an opening, as by 
foundering of the roof of a cave. 

Same as shallow-dissolution zone. 

A small opening in a rock mass (salt) containing 
brine: also, the brine included in such an 
opening. Some gas is often present. 

As used in this report, a container, usually 
cylindrical, for remotely handled waste, spent 
fuel, or high-level waste. The waste will remain 
in this canister during and after burial. A 
canister affords physical containment but not 
shielding; shielding is provided during shipment by 
a cask. 

A buried fossil limestone reef of Permian age that 
rings the Delaware Basin except in the south. 

The area east of Carlsbad and north and west of the 
Los Medanos site formally designated by the U.S. 
Geological Survey as having potentially economic 
grades of potash mineralization. 

A formation of evaporite rocks (interbedded halite 
and anhydrite) of Permian age that immediately 
underlies the Salado Formation in which the WIPP 
repository will be located. 

The process ~f making geologic and environmental 
studies to -3entify potential sites for mined 
geologic repositories. Detailed site 
characterization goes further: all additional data 
are collected that would be necessary if a license 
application is to be submitted. 

Rock made up of broken fragments of preexisting 
rocks. 



complexation 

conservative 

contact-handled 
waste 

containment 

The formation of a molecular or ionic complex, 
usually between an inorganic ion such as uranium or 
plutonium and a larger organic molecule. Such 
complexes are often quite stable and have chemical 
and physical properties, such as solubility and 
chemical reactivity, that are different from their 
components. 

When used with predictions or estimates, leaning on 
the side of pessim~sm. A conservative estimate is 
one in which the uncertain inputs are used in the 
way that maximizes the impact. 

Waste that does not require shielding other than 
that provided by its container. 

The retention of radioactivity within prescribed 
boundaries, such as within a waste package. In 
this document, usually retention within a system to 
the exclusion of its release to the biosphere in 
unacceptable quantities or concentrations. 

contamination . Undesirable radioactive material present on outside 
surfaces. This contamination can be either 
transferable or fixed. Radiation penetrating the 
walls of a waste package from within is not 
contamination. 

Areas of land around the WIPP site whose use is 
governed by controls and restrictions. 

- 
control zones 

creep closure Closure of underground openings, especially 
openings in salt, by plastic flow of the 
surrounding rock under lithostatic pressure. 

crystalline rock Rock designated as being either igneous or 
metamorphic, not sedimentary; rock consisting 
wholly of mineral crystals or fragments of 
crystals. 

Culeb~a dolomite The lower of two layers of dolomite wifhin the 
Rustler Formation that are locally water bearing. 

decay, The decrease in the number of radioactive nuclei 
radioactive present in a radioactive material due to their 

spontaneous transmutation. Also, the transmutation 
of a radionuclide into another nuclide by the 
emission of a charged particle. 



decontamination 

defense waste 

deformation 
front 

Delaware Basin 

Delaware Mountain 
Group 

direct-access 
scenario 

discharge point 
or area 

disposal 

dissolution 

dissolution 
front 

distribution 
coefficient 

The removal of unwanted material (especially 
radioactive material) from the surface or from 
within another material. - 
Nuclear waste deriving from the manufacture of 
nuclear weapons and the operation of naval 
reactors. Associated activities such as the 
research carried on in the weapons laboratories 
also produce defense waste. 

Boundary of a zone of folding, faulting, shearing 
compression, or extension of the rocks as a result 
of various Earth forces. 

An area in southeastern New Mexico and adjacent 
parts of Texas where a sea deposited large 
thicknesses of evaporites some 200 million years 
ago. It is partially surrounded by the Capitan Reef. 

A set of three formations that underlie the Castile 
Formation at the Los Medanos site. The uppermost 
of these is the water-bearing Bell Canyon 
Formation. 

A postulated sequence of events in which 
radionuclides are carried directly to the surface, 
such as by means of drilling. - 
In groundwater hydraulics, the point (or area) 
where water comes out of an aquifer onto the 
surface. 

Permanent disposition of waste in a repository. 
Use of the word 'disposalm implies that no need for 
later retrieval is expected. 

Theprocess whereby a space or cavity in or between 
rocks is formed by the solution of part of the rock 
material. 

The boundary of a geologic region within which rock 
is dissolving. In this document, the term 
particularly refers to the wedgelike leading edge 
of salt dissolution at the interface between the 
Rustler and the Salado formations. 

In an aquifer, the ratio of the concentration of a 
substance sorbed by the rock to the concentration 
of the substance remaining in solution. A large 
distribution coefficient implies that the substance 
moves much more slowly than the groundwater. It is 

3 measured in units of cm /g or equivalent. - 



dolomite 

dome (breccia 
pipe) 

dose equivalent 
commitment 

dose (radiation) 

dose rate 

drift 

evaporite 

fault 

fluid inclusion 

formation 
(geologic) 

geotransport 

A sedimentary rock consisting mostly of the mineral 
dolomite: CaMg(C03)2. It is commonly found 
with limestone. 

A type of hill found near the Los Medanos site; 
under at least some of these hills lies a roughly ;; 

, . , !  
cylindrical volume of breccia (rock reconstituted ,. ?. 

from coarse rock fragments). 

The total dose equivalent that results from an 
intake of radioactive materials during all the time 
from the intake to the death of the organism. For 
people, the dose is usually evaluated for a period 
of 50 years from the intake. Units are man-rems. 
Less formally, dose commitment. 

A general term indicating the amount of energy 
absorbed per unit mass from incident radiation. 

The rate at which dose is delivered. 

A horizontal mine passageway. 

A sedimentary rock composed primarily of minerals 
produced by precipitation from a solution that has 
become concentrated by the evaporation of a 
solvent, especially salts deposited from a 
restricted or enclosed body of seawater or from the 
water of a salt lake. In addition to halite 
(NaCl), these salts include potassium, calcium, and 
magnesium chlorides and sulfates. 

A surface or zone of rock fracture along which 
there has been displacement. 

Brine inclusion. An opening in a rock mass (salt1 
containing brine: also the brine included in such 
an opening. Some gas is often also present. 

The basic rock-stratigraphic unit in the local 
classification of rocks. It consists of a body of 
rock (usually sedimentary) generally characterized 
by some degree of internal lithologic homogeneity 
or distinctive features. 

In this report, movement of radionuclides through 
subsurface soils and rocks, especially movement 
with the groundwater. Used in contrast to 
biotransport. 



half-life 

A soft and, when pure, white mineral consisting of 
hydrous calcium sulfate: 

The time required for the activity of a group of 
identical radioactive nuclei to decay to half its 
initial value. 

halite The mineral rock salt: NaC1. 

high-standard 
resources 

high-level waste Radioactive waste resulting from the reprocessing 
of spent fuel. Discarded, unreprocessed spent fuel 
is also high-level waste. It is characterized by 
intense, penetrating radiation and by high 
heat-generation rates. Even in protective 
canisters, high-level waste must be handled 
remotely. 

Potash mineralization of 8 percent K20 as 
langbeinite, or 14 percent K20 as sylvite, or 
equivalent grade of mixed langbeinite-sylvite 
occurring in a minimum 4-foot interval. Roughly 
equivalent to the grade of ores currently being 
mined in the Carlsbad district. 

horizon 

hydraulic 
conductivity 

hydraulic 
gradient 

hydraulic 
potential 
(hydraulic 
head 

In this report, an underground level. for 
instance, the waste-emplacement horizon in the WXPP 
is the level about 650 m deep at which openings 
would be mined for waste disposal. 

A quantity defined in the study of groundwater 
hydraulics that describes the rate at which water 
flows through an aquifer. It is measured in feet 
per day or equivalent units. It is equal to the 
hydraulic transmissivity divided by the thickness 
of the aquifer. 

A quantity defined in the ;tudy of groundwater 
hydraulics that describes :he rate of change of 
head with distance of flow. 

Hydraulic pressure corrected for the potential 
energy of elevation. In an aquifer it is 
equivalent to the highest level of a column of 
water that the pressure in the aquifer will 
support. It is measured relative to a specified 
level, in this document, sea level. 



hydraulic 
transmissivity 

hydraulic 
transport 

hydraulics, 
hydrology 

hydrologic 
modeling 

in situ 

- interstitial 

brine 

ion exchange 

irradiation 

isotope 

karst 

A quantity defined in the study of groundwater 
hydraulics that describes the rate at which water 

,~ ., ... 
may be transmitted through an aquifer. / *  

The transport of dissolved substances by 
groundwater. 

These two terms tend to be used interchangeably, 
but they do not mean quite the same thing. 
Hydraulics is an engineering discipline; hydrology 
is the related science. Hydraulics deals with the 
flow of water. Hydrology deals with water: its 
properties, circulation, and distribution, from the 
time it falls as rainwater until it is returned to 
the atmosphere through evapotranspiration or flows 
into the ocean. 

The process of using a mathematical representation 
of a hydrologic system (as embodied in a computer 
code) to predict the flow of groundwater and the 
movement of dissolved substances. 

In the natural or original position. Used in this 
document to distinguish in-place experiments, rock 
properties, and so on, from those in the 
laboratory. 

Brine distributed in very small openings throughout 
a salt mass. 

A phenomenon in which chemical species in one phase 
or material exchange with similar species in 
another phase. 

Exposure to any form of radiant energy. 

A species of atom characterized by the number of 
protons and the number of neutrons in its nucleus. 
In most instances an element can exist as any of 
several isotopes, differing in the number of 
neutrons but not in the number of protons in their 
nuclei. Isotopes can be either stable or 
radioactive. The latter are called radioisotopes 
or radionuclides. 

A type of topography that is formed on limestone, 
gypsum, and other rocks by dissolution; 
characterized by sinkholes, caves, and underground 
drainage. 



langbeinite 

leaching 

lease-standard 
resources 

liquid-breach 
scenario 

lithostatic 
pressure 

Los Medanos 

low-level waste 

A mineral, K2Mg2(S04)3, used in the 
fertilizer industry as a Source of potassium 
sulfate. - 
The process of extracting a soluble component from 
a solid by the percolation of a solvent (in this 
report, water) through the solid. 

Potash mineralization of 4 percent K20 as 
langbeinite, or 10 percent K20 as sylvite, or 
equivalent grade of mixed langbeinite-sylvite 
occurring in a minimum 4-foot interval. If located 
on federal land, can be acquired only through 
competitive bid. 

A postulated sequence of events in which 
radionuclides are carried by groundwater and 
released. 

Subsurface pressure due to the weight of overlying 
rock or soil. 

In this report, the area in southeastern New Mexico 
surrounding the site proposed for the WIPP 
repository of alternative 2. In Spanish it means 
*dune country,' and has a tilde over the n: Los 
MedaEos . 
Any gaseous, liquid, or solid radioactive waste not 
classified as high-level waste, TRU waste, spent 
nuclear fuel, or byproduct material. 

Magenta dolomite The upper of two layers of dolomite within the 
Rustler Formation that are locally water-bearing. 

Malaga Bend A sharp bend in the Pecos River 20 miles southeast 
of Carlsbad, New Mexico, and directly east of the 
town of Malaga. The discharge points of the 
Rustler aquifers ace a series of brine seeps and 
springs nearby. 

man-rern A unit of population dose. 

maximally exposed A hypothetical person who is exposed to a release 
person of radioactivity in such a way that he or she 

receives the maximum possible individual dose or 
dose commitment. For instance, if the release is a 
puff of contaminated air, this is a person at the 
point of largest ground-level concentration who 
stays there during the whole time of cloud 
passage. The use of this term is not meant to 



maximum 

Nash Draw 

natural 
background 
radiation 

nuclide 

overcoring 

overpack 

- 
packer 

Paradox Basin 

permeability 

Permian Basin 

polyhalite 

imply that there really is such a person, but only 
that thought is being given to the maximum exposure 
a person could receive. 

#.- 

The highest dose delivered to the whole body or to 
an individual dose individual organ that a person 
can receive from a release of radioactivity. The 
hypothetical person who receives this dose, the 
maximally exposed person, is one whose location and 
activities maximize the dose. 

A shallow 5-mile-wide valley open to the southwest 
located to the west of the WIPP reference site. 

Radiation in the human environment from naturally 
occurring elements and from cosmic radiation. 

Isotope. 

A process for removing waste from its burial in 
salt by extracting a cylinder of salt that 
surrounds and contains the waste. 

A container put around another container. In the 
WIPP, overpacks would be used on damaged or 
otherwise contaminated drums, boxes, and canisters 
that would not be practical to decontaminate. 

A device used in drilled holes to isolate 
geological strata from one another in order to 
carry out hydrologic studies of particular 
formations. 

A 10,000-square-mile area in southeastern Utah and 
southwestern Colcrado underlain by a series of 
salt-core anticlines. 

Equivalent to hydraulic conductivity. 

A region in the central United States where, during 
Permian times 280 to 225 million years ago, there 
were many shallow seas that laid down vast beds of 
evaporites. The Delaware Basin is a part of the 
Permian Basin. 

An evaporite mineral that is hard, poorly soluble, 
and with no economic value: 



population dose 

potash 

potentiometric 
surface 

radiolysis 

recharge point 
(or area) 

rem 

remotely handled 
waste . 

repository 

reprocessing 

reserves 

resources 

retrievable 

risk 

The sum of the radiation doses received by the 
individual members of a population. - 
In this report, a potassium compound, especially as 
used in agriculture or industry. 

The surface of the hydraulic potentials of an 
aquifer. It is usually represented in figures as a 
contour map, each point in which tells how high the 
water would rise in a well tapping that aquifer at 
that point. 

Chemical decomposition by the action of radiation. 

In groundwater hydraulics, the point (or area) 
where surface water enters an aquifer. 

A unit of individual radiation dose equivalent. 

Waste that requires shielding in addition to that 
provided by its container in order to protect 
people nearby. 

A facility for the storage or disposal of 
radioactive waste. 

The process by which spent fuel from a reactor is - 
separated into waste material and uranium and 
plutonium to be reused as nuclear fuel. 

Mineral resources that can be extracted profitably 
by existing techniques and under present economic 
conditions. 

~eserves'plus all other mineral deposits that may 
eventually become available--either known deposits 
that are not economically or technologically 
recoverable at present, or deposits that may be 
inferred to exist but have not yet been discovered. 

Describes storage of radioactive waste in a manner 
designed for recovery without loss of control or 
release of radioactivity. 

The product of probability and consequence. in 
this report, the radioactive risk of a scenario is 
the population dose resulting from that scenario 
multiplied by the probability that the scenario 
will actually occur. 



Rustler Formation 

Salado Formation 

Salt Vault, 
Project 

San Simon Sink 

San Simon Swale 

scenario 

.- 

shaft 

shallow- 
dissolution 
zone 

sorption 

spent fuel 

7 7 

The evaporite beds, including mudstones, of 
probable Permian age that immediately overlie the 
Salado Formation in which the WIPP disposal levels 
may be built. 

The evaporite formation of Permian age within which 
wastes would be disposed of in the WIPP repository 
of alternative 2. 

A field experiment carried out by ORNL between 1965 
and 1967 in an abandoned salt mine at Lyons, 
Kansas. Its purpose was to demonstrate the 
feasibility and safety of the concept of emplacing 
high-level waste in salt, to demonstrate equipment 
and techniques for handling packages of highly 
radioactive solids, and to secure data for the 
design of an actual disposal facility. Its results 
are reported in Bradshaw and McClain (1971). 

The central, most depressed area of San Simon 
Swale. 

A broad depression about 15 miles east of the Los 
Medanos site, open to the southeast. 

A particular chain of hypothetical circumstances 
that could, in principle, release radioactivity 
from a repository. 

A man-made hole, either vertical or steeply 
inclined, that connects the surface with the 
underground workings of a mine or a repository. 

Also called a brine aquifer. A zone of residual 
material at the interface of the Rustler and Salado 
formations left after dissolution of the original 
salt. It is highly permeable and contains much 
brine. 

The binding of one substance to another on a 
microscopic scale, such as by adsorption or ion 
exchange. In this report, the word is used 
especially with reference to the sorption of 
solutes onto aquifer solids. 

Nuclear-reactor fuel that, through nuclear 
reactions, has been sufficiently depleted of 
fissile material to require its removal from the 
reactor. 



storage Temporary disposition in a repository. Use of the 
word storage implies keeping open the possibility 
of retrieving the waste for reprocessing, for 
moving it elsewhere, etc. Storage usually implies 
the need for continued surveillance. 

sylvite A mineral, KC1, used as a fertilizer. 

tectonic activity Movement of the Earth's crust such as uplift and 
subsidence and the associated folding, faulting, 
and seismicity. 

thermal gradient The rate of change of temperature in the direction 
of increasing temperature. 

transuranic A nuclide with an atomic number greater than that 
nuclide of uranium ( 9 2 ) .  All transuranic nuclides are 

produced artificially and are radioactive. 

TRU waste Waste with a specific transuranic alpha activity of 
100 nCi/g or greater. This waste can vary greatly 
in its specific gamma activity. 



AEC 

CH 

DOE 

DEIS 

DHLW 

DMG 

- DOT 

E EG 

E PA 

ERDA 

FEIS 

HEPA 

I CRP 

INEL 

I RG 

NRC 

PREPP 

RhD 

RH 

ABBREVIATIONS AND ACRONYMS 

U.S. Atomic Energy Commission 

Contact-Handled 

U.S. Department of Energy 

Draft Environmental Impact Statement 

Defense High-Level Waste 

Delaware Mountain Group 

U.S. Department of Transportation 

State of New Mexico Environmental Evaluation Group 

U.S. Environmental Protection Agency 

U.S. Energy Research and Development Administration 

Final Envlronmental Impact Statement 

High-Efficiency Particulate Air (a type of filter) 

International Commission on Radiological Protection 

Idaho National Engineering Laboratory 

Interagency Review Group 

U.S. Nuclear Regulatory Commission 

Process Experimental Pilot Plant 

Research and Development 

Remotely Handled 
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RSE 

SAR 

SPDV 

SWEPP 

TE 

TRU 

TRUPACT 

USGS 

WIPP 

8 0 

Radiation Source Experiment 

Safety Analysis Report 

Site and Preliminary Design Validation 

Stoced Waste Experimental Pilot Plant 

Technology Experiment 

Transuranic (refers to nuclides beyond uranium in 
the periodic table) 

Transuranic Package Transporter 

U.S. Geological Survey 

Waste Isolation Pilot Plant 
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NATIONAL RESEARCH COUNCIL 
C O M M l S S l O N  O N  N A T U R A L  RESOURCES 

C D M M l l l l *  O I  ..DlO."l*, lllll I... CCMI.7 QL) Y I P  

Ilr. Sheldon k y e r s  
Program D i rec to r  
Office of Nuclear Waste Management 
Ocvsr twnt  of Energy (6 8-10?) 
Yashington. D. C. 20545 

1 am vleased t o  fornard the enclosed l e t t e r  repor t  by the 
Panel on the Waste l r o l a t i o n  P i l o t  P l m t  (WIPP) on i t s  r e v l a  
of the WlPP D r a f t  S i t e  Character izatton Report ( W D  78-1596). 
The Cornnittee on Radioactive Waste Management has discussed the 
substance of t h i s  l e t t e r  and endorses the v i m  o f  the Panel 
expressed therein.  

I hope these observations w i t 1  be usefu l  i n  the cont inuing 
process of geotechnical c h a r a c t e r i r a t l a  of thc proposed YlPP 
s i t e .  

Cha i r u n  



N A T I O N A L  RESEARCH COUNCIL 
C O M M 1 5 5 1 0 N  Oh' N A T U R A L  RESOURCES 

n o 1  h."NPn A""". W..*lrm. D C 

Dr. tamest F. 61oyna. Chairman 
h i t t e e  on Rsdioactfve Uaste k n a g o n n t  
National Academy of Sciences 
2101 Constitution Avenue. N. U. 
Uashington. D. C. 20018 

Dear Dr. 6loyna: 

As part of its continuing responsibility to review criteria and 
guide1 i m S  for the locat ion. design. construction. m d  operation of a 
proposed radioactive waste isolation pilot plant (UIPP). this Panel has 
reviewed the UlPP Draft Site Charactcriz~tion Report (DYR). SAND 78-1596. 
prepared by kndia Laboratories for the Department of Energy. The DSCR. 
rhich has subsequently been published. with the same report nmber. rs 
'kological Characterization Report (UIPP)." is 4 conpilation of the known 
geotechnical information about the proposed site and the surrounding region. 
with chapters devoted to regional geology. site geology. seismology, hydrology. 
geocharistry, resources, and special studies of YIPP repository rocks. It 
does not address such matters as socioeconanic considerations. accessibility. 
transportation and failure wdes. rhich rill need to k included in a 
cmplete site charactertzatlon. 

Thr following brlrf account. which rust k v i n d  in conjunction rith 
the DSCR itself. Is intended for a very limited audience of readers fully 
conversant with the contents of the k s i c  document. 

As a first step in this review. individull chapters of the DSCR e r e  
examined in dctatl by subgroups of the Panel uith special expertise in 
the discipllrury artas involved. after rhich their separate carrnts 
e r e  discussed by the full P a m 1  in a reting rith the Smdia authors of 
the docaent. 

The Panel then r t r l d  the extent to which the infomation con- 
Uined in the DSER provides sound geotechnlcal support for m environmental 
W c t  1 ~ 1 y ~ i S  and related decisions leading to the selection of an 



appropriate s i t e  for  the VrOpOSed p i l o t  plant.  Thc review focused on 
the Report's expos i t ion of p+otechnical i n f o r u t i o n  w i t h  c r i t i c a l  bearing 
on the s i t e ' s  probable a b i l i t y  t o  provide the desired long-term i s o l a t i o n  
of enplaced waste. e.9. seismic o r  tecton ic  u p l i f t ,  i n t w s i o n  of ground- 
w t e r .  thermal and mechanical character is t ics  o f  the host rock. and 
r t u r d a t i o n  effects along possible migrat ion pathways. Thc Report d i d  
not t reat ,  mr d i d  the P l d  m s i d c r .  the e f f e c t  o f  the  laca ant of 
waste o r  the r s t e  i t s e l f  m the long tm i n t e g r i t y  o f  the repos i tory .  
Althargh recognizi  the considerable coverage and d e u i l  of thc  i n f o r u t i o n  7 presented, the Pane noted r f- areas *re add i t i ona l  data are des i rab le  
t o  more f u l l y  character ize the gcotechnical aspects o f  the area under 
consideration. These include the fol lowing: 

a )  A major disagrennent between conclusions reached i n  the DSCR 
and the views of R. I .  Anderson i s  r n t t o n e d  i n  several places. Anderson. 
a profi?ssor of ge31ogy a t  the Un ive rs i t y  o f  H a  M x l c o  a t  Albuquerque. 
d o  has special ized i n  the study of evapori te deposits i n  thc  Delaware 
Basin. was c m i s s i o n e d  by Smdia Laboratories t o  prepare a repor t  on 
the deep d isso lu t ion  of s a l t  i n  the region amund the proposed YIPP 
s i t e .  Basing h i s  rrguncnt on a postulated unconfomity a t  thc  base of 
the Salado formation and on h i s  hypothesis tht the so-called 'breccia 
pipes" are loca l i zed  features o f  deep d isso lu t ion  which o r ig ina ted  as 
col lavse chambers i n  s a l t  k d s  i m c d i a t e l y  over ly ing the reef m d  h s i n  
aquifers. Anderson suggested t h a t  d isso lu t ion  m y  k so r a p i d  t ha t  the 
e n t i r e  sa l t  fornat ion w i l l  disap)ear w i t h i n  a m i l l i o n  years. Thc DSCR. 
on the other hand, considers on ly  d isso lu t ion  a t  the tes te rn  edge o f  the 
s a l t  b d s  and concludes t h a t  present r a t es  w i l l  ensure preservat ion of 
the Salads a t  the YIP? s i t e  f o r - a t  l e a s t  a fc* m i l l i o n  years. The Panel 
feels tha t  a more thorough explanation should h v e  k e n  provided as to  
why the authors o f  the D X R  consider t h e i r  v l w  preferab le t o  Anderson's 
hypothesis. On t h i s  same issue o f  s a l t  d isso lu t ion.  the DSCR e r t i r a t e s  
of tht ra te  of r e t r e a t  o f  t he  so lu t ion  front ta o r  three mi les  west of 
the s i t e  are ev iden t l y  based on t he  a s s u g t l o n  of unlform d isso lu t ion  
over a wide ares under averagt condit ions. A r a t i ona l  h s i s  should be 
provided for t h i s  assumption. % 5 v i s  t he  p o s s i b i l i t y  of accelerated 
d i s so l u t i o r~  ra tes  i n  l o ca l  areas. wiT6-selective runoval of s a l t  from 
k n e a t h  the present sedimentary cover; p r r t l c u l a r l y  i f  p l u v l r l c o n d l t i o n s  
were t o  chmge i n  the future. 

b)  Addit ional data m d  arulyses r o u l d  k he lp fu l  t o  deternine w i t h  
greater confidence the current  ra tes  of t r c t o n i c  u p l i f t  i n  the reg ion 
and whether. as r csu l t .  t he  s a l t  r a y  k exposed t o  accelerated erosion 
a t  sa r r  t t u  i n  the foreseeable fu ture.  

c) The so-called 'breccia pipes. wed mre deta i led  malyses t o  
determine rhcther  they m y  serve as conduits f o r  water t ha t  m y  h v e  
promoted. o r  u y  i n  the fu ture p r a o t e .  deep d isso lu t ion  of the s a l t  
beds. 



#' 

d) There appears to k sufficient in formt ion to resolve thc 
question regarding the l ike1 ihood of u p r r d  flw from the Bel l  t m p n  
formstion through the k lado.  where the proposed repository horimns are 
loclted. t o  the overlying Rustler. This s b u l d  be .ddressed. 

e) kcause rock properties h v e  a strong influence on mine design. 
art d e u f l e d  infomot ion i s  needed on the various rock types i n  tk area 
m d  on t h c i r  p e r r a b i l i t y .  fracture. and them11 properties mder conditions 
as similar as possible t o  those that rould be found i n  a repository. Both 
laboratory and f i e l d  tests appmxln t ing in-s i tu conditions w i l l  k required 
to develop t h i s  i n f o m t i o n .  

f )  The i n f o m t i o n  on sorption of the tmportrnt radlonuclidcs by 
l v t e r i a l r  t c  k expccted i n  mssible migration oaths. under conditions 
resembling those Gar a possible reposiiory. s k s  t o  be spa&. As soon 
as the typo of waste to  be stored i n  the rwos l tory  are tnwn. r w r c  
cmnplete discussion should k presented of the retr rdat ion anticlpated i n  
the migration paths. 

9) The m s t  recent episode of any t r c r y % t a l l l u t i o n  i n  thc k l a d o  
formstion near the proposed UIPP s i te  i s  reported to h v e  occurred about 
206 n i l l i o n  years ago. The Panel urges conf imnt im of t h i s  important date 
by furthcr studies and other techniques, as &scribed i n  Section 7.8 of 
the DSCR. 

I n  smary. the Panel v i w s  the DSCR as a p q r e s s  report On a 
continuing pmgra* o f  geotechnical data col lect ion and analysis, con- 
ducted under the constraint of no perturbation o f  the potential s l te.  The 
Panel considers the report t o  k useful as r conpendim o f  thc i n f o m t i o n  
available t o  the authors on the character o f  the unperturkd ~ o l o g f c a l  
formstion at the Lor Medanos s i t e  and the dynamics of the pcochcmical/hydro- 
logical  system. On the basis of t h i s  available informrtion. further 
investigation o f  the s i t e  i s  r r r m t e d .  Horcver. f i n a l  kc i s lons  
regarding repository s i t e  selection nust take in to  account .ore informt ion 
then i s  cont r lmd i n  t h i s  report. M s t  t lpor tmt ly .  they u s t  take i n t o  
account the effect o f  the emplacement o f  the n s t e  a d  the ms te  i t s e l f  
on the repository m d  i t s  surroundings. Tksc &cisions must  k based 
also a supplcncntary data acquisition and malyscs such as those suggested 
above; the additional studies dcljneated i n  the doclnrnt i t se l f ;  crucial 
I n - r i t u  s tudks conducted throughout the construction phase; and additional 
def in i t ion  of design objectives. c r i t e r i a  for u f e  operation, m d  ms tc  
forms t o  be accmmdated. 

Sincerely. 

. 5 f d ( .  d z z  
Frank 1. Parker. O v i m n  
Panel on the Waste Isolat ion 

P i l o t  Plant 
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LETTER REEORT, PARKER TO WILSON, SEPTEMBER 10, 1979 



NATIONAL RESEARCH COUNCIL 
C O M M l S S I O S  O S  N A T U R A L  R E S O U R C E S  

Mr .  Sk l don  Wyers 
Program Director  
Off ice of  Nucltdr Udste fidnasement 
U. S. Department of Energy (RSB-107j 
Uashington. D. C. 20545 

Dear Mr. Myers :  

I am pleased t o  forward the enclosed l e t t e r ,  by the Panel 
on the Uaste 1sola:ion P i l o t  p lant  (YIPP). regarding the desir-  
a b i l i t y  o f  s ink ing an exploratory shaf t  r t  the proposed reposi tory 
s i t e .  The Comnittee on Radioactive Uaste Management has review- 
ed the l e t t e r  and endorses the Panel's views expressed therein. 

Sincerely. 

, P / - .  IJJ* 
L 
E. ~ r l &  Uilson 
Chairarn 
Comi t tee  on Radiorctlve 

Y ls te  k n a g c s n t  

PI) r u m  



NATIONAL RESEARCH COUNCIL 
C O M M 1 5 5 1 0 h '  O N  N A T U R A L  R E S O U R C E S  

2101 Constmllon r a w  W.-. D. C. W a 1  

September 10. 1979 

Dr. E. Br igh t  Wilson. Ch i r aan  
tomnit tee on Radioactive Yaste k n a g n m t  
Na ti OM 1 Acbdemy of Sciences 
2101-Constitution Avenue 
Uashington. D. t. 20418 

k a r  Dr. Yilson: 

During the past year. the Panel on the Waste isolation P i l o t  P lant  
(YIPP) has b e c m  fam i l i a r  4 t h  the f indings of the various extensive 
geological  explorations, inc lud ing boreholes from the surface m d  attendant 
geotechnical studies, attempting t o  characterize the proposed YlPP s i t e  
and provide a basis f o r  judging t h i s  aspect o f  the s i t e ' s  s u i t a b i l i t y  
fo r  a waste reposi tory.  This fami l i a r i za t ion  process hrs included br ie f ings 
by representrt ives of k n d l a  Laboratories and the U. S. 6eological 
Survey. study of both the publ ished and mpubl ished technical  l i t e ra tu re .  
s i t e  viSl ts.  examination of actua l  borehole cores. and discussions w i t h  
o ther  ex# r t s  i n  selected gcotechnical are&. 

Our e f for ts  have brought to l i g h t  no disqu&l(fy lng r esu l t s  from 
these explorations an4 studies to r u l e  wt fu r t he r  cms idc ra t i on  of the 
proposed s i t e  a t  t h i s  stage. The Panel has reached t h i s  c o n ~ l ~ s l o n  
a f t e r  tak ing  I n t o  accoun t the  -ts made in  my l e t t e r  of b y  1. 1979. 
I r p o r t i n g  on our revfew o f  the YlPP D ra f t  S i t e  Chrracter izat lon Report 
(Issued as WD78-15%. S to log ica l  t h r r r c t e r i z r t i o n  Rewr t ) ,  po in t ing  
Out  ttut c e r U i n  e f f ec t s  have been observed r h i c h  can be i n te rp re ted  as 
i n d i c a t i q  the possible existence o f  s i gn l f l can t  a n w l i e s .  A b d l t l o ~ l  
i n f o r v t l o n  i s  c lea r l y  mqu i red  before these ano lv l l e r  can be mso lved  



and a declsion nmde regarding the adequacy of the proposed YIPP s l t e  for  
the construct ion of a repository. Fu r t hemre ,  continued c m l t m e n t s  t o  
f l n a l  de ta i l s  of repos i tory  design i n  the absence o f  addi t iocu l  r i t e -  
spec i f ic  i n fomat ion  m y  be both misleading and wasteful. 

The Panel i s  of the unanimous opinlon t ha t  continuing e f f o r t s  t o  
acquire the necessary addi t tonal  i n fonmt ion  so le ly  by mans o f  surface 
exploratlon, inc lud ing boreholes. have reached the po in t  o f  dimlnlshing 
r r t u rns  and cannot resolve a l l  the u j o r  r w l n l n g  uncertaint ies. 
Accordingly, the Panel recomeends tha t :  

(1) An exploratory shaft bC sunk a t  the s l t e  of one o f  the proposed 
access shafts as soon as p rdc t i cabh .  to the depth o f  the proposed 
reoosi tory horizon. 

(2 )  D r i l l l n g  be done and tunnels d c v e l o ~ d  i n  the s a l t  as necessary 
t o  conduct thc masurnnents and obsewations netded to resolve r m i n i n g  
s i te-spec i f ic  geotechnical unce ru i n t l e s  and t o  ascertain the degree t o  
which the s i t e  I s  su l tab le  for  the excavation o f 1  repository. 

Development o f  tk shaft. tunnels. and any other exploratory excavations 
should be consistent r i t h  applfcable r n v i r o r r r n t a l  and safety sundrrds. 
s t r i c t  qua l i t y  assurance procedures. and should be ccmpatible r i t h  an 
actual reposi tory.  i f  one 1s constructed a t  t h i s  s l te .  

Sincerely. 

5 - FA 
Frank L. Parker 
th@lman.  Panel on the 
h s t e  I so l a t i on  P i l o t  P lan t  
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CQNTINUING EVALUATION OF THE CARLSBAD SITE, July 28, 1980 

REPORT NO. DOE/CH/93023-1 



Ms. June Uiinikka 
Contracts Management Office 
U S .  Department of Energy 
9800 South Cass Avenue 
Argonne. IL 60439 

Re: Task Agreemnt DE-AT02-76CH93023 

Dear Ms. Yiinikka: 

Enclosed are s i x  ( 6 )  copies of a report prepared under the 
referenced -ask Agreement, together w i t h  a completed DOE Form 
IR-427. 

- .  

Staff Officer 
UIPP Panel 
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This report was prepared as an account of w r k  sponsored 
by the United States Soverruent. Neither the United 
States nor the United States Dc~ar tnrn t  of Enernv. nor 
any of t h e i r  awloyees, makes any warranty. exp6ss 
o r  implied, o r  assumes m y  l q a l  l i a b i l i t y  o r  responsibll- 
 it^ for the accuracy. cwleteness.  o r  usefulness of my 
i&o ra t i on ,  appsrahs. pkduct  or process disclosed or  
represents that  i t s  use would not infr inge pr ivate ly  
k e d  r ights.  



It is technically feasible to reorient the work on the 
Carlsbad site to fulfill the President's requirements, set 
forth in his February 12, 1980, message to the CongresS. for 
evaluation of this site as one of several candidate sites,.for 
later decisions regarding development of a licensed facility 
for defqnse and commercial high-level and transuranic wastes. 
The President's announced objectives can be achieved sooner. 
ana with-greater certainty of success, if the work begun unaer 
the WIPP Project is continued but reoriented toward these new 
objectives. Huch ot the information from the investigation of 
the Carlsbad site ana a11 of the. technology baing developed by 
t h ~ s  prolect are applicable to any repocitory located in domed 
or bedaea salt and licensed for high-level and transuranic 
defense and commercial wastes. 



NOTICE: The project that is the subject of this report was 
authorized by the Governing Board of the National Research 
Council. whose members are drawn from the Councils of the 
Natlonal Academy of Sciences, the Natlonal ~cade.~ of 
Enqineerlnq, an0 the Institute of Wedicrne. Sucn authorlzatmn 
reflects the Board's judgment that the project is of national 
importance and appropriate with respect to both the purposes 
and resources of the National Research Council. The members of 
the committee responsible for the report were chosen for their 
special competences and with reqard for appropriate balance. 

The report has heen reviewed by a group other than the 
authors according to procedures approved by the Report Review 
Committee of the Nationdl Academy of Sciences. 

The National Research Council was eetablished by the 
National Academy of Sciences in 1916 to associate the broad 
community of science and technology with the Academy's purposes 
of furthering knowledge and of advising the federal 
government. The Council operates in accordance with general 
policies determined by the Academy under the authority of its 
Consressional charter of 1863. which cstabliehes the Academy as 
a pilvate. non-profit. self-governing memberehip corporatioi. 
The Council has become the principal operating agency of both 
the National Academy of sciences ind the ~atiinai ~ c i d e m ~  of 
Eqineering in the conduct of their services to the qovernacnt, 
the public, and the scientific and engineering communities. It 
is administered jointly by both Academies and the Institute of 
Medicine. The National Academy of Engineering and the 
Institute of Medicine were established in 1964 and 1970. 
respectively, under the charter of the National Acaaemy of 
Sciences. 

lunded by the U. 5. D ~ F  rtment of Energy 
Contract No. EY-76-C-0; 2708-023 
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CONTINUING NALUATION 

OF M E  U J U S B A D  SITE 

The Panel on t h e  Waste isolation P i l o t  P l an t  ( Y I P ~ )  was 

organized by t h e  National  Academy of Sc iences  i n  1978, under 

, t h e  Committee on RldioaFtive Waste Management of tha  National  

Research Council,  t o  review the s c i e n t i f i c  and t e c h n i c a l  

c r i t e r i a  and gu ide l ines  f o r  designing,  cons t ruc t ing ,  and 

ope ra t ing  a Waste 1sola t i .on  P i l o t  P l a n t  f o r  i s o l a t i n g  

r ad ioac t ive  wastes from the  biosphere,  wi th  s p e c i f i c  a t t e n t i o n  

t o  a  proposed s i t e  m a r  Carlsbad. New Icexico. 

On February 12 ,  1980, P re s iden t  C a r t e r . t r a n s a i t t e d  t o  t h e  

Congress 'A Report on Bfs Proposals  f o r  a Comprehensive 

IUdioaCtive Waste Management Program.. Th i s  r e p o r t  s t a t e s  t h e  

P r e s i d e n t ' s  d e c i s i o n  t h a t  t h e  WIPP p ro jec t ,  CUr~*n t ly  

au tho r i zed  f o r  t he  unlicensed d i s p o s a l  of defense  t r a n s u r a n i c  

waste and fo r  r e sea rch  and development using h igh- level  defense 

waste,  nhou1d.k  c i n c e l l e d r  bu t  tGt t h e  Clr l sbad  r i t e  w i l l  

cont inue  t o  be evalua ted ,  along wi th  o t h e r  s i t e s  i n  o the r  

l o c a t i o n s ,  f o r  p o s s i b l e  use as a l i censed  r epos i to ry  f o r  

defense  and co . r e rc i a l . h igh - l eve l  wastes. 
I 

The P a m i  has  reviewed i n  depth  t h e  work of t h e  DOE 

c o n t r s c t o r s  on t h e  qeo log ic  c h a r a c t e r i s t i c s  of  t h e  Carlsbsd 

s i te ,  t h e  c h s r a e t e r i s t i c s  02 tb* defense and s p e n t - f u e l  

r a d i o a c t i n  was tes  t h a t  have h e n  cons idered  f o r  emplscemnt,  

! and tbr conceptua l  d e s i g n  of t h e  r epos i to ry .  The WIPP D r a f t  

I Z n v i r o m n t a l  Impact S t a t e m n t  bar been analyzed w i t h  
I 
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respec t  t o  t he  p o t e n t i a l  impact .0n pub l i c  hea l th  and s a f e t y .  

As a r e s u l t  of t h e s e  d e l i b t r a t i o n s ,  t he  Panel has 

previously concluded t h a t  continued inves t iga t ion  of t he  

Crrlsbad s l t e  is  warrant;d and has recommended t h a t  t he  p r o j e c t  

procmed with an exp lo ra to ry  s h a f t  t o  determine i n  g rea t e r  

d e t a i l  t he  geo lo9 ic r  hydrologic,  and s t r u c t u r a l  f e a t u r e s  of  the 

candida te  s a l t  beds, and wi th  i n - s i t u  t e a t s  a s  necessary t o  

r v a l u r t e  t h e  geotechnic  adequacy of t b i r  #it* f o r  a  waste 

r epos i to ry .  The Panel cons ide r s  t hese  i n - s i t u  t e s t s  t o  be no 

l e s s  t imely and t e c h n i c a l l y  d e s i r a b l e  wi th in  t h e  framework of 

t h e  P r e s i d e n t ' s  s tatement .  

I n  connection wi th  t h e  Carlabad s i t e .  a  t a l e n t e d  team of 

s c i e n t i s t s  and engineers  has  h e n  assembled, and extens ive  

g e o l o g i c s l  e x p l o r a t i o n  ba r  h e n  conducted. ~ b o r a t o r y  

f a c i l i t i e s  a r e  e x c e l l e n t ,  i r p o r t a n t  e x p a r i m n t s  oa waste 

d r r p a r a l  a r e  under r a y ,  ind underground engineer ing  des igns  

have been dsveloped. The p r o j e c t  has gaineo mmentum t h a t  

would bt d i f f i c u l t  t o  r ecap tu re  i f  it were t o  be in t e r rup ted .  

There a r e  round t e c h n i c a l  reason. t o r  cont inuing  t h e  

exp lo ra to ry  work: 

1. Much of  t h e  information from the  i n v e s t i g a t i o n  of t he  

Carlrbad s i t e  and a11 of t h e  sechnology k i n g  developed 

by t h i s  p r o j e c t  a r e  a p n l i c a h l e  t o  any r e p o s i t o r y  loca ted  

i i n  domed o r  k d d e d  s a l t  end l i c e n s e d  f o r  h igh- level  

I and t r a n s u r a n i s  defense  and conmexcial wastes.  

The a n a l y s e s  u d o  t h u s  f a r ,  eupported by ongoing and 

p l a n m d  t e s t i n g  p r 0 9 r . m ~  t o  v a l i d a t e  t h e s e  analyses ,  



.,. . 
. ', 

lead to the reasonable expectation that the Site ray 

be suitable not only for its original limited purpose 

as a defense transuranic waste repository but also as 

a licensed repository for both defense and commercial 

high-level and transuranic waste. Tbe present 

experimental program will yield results that can be 

applied to the expanded purpose envisioned in the 

President's Program. The exploratory shaft, now 

planned and ready to be constructed to a depth 

suitable for transuranic waste, can be extended to a 

lower horizon, where there is another malt bed that 

may be better suited for high-level wastes. The 

information obtained from this exploratory work will 

not only be useful for further evaluation of the 

Carlsbad site but can also be applied to other 

canoidate salt formations. 

2. The President's announced objectives can be achieved 

sooner. an0 with greater certainty of success, if the 

work begun under the WlPP Project is continued but 

reoriented toward these new objectives. 

Very long lead times are involved in the 

President's proposed new program of selecting 

alternative sites, constructing test facilities at 

each. choosing a first repository site, and eventually 

constructing one or w r e  licensed repoaitories. 

The extensive information already obtained on 

tbe Carlsbad site .and the demonstrated expertise of 

the existing investigative teams provide an 
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opportunity to proceed much sooner with in-situ 

testing at a potential candidate site--. capability 

which will have to be developed before this or any 

other site can be selected for a first actual 

repository. 

More is knovn about the Carlsbad site than about 

any of the other sites under consideration. puestions 

remain that rill require resolution by additional 

analyses and testing, but such questions are normal 

for this stage of an investigation. 

The Panel concludes that it is technically feasible to 

reorient- the work on the Carlsbsd site to fulfill the 

President's requirements for evaluation of this site, as one of 

several candidate sites. for later decisions regarding 

development of a licensed facility for defense and couercial 

high-level and trsnsuranic wastes. If so reoriented, the 

project could contribute by: 

o providing prototype experience in site qualification; 

o testing, in situ, performance assumptions about the 

geologic medium; and 

o developing techniques and information which will be 

required in the licensinq process. 

If g i n n  this arr mission, rork should proceed on constructing 

the exploratory shaft, acquiring hands-on repository mining 

*xperience, conducting in-situ tests and measurements at 

various depths, verifying engineering design assumptions, and 

developing analyses for licensing review. 



APPENDIX D 

NATURAL RESOURCES AT WIPP 

The resources of concern are principally the potash salts, which are 
located in 11 ore zones from 126 m to 240 m above the repository depth, 
and potential hydrocarbon resources, which are well below the repository 
depth (see Table D-1). Other possible resources, such as salt, gypsum, 
and caliche, are considered of insufficient importance to.warrant 
concern, as their abundance throughout the area is such that the 
withdrawal of this area would have no impact on their availability 
(Brausch et al. 1982). 

Groundwater is not considered a resource at the WIPP site, because 
water in greater volume and of better quality is available from other 
areas nearby. Quality of water in the Los Medanos area is extremely 
variable; for example, total dissolved solids in water from the Magenta 
dolomite range frofi 5,460 to 270,000 ppm: in the Culebra dolomite from 
3,200 to 420,000 ppm: and in the Bell Canyon Formation from 1,000 to 
more than 300,000 ppm (U.S. Department of Energy 1980-1983). 

The originally proposed controlled-access area at the site, 
including Zones I, 11, 111, and IV, has recently been reduced by the 
elimination of most of Zone IV. The new site boundary encompasses a 
square area comprising 16 sections, as shown in Figure 2-4. This means 
that most of the former Zone IV is now open for exploitation of its 
mineral resources. Zone I11 provides a 1-mile-wide buffer zone between 
the repository excavations and the site boundary. 

Within the time limits of repository control, no drilling for 
hydrocarbons and no mining for potash will be allowed within Zones I, ' 

11, and 111. Since the hydrocarbon horizons are below the salt 
sequences, directional drilling from outside the new site boundary could 
be considered to explore for hydrocarbons. Potash mining might be 
permitted outside the site boundary. However, the panel believes that 
DOE should have the authority to review and approve each proposed 
drilling and recovery project in the former Zone IV in order to assure 
procedures consistent with repository integrity. 

HYDROCARBONS 

If directional drilling is used for hydrocarbon exploration and 
production, standard well techniques of casing, cementing, and - 



TABLE D-1 Signif icance  of  Resources and Reserves a t  the WIPP S i t e  

WIPP United 
Depoaat Site Req ion States World 

Sylvite cat lease grade1 
Quantity, million tons ore 
Percentage at WIPP sitc 

High grade 
Lor grade 

Langneinite (at lease grade) 
Quantlty, million tons ore 
Percentage at WIPP sitc 
High grade 
Lor grade 

Crude Oil 
Quantity. million barrels 
Percentage at WlPP site 

Natural Gas 
Puancity, Dlllion cubic feet 
Percentage at WIPP sitc 

Distillate 
Quantity, milljon barrels 
Percentage at YIPP site 

SylviteC 
Quantity, million tons K20 
Percentage at WIPP site 

~angbeinite~ 
Quantity, million tons K20 
Percentage at WIPP site 

Crude Oil 
Quantity. million barrels 
Percentage at YIPP site 

Natural Gas 
Quantity, billion cubic feet 
Percentage at WrPP site 

Dlstillate 
Quantity, million barrels 
Percentage at YIPP site 

264.2 1,140 No estimate available 
23 121.5 as K20) 

77.6 
351.0 

37.50 1,915 200.000 Not 
2.0 0.019 available 

490 25,013 855.000 NO t 
2.0 0.057 available 

5.72 293 Not available 
2.0 

0.92~ 9.3 9.3 Not. 
10 10 available 

Nil 471.7 29,486 646,000 
0 0 0 

0.12 169.1 35,500 Not 
0.07 0.003 available 

'Data Sources: Hydrocarbons, Poster 11974) for the site and rqlon; potash salts, 
John et a1. 119781 for the sit* and region; Brobst and Pratt I19731 for, U.S. oil and qas 
and the world resources of sylvite. 
bOata Sources: Hydrocarbons, Keesey 119791 for the rite: American Petroleum Institute 
(19781 for the region, the United States, and the wrldi potash salts, U.S. Bureau of 
Mlncs ( U S M  19771. 
''The U.S. Bureau of Wines (USBII 1977) doas not consider any rylvite to be comcrcial 
today. Hwever, one bed (mining unit h-11 of sylvite was marginal and has been add& to 
the reserve list. 
d~stimatcd from the AIM 119791 study. The USBU estimate for the WIPP rite is 4.41 
million tons K 2 0  equivalent, but no comparable USBM estimate is available for the 
entire district. 



production can assure minimal damage to the rock system. Recovery and ,..l"-. ..\ 
stimulation methods, e.g., acidizing and hydraulic fracturing, would all .:sc 

-. be at sufficient depth and under sufficient control to have no effect on 
the integrity of the repository (Brausch et al. 1982). 

Solution mining would not be considered as an extraction method at 
the WIPP site, out the technique has been suggested as a means of making 
storage cavities for hydrocarbons. While this mining system requires 
water to dissolve the salt, the stresses and water convection problems 
do not differ from those of standard mining when the shape and size of 
the cavities are taken into consideration. The old Zone IV could 
possibly be considered for storage sites. Obviously, construction of a 
storage cavern in any of these zones would not be likely, because any 
location with 244 m of overburden and a minimum of 9 m thickness of salt 
will be sufficient to make a suitable storage cavity. Thus, while there 
is little technical reason for prohibiting storage cavities to be 
constructed just outside the current site boundary, there is no obvious 
advantage in doing so. Solution cavities should be prohibited within 
the site boundary. 

POTASH 

The Carlsbad regiom has been the principal source of potash in the 
United States for many years. The established mines are to the north 
and west of the WIPP site. The potash zones are also known to be 
present east of the WIPP site, becoming deeper toward the east. The 
extent of the potash beds throughout the basin has not been thoroughly 
investigated, but fragmentary data from oil well logs indicate these 
beds are not of high grade in potash content or thickness. The potash 
ore in the vicinlty of the WIPP site is in the McNutt Potash Zone, from 
412 m to 525 m below the surface and, in general, is insufficient in 
either grade or thickness to make mining economically attractive at the 
present time. The mineral langbeinite, K2Mg2(S04)3, may have 
some economic value as it has a special application in fertilizer for 
the types of plants that are sensitive to chloride ions. Within the new 
site boundary, the reserves of langbeinite are estimated to be about 12 
million metric tons, and sylvite is not present. 

Questions regarding the classification of these potash deposits as 
reserves or resources and the timing of future development are complex. 
The discovery of potash deposits in the Michigan Basin, which are of 
significant quantity and quality, could affect the value and, therefore, 
the classification of the Carlsbad deposits (Mathews 1970). The 
Michigan deposits are some 3,130 m to 3,440 m deep, and their economic 
recovery has yet to be determined: however, the geographical location 
with relation to the fertilizer market, water availability, land 
availability, and other such factors favor their value and might depress 
the value of the potash deposits in the Carlsbad region. 

Although extraction of potash just outside the site boundary may be 
permitted, it is not currently economic. 

The possible effect on potash mining in the former Zone IV of 
subsidence over the repository excavation in Zone I1 has been considered 



by Brausch et al. (1982). Subsidence at the surface or at points below 
cannot exceed the height of the entry. The distance of the subsidence - 
is related to the extent of extraction and other factors unique to the 
overlying strata. Thus, with a 3-m-high entry and 25 percent 
extraction, the maximum subsidence above the cavity would be 0.76 m. 
Because the salt will flow plastically and the rooms and entries are to 
be backfilled, this would decrease the subsidence at least by 
50 percent, or 0.38 m. In addition, because there are 651 m of 
overburden, the bulking factor would be sufficient to make this 
subsidence over the entry even less. These are reasonable assumptions 
in agreement with mining practice (Society of Mining Engineers 1973). 
Brausch et al. (1982) use 45 degrees as the angle of draw, noting that 
this is the value commonly used for salt in New Mexico potash mining 
operations. Thus, for an excavation at a depth of 651 m, the area that 
could be disturbed at the surface would extend 651 m beyond the 
excavation perimeter. If the horizon from which resources are to be 
mined is 126 m above the repository horizon, the limit of the zone of 
influence of the repository would be 126 m beyond the excavated edge of 
the repository. 

Potash mining is done by shaft sinking and room and pillar 
development. If water zones are encountered, they are sealed by 
grouting. -The New Mexico mines are typically free from water intrusion, 
and the oc.;asional flowing brine seems to come from pockets of limited 
volume. Several approaches have been made to evaluate the limiting 
distance of influence from the repository toward the nearest possible 
mine. It should be pointed out that this distance is between the 
outermost repository excavations at 651 m and the nearest potash -. 

excavation at the potash zone level, i.e., 126 m to 240 m above the 
repository entry. Using the empirical 45' angle of draw and a 
difference in depth of 126 m, there is no effect beyond 126 m from the 
repository, and at a 240-m difference, the limit is 240 m from the 
repository, and so on. 

Brausch et al. (1982) present several more sophisticated analysis 
methods, with the conclusion that the effects of the WIPP facility would 
extend a maximum distance of 115 m. They conclude that a potash zone 
610 m deep and a repository 655 m deep would show no interaction if 
separated horizontally by 213 m c r  more. On the surface above the site 
the repository could have an inf uence up to 655 m beyond the outer 
boundary of Zone 11, and the infLuence of a potash mine at a depth of 
610 m in the old Zone IV could extend inward 610 m from the current site 
boundary. This would leave some 305 m of surface undisturbed, and the 
distance would be proportionally greater nearer the repository horizon. 

Stress-induced increases in hydraulic conductivity were examined 
(Brausch et al. 1982) for the inert gases and several hydrocarbons. It 
was concluded that while the mining of potash 'would result in a zone 
immediately surrounding the openings in which the hydraulic conductivity 
of the rock would be greatly increased,' further from the mine the 
hydraulic conductivity would be less and 'therefore no preferential 
paths for groundwater flow between a potash mine developed within 
Control Zone IV and the WIPP facility would be expected to be created 
due to stress induced change in hydraulic conductivity.. 
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APPENDIX E 

BRECCIA PIPES 

The possibility of the formation of new vertical pipelike masses of 
breccia collapse induced by solution working upward into the repository 
in salt beds from several possible underlying aquifers (Bell Canyon 
Formation or Castile anhydrite) has been raised (Anderson and Kirkland 
1980). 

Of the various deep-seated karst landforms and deposits observed in 
the Delaware Basin, only two have been confirmed by coring to be breccia 
pipes (Hills A and C), despite the many miles of geophysical surveys 
(Figure E-l), the drilling of 71 shallow and'deep exploration holes in 
the vicinity of the WIPP site, examination of records of 300 oil and gas 
wells adjacent to the WIPP site, the detailed mapping of subsurface and 
surficial deposits, the extensive mining of McNutt potash on three sides 

.- of the WIPP site, and excavations and shafts completed as part of SPDV. 
By 1976, 142 km2 of potash mines were developed in the region above 
backreef, reef, and forereef deposits in the Delaware Basin. Despite 
these extensive excavations, only one breccia pipe was encountered 
during potash mining, Hill C (Figure E-2). Hills A and C were both 
cored (WIPP-31 and WIPP-16) and showed breccia present at depth. Two 
other possible pipes other than Hills A and C were reported (Hills B and 
Wills-Weaver). One was reported to have been penetrated by one of more 
than 300 potash exploration holes drilled in the region, and geological 
and geophysical studies indicate that these most likely are breccia 
pipes as well. No conclusion can be drawn from the potash drill hole 
report because data were scanty. 

These observations indicate that breccia pipes are exceptions, 
rather than the rule, in the Delaware Basin, and are far more restricted 
in their distribution than originally implied by Anderson. Anderson and 
Kirkland's model (1980) for pipe formation requires the concentrated 
solution removal of salt at depth (they postulated the Bell Canyon 
aquifer), presence of unsaturated groundwater at some time in the 
history of the pipe, an aquifer or aquifers with sufficient hydraulic 
conductivities and porosities to allow groundwater to transport Salt 
from the aquifer, sufficient gradients to induce groundwater flow, and 
an outlet or sink for both the water and the dissolved salt. The 
bounding calculations of Wood et al. (1982) for necessary rates of 
groundwater circulation and salt dissolution showed that necessary and 
sufficient conditions for breccia pipe development in the number, size, - 
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ir'. and time frame required to threaten the integrity of a WIPP repository ' cannot be met within the Bell Canyon aquifer. This is in agreement with 
Lambert's (1983) geochemical and isotopic data. More recent data -. 

provided by Davies (1983), however, do draw attention to the possibility 
of zones of higher permeability being present in the Bell Canyon than 
inferred by Wood et al. (1982) and Lambert (1983). Williamson (1979), 
for example, proposed a mechanism for the development of deep-sea 
channels trending toward the basin that may contain thicker, more 
permeable sands than recognized by Lambert (1983), Wood et al. (1982), 
and others. 

Most workers now agree that conditions could be met for breccia pipe 
formation only within the Capitan Reef of the Delaware Basin and near 
its forereef and backreef environment. An abrupt collapse of Salado and 
Rustler roof rock into a large void temporarily supported by an 
anhydrite 'beam' within salt (Snyder and Gard 1982) or related resistant 
layer within salt could account for breccia pipe characteristics 
observed as well as the large diameter and large volume of rock 
instantaneously displaced into Kermit sink (Baumgardner et al. 1981), 
San Simon sink, and possibly other related karst features observed near 
or above the Capitan Reef in the Delaware Basin. 

Hill C (Dome C in Vine 1960) and Hill A have been shown to be 
deep-seated .breccia pipes.. R. P. Snyder (U.S. Geological Survey, 
personal communication to the WIPP panel, 1982) points out that these 
structures are not unlike a rubble chimney caused by the detonation of a 
buried nuclear device. Because of their size and potentially disruptive 
nature, breccia pipes require better understanding, because they are a 
mechanism that could affect a repository. 

Drill-stem tests in borehole AEC-7 indicate that: (a) the 8 m to 
10 m thick Lamar Shale Member that occurs near the upper portion of the 
Bell Canyon is practically impermeable, and (b) the hydraulic 
conductivity of the brine-producing zone of the Ramsey sandstone in 
borehole AEC-7 is about 1.2 m/yr (Lynes, Inc. 1979). Hiss (1975) 
constructed a potentiometric surface map for the Delaware Mountain 
Group, using a large number of control points. His potentiometric 
surface map and chloride concentration gradients show that flow is 
generally to the northeast within the northern part of the Delaware 
Basin. The average hydraulic gradient, using potentiometric data 
corrected for fluid density, i$ about'0.0025 m/m (Wood et 'al. 1982) and 
the computed flow in the Bell Canyon is about 0.135 m3/yr per meter 
width of aquifer. Allowing for probable ranges in hydraulic 
conductivity, effective aquifer thickness and hydraulic gradient, 

3 probable flow rates were estimated to range from 0.02 to 0.40 m /yr 
per meter of width. 

Groundwater quality analyses of samples taken from the Bell Canyon 
Formation reveal that chloride concentrations range from 1,000 to 
190,000 ppm, and that total dissolved solids typically exceed 20,000 ppm 
for much of ~ e l i  Canyon groundwater (Hiss 1975). Hiss's contours of 
equal chloride concentration (isochlors) roughly parallel the 
potentiometric surface for the Bell Canyon and increases from southwest 
to northeast near the WIPP site. Wood et al. (1982) and Lambert (1983) 

. have indicated that the specific source of chloride is difficult to 



determine, although some of it may be derived from the overlying Castile 
Formation, having been derived from a more regional, rather than 
concentrated site originating from a few distinct points, and from 
reactions within the Bell Canyon aquifer. Wood et al. (1982) computed 
the water particle velocity to be approximately 0.03 m per year within 
the Bell Canyon near the WIPP site based on an average hydraulic 
conductivity of 1.8 m/yr, a porosity of 0.16 and hydraulic gradient of 
0.0025 dm. This travel time in the Bell Canyon from underneath the 
center of the WIPP site to the nearest known point on the Capitan Reef 
is approximately 500,000 years. A mechanism is lacking, however, for 
getting radioactive material from the repository into the Delaware 
Mountain Group (DMG). At present, heads in the DMG stand above the 
proposed repository level. 

Wood et al. (1982) analyzed two major mechanisms for deep-seated 
dissolution of salt from halite horizons through the agency of an 
underlying aquifer at the WIPP site: 

o molecular diffusion along grain boundaries and through fractures 
in the intervening anhydrite layer; and 

o solute-driven convection, either through a single wide fracture 
or through a permeable porous zone or fracture network between halite 
and aquifer horizons. 

The latter is a worst-case example similar to that postulated by 
Anderson. 

To demonstrate the dissolution capabilities of the salt removal 
mechanisms, one-dimensional analytical equations describing the 
mechanisms of salt dissolution and their interrelationship have been 
applied to the Delaware Basin. Two-dimensional numerical modeling of 
flow and mass transport has provided a more precise study of salt 
dissolution in the Castile Formation and mass transfer to the Bell 
Canyon aquifer. The results of modeling by Wood et al. (1982) are 
consistent with observed chloride concentration levels associated with 
dissolved halite in this aquifer (Lambert 1983). Conditions required to 
support dissolution within the Bell Canyon include a concentration 
gradient to drive the diffusion process and a density gradient to 
initiate convection. Additionally, convection is dependent on the 
fracture size or porous zone (fracture network) permeability. As shown 
in the Wood et al. (1982) analysis, convection can be substantially 
greater than diffusion for a fracture greater than 
0.0015 m, or for intrinsic permeabilities greater than 10-l~ in2. 
However, for conditions in the Delaware Basin, the Bell Canyon Formation 
will limit the dissolution mechanism because the concentration and 
density gradient will be controlled by the aquifer transport rate. The 
quantity of water currently moving through the Bell Canyon aquifer is 
inadequate to transport the necessary amounts of salt implied by 
Anderson's original brine-density model. 

Two implausible worst-case scenarios were also developed by Wood et 
dl. (1982), and the sizes of associated solution cavities estimated. 
Based on the calculated solution cavities, the possible implications of 



development of a dissolution cavity at the Halite I horizon on the 
integrity of the underground WIPP facility were assessed. 

The following conclusions were reached: 
A. 

o Observed site features that provide evidence for deep-seated 
dissolutioning are at the Capitan Reef margin and consist primarily of 
breccia pipes. The origin of other dissolution features observed in the 
basin is open to interpretation, although near-surface rather than 
deep-seated dissolutioning appears more plausible. One exception may be 
the FC-92 structural depression 2 km north of WIPP, discussed by Davies 
(1983). 

o The residence time of groundwater in the Bell Canyon aquifer is 
relatively long, with a flow rate that requires more than 2 million 
years to travel from recharge near the west reef margin to discharge at 
the east section of the Capitan Reef. 

o' The potential dissolution mechanisms include diffusion and 
convection from halite zones to the aquifers. Computation of the 
present dissolution rate, based on observed chloride concentration 
levels in the Bell Canyon, indicates that diffusion and possibly very 
weak convection result in the removal of halite from the Castile 
Formation. However, convection may be considerably more significant at 
locations adjacent to the Capitan Reef aquifer. 

o Evaluation of the present DMG hydrogeologic and geochemical 
conditions and review of their potential range of values indicate that 
halite dissolution associated with the Bell Canyon aquifer will not 
impact the underground WIPP facility. A solution zone of less than 
0.1 m in height was calculated, based on the maximum dissolution rate in 
10,000 years. 

o Based on an analysis of potential changes in the hydrologic 
characteristics (i.e. hydraulic gradient) of the Bell Canyon aquifer, a 
possible increase in flow rate of one order of magnitude in the future 
would not impact the WIPP facility over the period of investigation, 
10,000 years. 

o Based on an analysis of the maximum potential dissolution rate 
associated with convective and diffusive dissolution mechanisms at the 
Bell Canyon aquifer-Castile Formation interface (i.e., worst case), no 
impact should be observed .at the underground WIPP facility during the 
period of investigation, 10,000 years. 

The analysis by Wood et al. (1982) of deep-seated dissolution due to 
diffusion and convection (brine density flow)(Anderson and Kirkland 
19801, and the significance of the parameters that influence these 
dissolution mechanisms are revealing. Brine density flow or convective 
dissolution as a potential mechanism for removal of halite is possible 
in areas overlying and immediately adjacent to the Capitan Reef aquifer 
where high groundwater flow can occur and water is undersaturated with 
respect to NaCl. However, geochemical data suggest that convective 
dissolution by water from the Bell Canyon aquifer is not very 
significant and results in dissolution at the rate no greater than that 
associated with the diffusive dissolution mechanism. Furthermore, the 
very low flow of the Bell Canyon aquifer and the associated salt 



transport rate indicate that significant convective dissolution of 
halite in the overlying Castile Formation would be precluded due to the 
inability of the aquifer to maintain the density gradient for any 
significant period of time (Wood et al. 19821. The potential 
signlficance of channel sandstones with hydraulic conductivities ranging 
from-lo-' to cdsec as described by Davies (1983) was not 
considered by Wood et al. (1982). 

The deep dissolution analysis by Wood et al. (1982) has adequately 
set bounds on the rates and unimportance of sub-Castile dissolution 
process to breccia pipe formation. The question of more regional 
subsidence deformation discussed by Davies (1983) warrants further 
study, even though such subsidence is unlikely to be as disruptive to a 
repository when compared to pipe formation. Davies points out that the 
rate of subsidence will have an important bearing on the mechanical 
behavior of salt. For ductile subsidence, a repository constructed in 
the middle of the salt unit would maintain its hydrologic integrity 
through a large portion of the subsidence. Intermediate time rates of 
subsidence might have a different result. 

Several questions remain unanswered: Where are conditions favorable 
for possible future breccia pipe formation? Are San sinion Sink and 
Kermit Sink modern examples of breccia pipes in various stages of 
formation? Are there possible circumstances available for renewed 
breccia pipe formation at or near the WIPP site? How might specific 
high-risk sites for future pipe development be identified? 

It is important to be sure that the reef facies margin immediately 
northwest, north, and northeast of the WIPP site is accurately known, 
and that there are no smaller fringing reefs present between the site - and the main reef that may be hydraulically connected with it. Reef 
masses tend to be rather complex when traced in their development 
through time and space. However, no such fringing reef occurrences were 
noted in test holes, and a number of industry deep well logs, borehole 
geophysical data, and seismic refraction data were used in test holes 
AEC-7 and AEC-8 to show that the southern edge of the reef is at least 
11 km away from the northern edge of the WIPP site. 

Judging from the importance that zones of fracture concentration 
have on the location of Carlsbad and other caves in the Guadalupe 
Mountains (Parizek 19791, similar structures also most likely 
contributed to the formation of caves and conduits within buried reef , 

rock. Fracture trace-related and lineament-related structures that 
intersect reef rock are major candidate sites for possible present and 
future sinkhole and breccia pipe development. In any event, the first 
available reef rock is rather distant from WIPP, and breccia pipe 
development at a distant site would be of no consequence to WIPP. These 
structures are more likely to influence rates of water flow and salt 
dissolution within the Rustler Formation above the repository. 
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APPENDIX F 

SALT DISSOLUTION, 

BRINE RESERVOIRS, AND KARST 

Containment of radioactive wastes at the WIPP facility hinges on the 
long-term integrity of the evaporite section, which will be subjected to 
persistent dissolution, to perturbation during the development of. the 
repository and following its decommissioning, and to possible future 
human intrusion. 

Salt dissolution can progress from the top of the salt section, from 
below, and 'within individual salt beds. The rate of dissolution is 
directly related to the volume of water that comes in contact with salt 
in a given time period, the chemical quality of this water, and the rate 
at which dissolved salt can be transported within and from the aquifer. 
On a geological time scale, the dissolution can be rapid. Pew outcrops 
of soluble salt beds are ever observed in humid regions or even in 
moderately arid regions because the shallow, unprotected salt has long 
since been leached away. However, salt that is deeply buried, or 
covered by poorly permeable strata that restrict groundwater 
circulation, can survive for long periods of geological time even in 
basins with active groundwater circulation. Permian salts of the 
Delaware Basin of New Mexico and west Texas are good examples, for they 
have persisted for more than ZOO million years despite active 
dissolution within some regions of the basin. 

Reliable estimates of the total amount of salad0 and Castile 
evaporites removed by dissolution, especially in relatively recent 
times, are difficult to make because of (a) original heterogeneities of 
deposition, (b) ambiguous identification of members or marker beds, (c1 
partial removal of halite by dissolution or early subaerial erosion, and 
Id) perturbation of original bedding thicknesses by localized 
deformation (Lambert 1983). 

Episodes of uplift accompanied by erosion and dissolution of 
evaporite beds are described by Powers et al. (1978): 

Periods of terrestrial deposition alternated with 
erosional episodes, so that a series of non-marine 
deposits separated by angular unconformities blanket the 
evaporite beds at the site. These angular unconformities 
represent intervals during which salt beds at the WIPP 
site were tilted and subjected to potential dissolution. 
At least four erosional episodes separated by 



depositional intervals are recognized: (1) early 
Triassic time in which the Dewey Lake Redbeds were tilted 
and eroded to a slight angular unconformity before 
deposition of the Upper Triassic Dockum Group; (2) 
Jurassic-Early Cretaceous time in which the Dockum Group 
was tilted and eroded to a wedge before marine inundation 
in Washitan time (latest Early Cretaceous): ( 3 )  a Late 
Cretaceous through mid-Tertiary erosional interval when 
the region was again tilted and the Triassic Dockum Group 
of sediments was bevelled for a second time: and (4) a 
post-ogallala (post-Pliocene) uplift and erosion in early 
Pleistocene time, prior to which deposition of the 
(Kansan?) Gatuna formation took place. Subsequent to 
deposition of the Gatuna, there probably were pluvial 
intervals corresponding to the Illinoisian and Wisconsin 
glac ations during which accelerated erosion in these 
wett-r times occurred in the area of the WIPP site. 

Each period of tilting, which was accompanied by the potential for 
renewed erosion, also afforded an opportunity for salt flow by plastic 
deformation along the imposed gradient and salt deformation as the salt 
impinged against reef abutments or responded to uneven, differential 
sediment loading or erosional unloading. Salt deformation of this type 
may account for the origin and distribution of isolated 
pressurized-brine reservoirs found in the Castile. To the extent that 
some 'deep dissolution' features are recognized today in salt at depths -. 

of several thousand feet below the surface, it seems likely that 
subsurface dissolution of salt could have started at comparable depths 
beneath the surface as soon as early-Triassic time. Episodes of active 
dissolution most likely occurred during the Jurassic and late-Cretaceous 
to mid-Tertiary erosional intervals, as well as d'uring pluvial periods 
corresponding to Pleistocene glaciation. 

Recent regional rates of salt removal from the top and bottom of the 
Delaware Basin evaporite have been estimated from a knowledge of salt 
dissolution mechanisms, regional groundwater flow systems, and the 
geochemistry of its groundwaters (Powers et al. 1978, Wood et al. 
1982). Concentrated, more localized deep dissolution processes may give 
rise to breccia pipes, sinkholes, and other large-scale karst features 
such as the FC-92 structural depression 2 km north of WIPP (Davies 
1983). Some of these karst features formed in part in a localized 
catastrophic manner rather than by slow regional subsidence. Abrupt 
collapse of large volumes of consolidated and unconsolidated strata, as 
occurred at the San Simon and Kermit sinks, is possible only where void 
space formed at depth by slow differential dissolution of soluble 
strata. Each of these salt dissolution processes will be reviewed 
briefly as it pertains to the long-term geological stability of WIPP. 

The present rate of salt dissolution has been estimated for the top 
of the halite within the Rustler and Salado formations (Powers et al. 
1978; Bachman 1974, 1980), and more recently for the base of the Castile 
Formation at the Castile-Delaware Mountain Group Contact (Wood et al. 

.- 



1982). Many lines of convergent evidence were reviewed by Wood et al. 

,- 
(1982) and Lambert (1983) to help bound rates of basal Castile salt 
dissolution. Local and basinwide stratigraphic and structural 
observations were considered in these analyses, as well as mineralogical 
and textural relationships observed in caves and cores. Lambert (1983,) 
presented additional data obtained from chemical and isotopic analyses 
of rocks and solutions regarding equilibrium relationships of brines and 
other groundwaters obtained from various sources in the Delaware Basin. 
These lines of evidence provide support for estimates of dissolution 
rate that previously were based largely on stratigraphic and geomorphic 
evidence. Additional evidence regarding dissolution rates is currently 
being sought from incongruent phase relations (Lambert 1983). 

Erosion by solution and fill is a mechanism originally proposed by 
Lee (1925) for shallow dissolution of gypsum terrain., characterized by 
incision of dendritic drainage patterns and development of underground 
drainage channels that collapse as soluble materials are dissolved. 
Bachman (1980) concluded that this mechanism is active in sections of 
the Delaware Basin underlain by gypsum, resulting in a chaotic jumble of 
less soluble rock as an end product. 

Bachman (1980), Christiansen (19711, Jagnow (1979), and others have 
described a shallow process of phreatic dissolution of soluble rocks 
within open conduits that contain freely circulating groundwater that is 
undersaturated with respect to the rocks (such as carbonate rocks, 
anhydrite, gypsum, and halite) being dissolved. This process is 
differential in nature and can produce large open cavities, such as 
Carlsbad and related caverns in the Guadalupe and Delaware mountains and 
smaller cavities noted in Nash Draw. Many of these caverns in the 
Capitan limestone exhibit structural control, i.e., zones of fracture 
concentration, which are also likely to influence present development of 
solution permeability within Capitan Reef rock where buried by Salado, 
Rustler, and other strata. Similar zones of fracture concentration are 
present in the back reef sediments of the Artesia Group that lies 
shelfward of the Capitan Reef and appear to have helped localize 
numerous sink holes and collapse structures. 

A different origin for some karst deposits and landforms was 
proposed by Anderson (1978, 1982a). Be has suggested that many of these 
features were created by deep-seated solution activity, which he 
considered to be an ongoing process within the Delaware Basin. It was 
his view that the region of concentrated salt dissolution activity has 
migrated from west to east through geologic time, as well as along and 
away from the margins of the Capitan Reef. In support of his hypothesis 
of deep-seated dissolution, Anderson cited the presence of many sinks, 
domes, and breccia pipes in various parts of the Delaware Basin, and the 
thinning of halite layers I, 11, and 111 deposits in the Castile 
Formation near the western margin of the basin. 

As a corollary of the deep-seated dissolution hypothesis, Anderson 
and Kirkland (1980) proposed a brine-density flow model to account for 
breccia pipes in the Delaware Basin. For this mechanism to operate, 
fractures must expose the base of the evaporite section to 
undersaturated solutions that begin to dissolve salt. As salt 
dissolves, water becomes more dense and sinks into the lower part of the 



aquifer, allowing new unsaturated Waters to come in contact with the 
salt in a self-perpetuating manner. Overlying strata collapse into the 
cavity created by the dissolution. Anderson and Kirkland suggested the 
Bell Canyon Formation as the aquifer providing the undersaturated 
solution. It immediately underlies the salt sequence. 

Recent work, however, has cast doubt on the ability of the Bell 
Canyon Formation to supply the necessary flow of undersaturated fluid 
(Lambert 1983, Wood et al. 1982). Five lines of evidence were presented 
by Lambert (1983) to show that the Bell Canyon is an unimportant aquifer: 

o extremely limited quantities of water produced from but a few 
thin Bell Canyon Formation horizons; 

o Bell Canyon water is highly saline, but not completely saturated 
with sodium chloride under the evaporites (Hiss 1975); 

o the salinity does not rise abruptly from west to east as 
evaporites appear in the overlying section (Hiss 1975); 

o the water contains solutes in combinations not found in the 
evaporites (Lambert 1978); and 

o there is little evidence for appreciable movement of water in 
the Bell Canyon (Mercer and Orr 1979). 

Anderson (1982a) has agreed that the Bell Canyon is an unlikely source 
of solutions for the brine-density mechanism but has suggested instead 
that deep dissolution is concentrated in layers of fractured anhydrite 
near the Salado-Castile contact. The alleged flow in this layer, called 
'blanket* or 'strata-bound' dissolution, involves the lateral movement 
of water along a permeable bed, adjacent to which soluble rock 
dissolves. More rock dissolves as new void space is created. Such 
dissolution in this and other anhydrite beds, according to Anderson 
(1981b), has removed nearly 50 percent of the halite in the Delaware 
Basin by a process that he believed to be still active and still 
proceeding eastward at significant rates. nore recently, Anderson 
(1981b, 1982a) has tied this process to the origin of brine reservoirs 
in Castile anhydrites as well.. He has dropped the Bell Canyon as an 
important conduit for significant salt removal and' breccia pipe 
formation as proposed in his earlier papers. Davies (1983) indicated 
that the Bell Canyon may still be capable of producing more widespread 
salt removal and that n-w bounding calculations are justified. 

Bachman (1980) and ambert (1983) have agreed that strata-bound 
dissolution occurs, but lave stated that it operates only near points of 
recharge where waters are more likely to be undersaturated with salts 
and where groundwater sinks are available for salt and water removal. 
They did not agree with Anderson that this mechanism is widespread or is 
responsible for pressurized-brine reservoir formation. To date, no 
evidence has been provided to show that anhydrite beds within the 
Castile or Salado formations serve as regionally interconnected aquifers 
in the basin. 

Hydraulic heads in the Bell Canyon aquifer stand above the proposed 
repository level, and only human intrusion could introduce radionuclides 
into the Bell Canyon. Extraction of oil and mostly gas in the northern 
section of the Delaware Basin has not caused a drawdown in *. . .. 



potentiometric heads within sub-Bell Canyon reservoirs that have 
reversed hydraulic gradients in the Bell Canyon. Also, estimated flow 

.- 
rates in the Bell Canyon show that nearly 500,000 years may be required 
for its waters to move from beneath the WIPP site to the nearby Capitan 
limestone aquifer, assuming that it is hydraulically interconnected to 
the Bell Canyon aquifer. 

The Capitan limestone is an important aquifer, with extensive 
solution porosity where exposed west of the WIPP site as well as where 
buried in the northern and eastern margin of the Delaware Basin. Hiss 
(1975) reported high porosity zones within buried reef rock as shown by 
five occurrences of bit drops during drilling of 3.6 to 18 m. Hiss's 
model for regional groundwater flow within the Capitan limestone and 
adjacent strata has been modified by Lambert (1983) to be consistent 
with current isotopic data. Lambert concluded that 

o virtually no involvement of the Bell Canyon exists in either 
groundwater recharge or discharge from the Capitan: 

o the reef shelf system may be divided into various units that can 
act as either recharge or discharge areas for the Capitan: and 

o the Bell Canyon Pormation is not being actively and continuously 
recharged by any known meteoric or groundwater source in the Delaware 
Basin as revealed by isotopic data (Lambert 1978). 

All current lines of evidence have led Lambert (1983) to conclude 
that water movement in the Bell Canyon, Castile, and Salado formations 
in the north central Delaware Basin is either imperceptibly slow or 

.- nonexistent and that strata-bound dissolution in unspecified beds, most 
likely anhydrite layers, is the most plausible model for efficient 
removal of evaporites at depth. What to do with the saturated brine of 
dissolution origin remains a major problem with the strata-bound model. 
This is the same issue on which Anderson's thesis is vulnerable. A 
plausible water and solute sink needs to be located for salt to be 
removed. 

Dissolution processes described by the Lambert model are not likely 
to disrupt surface support facilities during operation of the facility, 
but in time could further increase the permeability of the Magenta and 
Culebra dolomite members within the Rustler Formation as salt is slowly 
dissolved from the Rustler and the top of the Salado. In the long term, 
this could influence the permeability of the Rustler Formation near the 
upper portions of shafts and borehole seals following backfilling of the 
repository. Permeability increases within any of the Rustler units will 
(1) increase groundwater flow rates, ( 2 )  accelerate rates of salt 
dissolution by a feedback loop mechanism, and (3) reduce the thickness 
of the protective salt layer above the proposed repository. None of 
these changes, however, is likely to be significant to waste isolation 
under present climatic conditions or before TRU waste decays to 
acceptable levels if no mechanisms are provided for releasing 
radionuclides into the Rustler aquifer. 

The formation of a breccia pipe under a repository according to 
Anderson and Kirkland's (1980) model might have caused serious 
disruption. The work of Wood et al. (19821, however, greatly restricts 



the location in the Delaware Basin where breccia pipe formation might be 
possible. i.e., above the permeable Capitan limestone. The distribution - 
of the Capitan limestone and its southern limits are well known. The 
northern outer edge of Zone IV is at least 11 km south of the mapped 
southern extension of the reef; hence, there is no chance for a future 
Capitan Reef-related breccia pipe to disrupt the repository. 

Anderson (1982a) concluded that fractured anhydrite beds observed 
within the Castile Formation are regionally interconnected, and that 
they serve as aquifers containing actively circulating water that may be 
quite young and is'capable of dissolving significant amounts of salt. 
Lambert's (1983) strata-bound hypothesis is testable, but not enough 
data have yet been compiled to support a final conclusion. However, the 
many cores taken from Castile anhydrite beds do not show open fractures 
and brine except where brine reservoirs have been encountered along 
anticlinal structures near the Capitan Reef. This suggests that brine 
reservoirs are genetically related to folding of evaporite beds and 
derive their built-in and confined pressures that exceed hydrostatic 
pressure from sources other than existing groundwater recharge areas. 
The very numerous oil and gas industry wells in the basin do not show 
brine saturation within the Castile anhydrite beds nor did they 
penetrate brine reservoirs. These observations are hard t: reconcile 
with Anderson's hypothesis, but do not completely prove it wrong. 
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!ma W a s t e  Isolation Pilot Plant (wIPP) panl of the Board on Radioactive 
w a s t e  !4anagePrnrh (m) ha0 considend in datail th mazbhg4n~car field test 
plum& at the WIPP site, an3 harewith presents c a m m b  cn sanr asp.ets of the 
plan. 

me test is as an item in the Workirq for Camltation 
ard Cooparation~betwPen DOE an3 the Stab of New WW. In mquesUq the 
test, the State (through its EnvFronmental Evaluation Crarp) pinted cut the 
Uncartainties in the use of l a b 0 1 ' c ~ t c o y i l e ~  % (diarikrtion 
coefficient) Wues for pradicting ratardaticn of radiomclide mwement in 
flwing graud-water, an3 the consayerit: need to have Lrritu % data for - -io analyses. 



lbe ur igM plans for the trrst, am dcscribd to the panel at its meet- 
in February 1986, irnro1vod the injeztian Of sevaral tzaCOZB into the Webra - 
dolanit. in are veil an3 thElFr detectim in adjaeent valls after various t* 
infenralo. Prior injectim of Knsorbing t r a m  wcnrld give a mrrasure of the 
rata of --tar flar,  arsl the ratio of rates of uwarmt of sorbing ~d 
mnsorbing tracarr, warld indicate th. of retardation. Ratardation 
fa- m det%mbd &d than ba US& in -0- models 
designed to M amplianr with EPA 6b rdada  for -pr of radionuclides into 
tha accessible envFrarmurnt. The factom also vmld k useful, it was he@, 
for ccmparisaa w i t h  ratarQticn factors cslailatd tmp labratory % 
measuremenfs, a canparism to prwide Mozmatian an the reliability 
of laboratnry data 8s a basis for predicting -tion in natural 
env-. A t  t b  of tha Fpbruanr nrrtfw m d r +  dm= had k.a- 4- 
as to tha .prif ic t o b e u s e i a s s e a b i n g a r d ~ 1 w r b ~ t r a ~ e ~ 5 :  
mealla8 it was Mnrmed that UBQ Of radioacti~ wrbetMoes tmJld notbe 
permitted, a variety of pssibla arralcg clemantr was m%r cnnd3emtian. 



The misd plans for the test, 8s descriLad in the Iappin mmmnhm, have 
inpmsd th. panel mm farorably. lhur is still a differsncm of opinion' 
abcut the lnobability of mining useful results, b a t  in vim of the med to 
fulfill a oePmnitrwrt to the State of N.v Mexico and in viaw of  the 
0- J ~ ~ ~ P L L L ~ L ~  ut m u  ~ r s i ~ ~  wums mor example, 
Lettar Raport On the ~ O f t h e ~ O F N L W o r  1(RghClp Of U-15 May 1986, 
p g e 6 ) ,  t h o ~ a g r a o r t h a t t h e t e s t . h a r l d h c ? u r i a d c u t .  



(4) ?he pnnel stmngly .Y theI th. of rdBarlides rather than analog 
damhe as &irq tracus. A poesibls aceptian might ba M e  for 
~ u m ,  siKY the c & d a  bahavior of M. InnradioactiVB fonn k - 
fd.ntioal to that of Sr; aruthar gcrssible -cn \Jaild be 1- 
as an Meilcq fat ttm ctremically vrry similar ampricirnn. BR the p l u t m b  
ard nr@dUlim han rW, eUEdOge, ard US8 Of radi0aCth b O t C p  is 
essmthl. Cbj.cticm can h rabd an Vm graPdP that these isotepes 
lg9I.Y ~ ~ & a t ~ ~ . " 1 ~ ~ ~ ~ ~ t p ' w * p i a j a 6 ~ ' M " ~ ' b y b y &  
use of botapes or i w t o p  raeia, frrm thoee in thcr bmsta, so 
that omtdnation frerm theI t.ot a d  be mZab1.. nm panal hrrfher 
mamrwds that the tost be lhitd to a few tracers, pdmps d y  Sr, Fu, 
ard Am, ~ # a r t h a n ~ l a r g . n u a b a l ~ i n t h o r  For 

( 5 )  Dl th absancr of ruificiont h f Q L r n a t i ~ 1  amxt th. variability of the 
fonmtion, it is not p6sible to datumfrr the mz&u Of h@mpads neded 
to obtain a stat ist ical ly significant msult. The test shRild be partonred 
at x x e  than an hydrcpd, preferably at at l& thrw, to gicn samo sene0 
of the passiblo varhbility. Pw ard charactsristica of 
gracnrndwater flcw mzy m y  Fmm plaa  to plaaP in tlm ailabra acpifer, 
and d t a  of the tast at  a s-la hydrcpad wmld not bs rrpmsmtativa of 
the aquifer as a whole. IWm with tbrw fiydropads th results w i l l  not be 
t n l l y  mPmsemlti.cn, but throe will h b.ttar than an. 
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Scientists a t  tk Sardia Natianl Laborabries (SNL) , a tar3mica.l 
OBlSUltirq for DOE, rmuLintafn that the .nnamt of brim rrmnallatim is 
=call, ard c a l a a t i a n  hlicatethat it- beabscnbedbythebackfill - 
m a t e r i d l t o b e p l ~ i n t h e r o c m s a r d ~ s .  Tlu~~r~lnterEererreis 
~ m t h e b a s i d o f ~ f m i n a r y o b s e r v a t i ~ ~ w i t h t h e ~ c p ~ o f s a l t  
i n t o d i s p o s d l m c m s a r d ~ t h e w a s t e p a ~ .  A c c n b a r y v i e w  hasbeen 
- m y b y a l o c a l g r c u p o f  s c i e n t i s t s , ~ o f t h m h e m t h e  
University of Nev 13exiao (the Scient%sts Wiew Panel: SRP), w!n suggest that 
the .nnamt of acnmpllatianmay be large ~ t o e n t r a i n b t h  backfill Md 
vaste in a mobile radicactive nsl\nry.ol Such a fluid hwld prevent ansolida- 
t im of the salt  ard might rmwe to the &ace to release radioactive material 
in -ties excedrg EPA stankzds. Because of this SRP reenmoends 
a hold m repsitory Q11StCNCticn ard m mEos plan to start bringing large 
mbrs of waste dnnns to the site in - 1988 for a pmjected fi- 
puat phase of the reposi* cperatim. s d m t k t s  in the state of NEW 
Mmdmos Evaluatim Qmp (EEI;), W e  not advccatirq a hal t  an 
repository -tim co an vork with radioactive waste in the 
repository m, u.0 tk quantity of kine 
fsarff identtowrrant~e~fars~befaaelargenrmbersofwstednnasare  
plaaea-. 



me Mtidl differenoe in L p r e s . 2  b e & e e n t k m l t a n d c p n m m c r a s  
c a n b e s p e c i f i e d i n a n a m w e r ~ ,  asmnwhembebeenthehydrpstaticard 
l i m t i c  pressure in salt at a Qpth of 6 9  m (2150 ft) [ W y  be- 70 
ani 140 bars (1000 ard 2000 psi), respectively]. pressme differerrce will 
chmase zarkdly at the vezy en3 of the p d c d  of salt ans~lidaticm (ard 
b r h  inflcu will be mrrespcp.dtgly d e r ) ,  because any fluid that exists in 
m i -  voids will be tightly -. 



aue of the SRP Samrio  

m i o n  of &eel antainers. Both SRP ard SNL assme that the steel w i l l  
~ m t l a q a i t e r t h e r e p o s i t c a y ~ c l c s e d .  SRPepectsthenmft-steel 
waste [to] disintegrate viI3.h ... 20 yearsH am3 beam? part of 
tk % l r ~ r y . ~  ?k are wre likely to be inn in solution ard solid 
dnmks of the antdner mztal that have been partly or m l e t e l y  oxidized or 
sulf idized. 



Generation of aas. As nated ebve, scrae fonretim of gas i s  w q  likely, 
particularly cakm dioxide fmm the detxqcsitim of cagMic matd.als in the 
waste. SRP e a t e s  in aaditian aturdant hydnqen sulfide, drich seems 
bpmbble because even if it does it wxld react readily with 
dissolved h to form mlid ferruas sulfide. Ammdatim of gas ard 
h r i l d - u p o f h i g h ~ b y s a l t u e e p a s t h e r e p o s i t c n y ~ s r e  
c c m p r e s d  to be unlikely, because the gas wxld s lw ly  wve a x t  
the salt ar t b u q h  leaks in the seals of shafts ard bmrds. If the salt is 
penmable enxlgh far m& brine to ledr in, it k likely that gas wxld terd to - leak cuL: as the gas pmsare rises towatd lithostatic. 

of "61- to the surface. SRP essm%s that radiaarlides can 
reach the &aoe by W pcssible mutes: (1) leaks in &af t  sedls up 
into an aquifer in the werlyirg RusLler f m t i m ,  theKm to the surface w i t h  
-ter flw in the aquifer; and (2) -oratory Q-FU-holes that 
accidentally strike the repositcny in the distant Fuhae. Rel- by either 
rarte auld  be prupted by the QvelcpPerR of high ~ESWS fmn gas generatian 
or sdlt creep; release drill-holes is possible also withaR gressw, 
by the entdnw& of wste in fluids used for drill-. If tk existerpe of 
sufficient mDbile f luid  is assued, any of these dltenntives u x l d  bring 
radioactive nterial to the axfaoe in Qnxmts releases qedfied by 
EFA -. In support of the fhst alternative, SRP llDtes that 99, has mt 
yet -bd a ampletely satisfactcay methDd of abaft ealirg. I(rrent SNL 
irrsitu with ~ ~ ~ Q L L S  d i n g  ~ q u c s ,  hcmmr, are very 
pmdsirq. EIleleasetoaIUsUcra&fernz@msthatleakinthesealsbe 
mt cnly present but amqb far pasage of psrticulate mtter in tbe 
"slurry, a z q u b s m k  that p t 6  an a d d i t i d  strain cn the credibility of 
this mute. Iha W t e d  releases drill-les are the ame plasible 
of the W rartes. 



It 5.6 vehth nOttg that the radioactive relesses just described, even if 
they were to cuau,. would M result In a major catsstrqrhe a t  ar nmr the 
site. Escape of amtambated brine thna@ a &ill-hole frm a m i z e d  
cavity would cause a temporary spat of radioactive liquid, ard of 
waste in ckil1i.q fluid might lead to 1-lssting flw: Lut both events 
would lpe~ cnly brief surfam? acntact bebileen a few i n d i w  ani slightly 
raaicactive liquid. &riaus harm would be h i w y  milUrely. Wease to a 
ptable aqdfsr d d  be nure d v ,  because the fluid u x l d  be dhsdnated 
over a wider arcm and ingeseion a x l d  lead to po66ible significant m; 
k u t  water fruu Rustler aquifers is mt rw p tab l e  ard is not likely to 
sointhefuture. W E P A - h a - ,  althnqhfail~~eto 
ahieve -liarroe a t  this particular site and w i t h  this particular assuued 
-ofeventsvaildIIotposeamja~.threattothehedlth&safetyof a 

-w. 
Pnrs SFP has a saenario of radioactive release a t  WIPP that cruld 

d v a b l y  happen but that - highly -1e. Given exbaodhry 
permeabilities of salt with crntirarity to a mame of water near the disposdl 
rocms, backfill that takes the form of vety smll particles, steel oentairw 
that c o d  in a nearly neutral r&xirg brine or disintegrate irRo tiny 
grains of hm d d e ,  ard heterPgenerus waste that generates akxnhnt gas as it 
breaks dam into par t ic lesviven all these ~ ~ t i c m s ,  it wculd h ied  be 
passible for a &fie fluid to fmn that cruld brbg radim~5ides to the 
aPfaoeinuwmtsaoeedbgEPAstardards. Eutthermoersaryasmptionof a 
sqaexe of m e  events aupled to the drillkg of a~loraw holes that 
strike d i m  rmns does not make the result credible. It w i l l  pxxbbly be 
forever iupxsible to devise a repository w p r f e c t  that cannot think 
of away i n d d  it might bebmadm3: Lutsuchataeachirgeventnustpxe - 
credible thxuqh a sjsd prognrm of e x p e r m  investigatim. Nevertheless, 
it 5.6 essential to have a wel l  OQlceivd experimwtal pmgmm at WIPP to 
-unmrtaFnties as a basis for a onsemative perfomam= asser;E;ment. 

In respense to the request by the N&r l%&w c-,iaml delqatim, the 
Wnel mules  fnm its sturty of aPrently available widerYz tbat the 
fonmtim of an abur&mt d i l e  fluid in a n?posiw a t  the WIPP site, as 
pcsbilated by SFP, is very hprdable. SRP has mve&bless highlight& saae 
of the-es, l u q ~ e d b y t h e R u r e l ,  # a t & i n t h e e x b t b q  
data, and by w do* has perfarmed a m i c a = .  lb resolve the -es, 
the Wnel makes the follcving -ti-: 



QuMtities a m  .ssenttal for pdicllrg the emunt, character, and 
misrstim of arry fluid that ammula-, ard mjor uKmrtaFrrties still 
sxistregardCngtkm;thegodlofthe~cperimentdlpzPgramEhaildbe 
t o m d u c % t h e ~ e s w i t h ~ r i 6 k .  

should be designed to lessen -es, rut to 
pmcunsived ideas abaR their prdxble results. -t 

ahaild be given to an appxqriate crurse of actian if experimental 
I P S U l t s ~ a R ~ t o e X p e c t a t i Q I .  

?ailt&bse nrrblr: (gas + liquid + mlid) a d  be dwelqed to 
describe the behavior of the pc6sible anplex fluids that may form as 
brine enters the rep36itxuy ard gas ie generated fmn the waste. 

Effort M d  imrPdi.tely to investigate the feasibility of 
possible tghniQ1 nfjxesn if tbe pmble~ of fluids in the repcsitory 
i S d + % b 3 & & b y t b e & ~ i m e n t s t o b e ~ i ~ u s .  DQmples 
of sueh "fiws" are: 



+Evdluaticn of the Waste Imlatian Pilot Plant (WIPP) as a wtrrSabn-ated 
d e a r  Mste -itory. &i eneistsRevkPanelanWIPP, -, New 
Xaiw, Jamszy 1988. 
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Mr. Critz George 
U.S. Department of Energy 
Office of Defense Waste 
and Transportation Management 

DP-lZb/Forrestal 
Washington, DC 20545 

December 30, 1988 

Dear Mr. George: 

The Waste Isolation Pilot Plant (WIPP) Panel of the Board on Radio- 
active Waste Management (BRWM) has reviewed the data on room closure rates 
from l a l u ~ c r ~ u ~ ~  L r r c s  and in- oitu oxporimontc.  What follnws i q n W I E -  

gested design for an intermediate-scale experiment to better define the 
sources of the discrepancy between the predicted and observed salt creep 
rates, as requested by the Department of Energy. 

Measurements in underground test rooms [of the order of 5.5m (wide) 
x 5.5m (high) in cross-section] at the WIPP site indicate room closure 
rstes three to six times greater than the rate predicted by numerical 
computational codes used to model the deformational behavior of the rooms 
and associated pillars. The codes incorporate mechanical properties for 
the salt around the rooms identical to the properties derived from 
deformation behavior observed in laboratory creep tests on small (i.e., of 
the order of 50mm diameter x lOOmm high) core samplestaken from the WIPP 
site. 

It is important to establish the reasons for this discrepancy in 
order to assess better the extent to which such codes can be used to 
predict quantitatively the field performance of repository excavations in 
salt. 

For this purpose, a limited number (two to five) of in-situ tests 
are recommended to observe closure rates around horizontal, circular 
excavations intermediate in scale (i.e.. one meter or so in diameter) 
between the above mentioned field and laboratory tests. Such tests, by 
providing a "third set" of independent data, will assist in identifying 
likely and unlikely causes of the observed discrepancies. 



3iscussion 
6 

Evaporite rocks such as the salt formations at the K P P  site exhibit 
time dependent deformational behavior when subjected to load. The defor- 
mation is related in a complex, non-linear way to the applied stress. 
temperature, time--and possibly to other variables. Lomenick, HcClain and. 
Starfield. for example, used an empirical relationship of rhe form: 

where Ef is the strain of the material at any time t 

is the instantaneous (or "elastic") strain that 
develops immediately upon load application--and 
is recovered immediately upon unloading 

U is the applied stress (some function of the 
r h m n . r l i m n n r i n n - 1  r t r o r r  r m t - )  

T is the absolute temperature (OK) 

t is time 

A.a,b,c are constants 

to analyze deformations around underground openings as part of Project 
Salt Vault studies at Oak Ridge National Laboratories ["an for example, 
was found to be approximately 3, i.e.. strain (and strain rate, conver- - 
gence, and convergence rate) was proportional to the cube of the stress]. 
The empirical power law was found to provide good agreement with observed 
behavior for periods of the order of weeks to months. 

Sandia staff, as part of their research to predict deformation 
behavior with good accuracy over the period of the repository loading 
operations, i.e.. of the order of 50 years, have attempted to develop an 
expression for creep behavior that directly incorporates fundamental creep 
processes that are operative within the internal structure of the salt. 
The expression is more complicated than equation (1) above, with a greater 
number of variables, athose magnitude is determined from analysis of the 
laboratory test data. Incorporation of the expression into the numerical 
codes allows modeling of the excavations and prediction of the convergence 
and convergence rates for-the excavations. 

Finding that the observed rates of room closure are three to six 
times larger-than those predicted from the laboratory results, Sandia 
explains the difference by: 

1 1 )  reranang cnr creep exprrsslon {or --consncucave 
relationship") to incorporate additional fundamental mechanisms; or 



attemptrng to assess whether strains occurring during the 
very early times after the theoretically "instantaneous" 
(but practically finite duration) load applications are 
properly taken into account in the measured defomations, 
or 

(iii) speculating that the process of coring and removing sam- 
ples from the in-situ environment and preparing specimens 
for laboratory testing significantly changes the observed 
defonnational response to load. 

Sandia staff have also noted that an empirical reduction of the 
in-situ modulus of elasticity of the salt mass by an order of magnitude 

Iias&a~~@ ~~A~PPBB&EB E R @ o ~ ~ k ~ € @ ~ ? ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Y ~ ~ b : ~ L C : ~ ~ ~ t L b 5 , i , ~ ~  
periods of field observation used. Although no specific justification is 
given for this reduction, it is well known that a rock mass may contain. 
cracks and fissures too large to be included in a small test specimen. 
These cracks can reduce the stiffness (or modulus) of the rock mass 
compared to small specimens--by as much as a factor of one hundred or so 
at low stress levels, i.e., when cracks are open and compliant. 

With the ex~eption perhaps of the modulus reduction approach, the 
above explanations of the discrepancy suggest a belief that the laboratory 
test procedures and results, properly interpreted, are capable of ex- 
plaining the field observations, i.e.. that the "errors of interpretation" 
lie fully with the laboratory tests. While this may be true. it is also - certainly plausible that there may be influences in the field scale tests 
that are absent (or at least different in degree) in the laboratory 
situation. 

The most obvious of these influences are: 

1. &I&. The volume of rock undergoing deformation in the field 
is very much larger than in the laboratory. 

Although the strength of some rock types is known to decrease with 
an increase in the loaded volume (due,to the greater possibility of 
large, weakening flaws in the larger volume), evaporites are often 
considered to be less subject to size effects than other rock types. 
F l n m r  i n  mmnori+nr  tnnA t n  h a l l  w i t h  t i m e  

2. Geometry. The laboratory tests are conducted on small 
(initially unloaded) cylindrical specimens; an axial load is 
applied to the specimen by a testing machine. The field tests 
involve rectangular openings in an essentially infinite medium. 
which deform as a result of the redistribution of preexisting 
(overburden and lateral) loads. 



It is known from laboratorv test2 that the compressive strength of a 
hydrostatically compressed specimen in the form of a hollow thick- 
walled cylinder is several times greater than the strength of a 
standard solid (cylindrical) test specimen. Thus, geometry does 
influence strength--although apparently not in a way that would 
explain the observations atT;IPP, where salt around the large 
rectangular holes is apparently weaker (i.e., creeps more rapidly) 
~1.-.. --I.,. i.. ti..& *..,All. rolid .jrli..dricrl *-a* ap&&i ,., 

Tests have been conducted to determine the in-situ state of stress 
at the repository horizon, to see whether orientation of stress might help 
to explain the discrepancy between field and laboratory data. Results 
tend to confirm the expected condition that the principal stresses are all 
approximately equal to the overburden stress (i.e.. "lithostatic"). In 
addition, although there is some variation with direction in tne observed 
rates of closure of the excavations, this variation is of the order of 
+25% of the mean of all observed rates, and hence much less thaz the 300% - 
(or more) difference between field results and the predictions from 
laboratory results. Nor can the difference be ascribed to computational 
error: the numerical code SANCHO used to predict the field results has 
been "benchmarked" e .  shown to give results consistent with other 
numerical codes and with analytical solutions). 

It would appear that in the specific situation of the WIPP site. 
there are a number of possibilities for explaining the observed 
discrepancy, in addition to the general scale and geometry effects, and 
those noted in (i), (ii), and (iii), above. For example: 

1. The three-dimensional stress distributions imposed by the size 
and cylindrical geometry of the laboratory specimens and the 
testing machine (relatively rigid steel loading) may 
effectively inhibit deformation compared to the field loading 
rituotion,  whore eho loado ars applisd natus.d17, i . s . ,  without 

a mechanical interface. 

2. Structural features within the "significantly affected region" 
around the excavation may contribute to the development of 
deformation mechanisms that are (a) not possible in the 
smaller, "effectively more confined" specimens, and (b) not 
incorporated in the numerical models. Buckling of "slender 
beams" resulting from sedimentary interfaces close to the wide 
excavations e .  Marker Bed 39 and roof shearing in other 
areas), and perhaps incipient buckling associated with cracks 
and fissures in the vicinity of the excavation, are all 
examples of possibilities for mechanisms that will not be seen 
in laboratory tests on small specimens. 

With only two situatLons available for comparison, i.e., the small- 
scale laboratory and the large-scale in-situ case, it will be very 
difficult to: 



a. ldentify whether or not the differences in scale, geometry, and 
loading conditions of the rvo situations introduce, eliminate. 
or modify mechanisms and causes for deformation in one case 
compared to the other, and 

b counter assertions that agreement between predictions based on 
laboratory tests and observed field results is a consequence of 
"curve fitting" i e  selecting arbitrary values of disposable 
variables in the constitutive relationship so as to optimize 
agreement with observations). 

The possible effect of differences in scale and geometry could be 
investigated by an intermediate-scale experiment. The availability at 
WIPP of special equipment for drilling 36-in.-diameter horizontal holes 
inco the salt would make such an experiment feasible, providing an 
opportunity both to assess specific mechanical properties (e.g., the 
in-situ modulus of elasticity of salt around the excavation), and to 
assess the effects of scale and geometry on the rate of closure of 
excavations in the salt. Observations on closure around a 36-in.-diameter 
hole would provide data on a scale intermediate between the current two 
situations (laboratory-scale and full-scale) and for a geomerry that more 
closely resembles the full-scale excavation than the laboratory tests. It 
would also be possible to instrument the region adjacent to the (proposed) 
hole before it is drilled, thereby allowing determination of in-situ 
& . C U L I I I ~ L ~ Y L I  L S I I ~ V I V C  r ~ ~ i ~ l t i d n  xieh e f m c  Ctom ehc insenme that +ha 
large hole is drilled. 

Recommendation 

Given that equipment is available underground at WIPP for drilling 
large diameter (one meter or so) boreholes into the salt, it seems 
feasible to undertake tests to observe time dependent deformations around 
such holes and to compare those predicted by the numerical model. The 
possibility of such tests has been explored with Sandia staff in 
discussions and visits to a possible site underground. 

Figure 1 shows the site and test layout recommended on the basis of 
the discussions. 1n essence, a '36-in. -diameter, 100-ft.-long borehole 
would be drilled between two drifts in a 9-ft.-thick layer of uniform 
("cleann) salt at an elevation midway between two anhydrite layers. At 
this spacing the influence of the anhydrite layers on the deformation 
behavior of the borehole should be negligible. Installation of stress 
change and deformation gauges in the vicinity of the 36-in.-hole prior to 
coring should allow observation of all deformation, including the 
"early-time" deformation, resulting from drilling the hole. This early 
deformation was not observed in the full-scale tests. 

Such a test has the following additional attributes that should help 
reduce the present uncertainties: 

1. The salt being studied is not removed from its natural 
environment--as are the laboratory test specimens. 



PLAN 

FIG I .  Recommended Layout of Intermediate Scale 
Timr-ntnrndrnt Dsfnrmafinn Tea; 

Tesr Procedure 

Phase I .  (a) Drill one or more small diameter ( 2  to 3 inch) hokes 0-0 
horizontally between the two rooms. Instrument - to observe early deformations 
ahead of large coring drill as hole is being cored 

(b) Drill three dimensional array of horizonral holes (A,  B) at 
various heights [around path of (future) 36 inch hole] from Room C2 and 1420 N 
Drift. to observe stress changes and deformations induced in the vicinity of the 
large hole C as i t  is being drilled 

Phase 2. Dri11'36 inch diameter hole C horizontslly from room CI  to room 
C2. Instrument to observe time dependent radial deformation imposed on the 
borehole. This.deformation rate will be different at various cross sections due to 
the variation in stress concentrating effects of Rooms CI. C2.--hence several 
loading conditions can be simulated 



3 .  Tho=. i- no mooha-i.ol i.,ee-£nos i.. ch. l.*dirg o y o * . m .  

3. The test is approximately one order of magnitude smaller in 
scale than the room excavation cests and one order of magnitude 
larger than the laboratory tests--so that it will allow 
evaluation of scale effects. 

4. The test geometry is somewhat similar to that of the room 
excavation (long uniform cross-section) and the overburden 
pressure is comparable so that the three-dimensional stress 
c-n.ditions are reasonably similar. In both cases (room and 
borehole), the test scales are much larger than the salt grain 
size--so that scale effects due to the salt structure itself 
should be the same in the two cases. Salt structure scale 
effects may be significant in the laboratory test. 

5. Anhydrite and clay seams occur within the region of stress 
redistribution around the full-size excavation. At the sire 
recommended for the intermediate-scale experiment, the possi- 
bility of such influences on the time-dependent deformation 
around the hole is very much reduced. 

Some Possible Outcomes of an Intermediate-Scale Ex~eriment 

0 If the field/laboratory comparison for the intermediate-scale 
experiment proves to be essentially the same as for the full-scale 
tests i . .  actual deformations 300% or so greater than numerical 
model predictions), then the differences are probably not the result 
of the volume of salt under high (deviatoric) stress, but more 
likely tho rocult of  tho bonio diffarmnooo botws.m l a h s r a a e y  and 
field testing procedures. The influence of differences in geometry 
between the cylindrical specimen tests and the field tests could be 
assessed by performing laboratory tests of radial creep behavior in 
thick hollow cylinders (e.g., 2-in. internal diameter, 10- to 12-in. 
outside diameter) subjected to external hydrostatic loading--this 
geometry would closely approximate that of the intermediate-scale 
test. 

If the intermediate-scale test results fall between those of the lab- 
oratory and field results, then it would appear that some form of 
scale effect is operative. This would indicate that more detailed 
laboratory studies of creep of uniaxially loaded solid cylinders 
will not suffice to explain the observed differences between field 
and laboratory behaviors. (The hollow cylinder laboratory tests 
mentioned above would help separate the influences of geomerry and 
size on the result.) 

If the intermediate-scale results fall outside the range of the 
laboratory and full-scale results, it would again be important to 
assess the significance of test geometry (i.e., conducting labora- 
tory hollow cylinder tests to allow comparison between tests of 



essentially similar geometries for the three existing series of tests) 
If the intermediate-scale results are still outside the range of the other 
tests, this would strongly suggest that removal of the salt from the 
original environment and preparation of cest specimens significantly 
change the creep response. This would indicate that current understanding 
of the processes of creep in salt (and especially in laboratory specimens 
of salt) is inadequate to allow reliable prediction of the rate of closure 
of full-scale excavations from observations on laboratory specimens. Ir, 
the case of the WIPP repository, this would imply that predictions of 
long- term excavation closures must rely on in-situ observations. The 
finding would also have considerable general implications, e.g., for cases 
where borehole cores only are available for testing (i.e., during site 
exploration, before direct underground access and testing are possible). 

Thus, although of course results of the intermedlate-scale tests 
cannot be anticipated, the tests do have the potential for providing 
important insights into the causes of the observed discrepancies between 

r thr inns hacnr l  nn rhp i a h n r a r n n  t.p.sf.s and full-scale field ~6:8hXS.o . 

Konrad B. Krauskopf 
Chairman, Panel on the 
Waste Isolation Pilot Plant Project 
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1. DOE tharld dtvelop and prbllrh within rhe ntxt  six months a $hart, tnregrattd, ovtra11 s~~remculc 
orttssment 01 Ionp t t rm  ra/rty of tht WIPP rtposltory, or currtntly undtrstood. 

2. U r p l  ailention should bt grwn to (l) drflning tht  combintd t / / t c ts  of gas pmerprion, room 
clorure and sealin#, k l n t  fnflow, ond othtr #/feet# on tht potrntid for tong-ttrm build-up o/ 
# a m  in tht reporlrory to tlthortatle (I.#., ovtrbwdtn) p rosw t ,  wtth r t rptct  to  the long-ttrm 
isolation capability O/ rhe WIPP repcrttory, and 01)  rxrrminln~ optloro /or modlficationf to the 
w a t t  as pan o/ the resolution o/ the gas gtneratton i t r w ,  

3 .  Glven the urgent n t td  to r t~o l ve  question; eonctrnlnt t o r  gmeratlon afttr f m p l g t m e n ~  o/ TRU 
waste, tht  P m t l  a rtes that rht bin-scdt and room-scale txprrimtnts, tnvolvfqt opproxlmattly 
0.346 by volumt o h h e  eapadty oo/ WIPP, a r t  warrwt td  and rhovld betin wtthovl dtlay. 

4.  Dora from iabofatwy test, ( I ne ld ln t  tests at high m b l t n t  presrures), information born rtudler 
on g# tmeratlon from w a t t  poekages now stored at varlow slres, and kformatlon on txpr lence 
abroad i t .#, ,  U.K.) rhould bt  colltcted and rtuditd. topthrr  wW tn8inttr ln# modt/lcationr, as 
eq fd l r tow ly  or pouibl t  to a r s i ~ t  in arrivlng at a round, t w l y  solvrlon to the t o r  #mtrPrlon isrut. 

5. The D tpa r tm t r  o/ E w r t y  ~hou ld  l n c l d t  In rhc P l m  a discussion of rk rlsk8 a880elattd wlth 
tranJportatlon of TRV wastr to WfPP,  rrlatfvr to thr transponulon of orher h 4 2 ~ d o ~  mateials, 

6. Demonrtration of operationatreadlntrr should nor #tart vnril r rvtral  tmportant IWUS Concerntng 
wrcier#round emplactment o/ w a t t  /or p#rmantnt l~olat lon at WIPP hove brtn rrrolvtd. 

The Drdt  Plm (Includinl tho ddandum d r t ~  June 16, 1949) progore8 the uader$round 
rmpluament of TRU w u u  qul m 2.7% by voluma of tho mu1 badln a p ~ d t y  of WPP in tha 
repo~ltory duria: th8 (brr-yau pried Srpumbar 1919-bptmbr; I992 (PbW I), Tbh c 0 f u h  of 
03% to be amplmd for axparimaaw p ~ r p o w  u d  2.1% for mar bt10n1 mmonnntion vurwlrs. 
At tha aad of tha tbm-yau w l o d  DOE propocw to 



would be dsterminad brsad on awdc md reauirammn ldantifiad duria: tha holdpoint rcvkw 
[DOE addandurn (Juaa 16, 1919)]. 

Sevtral ?elenat documeau (Urted in Appndfx A) wara providad betwwn tha rtau of dallvtry 
of tha D d t  Pkn m d  tha WIPP Panel mn othan wen dbtrtbutad rt tha maatin:. Thaw 
doournonu, to~athar with tha protntrtlool 9 .  an dlwuuroar durln: the Juaa 6-8, 1919 meetin:, 
ybldad rubtnnHal laformrllon m d  indsht oa tho propwad s y o u  (Draft) P lu .  Many of tho 
coaclu8io~ md rocommandadonr in the Prnel'8 lottar report ua W e d  on thls more complata 
appnclrtlon of tho Plm. 

Tha P h  contain, two principrl aacdoar, ona mtltled Parformmet A81a11mest, tha orbar 
Operrtlon8 Damoartntlon. Thr two rrctloat will ba d lcusad sapmtaly. The conclusions  ad 
recommbndatlonr w proentrd in italics; uroelrted dbcuulon, v, pcatmtad in ~tandwd typ 
ImmadlrUly followin: tho purlcufu concluslos or rwcom~redujon. 

PERFORMANCE ASSEESMENT 

Allhok#h the Plan is valuable in that it provides, far the Jirjr t lmr, a comprthenrlve directory of 
dl of thr investl@tlwu, cwrenl or p l m e d ,  d 0 t  the WI?? p r o p a ,  Md clearly indieartr how 
thrrr are related to the ov t rd l  performance orrtrsmnr octivlty, thtre are ~ e r l o w  delleleneies in 
this Draft. In  its pltrent farm, the P l m  doe# not 

( I )  dm10 rertoreh p r iw l l f u  or idnuify erllled problrmr; 
l f f l  idenfl l' Y or make aswowiate we of flu rrcecuid lodc  a d  rationale laderlyint the 

frilura to brrcrlbo tha i tant lw tausoumaat proms rod how 11 hu been, m d  ir bin: used at 
WIPP ir r wrlow omhaion, rlncr Uu antin pto:nm of axptrimmtd rtudiw now underwry, lad 
mrny of thou plrnod,  have pruumrbl bwn decided on thh b u b ,  From pnuatatiom mado i t  thh 
md othor maatlnlr of the NAS/NAE/& WIIP h a a l  it k ohu t b t  DOE m d  It# contractor8 hrve 
in fa, followd r p-, rlbrlt bn wll-dafiaad and w n  i n t d d w  than the formrlira~ 
parforrnmer astaumeat cyltallr now wdw d w a l o p W .  



- DOE ~hould drveloff and publish within lhr next sfx mhs E short, intrfratrd, ovrrall ~ y m m a l l c  
asrtsimrrU a/ rhr lent-rrrm sojtry a/ tho Wl?? rtpostrory, or cnrrrntly wtdtrrtood. 

The immedlrce purporo of ruoh IB wrumoat  would br to 

(I) idrntify critical ritka m d  ltrutr 
(B) utJculrrr and documant thr r d o n d o  for currtnrly propored pzogrrmc 
(ill) 81~bliQ priorltkr for thrrc profinmfi with ncpoct to their expect04 ~ontributionl to t h o  

I&@-~poritory objtctiva (8rr Appmdlx) 
(iv) btlmulrte early dcvtlopmrnt of the irarrtive vrocwc of prrformoer ructrment priorllltr 

that ir mirain$ in thr compUmcr-orirntod "totrl cystrm modrlhs" rpprorch now b i n #  
vunurd (:re Ap~eadix), 

The pr0po:ed Usearmtat procedura would 1110 compltmrnt tho current ptrformncs ruurmtnt  
aedvitic8 In the manna? 8ut:at$d by tho Environmroml Prottctioa Asency (EPA) viz. in Apwr.dlx 
B, 'Ouidmcr lor lmplrmenutlon of Sub-put P" [of 40 C?R lut 19iJ (bpt .  19, 1981). 

In makina tbr8s vuioua pndicdons [of ovanll Up0tL1 sy~trm p t r f o ~ n c a 1  it Wi!1 ty 
approprim for rho implemsntinl yenofat to mrkt uw of nthor gompltx compuuuonrl 



Studlu hrva beta atrrtod to OXIdae tha comblard af fu t t  of $u )taatrtton, dkhrrbad-rwk- 
woo dovelopmeat. and onainatrtd ( o h r m i ~ l )  modifintlonr to rho wuto w k y o  oa 81s 8anarrtion, - 
long-tom, in the ovtnl l  npolimry mavtonmont. kborrlory, m d  wrhrm In-~ltu, tasa, ovoa i t  I 
m a l l - d c .  to detormlao the :u ponnarblllty of lnWt iolt u tho pmssuro iluide r 'uoladn crvlty 
rpvmrchrl lithosntjc ptorsuro, would bo very informrtivc wilh r r w d  to chi8 problem, 

Becrwa the t h o  nocorury for 88s prusun build-up to occur i, coariderrbly lon#or than tho 
five-you period of the Vropoltd W E  Plan, 1 18 I m w r ~ n t  that rffortl bo uadartrkon now that an 
roducr or tliminrtc concern that :onorrtlon will affect u f o  Such moaruru Inoludo chraaet 
in oontliaor mrt tr l r l~,  wuto m odfU f t l l joa,  m d  on&ia~riag m&krt101~. 

Dtltrmlnorlon o/ t i t  r a t ,  qumtlry, and compo~ltion o/ ta r ts  gtntratrd b rht vrry l~#t#rogtnews 
mtx~wts  oftxfsllng TRU warts w11l r d r e  borh lnborororr (brnch) and ? orto-rod# txprrtmcnrr. 

Given lhr wgrnt nrtd to rrsolvt gutstlons conctrnlry tar gcnrruion afitr tmploermtnr of TRU 
wa t t ,  lht Pant1 a v o s  ihol tht bln-scalt and room-rcolt exprrimtnrr, involvly approxlmcrrcly 0.5% 
by wImnt of tht capoclry of W W ,  cvc worrmrtd and s h d d  b t t ln  wNhoul drlayy. 

SMEUb - 
Undtrgrould test rtsults alow wil l  not r u / / l a  /or an early drclslon om appropriate rrratrgbl /or 
addrtrrrnr gac t tn t ra ion  in w a r t  pocka#r and w d t r t r d  tmplacement, duct much of iht 
important data wl l l  stlll k oecwnulalfn# at rhr end of rk currently rchtdultd itst @ h u t  0.t.. 
Sep~tmber 1991). 

/?OM lobor~rory Uirs !kcltdin# nr is  ai hi th omblmi prer,urtr]. Informollon Irom s td l t s  
on #a¶ gmrrnrlon /rom w a i t  packarts now stortd or v a r i w  s i l ts ,  and fnformalton on tx)r r l tnre 
abroad (t.8.. V.K.) should k callwrd wd srviltd lottrhtr with r & n t r l n t  m d l t l c a l l m  os 
8XprdilfWly w pcsslblr to wsfrt in cvrlvtn# a o sound, t u l y  rolwlon to lht #tntrotlon I r rw.  

h n o l  dlrcuulon of tho w d  for drorolutntlal tho rbUI of tho W I R  frolllty to 'k safely m d  
8ff00dvOly ODontOd u inundrd by Cooarna In ?L 96- 164' 80 E r ~ t m r n t  of ~UIPQW of opention8 



1. TnnrPOmtlon md wocirttd omergtney propuodnou hruw (accident prevmrion, lnu: 
cntalq a d  education) 

2, Tho arrd far early demonrv.tlon of optntionrl ndhw m d  pre-owrationrl to~tins, 
including underground emplrcomont of TRU w u a .  

Thr rytrcm propored for rranrportorion of TRU wasrr to Wl?? 18 rolrr rhm rhat rmploytd for m u  
orhrr horardous marrrial in thr Unlrrd Stour laday and will  reduff rlrk ro vtry low lrvrlr. 

Tht Anel w u  im~retred with rh* WIPP morrrm wtlvitiu in uurmortrtion of SRU wtt and 
em6r:ency lirepsrtdno::. Tho progrun i s  both wry cornpt&mnri~o mb thorou&h, rod wlll 
undoubtedly n w l t  in low lovdo of rltk u ~ c i r t o d  with r u r f w  rnarfer of TRU wuto from cunont 
rwn:e bat ions to tho WlPP frclllty, 

Thr Drwtmrnr of E m y  should inc ld t  In thr Plan a d l ~ w r l o n  o fhr rtrks rrrocln~rd wrlh 
transportation o/ TRU wam to WIPP, rrlatlw to thr trawporrorfon of or f rr hcuurdow marridr .  

h a 0 1  m o m k n  oxpro~ltd concorn thrt chon wu no indLrdonr in elther tho ?h or the orrl 
pnronutionr, of 1 nlrtiomhip between (I) tho uwsmont of r&k m d  trloty urocirted with tho 
varloua UpWa of tmUpormt10n of TRU mrto  m d  (b) !ha omergoncy plnnnin: m d  oducrtion 
proarm. Allo. tha %i(h proftkr md c o m p n h r ~ i v o n u r  of the )urn t i a h 8  md oducrtioa - program my 11- r hhe imprwioa that f R U  wuto II mon hrPZdOu thur I w i t t y  of othor 
huudour mcurl&, loma potin) r tianificrdtly i ru to r  rkk, tlut u o  mutinrly hrndbd in tho nun8 
c n t u  m d  oa the IMO hllhwry~ with no ipwlll ptecautioat. In tho P ~ e l ' e  viow, tho Dmrtmont 
it bein& ~xrmplrry rnd ncponriblo h i v i q  r high leva1 of attention to TRU W U U  tnnrwrt. such 
rttontion & appro r h n  for shipmoar o (JI hazardous mrtorl&, h o r c  rli of whlch po10 :rMtmr ruk 
thlm tho TRU ch P p m m ~ .  

! 

Demonarmtion of opvariond rradlnru 1s m imporrant p h u t  o j  thr ovtrdl W P P  protram. 

Pilot-plmt md protot tutinl u o  w o a t k l  ~o&b-up rum In tho wund dovolo~nuut of now 
wchnolojicrl rpmmr. r ivon &o ihr udpuo nr tun  of tha WIW frcllity, ~uch oprntionr 
d e m o ~ u r d o n  ~ i v i t i o :  kcomr pudcukrly impornnt. Tnruponrtion m d  under round 

P r WIPP frclllty up k o m r m d  tly for TRU wU# 110 rrion. 
X emplacemoat of TRU w t o  on r I-mh ur aoocuu puu of tho ovonll dtmoartrrtion t I! tho 

(I) rht low risks cuaoetaird wirh trm~portatiow O/ TRU WPIY (dtrewstI &out), md 
(fii the irrhrrrnrly hlth suurity of rho WIP? undrrtround locotfon. e r p ~ ~ l a t l y  on a montrorrd 

rroratr b o r i ~ ,  or IJ conumplorrd fw tho fIw ytars of tht Plan. 



-. 
Demmrnorlon O/ operational rradiners s h d d  nor start until revtrol imporrat isrus concernln~ 

wrder#rolad r m p ~ o ~ l w w n ~  of wave /or prrmvunt isolorlon or WIPP haw been resolved, 

The Purl dircuued thr drtlrrbility of ttutin8 tho oprntlonr domomartion utivltioc 8: the UMI 
time u thr underwound txporimtntt. It w u  noted that rianific8nt wuu hrndliaa rxa rbnco  will 

Althouah it w u  rckaowled)od that culy txporfracr with opondonrl ~ t l v i t h  (I) would IXPQU, 
la I timaly mroner, probltm u o u  that a n  wi fec tod  only in l n u l n t t d  plant oporrtion~, md (ii) 
could pmvldo needed ~ U M M C O  oa rrrlhtlc rltornrtlvot ktwoon l o q t r - u r n  onlinerrod iboltba m d  
pornunrnt lwlrtioa optionr, (hrro u o  important unrotolnb irruu that oould t&nlfierntly d f u t  the 
matbod of prckqina and omplrcrmtnt of TRU wun undtryouad u WPP. 

Thru  inuw include, for oxunple, (i) wproptktr motbod(#) of dealla# wi* p a  aonerrtrd from 
tho wuto conhinrtr t t o d  uador8round; (U) rppropri8U bwk-llll wmporttlan m d  back-fillla8 
p r & w  that my k ooorldorod nocrMy; m d  (ill) othor on&nrin# modMcltiolu that may 
prow nwauy lot tho tafe itolrtioa of TRV wtc. 

DOE is, in fact, not yet r d y  or rblr lo undtrtrkr r domorumtion of opmdoru u they will be 
conductcd durin wut r  omplrcomont for loot-urn irolrtion. AI I contequonN, tho P w l  Q e s  not a comfdrr in my 0tdl tbe WE propmod p b s  for oprmtlor~ d o m o ~ ~ t f o n .  



* P l u  for tho Dicwrl S tern Churcurhrlon cnd LonpTetm Porformmca Evrluado~ for 
tho Wuto Pilot ?laat i' AND 89-0171 (by S.0 ,  kmrm-Howry md R.L. Huntor) 1919. 

Sy8telM Anrlytb, fonpTrrm Itrdlonuciido Tmrgort, md Dote A##m#~moat, Wuu 
Isolation Pilot Rojacc. (A. R. Lbpptn tad R. L. Xuntrr, Bdlton); SAND 89-0462 AprU 
1919. 

b n t t  Test Plm - WIP? Bln-Soale CH TRU W u h  Tarn TP-PIN1 JIIII9 (by Mvtfn A, 
Molwko) May 1919. 

Toot Plrn - WI?? la-Situ Room-Sdo CH TRU W u u  TMU ?PROOM1 6/OS/89 (by 
Mudn A. Molecko) Juoe 1919. 



Tho Puwl brUovrt fhu tho rbovo-mmtlonod primuy )o8l ma Wt k uhbvod by f o o u r ~  
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INTRODUCTION 

This letter report summarizes the views of the Panel on the Waste Isolation Pilot 
Plant (WIPP) on the status of the Department of Energy's (DOE) scientific and technical 
program to assess the WIPP's ability to isolate transuranic (TFIU) waste and to 
demonstrate compliance with the relevant regulations. 

For the summary, the Panel used as a point of departure its letter report of July 
1989 which reviewed the DOE'S draft plan for the WIPP's test phase. In the 1989 
report, the Panel made six specific recommendations regarding the scientific tests, 
performance assessment progress, consideration of engineering alternatives- to address 
some of the relevant issues, and operational readiness of the WIPP. 

This report-reviews the progress made in the WIPP program since the 1989 
report, summarizes the responses made by W E  to the eartier recommendations, 
provides an overview of the Panel's views on the overall safety of the WIPP facility and 
presents some new recommendations to address unresoked issues. 

RECOMMENDATIONS 

1. Performance Assessment 

o Since performance assessment calculations indicate that human intrusion into 
the repository is the scenario of dominant concern with r e s w  to successful 
long-term waste isolation, the Panel recommends continued detailed study of the 
effects of human intrusion on repository performance. 

o The U.S. Department of Energy (DOE) has made significant progress, in the 
area of performance assessment procedures and should now extend these 
procedures to the engineered alternatives identified by the Engineered 
Atternatives Task Force (EATF). Application of performance assessment 
procedures is necessary to assess the merits of engineered modification of the 
waste form and/or the repository to address the issues of gas generation and 
human intrusion. 

o DOE should be guided by performance assessment €mIysis, to the extent 
feasible, to determine a substantive basis for the long-term extrapolation of the 
repository behavior. 



2. Svstem Risk Analvsi~ 

o The various engineered alternatives should be assessed in terms of total 
system risk-including worker exposure, transportation and other risks--to 
evaluate the impacts on the entire transuranic (TRU) waste management system. 

Based on the results of performance assessment analysis, DOE should develop 
a well-designed experimental program and schedule that are sufficiently flexible to 
permit important scientmc and technical issues to be addressed. 

o The most recent sensitivity analyses suggest that @ repository performance 
is affected significantly by radionudide retardation in the rock strata above the 
rewsitorf. Intensive study of whether or not it is possible to determine reliable 
akervative estimates of iield retardation coefficients for use in performance 
assessment is recommended. If retardation is found to be essential for adeauate 
isolation of untreated TRU waste under the human intrusion scenario, for 
example, such studies could be crucial before a decision is made on the level of 
waste treatment that would be required. 

o Understanding the nature of brine flow through salt over long time scales is 
important for determining the amount of brine likely to flow into repository 
excavations. W E  should continue the full-scale Room Q eweriments with ~ - 

minim& interruption, together with intermediate-scale (900-&-diameter) 
borehole inflow tests. since these ex~eriments mav orovide conclusive evidence 
concerning the permeability of the repository salt io'resohre the brine inflow 
question. DOE should give serious consideration to constructing another full- 
scale room for additional brine inflow studies, using the improved 
instrumentation, seals, and excavation equipment now available at the WlPP site. 

o The likelihood of large volumes and pressures of gases being generated from 
the decom~osition of TRUcontaminated waste in sealed repository excavations 
remains ati important unresolved issue. The Panel is concerned that the bin 
experiments, which are designed to provide information about gas generation, 
are of such large scale and complexity that they might not yield signiticant gas 
aeneration data within an acceptable time frame. W E  should ensure that the 
sort and the resources devoted to the bin experiments do not impede other 
imoortant exmriments that may help to reduce significantly uncertainties in the 

4. Parbcl~at~on with the Saentrtic Co . .  . . . mmunity 

o DOE should actively support vigorous international discussion of scientific and 
technical issues affecting repositwy safety, including gas generation. In addition, 
DOE should encourage critical review of the WlPP program through broader 
publication of its research findings in refereed scientific journals. 



INTRODUCTION 

As a part of a continuing effort to provide an objective scientific and technical A 

evaluation of the Department of Energy's (DOE) program to determine the suitability of 
the Waste Isolation Pilot Plant (WIPP) as a repository for the safe permanent disposal of 
intermediate level transuranic (fRU) radioactive waste, the Board on Radioactive Waste 
Management's Panel on WlPP occasionally issues a status report on the WIPP's 
progress in addressing relevant scientific issues. 

The last such report, issued in July 1989, commented on the U.S. Department of 
Energy (DOE) Draft Plan for the Waste Isolation Pilot Plant Test Phase: Performance 
Assessment and Operations Demonstration. In commenting on this draft plan, the 
WlPP Panel addressed a number of important unresolved scientific and technical issues 
facing the WlPP Project and made six specific recommendations regarding the planned 
scientific tests, progress in performance assessment procedures and analysis, the need 
to consider engineering attematives to address unresolved issues of potential gas 
generation and human intrusion, and the operational readiness of the WIPP. 

The present report uses that 1989 report as its point of departure to comment on 
the progress made by DOE and its contractors in response to those recommendations, 
as well as to identrfy and comment on several additional issues. 

Information about the progress made by DOE and its contractors was provided 
by quarterly briefings to the full WlPP Panel, supplemented by detailed periodic 
technical discussions between DOE contractors and specialists from the WlPP Panel. 

The recommendations in the July 1989 Panel report are restated below, together - 
with explanatory comments and discussions of relevant developments since the report 
was issued. 

STATUS OF ISSUES ADDRESSED IN THE JULY 1989 RECOMMENDATIONS 

Recommendation 1 (July 1989) 

W E  rhoJd develop and publbh Wthh the nwl aLx bc a shcnt Integrated. 
ovecsA systematic d the long-tsrm safety d the WlPP repository, as cunedy 
udrmood. 

The concern behind this recommendation, as deswibed in the July 1989 report, 
was that the WlPP Project was not making appropriate use of performance assessment 
to develop research priorities w to identify critical problems. In addition, the Project 
was not adequately pursuing pefformance assessment as an iterative, evolutionary 
process designed to investigate (1) the overall suitability of the WlPP site as a repository 
for the safe, long-term isolation of TRU radioactive waste, and (2) the possibilities for 
increasing the a s s u m  of isolation by engineering modifications to the waste form 
and/or the repository. Since this recommendation was made, the performance 
assessment group at Sandia National Laboratory has made significant progress in 



performance assessment, and has done so following the iterative approach 

.- 
recommended. (MI) 

The performance assessment studies indicate that (1) under the undisturbed v 
contiion, the repository is likely to meet all the performance requirements of the 
remanded U.S. Environmental Protection Agency (EPA) standard for radioactive wastes, 
and (2) human intrusion into the repository is the scenario of dominant concern. (The 
EPA standard, which was vacated by court order in 1987, has not yet been 
repromulgated by EPA, but EPA has informally circulated working drafts for comment.) 

The Panel notes that geologic isolation of radioactive wastes was originally 
proposed, and historically has been developed, without the possibility of human 
intrusion as a primary consideration. Human intrusion diiers from other repository 
isolation considerations for the WlPP in that it is the only one that 'short-circuits' 
geologic isolation. The topic warrants continued study of methods to reduce the 
probability and consequences of human intrusion at WIPP. In addition, a critical 
reexamination of the human intrusion issue is needed, which should include analysis of 
the long-term probability, consequences, risk, and the overall responsibility to design 
deterrents to both inadvertent and intentional human intrusion. The human intrusion 
scenario is of concern for geologic repositories in general and is receiving attention in 
other countries as well. 

The performance assessment studies for WlPP include a substantial effort to 
assess anaiytical uncertainties and sensitivities. The most recent sensitivity analyses 
suggest that the repository performance is affected sisnificanthf bv radionuclide 

- reGdation in the rock strati overlying the repository, sspecialG because of limited 
radionuclide solubilities. Under a human intrusion scenario, the adequacy of the 
repository to isolate the waste may be critically dependent on radionuclide retardation. 
(The July 1989 report noted that the DOE/WIPP Draft Plan lacked consideration of the 
influence of radionuclide solubilities on repository isolation performance.) Details of 
DOE work on radionuclide retardation will be presented to the WlPP Panel at a 
forthcoming meeting, so the Panel cannot now provide informed comments on how 
effective this work has been. 

Hiah ~rioritv should be aiven to ao~lvina mrbmance assessment Drocedures to - a . .  . - .  
the engineering kernatives id&Med by the Engineered Alternatives ~ask '~orce  
E A m .  The EATF was established recentb to develo~ and evaluate enaineerina 
inethobs for increasing repository safety. ~ O E  is to be commended for yespon&tg to 
the Panel's concerns in this area, after the July 1989 letter report noted the absence of 
any consideration of engineered modifications on repository isolation performance. The 
methods identified bv the EATF indude modification of both the waste form and the 
repository design. ihe application of performance assessment analysis to various 
engineering alternatives is important to the appropriate consideration of each alternative 
and to DOE'S decision whether or not to modi the waste andlor the repository. 
Although engineering Wifications of the waste form might eliminate or bb&ally 
reduce aas aeneration, these m o d i o n s  might also introduce significant additional 
risks of%~&er exposures to radionuclides andmight have profou6l effects on costs 
and schedules. It is very important that the health effeds associated with any proposed 



scheme of modification or those associated with the continued storage of waste in as 
present location be carefully examined in terms of the entire system. 

The various engineered alternatives should be assessed in terms of total system 
risk-including worker exposure, transportation, and other risks-to evaluate the impacts 
on the entire TRU waste management system. A framework for looking at the risks of 
the overall System should Start with consideration of the risks from storage, handling, 
treatment, transport, and disposal and should include consideration of the timing of 
waste disposal. The study should also consider costs and schedules of the various 
atternatives. 

Overall, the Panel is impressed with the technical qua l i  of the performance 
assessment analysis and with the amount of work done in a relatively short time. The 
Panel is concerned, however, that the present schedule leaves l i e  opportunity for an 
iterative, evolutionary performance assessment process to be realiied and that major 
elements of the repository evaluation are proceeding without the results of key 
experiments. 

Recommendation 2 (July 1989) 

Urgent attention should be gben to (1) 'defining the combined elfem of gas 
generation, rown dosure and sealing. Mne Mow, and other effects on the potential for 
brtg-tern buUd-up of gases hthe repcdtory to IkhosWic (I.&, ovwbden) pressure, with 
mpecl to the long-tk isdatbn capeMity of the WlPP repository. and (2) examining options 
bx modiflcatlon of the waste as pafi d the resolution d the gas genedon Issue. 

Theoretical analyses have been made of the combined intluences of (1) gas - 
generation, (2) repository room closure, and, to a lesser extent, (3) brine inflow into the 
rooms. These analyses indicate the following: 

o Gas pressure of more than twice the Siostatic pressure could be reached and 
sustained indefinitely, assuming that gas is generated slowly (i.e., over several hundred 
years) in a very tightly sealed repository. 

o As gas pressure rises, brine inflow would decrease correspondingly. (See 
also the paragraph below on Room 0 findings.) This gas pressure increase would also 
result in some reenlargement of the rooms after the iniial room dosure (on the order of 
300 years or so later). 

o If the gas in the rooms could communicate with permsable layers in the salt, 
such as the enhydrite Marker Bed 139, the maximum expected volume of gas could be 
accommodated without exceeding Siostatic pressure. Rooms could be designed to 
ensure this communication. The rate and distance of gas liow would depend on the 
permeability of the anhydrite and on how the layers are connected to the rooms. 

The Room 0 experiments are short-term (la., 2- to 5-yew) observations that may 
provide condus~e, fundamental evidence on the long-term behavior of the salt with 
respect to brine inflow. However, the Room 0 experiments have not yet run long 



enough to provide definaive data. The Panel strongly recommends that the current - Room Q experiments be continued without interruption, or with only minimal interruption 
as needed to improve the room seal. Additional intermediate-scale tests, including tests 
with 900-mmdiameter holes, should also be conducted to determine the brine inflow 
mechanism. Serious consideration should be given to the possibility of obtaining more 
conclusive information by conducting a second full-scale experiment using the improved 
instrumentation and seals now available for use on site. Carefully planned and 
instrumented to avoid the deficiencies of the Room Q Test - especially with respect to 
data on brine inflow in the early stages after excavation of the room - these tests could 
help corroborate (or contradict) the apparent very low permeability of the sait indicated 
by the Room Q experiments. There is still a fundamental question about the 
mechanism of brine inflow. Two hypotheses are put forward: (1) brine is released only 
from a disturbed zone around the room and (2) the brine represents Darcy-type flow 
from thb far field. Every attempt should be made to resolve this fundamental issue. 

As already noted, considerable uncertainty remains concerning the rate and 
volume of gas generation that might result from the waste emplaced underground at 
WI?P. However, recent results regarding brine inflow suggest that the amount of gas 
produced by corrosion may be substantially less than the theoretical maximum. It may 
also be possible that the environment could be conditioned to inhibit long-term 
biological gas generation. 

H engineering modifications do not remove gas generation as a critical issue, or if 
performance assessment results do not indicate that WIPP performs acceptably for all 
plausible rates of gas generation, further progress in resolving important questions of 
gas generation will depend on the outcome of the laboratory and underground gas 
generation experiments currently planned. Gwen the relatively shoR times envisaged for 
these experiments (on the order of 5 years compared to repository gas generation 
times on the order of 300 years), it is prudent to prepare for the possibility that the 
results of the experiments may be incondusive. This implies that studies by the EATF 
to seek practical measures for addressing the gas generatbn and gas pressure issues 
must be pursued vigorously and be closely assodated with the performance 
assessment eff OR 

Recommendatlon 3 (July 1989) 

G h  the wgm need to resdve questkns conceminO gas wratlon afier 
em- d TRU waste, the Panel agrees thal the birrscale and roomacale experiments. 
involving appmodmately 0.5 percent by wlume, d the capecity d WIPP, are warranted and 
should begin ~~ d*. 

EPA has recently approved the migra t ion  variance petition submitted by DOE 
to allow these underground experiments. Efforts are under way at the TRU waste 
generator sites to characterize the waste to ensure that the waste placed underground 
for the experiment is a representative sample of the TRU waste to be stored in full- 
scale operations. These efforts are proving to be onerous for both scientific and 



regulatory reasons. To date, no TRU waste has been shipped to WIPP for the 
proposed bin- and room-scale experiments, and no realistic schedule for doing so has 
been proposed. - 

The Panel is concerned that the large scale and great complex~ty of the 
proposed bin experiments may result in significant uncertainties (which were noted 
above in the discussion of Recommendation 2) as to whether useful data will be 
obtained within an acceptable time frame. Great efforts are being made in some 
aspects of the planned experiments (e.g., in considering whether the bins contain 
statistically representative wastes), whereas in other aspects the experimental design is 
weak. The inabili to sample brine to determine its commsition in the bins throuahout 
the experiments, for example, is a serious shortcoming ttiat ought to be resolved.- 
Overall, the Panel is concerned that the bin experiments are consuming more resources 
than anticipated, yet not progressing at a rate -adequate to yield useful'mformation 
within an acceptable time frame. If the bin experiments are to be completed as 
presently planned, it may be necessary to provide additional resources for other 
important parts of the program, such as radionuclide retardation, to be sure they are 
adequately supported. 

. . 
' L  

Recommendation 4 (July 1989) ' ;.y 2. 4 i *.r . ; . $  : 
2 " "  

! 
Data from Laboratocy tests (induding tests at high amMenl pressures), information 

from studies on gas - r a m  from waste padrages now stored at various shes, and "\ 
Wonmkm on expwb'm abroad (e.g., UQ 8hodd be cdlected and studied together with 
engineering modlffcatbnrr as expeditiously as possible to rssist In arrMng at a sound, early 
~ t o t h e g a r ~ k n ~  

Although significant information has been obtained from laboratory tests, no 
studies on nas aeneration from waste packages have been conducted to date. 
Contacts &ve h e n  e s t a b I ' i  between DO€ contractor scientists and their 
counterparts in the United Kingdom. The gas generation problem in the geologic 
isolation of radioactive waste is now recognized in other countries. International 
discussions amona scientists and enaineers involved in the diiwlt technical issues of 
radioactive waste iiiolation is a vital &d very cost-effective way of ensuring that the U.S. 
program incorporates the best and latest developments available worldwide and that 
programs in other countries benefit from experience in the U.S. program. The Panel 
again strongly urges the active support by DOE of vigorous international exchange, 
both on gas generation and on the variety of other scientific and technical issues of 
waste isolation. Further comments regarding the program of experiments appear below 
in the section Supplementary Comments. 

Recommendation 5 (July 1989) 

The Deplvtment d Energy shotdd Indude h the Pbn a dbcusskm d the risks 
associated with transportaUon d TRU vraste to WIPP, rebthn to the Vansportatkn d other 
hfmtjous materiala 



This recommendation reflected the Panel's view that steps taken to reduce the - risks assodated with transportation of TRU waste to WlPP were extraordinary in 
comparison to those steps taken for transport of other hazardous materials. A 
published comparison of the risks assodated with transportation of other hazardous 
materials was suggested as a way to place the TRU waste transportation issue into 
better perspecbve. The Panel recentty received a study from DOE of the risks 
associated with the transportation of Other hazardous Inaterials and is currentlv 
reviewing it. 

Recommendation 6 (July 1989) 

Demonstration of operational readiness should not stan until sweal important issues 
comedq underground emplacement d waste for permanerd kolat!m at WlPP have been 
resdved. 

DOE has the operational readiness demonstration part of the Draft Plan on hold, 
essentially as recommended by the July 1989 Letter Report. 

SUPPLEMENTARY COMMENTS 

In July 1989, the WlPP Panel expressed a major concern that the performance 
assessment of WlPP was not being used to identify critical issues that needed to be 
resolved in order to establish and demonstrate the long-term isolation capability of 
WIPP. DOE and its contractors have responded to this concern. Several critical issues 
have been identified either directly from the Performance assessment studies or from 
studies in support of performa& assessment. The long-term potential forgas 
aeneration by TRU waste in the repository and the radionudide retardation capabilitv of 
&e Culebra iormation are two such issue& human intrusion is a third. 

Reduction of repository performance uncertainties associated with such issues 
will probabty depend on the results of experiments, both in the laboratory and at the 
WlPP underground facility. The Panel is becoming increasingly concerned that, despite 
the vigorous and intensive efforts by dedicated staff, continuing delays in mounting the 
experiments may make them of l i e  value in the current plan to determine whether or 
not the WlPP facility can meet the applicable EPA standards for waste isolation within 
the next several years. The Panel is, however, very reluctant to suggest that any 
currentlv womsed ex~eriments be eliminated. The Panel is acutelv aware that Previous 
gas g e n ' e i h  experiinents, terminated reportedly because of budgetary constieints, 
would likely haw, provided information of significant value in wnent attempts to resolve 
gas generation questbns. 

The Panel is similarly aware that it advised against a proposed radionudide 
retardation test in the Culebra formation some years ago. Atthough the Panel 
recognized that this was an important issue, it could not envision a field experiment that 
seemed likely to yield meaningful results. If the Mure performance assessment of 



human intrusion scenarios continues to indicate that radionuclide retardation in the 
Culebra formation is necessary to demonstrate that the EPA standards can be met, 
serious attention must be given to designing field experiments that can determine valid - 
retardation coefficients. There is a considerable body of evidence to suggest that 
laboratory retardation values are not reliable indicators of retardation values in the field. 
It should also be noted that there are still unresolved issues with respect to the Culebra 
hydrogeology that add ~nCeItainty to predictions of long-term flow and further 
complicate the assessment of radionuclide retardation in the Culebra formation. 

A severe and pervasive difficulty in all of these issues is the need to make 
credible extrapolations (1) from laboratory- to field-scale behavior and (21 from 
information gathered over the short term 10 the long-term involved in repbsitory 
performance. The Panel recommends that DOE avail itself of the ex~ertise of leadina 
members of the U.S. and international scientific communities, especially in rnicrobio16~~ 
and corrosion, to undertake (1) a thorough reexamination of its current strategy with 
respect to gas generation and (2) the demonstration of repository safety. These 
experts should address such questions as the following: 

o How critical are the currently proposed gas generation experiments to the 
near-term (2-3 years) demonstration of compliance with EPA guidelines? DOE needs to 
be more aggressive in its efforts to resolve the issue of corrosion and microbial gas 
generation. 

o Are there arguments based on fundamental principles of science that can be 
invoked as a basis from which to develop credible extrapolations predicting the 
volumes, pressures, and compositions of the gases generated over the long term under 
salt repository conditions? - 

o Wm respect to radionuclide retardation in the overall performance assessment 
of a repository at WIPP, what are reasonable assumptions and what evidence can be 
used to support those assumptions? 

o Are reasonable engineering altematives available that reduce or eliminate the 
need for experimental results on gas generation? The engineering altematives work 
should be more dosely coupled with performance assessment, so that the effectiveness 
of alternatives can be compared to the performance of the current reference design for 
WIPP. 

DOE needs to work harder to understand gas generation and radionudide 
retardation on the basis of the available infomration. Moreover. it is important for DOE 
to address human intrusion and repository performance in general, noi just for WIPP. 
lhii issue is receiving increased attention abroad, and further work on this question is 
warranted. 



As a further general observation, W E  should encourage critical review of the 
WlPP program through broader publication of its research findings in refereed scientific 
journals. This would give due recognition to the researchers involved, stimulate 
contributions from leading scientists worldwide, and bring greater overall credibility to 
the program. 

The credible conclusion of this project requires careful and timely handling in a 
number of important issues: (1) a welldesigned experimental program, (2) the ' 

establishment of a substantive basis for the long-term extrapolation of repository 
behavior, to the extent feasible, and (3) a schedule that is sufficiently flexible to allow 
changes to be made if important scientific and technical issues take longer to resobe 
than is currently anticipated. 

In summary, the results that have been obtained since the Jub 1989 report (that 
is, those obtained from the assessment of undisturbed performance and the Room Q 
experiment) tend to support the view that WlPP can safely serve as a geologic 
repository for TRU waste. However, important issues such as human intrusion, gas 
generation, and radionuclide retardation remain. 
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MAJOR CONCLUSIONS 

Current performance assessment (PA) studies by the Department of Energy 
(DOE) indicate a high probability that the Waste Isolation Pilot Plant (WIPP) would 
perform successfully as a transuranic (TRU) waste repository. For some time, 
however, the panel has been concerned that questions identified as most critical by 
PA, particularly solubility and retardation, were not being given adequate or timely 
attention. Th hi h n ina t h  h 
,can determine the validitv o f  the critical assumotions used in the PA  calculation^, 
esoeciallv the recentlv initiated solubilitv and dual oorositv f low studies. and thg 
prooosed investiaations On retardation in the Culebral 

The February 1992 DOEMllPP report' is a clear statement of the 15 critical 
information needs and associated experiments necessary to assess the long-term 
performance of the repository. However, the report fails to indicate how the - 
results of the experimental program at all scales (laboratory, bin, alcove, and field 
tests) will be integrated to assess the long-term performance of the repository. 
POE needs to  articulate a convincina scientific rationale for the orooosed test 
proaram in terms of the oerformance of WIPP as a TRU reoository. 

The panel has not been convinced by the scientific rationale, as presented, 
for the underground gas generation tests. Jn ~articular. the olan to  condust a largg 
number of exoensive bin tests and to  terminate the exoeriments after five vears 
has no discernible scientific basis. The ~ossibi l i tv that the underaround bin t e s w  
as currentlv danned without brine samolina. will contribute to  advances in thg 
gnderstandina of the overall lona-term oerformance of a reoositorv at  WlPP is 
small. 

'WlPP Ten Phasr Activities in Support of Critical Performrnce Asressmrnt 140 CFR 19181 
Information Needs, February 1992. This report is referred to simply 8s the -hbruary 1992 WOR. in 
thi IOttOf report. 



PANEL FINDINGS 

Introduction 

The panel reaffirms its conviction that performance assessment is the 
appropriate basis for setting priorities in the research and testing program for 
WIPP. In the panel's opinion, DOE is making excellent progress with its ongoing 
performance assessment efforts. For completing the studies, DOE lists 15 critical 
needs in Figure 1 of the February 1992 report. This figure is incorporated as 
Appendix A of this letter report, with a numbering of the items added for ease of 
discussion. In the following paragraphs several of these items are considered, 
followed by comments on the proposed experiments with real waste underground 
at WIPP. 

Studies Requiring Highest Priority 

Amona the 15 critical information needs reauired to evalu 
performance. the oanel considers those associated with descri~tion of the natural 
barriers to radionuclide releases. i.e.. retardation. solubilitv. and flow studies. to ba 
the most im~ortant. The overriding importance of natural barriers is directly related 
to the need to consider the consequences of human intrusion, since performance 
assessment studies indicate that, without human intrusion, radionuclides can be 
contained safely within the Salado formation. The h i ohwr i o r i t v  should now be - given to conductina those tests that can determine the validitv of the critical 
assum~tions used in the PA calculations. es~eciallv the recentlv initiated solubility 
and dual ~orosi tv flow studies. and the D ~ O D O S ~ ~  investiaations on retardation irl 
lhe Culebra. 

The three specific information needs that the panel regards as most 
important are radioactive retardation data (item 1 ); dual porosity flow analysis 
(item 2); and radionuclide solubilitylleaching data (item 12). The panel is 
impressed by the high quality of the initial studies in these three areas and urges 
that DOE continue to pursue them vigorously. As more details of the overall test 
program in these areas become available, the panel will be able to make more 
detailed comments. Currently, only a draft version of the laboratory 
solubilitylleaching program (SAND 91-21 11, M.L.F. Phillips and M.A. Molecke) has 
been reviewed; retardation experiments have only recently been started on a 
laboratory scale, and investigation of the feasibility of field-scale retardation tests 
in the Culebra dolomite is in the initial stages. . . 
faasible. the aanel recomm- that thev be sta- as soon as is raallStlEBUY 
gossible. in view of the decade or Ion= that mav be r w e d  for meanitufd 



Also, item 3 (Salado gas and brine flow data), including Room Q and related 
experiments, is imponant to an understanding of the basic nature of fluid flow at 
the site and to the selection of appropriate performance models. 

Three of the critical needs (items 9, 13, and 14) are associated with gas 
generation and dissipation. Recent analyses suggest that gas generation could 
have beneficial effects on repository performance (e.g., retardation of brine inflow). 
Also, although the salt itself may be effectively impermeable, gas could dissipate 
into fissured anhydrite layers immediately above and below the repository. Overall. 
there is sufficient uncenaintv in the maanitude and conseouences of g a ~  
generation bv TRU waste in a re~ositorv at the WIPP and in the likelihood of oas 
flow in fissured lavers to warrant continued studv of this issue. 

Gas Generation Studies with Real Wastes 

Of the 15 identified critical needs, only one, gas generation data (item 131, 
concerns the proposed experiments with real waste underground at WIPP. The 
February 1992 report presents a list of justifications, both technical and 
organizational, for conducting gas generation tests, especially the bin and alcove 
tests, at the WIPP facility (see .pp. 2-23 to 2-27). The Danel. however. has 
reservations about the need f o r s o f .  A discussion of these 
considerations follow. 

(i) Laboratow Ex~eriments on Gas Generation 

Laboratory experiments on corrosion and microbial action are underway, but 
the studies are not yet complete enough to allow a reasonable prediction of the 
importance of either corrosion or microbial activity in the repository. Jt is not clear 
h w h  1- neration rates under 
reDosltorv conditions. The duration of the ex~eriments. two vears or less. is much 
$00 short to  obtain usable and defensible results. Also. there is no comoellinq 
scientific rationale for condutino these emeriments at the WIPP facility. 

In terms of resources allocated, by far the major component of the current 
WIPP experimental program is the plan for underground gas generation 
experiments. S i  the bins are loaded and sealed before being shipped to WIPP, 
the wastes do not come into contact with the WIPP environment, except with 
respect to temperature, and hence the tests could be conducted anywhere. 



The oanel em~hasizes that it sumorts the notion of underaround testinq 
with TRU wastes. orovided that the underaround location does not orevenf 

- imoonant tests from beino carried out (e.g., the measurement of brine 
compositions in contact with real waste or progression of gas generation 
experiments without purging), and that the tests can be continued for sufficient 
fime to orovide useful information. The five-vear duration ~raoosed for the 
underaround tests is likelv to be shorter than is desirable for such less. 

Dry bin tests 
prv bin tests will not Drovide useful information reaardina lona- 

B rm  aas aeneration in a TRU waste re~ository. A few dry bin tests 
may be of some value in developing experimental procedures as a 
precursor to wet bin experiments. The search for statistical reliability 
in the results of dry bin experiments has led DOE to propose about 60 
dry bin tests. The oanel considers this a serious misallocation of 
resources that could be much more effectivelv used in other Dans of 
lhe WlPP Prooram. 

Wet bin tests 
The panel considers the proposed wet bin tests to be potentially 

the most informative of the underground test program, with respect to 
both gas generation and contaminant concentration in the brine. 
However, the panel is concerned that constraints on the tests may be 
imposed by the underground location. Specifically, purging of 
flammable gases could make the wet bin experiments 
unrepresentative of the behavior of actual waste in the repository. 
[We note that "new bin designs are being studied that will allow the 
gas compositions to evolve to whatever values the chemistry will 
allow" (February 1992 report, p. 2-23). Such bins would eliminate 
the need for purging.] underaround testina ~recludes sam~lina of 
brine in the wet bins. the tests should be done elsewhere. where bring 

I m l D ed. and where tests could be co ntinued for as Ion a as ou d be sa 
yseful data are beina aeneraw. 

Based on a review of the roof reinforcement system installed in the 
proposed bin test room, and the associated monitoring program, 
panel is confident that the test rooms. so reinforced. will be stable or! 
fhe order of ten vears or lonaer. It is essential that the monitoljnO 
=ram be continued. 



Obviously, alcove tests can only be conducted underground. Plans for - 
alcove tests have not yet been developed to the point where the panel can review 
them. Also, the February 1992 repon indicates that ".. [the alcove] test program 
will occur if the laboratory and bin programs do not [suffice?] to satisfy the WIPP 
regulations that sufficient gas generation information is known for performance 
assessment." This statement clearly indicates that the alcove tests may not be 
carried out at all. Jn the absence of the alcove tests, onlv a verv limited amount of 
rad~oactive waste will be reouired for the ex~erimental oroaram at WIPP. 

In summary, the panel has not been convinced by the scientific rationale, as 
presented, for the underground gas generation tests. Jn ~anicular. the ~ l a n  t~ 
conduct a larae number of exoensive bin tests and to terminate the ex~erimenu 
a r f i v  r ibilitv that th  
ynderaround bin tests. as currentlv olanned without brine samolino. will con t r i bu~  
lo advances in the understandina of the overall lona-term oerformance of a 
reoosttorv at WIPP is small. 

Plugs and Seals Test Plan 

The panel has not reviewed the plugging and sealing test plan in sufficient 
detail to comment on the plan at this time. However, given that human intrusion - 
(item 11) appears to be the only reasonable or possible cause of radionuclide 
release to the accessible environment at WIPP, $he oanel thinks that thg 
performance of aluas and seals (items 5-8. and indirectlv. item 101 is orobablv of 
~ e c o n d a ~  sianificance in the overall oerformance of the reD0sitqLy. 
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Re 

Mandatory 

%a 

swer's Comment 1 
Commmt 

I am not confident from the information 
provided that I properly understand the 
nature and volumes of water flows in, 
around and through the shaft sealing 
systems. The time for system 
saturation remains unclear. This has 
bearing on the functionality of the shaft 
sealing system. 

Rmwnlng 
Clarification of the assumptions and 
conditions under which the 
repository would saturate will be 
added. If nothing is placed in the 
shafts and free flow of Rustler 
brines is allowed, the repository 
would fill in tens of years. With the 
seal system. as currently proposed, 
very little flow would enter the 
repository. These discussions will 
appear in the fluid flow analysis 
sections. In addition, the period 
required to resaturate the shaft will 
either be quantified explicitly or 
included generally, depending on 
advances in calculations. 
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R I  

Mandatory 

0 
r c g  

ewer's Comment 

Comment 
It is clear from the careful selection of 
the sealing materials that consideration 
has been given to their durability and 
longevity characteristics. However, in 
neither the preliminary nor the detailed 
documentation, are these issues 
discussed in detail. Durability and 
longevity issues present constraints that 
can also lead to the materials 
specifications. How have possible 
changes in material performance 
parameters with time (say over the 
period of 10,000 years) been applied to 
total system performance assessment 
modeling? Do short term effects 
influence long term performance? 
Mechanisms such as creep, fluid flow, 
microbiological degradation (and 
associated gas generation), seal 
material interactions, seal material-rock 
interactions, mineral transformation, 
silicification, dissolution and 
precipitation can all lead to changes in 
material and, hence, seal system 
performance characteristics. , I  suggest 
that the documentation should be 
expanded to provide confidence that 
these factors have been thoroughly 
considered as part of the generation of 
the sealing materials specifications and 
seal designs. 

Rumonlng 
Substantiation will be added to the 
materials sections of the CSDR to 

Accept 
x 

support the current contention that 
longevity characteristics of the 
proposed materials are "as 
advertised". In particular, an 
'awareness" of concerns noted by 
,he author will be demonstrated or 
dentilied and discussed in at least 
some detail based on information 
lrom the literature. Discussion of 
nechanisms such as creep, fluid 
'low and microbial degradation, seal 
material interactions and seal 
materiaWrockmrine interactions, 
nineral transformation and other 
ssues raised by the reviewer will be 
sxpanded to address material 
:hange (or potential change) with 
time. 

1 

RoJect 
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Mandatory 

Ye3 

swer's Comment 

Commant 
Wilh conlinulng rewd lo dshed conslmhls and cnleda. 
it appsan lhaiall of the seals, but prtkuh~IY the C h Y  
(benlonile-based) saab am intended CQI only lo lldl the 
migmllon of brines and, pardcutarb. parW 
conlaminaled brlnss, but alro b llmll lhs m b m M  01 
aurar fmm ha remailow horiron lo tha blosohare. (Ale 

pmya& appllcatlon of the day seals M a brrler agalnsl 
gas movement b rbrlvsd In msppan fmm an In dlu lest 
carded out at lhs WlPP ma. Expsdmmta canled out a1 
Iha Univamw 01 ManItob. (KlWam. 1995) lend lo 
mnRm the rarulls of h e  h sllu tests In (MI 25 mm hkk  
spsclmans ol walar satumlad mmpacled benlonlle 
(%-I 3 ~grm')  mslsled breakhnwgh pmuums ol up lo 
10 MPa Slmlhr rervlts have bsen obf.lned lmm 
sxpsnmenls In Japan (Ham, psnonal mmmunlcationl A 
WMRI mle 01 thumb seams lo W lhal gases bmak 
naaly lhmugh Wnlonlla layers vhen and I1 ha  degree of 
selumlh d W S ~ S  bebw abo~l 00 10 85 % This ~ l e  b 
convenlionalb awlled in the modabw of dl and w s  
re~ervoln. %em; msub mfllc( d U i m m e n l l ~ l  
published wlsdom (Pusch. 1985) rrhkh supgssls that gas 
breakhmugh pmuums am &led lobenlonle swelling 
prsuura. This b an a m  of amcam and quesmn and 
discussbn 01 the uncsnalny and B's sllscts on he  
melarials smelhlkn. asdaldd dehn a u u ~ s  ~~ -~~ 

(such as ~ t d i n p  the rile 01 raa;ltumtkm 01 lhe 
clav barden and the mle 01 nas wneralkn) and the 
mihod 01 clay seal e m p u k i t  am abse"l lmm lha 
design daumanls (boih preliminary and dolafled). With 
regard to he  memod of seal smplacsmsnl It b currently 
pmyased that the clay seals should W placed as 
prwampacled blocks. l h a  elfeels of pnls bewen the 
Mocks need lo be considered. Dudnu dedon relinemsnl 
acllvllles, the mslhod 01 deep dynamie &cllon 
lnvasligaled and pmposed lor placing he  sell wab 
shouldbe consldemd as a melhod lor the genemlkm 01 
homogarnus almost selumled bsnlonlls seal9 (see llem 1 
above1 The use 01 benlonle.sal( Isend.s#zed) m dums 
rhabld be eonsldsrad as s oossbla allamalwa lo lhe 

Reaaonlnn 

Further substantiation of bentonhe 
as a gas barrier will be provided in 
construction and materials 
appendices. In particular, 
suggestions of the reviewer will be 
incorporated to add confidence that 
a gas barrier is obtainable upon 
construction. Additional 
documentation drawn from sources 
identified by the reviewer will be 
sought to establish gas permeability 
and breakthrough performance. 
Further text identifying assumptions 
of rates of gas generation and 
resaturation of the clay barriers will 
be added in the appropriate sections 
of the design documents. 

Text and basis for dynamic 
compaction construction alternative 
will be added. Discussion, such as 
use of sand additive to bentonite as 
a means to compact the material to 
densities approaching 95%. 
saturation will be added. 

We propose to leave the 
construction method for the clay 
column as blocks with further 
development of the basis for 
dynamic compaction. 
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Re 

Mandatory 

Yo 

awer's Comment 

Comment 
I have a general and abiding concern 
with the relationships between derived 
design constraints and criteria as they 
relate to materials specifications. I 
understand that, generally, the materials 
specifications have been made to 
provide constructable seal elements 
with as minimum as practical 
permeability and that the properties of 
the as-placed materials have been 
incorporated into total system 
performance assessment models. The 
derived design criteria were not clear to 
me from either the documentation 
provided or the presentations made. 
From the data provided, it appears 
that all of the sealing materials being 
proposed for use ensure that chemical 
diffusion is the dominant mechanism of 
radionuclide transport in a possibly 
saturated repository at WlPP (see, for 
example. J.K. Mitchell, 1992). Is this 
usable as a derived criterion for the 
pecification of the sealing systems? 

Rueonlng 
While the use of low permeability 
materials approach conditions 
where diffusion could be the 
dominate transport mechanism, we 
don't believe such a condition can 
be invoked advantageously to a seal 
design criterion. By severely limiting 
brine flow, we place a de facto limit 
on nuclide migration. We propose 
to leave the language as a 
discussion of "low flow" and not of 
contaminate migration. 
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3wsr's Comment 

cornnimt 
Many of my previous concerns related 
to the constructability of the sealing 
systems. I was impressed by the 
amount and rigour of work that has 
been carried out to confirm the 
constructability of the seals and 1 am 
satisfied that the design that I 
understand will be proposed in the 
detailed design document will be 
workable within the constraints of 
existing engineering practice or 
reasonably simple extrapolations 
therefrom. To provide absolute 
confidence in the constructability of the 
proposed sealing systems it will be 
necessary, with time, to effect programs 
which demonstrate the practicality of the 
extrapolated technologies 
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ReIect Renonlng 
Construction procedures and 
associated design modiflcations 
consistent with review comments 
and discussions with panel member 
Steve Phillips will be completed in 
preparation of the CSDR. While we 
concur with the author's opinion that 
future work will increase confidence 
in the sealing methods, 
recommendations for such work will 
not appear in the report itself, but 
constitute the types of alternatives 
or options to be considered in future 
design refinements. 
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will meet design guidelines beyond the broad PA analyses performed to date on an equivalent 

"generic" design which does nor account for any performance allocation amongst the system 

components. The seal system has been conservatively designed with what is considered to be the 

best available technologies, materials and construction procedures. If the design does not 

quantitatively meet the performance requirement, then it might be necessary to consider adopting 

the use of new technologies, materials or procedures. 

In regards to whether the design can be implemented, it is my opinion that the seal system 

can be constructed as set forth. The concepts and procedures selected are not unusual compared 

to industrial construction practices. Suggestions have been made for minor enhancements 

focusing on ensuring emplaced material properties can be attained. 

- 



SUUMARY STATEMENT 
BY JOHN TINUCCI 

The design that has been put forth presents one way of efficiently sealing shafts. 

Recognizing that other ways could also be made to work, the design presented here is similar to 

other suggested by the scientific community for sealing deep geologic nuclear waste repositories. 

The concepts presented have been developed from sound engineering judgment and sound 

analyses techniques. The anticipated performance of individual sealing components are within 

reasonable expectations based on currently available field and laboratory data, albeit limited. To 

address the wide scale of uncertainties, the design has been conservatively laid-out with 

redundant multiple-banier cornpone& so that the overall seal system performance is not 

dependent on the functionality of an individual component. The design as it exists today is a 

conceptual design since it describes basic concepts and provides sufficient backup analyses to - 
-, 

demonstrate that those concepts will reasonably satisfy the aualitative design guidelines. 

In the review process several issues were raised where minor enhancements to the design 

might provide bener confidence in the overall performance of the system, especially in the short- 

term where performance is critical. These suggestions included investigating the use of grouts 

around SMC concrete plugs, complete removal of the liner in the Rustler formation, dynamically 

compacted clay column, repressurizing asphalt waterstops, etc. 

It is my opinion that the Performance Assessment portion of the waste disposal program 

dealing with Seal System Performance has a shortcoming in that it has not assigned a target 

performance range for developing designs, at least as put forth in the documentations. It is 

recognized that the conceptual design has been developed for all 4 shafts but analyses limited to 

single isolated (AIS) shaft. However, the designers are unsure of how quantitatively this design 



The materials being used to form the seals are the same as those 
being suggested in the scientific and engineering literature as 
appropriate for sealing deep geologic repositories for radioactive 
wastes. When constructed as proposed, it is likely that the shaft 
seals will ensure that water flow rates from the repository level 
to the biosphere will be very low within the seals and in the 
immediate vicinity of the sealed shafts. In some places the shaft 
seal designs being proposed appear to be excessively complex. It is 
likely that simplification of the design and material placement 
methods will lead to a more constructable sealing system without 
compromising system performance. 


