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May 1, 1978

Dr. Earnest F, Gloyna, Chairman _
Cormittee on Radioactive Waste Management ;
National Academy of Sciences ]
2101 Constitution Avenue, N. W. “E W
Washington, D. C. 20418 %‘\“m

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 {solation pilot plant (WIPP), this Panel has
reviewed the WIPP Draft Site Characterization Report (DSCR), SAND 78-15%6,
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 (HIPP) " {s a compilation of the known
geotechnical information about the proposed site and the surrounding region,
with chapters devoted to regional geclogy, site geology, seismology, hydrology,
geochemistry, resources, and special studies of WIPP repository rocks. It
does not address such matters as socioeconomic considerations, accessibility,
transportation and failure modes, which will need to be included in a
complete site characterization.

The following brief account, which must be viewed {n conjunction with
the DSCR. itself, is intended for a very limited audience of readers fully
conversant with the contents of the bdsic 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 comments
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 information con-
tained in the DSCR provides sound geotechnical support for an environmental
impact analysis and related decisions leading to the selection of an
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appropriate site for the proposed pilot plant. The review focused on

the Report's exposition of geotechnical information with critical bearing
on the site's probable ability to provide the desired long-term {solation
of emplaced waste, €.9. seismic or tectonic uplift, intrusion of ground-
water, thermal and mechanical characteristics of the host rock, and
retardation effects along possible migration pathways. The Report did

not treat, nor did the Panel consider, the effect of the emplacement of
waste or the waste itself on the long term integrity of the repository.
Although recognizing the considerable coverage and detail of the information
presented, the Panel noted a few areas where additional data are desirable
to more fully characterize the geotechnical aspects of the area under
consideration. These include the following:

a) A major disagreement between conclusions reached in the DSCR
and the views of R. Y. Anderson is mentioned in several places. Anderson,
a professor of geology at the University of New Mexico at Albuquerque,
who has specialized in the study of evaporite deposits in the Delaware
Basin, was commissioned by Sandia Laboratories to prepare a report on
the deep dissolution of salt in the region around the proposed WIPP
site. Basing his argument on a postulated unconformity at the base of
the Salado formation and on his hypothesis that the so-called "breccia
pipes" are localized features of deep dissolution which originated as
collapse chambers in salt beds immediately overlying the reef and basin
aguifers, Anderson suggested that dissolution may be so rapid that the
entire salt formation will disappear within a million years. The DSCR,
on the other hand, considers only dissolution at the western edge of the
salt beds and concludes that present rates will ensure preservation of
the Salado at the WIPP site for at least a few million years. The Panel
feels that a more thorough explanation should have been provided as to
why the authors of the DSCR consider their views preferable to Anderson's
hypothesis. On this same issue of salt dissolution, the DSCR estimates
of the rate of retreat of the solution front two or three miles west of
the site are evidently based on the assumption of uniform dissolution
over a wide area under average conditions. A rational basis should be
provided for this assumption, vis a vis the possibility of accelerated
dissolution rates in local areas, with selective removal of salt from
 beneath the present sedimentary cover, particularly if pluvial conditions
were to change in the future.

b) Additional data and analyses would be helpful to determine with
greater confidence the current rates of tectonic uplift in the region
end whether, as a result, the salt may be exposed to accelerated erosion
at some time in the foreseeable future.

c) The so-called “"breccia pipes” need more detailed analyses to
determine whether they may serve a&s conduits for water that may have
promoted, or may in the future promote, deep dissolution of the sait

beds.
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d) There appears to be sufficient {nformation to resolve the
~— qQuestion regarding the likelihood of upward flow from the Bell Canyon
formation through the Saladc, where the proposed repository horizons are
located, to the overlying Rustler. This should be addressed.

e¢) Because rock properties have a strong fnfluence on mine design,
more detailed information is needed on the varfous 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
Taboratory and field tests approximating {n-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 possibie 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 most recent episode of any recrystallization {n the Salado
formation near the proposed WIPP 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. :

‘In summary, 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 Medanos site and the dynamics of the geochemical/hydro-
logical system. On the basis of this available information, further
investigation of the site is warranted. However, final decisfions '
regarding repository site selection must take {nto 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 {ts surroundings. These decisions must be based
also on supplementary data acquisitifon and analyses such as those suggested
above; the additional studies delineated in the document itself; crucial
in-s{tu studies conducted throughout the construction phase; and additional
definition of design objectives, criteria for safe operation, and waste
forms to be accommodated.

Sincerely,
| ‘ '”“{,\ ‘ W L ¢ /Mo\_..

B Frank L. Parker, Chairman
S Panel on the Kaste Isolation
Pilot Plant
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NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RESOURCES

2101 Constitution Avenue Washington, D. C 20418

AMITIEL ORK RADIOACTIVE WASTE MANAGIMINT (202) 385729

September 10, 1979

Dr. E. Bright Wilson, Chairman
“Committee on Radigcactive Waste Management
National Academy of Sciences

2101 Constitution Avenue

Washington, D. C. 20418

Dear Dr. Wilson:

During the past year, the Panel on the Waste Isolation Pilot Plant
(WIPP) has become familiar with the findings of the various extensive
geological explorations, including boreholes from the surface and attendant
geotechnical studies, "attempting to characterize the proposed WIPP site
and provide a basis for judging this aspect of the site's suitability
for a waste repository, This familiarization process has included briefings
by representatives of Sandia Laboratories and the U. S. Geological
Survey, study of both the published and unpublished technical literature,
site visits, examination of actual borehole cores, and discussions with
other experts in selected geotechnical areas.

Qur efforts have brought to light no disqualifying results from
these explorations and studies to rule out further consideration of the
proposed site at this stage. The Panel has reached this conclusion
after taking into account the comments made in my letter of May 1, 1979,
reporting on our review of the WIPP Draft Site Characterization Report
(issued as SAND78-1596, Geological Characterization Report), pointing
out that certain effects have been observed which can be interpreted as
indicating the possible existence of significant anomalies. Additional
information fs clearly required before these anomalies can be resolved




and a decision made regarding the adequacy of the proposed WIPP site for
the construction of a repository. Furthermore, continued commitments to
final details of repository design in the absence of additional site-
specific information may be both misleading and wasteful.

The Panel is of the unanimous opinion that continuing efforts to
acquire the necessary additional information solely by means of surface
exploration, including boreholes, have reached the point of diminishing
returns and cannot resclve all the major remaining uncertainties. -
Accordingly, the Panel recommends that:

(1) An exploratory shaft be.sunk at the site of one of the proposed
access shafts as soon as practicable, to the depth of the proposed
repository horizon.

(2) Drilling be done and tunnels developed in the salt as necessary
to conduct the measurements and observations needed .o resolve remaining
site-specific geotechnical uncertainties and to ascertain the degree to
which the site is suitable for the excavation of a repository.

- Development of the shaft, tunnels, and any other exploratory excavations
should be consistent with applicable environmental and safety standards,
strict quality assurance procedures, and should be compatible with an
actual repository, if one 1s constructed at this site.

Sincérely,

iéi;;4.lkt- L. 151446244_.

Frank L. Parker ,
Chairman, Panel on the
Waste Isolation Pilot Plant
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NOTICE

This report was prepared as an account of work sponsored
by the United States Government. MNeither the United
States nor the United States Department of Energy, nor
any of their employees, makes any warranty, express

or implied, or assumes any legal 1iability or responsibil.
ity for the accuracy, completeness, or usefuiness of any
information, appsratus, product or process disclosed or

represents that 1ts use would not infringe privately
owned rights.




ABSTRACT

It is technically feasible to reorient the work on the
Carlsbad site to fylfill the President's requirements, set
forth in his February 12, 1980, message to the Congress, for
evaluation vf this site as one of several candidate sites, for
later decisions regarding development of a licensed facility
for defense and commercial high~level and ttansuranic wastes.
The President's announced objectives can be achieved socner,
ana with greater certainty of succeas, if the work begun unaer
the WIPP Project is continued but reoriented toward these new
objectives. Much of the information from the investigation of
the Carlsbad site and all of the technology being developed by
this project are applicable to any repository located in domed
or bedaed 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
National Academy of Sciences, the National Academy of
Engineering, and the Institute of Medicine. Such authorization
reflects the Board's judgment that the project is of national
importance and appropriate with respect to both the pPurposes
and resources of the National Research Council. The members of
the committee responsible for the report were chosen for their
special competences and with regard for appropriate balance.

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

The National Research Council was established by the.
National Academy of Sciences in 1916 to associate the broad
comnunity 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 services 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 cf Engineering and the
Institute of Medicine were established in 1964 and 1970,
respectively, under the charter cf the National Acaaqemy of
Sciences.

Punded by the U. §. Der rtment of Energy
Contract No. E¥Y-76-C-0z 2708-023
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‘ CONTINUING EVALUATION
: OF TME CARLSBAD SITE

The Panel on the Waste Isclation Pilot Plant (WIPP) was

organized by the National Academy of Sciences in 1378, under

. the Committee on Radicactive Waste Management of the National

Ressarch Council, to reviev the scieniitic and technical
criteria and guidelines for designing, constructing, and
operating a Waste Isclation Pilot Plant for isolating
radicactive wastes from the biosphers, with specific attention
to & proposed site near Carlsbad, New Mexico.

On Pebruary 12, ;930, President Carter. transtitted to the
Congress *A Report on His Proposals for a Comprehensive
Radicactive Waste Management Program,® This report states the
Presicdent's decision that the WIPP Froject, currently
authorized for the unlicensed dispcocsal of defense transuranic
waste and for research and development using high~level defense
waste, should be cincolled; but tﬁat the Carlsbad site will
continue to bs evaluated, along wvith other sites in other
locations, for possible use as a licensed repository for
defense and commarcial high-level wastes.

The Panel has revisewed in depth the work of the DOE
contractors on the geologic characteristics of the Carlsbad
site, the characteristics of the defense and spent-fuel
radioactive wastes that have been considered for emplacement,
and the conceptual Zdesign of the repository. The WIPP Draft
Environmental Impact Statsnent has besen analyzed vwith
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respect to the potential impact .on public health and gafety.

As a result of these deliberations, the Panel has
previously concluded that continyed investigation of the
Carlspad site is warranted and has recommended that the project
proceed wvith an exploratory shaft to determine in greater
detail the geolegic, hydroleogic, and atructural feazures of the
candidate salt beds, and with in-situ tests as necessary to
evaluate the geotechnic adequacy of this site for a wasts
repogitory. The Panel considers these in-situ tests to be no
less timely lnd technically desirable within the traievork of
the President's statement.

In connection with the Carlsbad site, a talented team of
scientists and engineers has been assembdled, and extensive
geological exploration bas been conducted. Laboratory
facilities ars excellent, important experisents on wvaste
disposal are under way, and underground engineering designs
have been developed. The project bas gained momentum that
would be difficult to recapture if it were to De interrupted.
Thers are sound technical rsasons for ¢ontinuing the

exploratory work:

1. Much of the information frem the investigation of the

Carlsbad site and all of the technology being developed

roject are applicable to an ' located

in domed or bedded salt and licensad for high-lavel

and transuranic defense and commercial wastes.

Tha apalyses made thus far, supported by ongoing and

planned testing programs to validate these analyses.




lead to the reascnable expectaticn that the site may
be suitable not only for its original limited purpose
as a defense transuranic waste repository but also as
a2 licensed repository for both defense and commercial
high~leve]l and transuranic waste. The presgent
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 salt bed that
Bay be better suited for high-level wastes. The
information obtained from this exploratory work will
not only be useful for further evaluation of the
Carlixbad site but can also be applied to other
cangidate salt formations.

The President's announced objectives can be achieved

sooner, ang with qreater certainty of success, if the
work begun under the WIPP FProject 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 ot more licensed repositories.

The extensive information already obtained on
the Carlsbad site and the demonstrated expertise of
the existing investigative teams provide an

-3~
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opportunity to proceed much sooner with i{n-situ
testing at a potential candidate site--a capability
which will have to be developed before this or any
other site can be selected for a first actual
repository.

More is known about the Carlsbad site than about
any of the other sites under consideration. Questions
remain that will require resolution by additional
analyses and testing, but such guestions are normal

for this stage of an investigation.

The Panel concludes that it is technically feasible to
reorient the work on the Carlsbad gite to fulfill the
President ‘s requirements for evaluation of this site, as one of
several candidate sites, for later decisions regarding
development of a licenged facility for defense and commercial
high-level and transuranic wastes. If so recoriented, the
project could contribute by:

o providing prototype experience in site gualification;

o testing, in situ, performance assumptions about thﬁ

geologic medium; and

¢ developing techniques and information which will be

required in the licensing process.
If given this nev Bission, work should proceed on constructing
the exploratory shaft, acquiring hands-on repository mining
sxperience, conducting in-situ tests and measurements at
various depths, verifying engineering design assumptions, and
developing analyses for licensing review,
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PREFACE

In March 1978, the Department of Energy (DOEX) asked the National
Research Council "to review the scientific and techmical criteria and .
quidelines for designing, .constructing and operating a Waste Isolation
Pilot Plant for isolating radiocactive wastes from the biosphere.™ The
Bational Research Council assigned the study to the Committee on
Radiocactive 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
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 Isclation 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, though not officially part of
the project mission, DOE was also 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 fregquently 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 sclely 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 program documents had been issued and
examined by the Panel, including the Geological Characterization Report
(Sandia Laboratories 1978), the Title I Design Report (Bechtel
National, Inc. 1979), and the Draft Environmental Impact Statement
(U.S. DOE 1979). This report is based on analysis of the contents of
"these and other documents, numerous technical briefings, extensive

ix



discussions with representatives of DOE and its contractors, and
several field visits.

Not all of the views expressed herein are currently pertinent.
Puring 1980 and early 158l, following the period covered by this
report, the WIPP project experienced major changes in direction and
scope, as well ag 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 been remedied by additional
investigations and design changes. During 1980, a Pinal Environmental
Inpact 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.
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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 far back as March 1974, the Oak Ridge National Laboratory had begun
site investigations for a terminal radicactive waste repository in a -
region selected by the U.S. Geclogical Survey in the Los 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 {n December 1974. The
Albuquerque Operations Office of the U.S., Atomic Energy Commission
(AEC) and the Sandia Laboratories were then requested by AEC
headquarters to become involved in the program to locate a site for a
radicactive 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. Conseguently,
the first drilling site was rejected, and the U.S. Geological Survey
and Sandia recommended & new site 7 mi (ll.2 km) to the southwest. The
general location of the site and a geologic section through the los
Meadanos area are shown in Figures 1.1 and 1.2, respectively. In
Janvary 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 hcle at the new site, commenced
in April 1976. 1In October 1976, funding was requested for an
architect-engineer, 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 Department of Energy (DOE) for commert, 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
Nuclear Regulatory Commission saying they intended to reguest a license.

In February 1978, the ®"Deutch Report® (U.S. DOE 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 U.S. House Armed Services Committee,
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which held that the site should be unlicensed and used only for defense
waste,

The Geological Characterfzation Report (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-Adency Review Group (IRG) appointed by
President Carter reported (IRG 1975) on its review of the progress of
the U.5. 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. 7The following month,
the WIPP Draft Environmental Impact Statement, or DEIS {(U.S. DOE 1979),
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 decision 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
Radicactive Waste Consultation Task Force, composed of three members of
the governor's cabinet; a Radicactive Waste Consultation Committee,
composed of eight members of the state legislature, and a Governor's
Advisory.Committee on WIPP.

WIFP 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 commentary on those
aspects that the Panel reviewed through the end of 1879. For
completeness, material has been included that was incorporated
previously in two letter reports {(Appendixes A and B} that dealt with
the suitability of the site from a geoclogical and hydrological
standpoint and the limitations of surface exploration of underground
formations.




CEAPTER 2 / CTMHﬁwﬁ

e SITE SELECTION CRITERIA Y K

The criteria used in selecting the WIPP site include the generic -
criteria commonly cited in proposals for waste isolation in bedded salt
(Naticnal Research Council 1970, 1978) and seem technically and
scientifically adequate. They regquire (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 d{fficulty
in mining operations; (5) little indicatiom of recent tectonic or
igneous activity; (6} sufficient distance from an exposed edge or
underground aquifer where salt dissolution {s occurring; and (7} an
area without sizable economic resources.

Two additional eriteria gpecific to the Carlsbad area were
suggested by previous experience at Lyons, Kansas (Bradshaw and McClain
1971) and .at an earlier WIPP site mentioned in the DEIS: location of
the repository at least 1.6 km from the nearest borehole penztrating as
deep as the selected beds, and at least 8 km from 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 ouvtline
‘areas where galt 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 kr of the
dissclution front, or with known potash or hydrocarbon resources. Two
areas of reasonable 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 may 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. Most troublesome of the three is the problem
of economic resources: recent evaluation of resocurces during site
characterization indicates the likely presence of economically
significant quantities of potash and natural gas at the site. Because
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_the potash deposit is 400 to 800 fr (120 to 240 m) above the proposed
repository horizons, it could probably be mined without disturbing a
repository beneath. The natural gas is below the repository beds and
could probably be tapped by angle drilling. The existence of the
potash and hydrocarbone meane that the criterion specifying minimal
conflict with natural resources may not be satisfied; but the
possibility of recovering both materials without 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 a8 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 exploitaticn might be
more or less economically attractive. ‘
A second unresolved guestion concerns the possibility of salt
disscolution by upward-moving water from agquifers below the salt beds.
If the dissolution were concentrated in isclated fissures in the
underlying beds, fluid cizculation might be set up that would lead to
active digsolution of the salt in small areas and possible subsequent
collapse of the overlying salt beds. This hypothetical mechanism is a
possible explanation for the vertical pipe-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 recognmize in geologic mapping
at the surface, because their outcrops are eagily 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 aguifers. Despite extensive potash
rmining in the Delaware Basin, only a single 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 elsewhere 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 S.
Nevertheless, esither the presence of an old, inactive pipe in an
area being considered as a repository site or the formation of a pipe
during or after repository conmstruction could have consequences serious
enough to require attention. The danger from an inactive pipe is the
possibility that the fractured material in the pipe itself, or the
disturbed salt beds near the pipe, might be more permeable 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 pipes examined to the end
of 1979, and the areas of disturbed beds caused by pipe formation are
limited to zones a few tens of meters in diameter. Hence inactive
pipes beyond the periphery of the WIPP site would not jeopardize a
repository, and a pipe within the site could be avoided in Tepository
construction; but the possibility of more permeabls material in a pipe
is great encugh that pipes witb&h"tgg site should be located and
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carefully studied. The danger from formation of a new pipe is the
obvious one that collapse of salt beds beneath 8 repository as the pipe
works its way upward would open the gite to inflow of groundwater, Any
evidence for present-day pipe-forming activity would therefore be
.mportant, even though such activity at a distance of several
kilometers from the WIPP site would not constitute a direct threat to
repository integrity.

The digstribution of existing pipes in and near the WIPP gite 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 where
rock structure or topography gives an indicaticon 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 Simon sink; drilling into
such areas could demonstrate whether the subsidence actually results '
from breccia formation at depth. Furthermore, any deep dissolution '
that may be occurring would probably be concentrated along zones of
fracturing, and such zones may betray themselves on LANDSAT imagery.
Mapping 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
aguifers 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 all scientific questions about these gtructures need
not be answered for purposes of site characterization. A consegquence
analysis of the possible effects of breccia pipes is needed and is in
fact being planned by Sandia scientists (as of the end of 15979).
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 program 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
warrant fuller investigation.

' Two additional possible problems are (1) the pockets of pressurized
brine that are known to be present in the Castile formation and could
be present in the Salado and (2) the thin layers of breccia, possibly
formed by widespread subsurface dissolution within the salt beds, that
have been noted in a few drill cores from borehcles outside the WIPP
site (Anderson 1980}. A large brine pocket would indeed be a major
hazard to workmen if it were penetrated unexpectedly during excavation
of a repositery, but the pockets can be located in advance of
construction by exploratory drilling or geophysical techniques and can
be drained by well-known engineering procedures. Interpretation of the
breccia beds is controversial, but no confirmatory evidence for
extensive interbed dissolution has been 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 evaluated when
subsurface exploration is undertaken.

,7,,___\
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Dissolution at the salt edge west of the WIPP gite has been 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 Reef 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 dissclution has been estimated (from rates of brine
discharge into the Pecos River and streams east of the basin) at 330 to
500 £t (100 to 150 m) per million vears. 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
®) below this contact would not be jeopa:dxzed 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 i{s g0 remcte, 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 gite 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 vears, because recent faulting has occurred at the
salt graben 70 km west of the gite, and because precise leveling has
shown 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 ner
geologic evidence for tectonic disturbance or volcanic activity during
the past several million years. The faults and lava flows in the Rio
‘Grande valley have been known for a long time and were critically
considered when the WIPP site 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 minor tectonic 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 tectdnic stability seems so well satisfied, however, that
these measurements should not be cause for postponing underground
exploration.

Through 1979, study of the WIPP site has been limited to geologic
mapping and geophysical measurements at the surface, examination of
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boreholes and drill cores, and laboratory experiments on salt samples.
Agsurance that the salt beds do not have structures that might
complicate repositeory construction or serve as channels for groundwater
movements-~faulte, anticlinal folds, ghale interbeds, breccia
pipes--has been provided only by such surface observations. Further
work 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, expleoration
from the surface has been 50 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 galt beds that will be needed
for a decislion 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, which requires sinking a shaft and exploring the salt
bed or beds by tunnels and heorizontal drilling.

In swmary, study of the WIPP site and its environs has shown that
the criteria for site selection were in considerable measure satigfied;
the Panel thinks probable site suitability has been demonstrated
sufficiently to justify the sinking of an exploratory shaft without
delay, as was recommended in the letter attached as Appendix B.




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 radiocactive waste is the design and
construction of the excavations that constitute the repository.
Unfortunately, the initial conceptual repository designs of which the
Panel is aware, including the design proposed for the WIPP site, reveal
neither 2 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 isclation. '

The WIPP repository has already progressed to the sgtage of
preliminary (Title I) design. According to DOE definitions, Title I
design . . . utilizes the conceptual design and design criteria that
have been prepared for the project as design bases." It involves the
refinement of descriptive information and the development of more
‘detailed outline specifications that will serve as the firm basis for
definitive (Title 1I} design. The Title I Design Report by Bechtel
National, Inc. (1979) reveals concepts and details that raise guestions
concerning design safety and adegquacy.

Adequate conceptual design of an underground repository requires
recognition that the properties of a geclogic medium, even salt, are
unlikely to be 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 varfations may 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 portions of the
" site from use for the disposal of waste.

12
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For these reascns, 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 outhbreak 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 isolxted
effectively from every other module. As few accessways as ecessary
for safe development of a module should penetrate thesge barriers, and
each accessway should be provided with a bulkhead, which can be closed
quickly at either end of the barrier. Ultimately, these accessways
must be sealed permanently with a £i11 having low porosity 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 reviewed by the
Panel in its subsequent deliberations] showed the repository
essentially as sets of four rooms 32 ft (5.7 m) wide, separated by
support pillars 25 £t (7.6 m} wide, and separated from adjacent sets of
rooms and pillars by abutment pillars 360 ft (109 m) wide, penetrated
at intervals of 268 ft (Bl.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
£illing each crosscut, in an endeavor to restore the integrity of the
abutment &8s a whole. The original Title I drawings, however, show that
these crosscuts are to be used for the disposal of waste., The
isclation that would be provided by the bulkheads in the event of fire,
flocding, or leakage of waste is questionable, and thus even the modest
degree of modularization in the coriginal design is compromised. The
‘Pane]l is convinced that truly modular repository design would make
better provision for geclogical variations and would provide more
inherent safety, by preventing accidents or failures in one part of the
repository from spreading throughout the repesitory.

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 WIPP
facility who have a vealth 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 ratioc 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
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would eeem to be most imprudent to design a radicactive waste
repository, especially an early repository, in such a way that there
was any guestion whatsoever about the behavior and &tability of the
salt between the excavations.

If the above arguments and evidence are accepted, the ratioc 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 mot 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" (5/D) between adjacent excavations everywhere
should be greater than 4, giving an extraction ratio of 25 percent or
less.

Using the SANCHO 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 geclogy
was based on data from the ERDA 9 borehole (Wawersik 1979): mechanical
properties for the salt were taken from SAND79-1853 (Munson and Dawson
1879); 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 £t (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 £t (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 two alternative layouts were shown to be guperior to the Title I
design, which showed horizontal convergence of the excavations as much
as 4 times greater than that for a single-~drift configuration. In the
far field, a stress disturbance was found tc extend over the entire
horizontal span of the pillars, tending to confirm the criterion that
the local extraction ratio should not exceed 25 percent.

An analysis such as this, based on limited data, uses many } e
assumptions and may contain important omissions. In view of the igﬁuﬂfwﬁ%:

A
.R‘)i.

pervasive changes in stress that occur within 10 years and of stress,
concentrations at stratigraphic discontinuities, it should be noted
. that Serata chose pillars 360 ft (109 m) wide to achieve isolation
‘.between sets of adjacent rooms. In any event, the incorporation of a
", 1imited number of major barrier pillars several hundred feet in width,
. a8 proposed in the modular design, would make it unnecessary to rely on
- pillars 100 £t (30.4 m) wide acting infallibly as “infinite pillars.®
Although, as stated above, the local extraction ratio within each
module could safely be as high as 25 percent, the overall extraction
ratio for the repository, including these barriers, should be
significantly lower.
The analysis shows far-field effects brought about by relatively
small amounts of convergence across the excavations in the ghort term
(10 years). wWaste and backfill in these excavations are likely to have
a void space of about 40 percent, unless special procedures are e
developed for greater compaction. In the longer term, partial
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compression of thig void space will occur as a result of much greater
convergence across thase excavations than that calcylated in the
analysis. Correspondingly greater far-field effects, particularly at
stratigraphic discontinuities, may disrupt the salt {n a very different
way than would geclogic events i{n the absence of man-made
perturbations. Assumptions based on the behavior of galt in its
pristine conditions may not be valid. Accordingly, analyses of this
kind should be done for much longer periods of time--zay 50, 100, and
1,000 years. Such analyses should address the question whether, if the
intrinsic self-healing, viscous properties of the salt are to be used
to ensure isoclation, closure of the excavations will need to be limited
to values much lower than those that would prevail {f the cavities wvere
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 eguilibrium condition, and such a void space will
result in a hydrauvlic 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. However, the perturbation of these geologic TN
features by the repository excavations and the establishment within the Pluge 2
salt of an extensive interconnected network of hydraulic conduits may £
change the effects of these geological features and render the salt e ‘
much less stable than has been assumed. .

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

would not be expected to be greater than those resulting from scenarijos
of water flow between two aguifers (Bingham and Barr 1979). There has
recently been discussion of increasing the extraction ratio to
accelerate closure of the excavations and, perhaps, create additional

;g.space for the disposal of waste. Very careful contideration must be

iven to such proposals. At some point, the degree to which the salt
s perturbed by the excavations will affect adversely the safety of the
epository and the ability of the salt to isolate the waste from the

““biosphere.

The implication of the proposals to 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. An adequate study of these problems should be made to
determine whethezr 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 a study is needed to show that the intrinsic
Properties of salt can be taken advantage of to effect safe isolation
of radicactive waste by deep geologlic disposal.



CHAPTER 4

J— ACCEPTANCE CRITERIA FOR TRANSURANIC WASTE m
o~ " :

A table of acceptance criteria for transuranic {TRU) waste, from
the WIPP DEIS (U.S. DOE 1979}, 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
l0-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 weood, 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 radicactive 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 varicus accident
scenarics, and the consegquences of the accidents are estimated from
fire tests documented in Section 4 of Summary of Research and
Develcpment Activities in Support of Waste Acceptance Criteria for WIPP
(Sandia 1979).

The relevance of these tests is open to question, because all were
made in the open rather than in the confined spaces where cperations
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. However, there are
important factors operating {n 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.

18
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TABLE 4.1. Interim Waste Acceptance Criteria for Contact-Handled TRU
and Remotely Handled TRU Waste
Criterion Contact-handled TRY waste Remotely handled TRU waste
WASTE FORM
Combustibility No 1imit, must be packaged in steel No criterion; quantities are

Gas Generation

Inmob%]ization

Explosives

Pyrophorics

Hazardoys. materials

Desigﬁ Life

Structure

Structure

Handling

Weight

Dimensions

Radfation
Surface-dose rate

Surface contamination
Criticality

Thermal power

containers or overpack

Ges-generating materials in any
single storage room may not
exceed 103 by weight

Powders, ashes, etc., must be bound
in glass, concrete, ceramic, or
Other approved matrix; double
containment allowed for special

_ chses; sludges must contain no
free 1iquid

Kot allowed

Small quantities of radionuclide-
metal pyrophorics may be
accepted with other waste forms

Allowed only with special
procedures and precautions

CONTAINER
10 years to allow retrievability

Type A requirements

PACKAGE

Type R; sny damaged contafner
mst be overpacked

Devices to allow hand)ing. by means
of a forklift

Less than 12,000 pounds

Not larger than 8 by 12 by
9 feet

Not exceeding 200 mrem/hr; soyrces
producing more than 5000 fti/yr
must produce waste with & 3-month
average of less than 10 mrem/hr

49 CFR 173.398

49 CFR 173, Subpart H

Color code {f greater than
0.1 w/ftd

insignificant, and processing
will probadly not be available

No criterion for above rsasons

Same as for CH TRU waste

Same a5 for CH TRU waste

Same as for CH TRU waste

Same as for CH TRU waste

Same as for CH TRU waste

Same as for CH TRU waste

Same as for CH TRU waste
Axial 1ifting pintle

Less than 10,000 pounds

24-inch diameter, 15-foot length
Less than 100 rem/hr

49 CFR 73,398

30-g21lon drum, 100 grams fissile;
£5-gallon drum, 200 grams
f{ssile; DOT-7A, 500 grams
fissile

No criterion

SOURCE: V.S. Department of Energy (1979).
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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
tenmperatures, because underground combustion sites are well insulated
thermally. If the fire is successfully extinguished by ventilation
contrel, 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 gtipulated that will self-extinguish
without any fire control measures whatever. Such a configuratien
involves both waste acceptance criteria and repository design.

To provide a self-extinguishing configuration it is not necessary
to 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
noncombugtible materials is arranged in a tunnel-like configuratiocn,
supplied with a continuous and unidirectional flow of ventilation air
at ambient temperature, which carries the combustion products and the
assoclated heat of combustion over and through the unburned material.
Whether or not the fire propagates under these conditicons 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
gufficient to raise the temperature of neighboring components te the
ignition point. This heat balance should be calculated for various
ratios of combustibles (boxes, plastics, etc.) to noncombustibles
(esteel containers, concrete, backfill salt, and the nitrogen of the
ventilation air).

A meaningful fire test could be carried out in a tunnel packed with
simulated TRU waste packages in a proposed repository configuration,
with or without salt backfill, supplied with forced ventilation. The
fire could be 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 $-133 to
9-136) and exhaustively in several Sandia reports (Molecke 1979a,b;
Sandia 1979). These documents conclude that bacterial action is the
dominant potential source of gas production, with gas p:odgction from
the plywood boxes covered with fiberglass-reinforced polyester (FRP)
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being the largest single contributor i{n thisg category. This conclusioﬁ
is independent of whether aerobic or anaerobic environmental conditions
are assumed.

The analysis of gas generation sources has been carried out by
resclving 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
comrinuted organic waste and then used the results of these accelerated
tests to estimate poesible gas evolution rates. It §{E 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 ocut 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 action
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
rummified animal remains from Egyptian tombs after more than 3,000
years is a well-documented example of the preservative effect of
moderately low humidity. The contents of steel drums will be exposed
to this desiccation, because the plastic 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 {s doubtful that methane or
‘carbon dioxide pressures of hundreds of atmospheres could be produced
through blological activity. Published literature in this area should
provide sufficient information to place a reasonable upper limit on
this type of pressurization. )

The other major potential gas source {s 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 {n 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 cathedic portions
of the metal surface before the potential reaches & 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. 1In this condition, and assuming an adequate supply of
vater (brine inundation}, the DEIS gredicts that hydrogen will be
generated at the rate of 0.5 mole/m* year.
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This rate would appear to be an overestimate., It is xnown from
practical experience that, at ordinary temperatures, iron does not
decompose water to liberate hydrogen unless the pH reaches 3 to 4. The
pH of the Salado brines is not reported in the documentation. It geems
unlikely to be so low, unless sour gases (CO;, HyS) are present at
high partial pressures.

Radiolysis was also discussed as a source of gas generation. 1In
view of the low level of total radiocactivity in TRU waste, however, the
rate of radiolytic gas generation estimated in the DEIS is negligibly
small--only & fraction of that assumed for microbial action.

The computational model used to calculate the repository
pressurization associated with gas generation is straightforward. The
conclysion that the repository pressure will be below the lithostatic
pressure even for the bounding 0.5 microdarcy case is acceptable,
especially in view of the fact that the source term used for the gas
generation rate i{s probably too high by corders 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. '

CCMPLEXATION

So many variables are involved in the gquantitative evaluation of
the effect of complexation on the transport of dissolved radwaste
elements in an aguifer 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 all dissolved fons are fully complexed, which is highly
unlikely.

IMMOBILIZATION

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 ligquid
are acceptable. This contradicts the recommendation in supporting
document SAND?79-1305 (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 guantity of moisture
that can be absorbed by a quantity of crushed Salado salt.
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PACRAGE STRUCTURE

It would be well to be specific about the disposition of any drums
that give evidence of being internally pressurized (bulging bead or
bottom}. Limited field test data (Sandia 1979) suggest that only small
overpressures {4 pei) 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,
wipes, 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 '

Scluticon rates become & significant consideration in the long-term
release gcenarios discussed in SAND78-1730 {Bingham and Barr 1979) in
which the repository is floodec. Questions of solution rates and
mechanisms were finessed in these scenarios by making the estxmate that
the wastes digsclve 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 guestion are
{dentified in several sources as plutcnium oxide, plutonium metal,
“first-stage sludge,” sludge concrete, and pyrolysis slag (in case
pyrolysis is carried out).

The sclution rate of pyrolysis glag, for example, might
conservatively be taken as egual to the leach rate of one of the
progosed vaste digposal glasses in the bulk leach test, that is, about
10°6 g/em? 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 durablility to
glass,

Hydrothermal conditions need not be considered, because there is no
significant generation of heat in transuranic 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.




CEAPTER 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 gsite preparatory to emplacement, and
accidents that may occur during normal operation of the facility. 1In
addition, radicactive 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

radicactive material to the environment if the repository is breached
sometime in the future. These potential socurces of exposure have been
examined in the DEIS and are discussed here.

TRANSPORTATION TO THE REPOSITORY

Transportation of radicactive materials has been regulated for

gj years by the Department of Transportation, the U.S. Postal Service,
- and, in the case * intrastate shipments, by the U.S5. Nuclear

Regulatory Commission and the states. Regulations have been
promulgated that prescribe the methods of packaging., the maximum
quantity of radicactive materials that can be included in any one
package, and the maximum number of packages that can be included in any
one shipment. BEundreds of thousands of shipments have been made over a
period of more than three decades, and although many vehicles carrying
radioactive waste have been involved in accidents, the procedures have
thus far been successful in safeguarding the public. It should, of
course, be emphasized that most of the shipments involve very small
quantities of radiocactivity.

| Quantitative estimates of the doses to be expected to crews
involved in the shipments, to passing motorists, and to fnhabitants
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 radiocactivity (U.S. DOE 1979, pages 6-15
to 6=19).

24
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Of greater concern are the doses that might result from
transportation accidents. DOT Type B containers are assumed to be used
{n all shipments of high-level waste and spent fuel. The standard test
sequence required by DOT and NRC for Type B containers involves the
following:

a} A 30-ft drop onto an unyielding target

b) A 40-in. drop onto a 6-in. diameter probe
€) A 30-min fire at 1475°F (802°C)

d) An 8-h submersion in wate:r

Prom statistical studies reported in the literature, the DEIS concludes
that more than 95.5 percent of all accidents will be less severe than
the test conditions regquired by the regulatory standards. The DEIS
then proceeds to analyze the conseguences 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-handlied
TRU waste, a rail accident involving remotely handled TRU waste, and a
rail accident involving spent fuel.

The dose calculations associated with the four scenarios are
typically conservative (i.e., they estimate the worst-case dose)}, in
that the meteorological conditions that lead to the highest population
doses were chosen and the accidents were assumed to occur in urban
areas.

Inhalation was chosen as the principal pathway to humans, and the
doses were calculated by using the computer code AIRDOS II. For the
meteorological conditions assumed, the maximally exposed individual
would be about 0.5 mi (0.8 km) from the accident and would receive a
whole-body dose ©f about 1 rem. 1If 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 is the unit of population
exposure obtained by summing individual dose-egquivalent values for all
People in the population. Thus, the number of person-rems contributed
by 1 person exposed to 100 rems is egqual to that contributed by 100,000
People each exposed t0 1 nrem (National Research Council 1980).) A
spent fuel accident in a large urban area would expose about 106,000
people, who would receive a whole-body dose ‘of 8,300 person-rems and a
bone dose of 9,400 person-rems. The dose comhitment to the lung would
be somewhat less, about 2,300 person-rems. On the basis of the

\\p:ojected number of shipments, actuarial records on the type and
Eftequency 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 1076 to 8.6 x 1073 (1.9 to 86 chances in
a millon of occurring sach year).

Under the most pessimistic of the assumptions adopted in the DEIS
for transportation accidents, the dose to the maximally exposed
individual would be within the legally permissible dose limits applied
to certain types of accidents involving nuclear facilities. The
Population dose exposure in person-rems suggests that, in the most
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pessimistic scenario, the exposures would 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 gignificant than those resulting from the
other accident scenarios degcribed.

SURFACE AND UNDERGROUND RELEASES 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, and a number of
unlikely assumptions are made as to the levels of contamination. For
example, it is assumed that all waste packages are contaminated to the
maximum level of surface contamination permitted by U.S. NRC/DOT
regulations. The total radicactivity that would be released to the
environment from both surface and underground operations is estimated
to be B.3 Ci/year, of which 94 percent would be Bsxr. 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-gite would be go low as - —
to be undetectable.

The occupational doses to forklitt 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 yvear. 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 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 0.003
percent of that received from natural radiocactivity, and the whole~body
dose would be less than 0.0001 percent of background (U.5. DOE 1979,
page 3-10).

ACCIDENTAL RELEASES DURING OPERATION OF THE FACILITY

Accidents that may occur in the course of handling the radiocactive
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 radiocactive material released) to various
failures of the drums and canisters from collisions, drops down mine
shafts, spontanecus combustion, and external fires. The radiation
doses are calculated from estimates of the guantities of radiocactivity
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released, the atmospheric concentration at a given location per unit of
radiocactivity 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 S0-year bone dose commitment
off-gite is estimated to be about 0.0l microrem. 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 8ls0 been calculated for the worst sector, inhabited by
28,700 people; it ig estimated that they would be less than
one-millionth the dose received from natural radiation.

LONG-TERM EFFECTS: RELEASE OF RADICONUCLIDES
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 seriocus of the
cases considered is development of a postulated fault that diverts
water from the Rustler formation asbove the repository such that water
flows down into the repository and dissolves the salt and radicactive
waste. The resulting saturated brine soluticn then flows back up to
the Rustler formation and eventually out to the Pecos River at Malaga
Bend., It is assumed that the diversion of the water from the Rustler
aguifer 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 gite does not
lead to any expectation that water from an upper or lower agquifer could
or would be so diverted as to flow into the repository.

Inadvertent drilling could also establish a hydraulic connection
between the Rustler formation 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 Sandia analysis assumes that once water
i intrudes into the repositery it will eventually contact the waste. The
", yepository is assumed to contain TRU waste, as specified earlier in
. khis report, and an array of 6,000 spent fuel elements, each in &

i /stainless steel canister.

Lo The water entering the repository {s 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 salt; the much lower 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 detailed
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calculations taking into account the actual dissolution rates of the
waste material are not made in the DEIS., EHowever, the use of such a
simplistic model 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 radicnuclides, 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 aguifer'
in the event of a return to pluvial conditions. These possibilities
reguire further consideration, though they have been bounded by
existing scenariocs.

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. 1If

- 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 small 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 of 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 aquife: 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 aguifer
‘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 their
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 i{n the
calculations. The transport distance has been estimated with the use

"R‘of more recent and more abundant water level data cbtained from

driliholes completed in the Rustler aquifer.

. Still not adequately addressed, however, is the possible presence
©of 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 to flow along
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still undefined pathways with orjientations different from those
assumed, and at greater velocities. The maximum volumes are limjted by
the observed flows into the Pecos River along the Salado-Rustler
contact zone (U.S. DOE 1979, page 7-63). The presence of privileged
pathways need not be defined by flow lines drawn at right angles to
eguipotential 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 wastes, this gives ample time for ““Sr and 37Cs 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 22633, contribute to the
later doses to man {(U.S. DOE 19796 page K-20). Weakly sorbed fission~
product radionuclides, such as 1231 ana possibly 991:. are also
contributors.

The sorption data listed in the DEIS 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 contalning appreciable concentrations of dissclved sali.
These uncertainties affect the estimated doses from 22%Ra but not the
estimated doses from the weakly sorbing species, such as 1291, wNeo
discussion of the effects of such sorption uncertainties has been found
in the report. 4

The exact procedures by which the dose estimates have been made are
not fully explained in the DEIS. The dose estimates were made by the
U.S. Ruclear Regulatory Commission computer code LADTAP, but the
required input data are not given. From consultation with the Sandia
staff, however, it has been determined that the maximally exposed
individual {s one who {s located st the Malaga Bend of the Pecos River,
where he catches and eats 21 km of fish per year. He also consumes 730
liters per year of the highly saline, nonpotable water from the Pecos
River at Malaga 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 water, 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 summary: .
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(The dose from natural radiocactivity is about 100 mrem/year in most
localities {NCRP 1975, page 108).)

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 agquifer, 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
radjonuclides 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 is 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 pctable 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.
1t 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 50 might be far more severe than the scenarios considered in the
DEIS.

Though fracture flows could yvet 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
conservatiem on conservatism, the DEIS does 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

L IN-SITU TESTS AND EXPERIMENTS

Assuming the prior conduct of extensive laboratory and field
investigations, calculations, and analyses, a sequence of confirmatory
underground in-gitu 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 be
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
isclation. 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 and 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 the purposes of in-situ investigations. To the
extent posgible, 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 methods 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 commitment 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 {n experimental findings.

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

il
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It is very difficult to accelerate in-situ tests without raising
ceerious 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 radicactive 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 .o point cut 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 verify the f
geologic and hydrologic data obtained from the eight deep holes already E
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 B20 £t (249 m) from the surface to the top of the Salado
formation, will be grouted in place. The location of this exploratory
shaft is presumably coincident with the proposed storage exhaust shaft,
placing it some 500 £t (150 m) northwest of the ERDA 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 £t (300 m) of the Salado formation, in which it will
be unlined.

The Santa Rosa sandstone is the principal agquifer in geveral areas
(although not at- the site or in areas to which the site would
discharge); the Dewey Lake Red Beds contain no aguifers. The Rustler
formation contains two water-bearing dolomite beds, and a third brine
aquifer is located at the contact with the Salado. 1In 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 precludes visual observations and, to a large extent,
other testing of the sequence for which this shaft will provide the
first opportunity. Careful consideration should be given to using some
other method of sinking this shaft that would permit geologic mapping
and hydrologic testing of the different rock layers.

The Salado formation itself is not simple: it contains interbedded
salt, anhydrite layers, clay seams, and partings, all of which have
been taken into account in specifying the depth of the proposed
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
ghaft has reached the proposed depth of the repository, parallel
horizontal exploratory drifts consistent with the planned design should
be driven out as far as safety permits, to obtain first-hand
information concerning the structure, properties, and behavior of the
salt at the horizon of the proposed repository excavations.
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Purthermore, differences can be expected between the properties of
laboratory test specimens from the Saladoc formation and properties of
the formation en masse. In-situ measurements should reveal these
differences and allow them to be taken intc account in the design and
predicted performance of the repository.

ISOLATION MECHANISMS AND FAILURE-MODE EXPERIMENTS

The specific characteristics--or =ven 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 work could be
undertaken as soon as an exploratory shaft has been sunk. Evaluation
could be commenced with waste packages, including engineered barriers
but not necessarily containing radicactive material, Drifts developed
from the shaft could be {nstrumented for large-scale tests of
bydrological effects such as mass transport and nuclide migration.
fLarge-scale permeability of the salt might be determined by
psychrometric measurements of air flowing inte and ocut 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
radicactive waste for this purpose but to use electrical heaters to
simulate the thermal effects of canisters of waste and yet obviate the
hazard of having to retrieve radicactive materials. The results of
such a simulation should remove many uncertainties and increase the
level of confidence with which a decision can be made whether or not to
emplace high~ievel waste or spent fuel rods in the repository. The
effects of radiation and possible synergistic effects between radiation
and temperature, of course, 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 ghould
not be attempted until and unless the development of the site has gone
well beyond the exploratory shaft phase. The underground design shouyld
bave 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 radicactive waste in these experiments (except for special
tests} will be encased in metallic canisters with walls thick enough to
ensure that corrosive action, if any, will be detected by routine
monitoring and inspection long before any radicactive material is
exposed. In many cases there will also be overpacks of absorbent
substances, and the holes in the salt in which the canisters will be
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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 wasgte
canisters will be one of the experimental variables.

Corresion of mild steel in a salt environment has been studied
extensively. Dilute brines are very corrosive in the presence of air,
especially when the surface is alternately exposed to liguid and gas.
Concentrated brines are not intrinsically corrosive to steel, as
attested by the long and successful use of carbon steel heat-exchange
pPiping in ice-houses. Even aeration causes little corrosicn 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
members.

On the cother hand, stainless steel canisters that have been filled
with 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. 1In the
experimental program, some of the canisters should be deliberately
exposed to conditions that are expected to.cause this type of failure.
0Of 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 HC1l from the hydrated MgCly
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 would cause
such high temperatures in a repository, unless for experimental
purposes. - '

Mild steel will corrode rapidly in an acidic (pE £ 3 to 4)
aguecus solution. No data have been found in the DEIS or supporting
documents on the pPE of the brines that may be encountered in the Salado

formation. If this information is in fact unknown, an effort should be
made to obtain {t.

Corrosion or other failures of the liners should be monitored
during the experimental program, when any failures will give valuable
information without significant environmental consequences.

VALIDATION OF UNDERGROUND DESIGN

If the results of preliminary exploration by horizontal drilling
and lateral drifts are encouraging, consideration probably will 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 will be needed to validate whatever underground design is
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eventually decided upon. One of those should be a section designed
according to the same methods as those uysed for the repository
excavation but with much higher local stresses, B0 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 inclusicn
stressmeters, sc that the behavior of the salt can be measured and
compared with the design predictions and laboratory meagurements 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 be 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 23 goon 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 proposed 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
watersg.

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 testg and
experiments may not be regarded as fundamental to deciding whether or
not & particular site is suitable for a waste repository, two factors
must be borne in mind. PFirst, many aspects of repository design and
operation will be determined to a large extent by the geclogical
conditions encountered at the sgite., Second, unless the necessary
equipment can be developed and operated safely, even the best potential
site cannot be used.
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CHAPTER 7

NATURAL RESQURCES AT TEE WIPP SITE

’ oy

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
[KaMgs (504)3) is located 1,500 to 1,700 £t (450 to 510 m) below
the surface; ¢il and gas rescurces are i{nferred to be located 4,000 to
- 14,000 ft (1,200 to 4,200 m) below the gurface. Langbeinite 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 programs 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.
radicactive waste. The two chief problems arising from the presence of
natural resocurces 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-TERM DENIAL OF RESOURCES

The zeview 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 rescurces.
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 7.1). For
more detailed economic valuation of resgurces, 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

36
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TABLE 7.1. Significance of the Resources and Reserves at
the Reference Site

Reference United
Deposit Site Region Stateg World
RESOURCESE
Sylvite
Quantity, miilion tons K50 10.44 500 1,000 100,000
Percentage at reference te 2.1 1.0 0.0104
Langbeinite
Quantity, million tons K30 16.15 No estimate available
Crude 0i1
Quantity, million barrles 37.50 1,915 200,000 Kot
Percentage at reference site 2.0 0.018 Available
Natyral Gas
Quantity, billion cubic feet 430 25,013 855,000 Not
Percentage at reference site Z.0 0.057 Available. .
Distillate - Y
Quantity, million barrels 5.72 293 Kot Available e
Percentage at reference site 2.0 P
RESERVESD §
R B
Sylvite€ S
Quartity, million tons K30 3.66 106 206 11,206 o
Percentage at reference site 3.4 1.8 0.033
Langbeinite
Quantity, mill4on tons K0 4.4 agd 3gd Not
Percentzye at reference site 11.6 11.6 Availadle
Crude 011
Quantity, million barrels N{Y 471.7 29,486 645,000
Percentage at reference site 0 0 o}
Natural Gas
Quantity, bi11ion cubic feet 36.85 3,86% 208,800 2,520,000
Fercentage at reference site 0.95 0.018 0.0015
Distillate
Quantity, million barrels 0.55 169.) 35,500 Not
Percentage at reference site 0.32 . 0.0014 Available

3Data Sources: Hydrecarbons, Foster {1374) for the site and region; potash salts,
John et al, (1978) for the site and region; Brobst and Pratt (1973) for U.S. oil and gas
and the world rescurces of sylvite.

BData Sources: Hydrocarbons, Keesey {1976) for the site; American Petroleum
Institute (1978) for the region, the United States, and the world; potash salts,

U.5. Bureau of Mines {USBM, 1977).

CThe U.S. Bureau of Mines (USBM, 1977) does not consider any sylvite to be
commercial today. However, one bed (mining unit A-1) of sylvite was marginal and has
been added to the reserve list.

drot an official estimate by the U.S. Geological Survey; see Section 5.1.4.

SOURCE: U.S. Department of Energy (1979).
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built in for projected price increases. It is apparent that, with
rapidly escalating prices, the value of hydrocarbon rescurces 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 notoricusly unstable
over time (Bingham and Barr 1%79), a factor that makes any long~-term
projections of resource value extremely difficult,

The valuations of natural resource denial may be guite sensitive to
the economic assumptions underlying the projections. To cite several
examples from the Bureau of Mines 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 33)

"U.S. potash consumption will double by the year 2000, but .
domestic production will supply less than 10 percent of the
total." ([page 35]

“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.8. food products.™ [page 33]

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 lLake, Utah; and synthetic langbeinite
produced by solar evaporation of seawater) and their economic
feasibility receive only passing mention in the DEIS and merit greater
attention.

On 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
resocurces, 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 RESQURCES 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 rescurces, 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 igsue. .

"
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A wide variety of sources, including the National Research Council
(1978), have formulated site suitability criteria (see Goad 1579}
addressing the natural resources issue, and recent critics have
directed attention to the risk implications of such rescurces 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 Los Medanos study area as a repository site, Sandia
itgelf notes that the natural resources site selection criterion is
"not well satisfied by the WIPP gite" and that "these concentrations of
minerals may prove an enticement for future exploration and
exploitation.”

The chief risk studies that bear upon this issue are the analyses
of 19 scenarios presented in Bingham and Barr (197%) 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 f£inds that 10,000 years from now drilling is gtill one of the
most probable scenarios, but the conseguences to the general public
associated with nearly all these scenarios are estimated to be guite
small. None of the included scenarios treats the purposeful mining of
the radjcactive materials themselves, although this has been cited
previously as an intrusion factor.

The scenarios developed in the DEIS are consistent with Bingham and
Barr's findings. The worst-case analysis for high-level waste involves
the accidental transfer of radjoasctive materials to the gurface of the
earth, resulting from drilling activities involved in the search for
natural resources 100 or 1,000 vears from now. The maximum individual
dose in-that case is calculated to be 950 rems to the whole body. Such
a dose, while exceeding the maximum permissible occupational exposure
for one year, results i{n a risk that is small compared to that from
nonradiclogical industrial hazards.

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

y worst-case analysis containing currently accepted bounding conditions.

A recent study (Barwell 1979) argued both a high probability of human

" jntrusion at salt domes and unacceptably large possible consequences.

ghe significance of this assessment for the WIPP site should be

': éarefully evaluated.

r A major additional issue is the possible storage of spent 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 someons will seek to recover the material, whether or
not there is still a 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 likelihood is open to legitimate debate. Given the
residual uncertainties associated with the intrinsic inability to
define probabilities of future human intrusion except in a_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 & geophysical anomaly that provides an incentive to
explore it by drilling anyway. ‘

No studies have been 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 rescurces). 1In its
Geological Criteria for Repositories for Eigh-Level Radicactive Wastes
(National Research Council 1978), the Committee on Radiocactive Waste
Management of the National Research Council adopted, among others, the
criterion, "No area with a present or past record of rescurce
extraction, other than for bulk material won by surface guarrying,
should be considered as a geological site for radicactive 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 criteriz 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 site" (page
1). It is reasonable to infer that the burden of proof for long~term
safety is on the developer if a criterion is to be overridden. o

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 rescurces 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 be used for oil and natural gas--employing ’
directional drilling--if 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
hydrocarbons from underneath the repository horizon will facilitate the
entrance of radiocactive 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 ocut,
moreover, that extraction of the resources would not in any case
resolve the future intrusion threat, for it is the perception of likely
resources that will motivate future resource seekers. The proximity of
significant natural resources in the site area will remain as a
residual safety problem. :
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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 wWaste Isolation
Pilot Plant for isolating radicactive wastes from the biosphere.”™ The
National Research Council assigned the study to the Committee on
Radicactive Waste Management under the Commission on Natural
Resources.” The committee organized the Panel on the Waste Isclation
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 cperatiocnal
philosophy:; the- criteria for determining the environmental safety of
future planned cperations viewed from the perspective of the
envircnmental conditions of the repository site; and the desiqgn criteria
for the experimental testing program of the behavior of the
waste-geologic medium interaction.”

In July 1978, when this study began, the Waste Isclation Pilot Plant
(WIPP) was to be a mined repositoty 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, althougn this was not part of the preoject's mission. This
option was discussed frequently in technical briefings of the panel and
in suppoarting documentation. The panel has examined some of the generic
issues related to this possible course of action, as well as thaose
concerns raised solely by the proposed disposal of transuranic waste in
the particular salt formations at the WIPP site.

With a few exceptions to take account of more recent information,
this report recounts the panel's 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,

Now the Board on Radicactive Waste Management under the Commission on
Physical Sciences, Mathematics, and Resources.
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the Title I Design Report (Bechtel National, I- 1975), the Final
Environmental Impact Statement (U.S. Departmenz .f Energy 1980), and the

Safety Analysis Report (U.S. Department of Ene.3y 1980-1982). The
present repott is based on analysis of the contents of these and other

documents, numerous technical briefings, extensive discussions with
representatives of DOE and its contractors, comments by interested
members of the public, and several field visits.

Some of the documents have been available only in draft form, some
are undergoing major revision, and still others remain to be issued.
Evaluation of the adequacy of criteria in the final versions of such
material is a matter for future consideration by the panel. The panel
expects to evaluate work through approximately December 31, 1983.
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The panel has evaluated the scientific and technical adequacy of work
being done on the WIFP project to satisfy the charge to the panel set
out in Chapter 1. It has found that the scientific work hag been
carried out with a high degree of professional competence, and that the
presently unresolved hydrological and geclogical uncertainties about the
WIPP site will not interfere with the completion of the WIPP resgearch
and development mission. With a flexible approach, there is time yet to
resolve these uncertainties before large-scale transuranic (TRU)} waste
emplacement begins. The panel regards all WIPP facility planning and
design to be provisional at the present time and subject to revisions in
the light of future findings of the WIPP R&D program.

The engineering aspects of the many WIPP studies by DOE contractors
have not yet reached the final stage, so our conclusions on these
matters are limited.

Although the panel's corclusions 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 Although the eviacence now suggests that hydrocarbons and potash
might pbe extracted from Zone IV without harm to the repository, the
integrity of the repository must be the first consideration. Each
proposal to develop the resources should be examined rigorously on a
case~by-case basis, with the burden of proof resting with the proposer
(pp. 14, 16; see alsc Appendix D).

© 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).



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 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).

© 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 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
E.

o 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 dissolution (p. 18, 19).

© The preponderance of evidence does not support the hypothesis
that large-scale recent strata-bound dissolution might endanger a
repository at the WIPP aite, but evidence against the hypothesis is not
gonclusive (pps 19-23).

. © The brine raservoirs 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
formation (22, 23). Even if the WIPP-12 pressurized brine reserveir in
the Castile extended directly beneath the WIPP site, this should not
adversely affect the operating facility, and there is inaufficient
justification to delay progress on the WIEP,

Chapter 3: In=Situ Tests and Experiments

© The opportunity to carry out R&D 1 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). ’

Chapter 4: Waste-Acceptance Criteria

© The possibility of self-sustaining underground fires can be
‘eliminated by embedding combustible materials in a matrix of
noncombustible 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 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).




I If there is biological activity, the presence of sulfate in the
salt makes it likely that hydrogen sulfide, rather than methane, would
be the major product (pp. 37, 38).

o From the WIPP viewpoint, the gquality assurance system is
iradeguate, in that it requires no con-site verification of conformance
of package contents to the certification (pp. 39, 40).

Chapter 5: Design and Operation of Facilities

o The present plan to develop the stcrage areas to the south of
the shafts and the experimental areas to the north of the shafts is
commendable (p. 44).

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. 44).

o] Details of devices for temporary and permanent closure of the
penetrations through the barriers have not been provided {(p. 44).

] Recently the repository design has changed from four to three
shafts, The four-shaft system had a far greater degree of redundancy
and flexibility, both in terms of the system and of cperations, than
does the three-shaft system (pp. 47, 48).

o The panel has not seen an adequate gQuantitative evaluation of
the economic advantages of the three-shaft system cthat justifies
forgoing the flexibility and safety of the four-shaft system
{pp. 47, 48).

o] The system as presently proposed with thftee shafts has
redundancy more typical of conventicnal mining practice than of nuclear
industry practice (p. 48).

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
(pp. 50, 51). (Since this analysis was completed, the lower limit of
concentration for classifying transuranic wastes has been changed
f9/30/82] by the Department of Energy from 10 to 100 nanocuries per
gram. The amount of waste affected, the cost to handle it, and the
safety consequences of this change have not yet been published).

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 (5¢
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. 351-57).



RECOMMENDATIONS

Chapter 2: Site Selection and Characterization

o It 1s practicable to evaluate the effects of resouyrce extraction
in Zone IV on a case-by~case basis to assess whether or not such
extraction poses any significant threat to the safety and integrity of
the repository. Though present extraction technigues 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, II, and I1TI, during the cperational and
administrative control period, unless such extraction can be shown to
pose no significant threac to the repository (pp. 14, 16),

¢ To test the extent of deep strata-bound dissolution, Sandia's
plans for further field and analytical work should be implemented.

These plans include (a) making firmer estimates of the amount of salt
deposited and removed by comparing in detail drill cores and borehcle
legs from many parts of the basin, and (b) studying in detail the water
flow and residues in anhydrite beds (pp. 19, 20).

¢ One or both of the remaining hydrologic test holes planned to be
drilled in 1983 should be located on lineaments or fracture traces if
such features are revealed on satellite images and high-altitude areal
photographs. Hydrologic test holes so located would help to determine
if zones of fracture concentration exist within dolomite at the WIPP
gite and if they are influencing differential salt dissolution and/or
secondary permeability development. Such narrow and elergate zones of
more closely spaced fractures should exist in dolomite at the WIPP site
judging from their observed presence in reef and other strata southwest
of the site and elsewhere. The hydrologic significance of shorter, more
numerous rock fractures, or anisotropy, have been revealed at three
Rustler dolomite sites by Gonzalez (1982). The basic short-term
hydrologic investigations planned and being carried out by Sandia
National Laboratories to refine understanding of the nature and L

distribution of permeability within Rustler aquifers are well conceived f/" .
and should be continued (pp. 19, 20j. {#gﬁ :
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o Cperational experience with the hanpdling and emplacement of
various types of waste package shapes and sizes containing TRU wastes 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 wastes (p. 32).

0 The later stages of the WIPP R&D program should be kept flexxble
to accommodate changes suggested by early WIPP results or by progress in
waste disposal technology by other organizations. Active efforts should
be made to solicit idez and participation from the general scientific
cammunity. Publishing p.sject R&D results in the refereed literature
would encourage such participation. Outside develcpments in automated



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

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

© The matrix of tests on waste form, waste package, overpack, and
backfill to be investigated at the WIPP facility should be supplenented
by aboveground laboratory tests to validate the latter form of testing
and thus permit expansion of the matrix by less expensive experiments
(pp. 33, 34).

Chapter 4: Waste Acceptance Criteria

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

© 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).

© The existing deficiency in the SAR on procedures for fighting
transient underground fires should be remedied (p. 37).

© 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 degradaticon processes (p. 38).

o0 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).

© If the humidity of the air is higher than 60 percent, a
competent biclogical 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 egquipment should be provided at the WIPP
facility for nondestructive verification of compliance with those
elements of the waste—-acceptance criteria for which such equipment
exists (p. 39}).

© The existence of a practical alternative should be ensured for
handling those TRU 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 needed (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 enocugh to allow time for review before

experimental operations begin (p. 40).
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Chapter 5: Design and Operation of Facilities

o Explicit mechanisms for the transfer of information from SPVD
experiments and information gathered during construction and development
to final design must be established (p. 42).

o Displacements of the salt in the far field that occur as a
result of long=-term closure of excavations must be shown to be
sufficiently small that they do not significantly increase the
permeability of the bulk of the salt (pp. 44, 47).

o It should be shown that sealing the repository is sufficient to
preclude unacceptable increases in hydraulic c¢onductivity across the
repository horizon (p. 47).

o The justiiication for using diesel motive power for salt
transport underground should be reexamined (pp. 47, 48).

) 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. 44, 45).

- Chapter 6: Performance Assessment

© Hydrologic investigations and monitoring programs should be
continued to more adequately resclve the differences between recent and
initial interpretations of potentiocmetric 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 site (pp. 56, 59).

o 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).




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
far back as March 13%74. the Oak Ridge National Laboratory had bequn site
investigations for a terminal radicactive waste repository for
commercial high-level waste in a region selected by the U.S. Geclogical
Survey in the Los Medanos area of New Mexico. 1In 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.S5. Atomic Energy Commission (AEC) and the Sandia National Laboratories
were then reguested by AEC headquarters to become involved in the
program to locate a site for a radicactive waste disposal pilot plant
for defense-related low- and intermediate-level transuranic waste, with
some provisions for experimentation with defense high-level waste. When
drilling began in 1975 at a site in the Los Medanos region recommended
by Sandia, irreqular subsurface geclogical conditions were found,
including high-pressure bzrines and gases. Consequently, the first site
was rejected, and a new one wag identified independently by Sandia
National lLaboratories and the U.S. Geological Survey 1ll.2 km to the
southwest. The general location of the site and a geologic section
through the Los Medanos area are shown in FPigures l1-1 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 Isclation Pilot Plant.

The drilling of ERDA-9, the first hole at the new site, commenced in
April 1976. 1In October 1976, funding was requested for an
architect-engineer, 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 (1979) for comment, and it was announced that WIPP
would be a licensed facility. 1In 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
Nuclear Regulatory Commission saying it intended to request a license.
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FIGURE 1-1 General location of the WIPP site. Source: U.S. Departwent of Energy (1960).
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In February 1978, the "Deutch Report" (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.S5. House of Repregsentatives, which insisted that the site
should be unlicensed and usged 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
judged to be relevant to WIPP studies, was published in December 1978.

In March 1979, an Interagency Review Group (IRG) appointed by
President Carter reported on its teview of the progress of the 0.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 (U.S. Department of Energy
1979), including consideration of the poaszbzlity of dispeosal of limited
quantities of commercial spent fuel.

Public Law 96-164, enacted in December 1979, authorized WIPP as a

rzesearch and development facility to demonstrate the safe disposal of
radioactive wastes resulting from the defense activities and programs of
the United States exempted from requlation by the 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 3%6-164.

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

In October 1980, DOE issued a FPinal Environmental Impact Statement,
or PEIS (U.S. Department of Enerqgy 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-scale facility for the
disposal of spent fuel and the associated two—level underground layout
were eliminated. Also deleted was the proposal for licensing of the
repository.

Thus, as of this writing, the WIPP repository is intended as an
unlicensed facility for the disposal of TRU waste generated in U.S.
defense programs and for the experimental emplacement of a small
quantity of high-level wasts. NO permanent disposal of high~level waste
is planned. TRU waste, it should be noted, differs from high-leval
waste in that very little heat is generated. Calculations indicate that
the maximum temperature rise in the center of the repository will be
less than 29C, 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 DOE 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 1381, a number of technical reports
are being prepared and are being examined by the panel as they become
available.

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 Radicactive 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 WIEP,

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 cbtained and analyzed. This report is not a
summary of WIPP activities, but an analytical commentary on those
aspects that the panel has reviewed. For completeness, some material
has been included that was incorporated originally in three special
reports (Appendices A, B, and C) that dealt with site suitability of the
proposed site near Carlsbad, New Mexico, from a geological and
hydrological standpoint; the limitations of surface exploration of
underground formations, and continued evaluation of the Carlsbad site.
A September 1981 Progress Report (National Research Council 1981) on the
first 18 months of this study has alsc been drawn upon, as appropriate.




CHAPTER TWO

SITE SELECTION AND CHARACTERIZATION
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The criteria that were used in selecting the WIPP site reflect the '
¢riteria commonly cited in proposals for waste isolation in bedded salt
(National Research Council 1970) and the geclogical c¢riteria 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 grsater than 300 m to engsure
freedom from surface influences; (3) a depth lesa 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 oz 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 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 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,
within 8 km of the Capitan Reef, within 1.6 km of the dissclution front,
or with known potash or hydrocarbon resources. Two areas of reascnable
size cutside these lines were identified (see Figure 2-1). Site 2
Seemed less suitable because it had deeper salt beds and was closer to
an oil field where watet flooding may be used for secondary 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 topography, an arid

12
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climate, and sparse population. The major regional geologic structures
in the vicinity are shown in Figure 2-2.

Site 1 was chosen and subsequently an exploratory shaft was
constructed. The part of the Salado Formation preselected for
repository construction was mapped in great detai]l from exposures in the
shaft., For the shaft station, a location was picked in the thickest
layer of halite, containing only minor polyhalite and a few thin clay
seams. The precise stratigraphic position was chosen dyring a technical
discussion among experts from DOE and 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, guestions 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
"disturbed zone," 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 ccllapse of the salt beds as
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 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
reservolirs. .

These objections to the WIPP site have been expressed many times
over the past several years, Many of the objections have been partially
answered and so have become less serious in the course of time, but
valid questions remain about a few. The following discussion is focused
on recent attempts to deal with the remaining questions,

Natural Rescurces

Further study after the site had been picked showed that probable potash
and hydrocarbon rescurces were greater than had been thought originally,
, though they are still not economically worth recovering with present
;\%technxques and at current prices. Because of these resources, the
gabxlzty of the site to satisfy the criterion relating to natural

¢ resource potential seemed dubious, and two years ago this guestion
loomed as a major flaw in the case for site suitability. A recent study
indicates, however, that most current techniques of mineral exploitation
can be safely employed in the outer part of the site area (Zone IV,
shown in Figure D-1, Appendix D)} (Brausch et al, 1982), so that a large
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part of the hydrocarbon and potash resources may be recoverable with no
appreciable hazard to the waste facility. The panel accepts this
conclusion only 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 responsibility of the proposer.

That is, subsidence and increased hydraulic conductivity due to the
use of mining techniques such as hydraulic fracturing (“"hydrofracking”)
or solution mining would not affect the integrity of the repasitory if
these activities were restricted to Zone IV. However, this does not
reduce the attractiveness of the site to future generations for mineral
exploration.

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 Rioc Grande Valley 250 km west of the
site was cited a few years ago as posing a possible risk of future
tectonic disturbance at the waste facility. The risk is not wholly
negligible, of course, but to most observers the long distance from the
Rio Grande coupled with complete absence of seismic evidence for
significant crustal movement and of geclogic evidence for recent
tectonic disturbance or volcanic activity has seemed sufficient to
assure tectonic gquiescence at the site. The only recent evidence
bearing on the question is simply the continued lack of anything but
very minor seismic events recorded by the seismic network established
near the site.

The "Disturbed Zone"

The "disturbed zone® is an area adjacent to the Capitan Reef in the
northern and eastern parts of the Delaware Basin in which evaporite beds
are deformed, as shown by borehole data and seismic profilea, The
deformed beds are in part strongly tilted, folded, and faulted, and in
Places show macked increasas 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 relatively mild. Deformed
rocks at the margin of the disturbed zone have been encountered in
boreholes in the northern part of the WIFP area, and stronger
deformation is found beyond its borders to the northeast. In addition
to the disturbed zone, amall isolated areas of somawhat deformed rocks
occur elsewhere in the basin, but none within 3 miles of the WIPP site.
Concern has been expressed about the possibility that deformation
may be continuing today, and may affect the presently almost undisturbed
strata in the middls of the WIPP site at some time in the future.
Strong movements in the beds containing a waste facilivy, it is feared,
might disrupt the stored waste and permit entry of solutions that could
dissolve and transport some of the radiocactive material.

L
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To investigate this possibility, an intensive study of deformation
processes in the salt beds has been undertaken {Bozns 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 ipvolved in forming the cbserved structures is very
long, on the order of a million years or more. Hence, the deformatiocn,
even if it is continuing now, would not "present a major hazazd to the
censtruction and coperational 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 appreciable movement of
radjonuclides because there is no evidence for involvement of solutions
in the deformation at this horizon beyond small amounts of interstitial
fluids.

Rarst-forming Processes

The Los Medancs region, like other areas of the world underlain by
soluble rocks, is subject to locally rapid and potentially widespread
dissolution wherever undersaturated solutions come in contact with the
rocks beneath. The dissclution 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 rock dissolve, overlying
material collapses into the open spaces. The resylt is a distinctive
kind of topography called karst, characterized by sinkholes, caves,
valleys without stream channels, and underground drainage (Bachman 1980,
p. 46)-~featurea prominently displayed in parts of southeastern Kew
Mexjico near the WIPP site. Although no karst features have been noted
at the site itself, the presence of such features within several
kilometers, particularly in Nash Draw (about 10 km west of the site) has
led to worry that karst may work its way into the site in the near
geologic future and provide pathways for water to reach a subsurface
vaste facility.

Dissolution is clearly in progress on the 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,
concern the rate of present dissclution 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 Salade, two Pleistocene
formations, the Gatuna and the Mescalero, in part lie undisturbed on an
old karst suzface and in part have collapsed as a result of continuing
dissolution, From these facts Bachman (1980) concludes that present
karst features have formed 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
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of evaporite strata removed since Gatuna time, Bachman derives an
average rate of vertical dissolution of 10 em in 1,000 years. A similar
figure has been estimated from the amount Of salt currently being
dissolved and discharged by streams and sprimgs in the basin (U.S.
Department of Energy 1980, p. 7-98)., For the rate of horizontal
dissolution, Bachman and Johnson {1973) estimated 10 to 13 km per
million 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 Mexico will be similar to the average
climate over the past 600,000 years. During this period in the past,
the climate has fluctuated from dry to pluvial, but on the whole has
been fairly arid. There is little reason to expect that average
climates in the future will deviate greatly from this pattern (Bachman
1980); nor is it likely, as noted in the last secticn, 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 seem 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 forming vertical pipelike masses of breccia by
collapse induced by solutions working their way upward inteo the
repository in the salt beds from aquifers beneath, similar to breccia
pipes observed elswhere in the basin, has been raised repeatedly over
the past several years (Anderson and Kirkland 1980; Anderson 198la, b).
Two years ago the favored form of this hypothesis envisioned solutions
in the Bell Canyon Pormation (of the Delaware Mountain Group below the
evaporite beds) as the active agents of dissolution, and postiulated 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,
‘at that time a combination of the fifth and sixth uncertainties

hentioned previously was proposed--active formation of breccia pipes and

* widespread dissolution of salt in the lower Salado, in part by sclutions
- rising into the pipes from below.

More recently, the formation of breccia pipes near the waste
facility has been ‘shown to be highly improbable, and the Bell Canyon
Formation has been proved incapable of generating solutions that could
ajither form breccia pipes or cause widespread dissolution (Lambert 1982;
Wood et al. 1982). 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
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breccia pipes has been attributed to a mechanism of “density flow"=-~the
rise of unsaturated solutions intc 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 Rirkland 198Q0). On thecretical 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 toc 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 removal 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 Los Medancs 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 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 de novo
under the waste facility, seems remote. More details on breccia pipes
are found in Appendix E.

o Deep Strata-bound Dissclution
Lot
'x{ @ﬁ)(nderson has continued to express concern about possible extensive deep
7 7 interstratal dissolution caused by solutions generated by infiltration
T 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 (Anderson 1982a). 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, 1982a; 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
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laminations ("varves") in the evaporite sequence, particularly in
anhydrite beds, in cores from drillholes at intervals across the site,
indicated that Salado salt was originally deposited throughout the
Delaware Basin. The gap in the salt sequence is thought to be due to
dissolution:; the anhydrite breccias ("dissolution breccias® formed as
residues of salt dissolution) in scme of the cores from the western half
of the basin are cited as further evidence. It is thought that some of
the surface depressions above the supposed dissolution front were formed
by subsidence due to dissolving out of salt beneath, and from failure to
find sediments older than Pleistocene in these depressions, Anderson
concludes that rapid dissolution is limited to the past faw 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 the basin, 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, The brine reservoirs encountered in the ERDA-6
and WIPP-12 drillholes are cited by Anderson 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 agree
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 1982). They disagree 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-S5alado boundary, and active primarily in the last few million
years. By contrast, the Sandia scientists consider strata-bound
dissolution to be a relatively minor process today and in the recent
geclogic past; they think of it rather as a phenomenon that was active
adjacent to many anhydrite 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 sclutions inte various debris-filled depressions. In
the previous hypothesis the dissolution is active enough and extensive
encugh to pe a serious threat to a waste facility at the WIPP site; to
the Sandia scientists, the interstratal dissolution is simply a minot
part of the slow, general dissolution of the evaporite sequence that has
gone on intermittently for hundreds of millions of years and poses no
appreciable hazard to the proposed facility.

A choice between the two viewpoints must rest On answers to several
subsidiary gquestions: (1) What is the magnitude of salt removal,
particularly from the lower Salado? (2) Can actual movement of large
volumes of fluid through anhydrite beds near the Castile-Salado contact
be demonstrated, either as present-day movement or movement in the
recent geologic past? (3) What is the evidence for major dissolution
in the late Cenozoic, as opposed to dissolution at intervals since the

Permian?
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(1) Amount of Salt Removed

That some of the thick, lower Salado halite present in the eastern part
of the basin is missing toward the west is well established, but
explanations for its absence differ. Anderson, in support of his
hypothesis, estimates the amount of missing salt by painstaking
comparison of many tens of thousands of thin stratigraphic units based
on geophysical logs in drillcores from boreholes across the basin, and
ascribes the absence of salt entirely to removal by geologically recent
dissolution (Anderson et ai. 1972). Lambert {Lambert 1982, Chapter IX)
questions the validity of some of the stratigraphic correlations, and
attributes the missing part of the salt sequence to several phenomena:
nondepesition of halite on elevated parts of the original evaporite
basin, deposition of anhydrite rather than halite in parts of some
continucus beds (as is common in evaporite seqguences elsewhere), removal
of some halite by erosion during the Permian (as evidenced by an
unconformity separating parts of the Castile and Salado), and removal of
some halite by dissolution at several periods since the Permian. A
clear-cut choice between the two views is not possible on the basis of
present knowledge, but a detailed review Of borehole cores and
geophysical logs being undertaken by Sandia will probably provide the
additional information for a resolution of the conflicting hypotheses.

{2) Movement of Fluid Through Anhydrite

Anderson (1982b) regards brine reservoirs like those encountered in
Castile anhydrites in the ERDA-6 and WIPP-12 boreholes as prime evidence
for his present 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, Anderson suggests 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 (1982) argues, 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 would result from such a process. It was also
pointed out that fractured 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 gpaces develop
in anhydrite) and is more likely produced by deformation of the salt
beds. He regards the brine reservoirs as pockets of brecciated 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 soutces, perhaps largely by “"kneading out®™ of fluids
from halite beds during deformation (Borns et al. 1983), and remains
immobile. The facts that the brine reservoirs have pressures well above
hydrostatic, that flow of solutions from one reservoir has no effect on
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nearby reservoirs, and that anhydrite from most boreholes -nat 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 at the present time. As an additional test of
Anderson's views, scientists at Sandia National Laboratories plan a
study of the detailed characteristics of residual breccias formed by
dissolution, to establish criteria for distinguishing such breccias from
similar fractured material produced by salt movement; anhydrite for the
study will come from residual breccias higher in the evaporite sequence
where dissolution is known to be taking place.

{3) Dissolution Limited Chiefly to the Quaternary

Anderson (198la, b} grants that some salt dissolution has taken place at
various times since the Permian, but contends that the major part is
geclogically recent and hence is probably active at present. This
conclusion is based on two kinds of evidence: the supposed recemcy 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 (Lambert 19%82;
Powers 1982) counter 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-Tectiary rather than late Tertiary. They point out also that little
is actually known about the age of depcosits in depressions in the Los
Medanos area; certainly the depreasions contain Pleistocene sediments,
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 so scarce in such
sediments that definitive dating might require many boreholes, and it
can be questioned 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 presently available evidence., Further
information on salt dissolution is found in Appendix F.

Because clear evidence for salt removal from the lower Salado is
found 20 miles 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 sclution basins, and
because no adegquate sink for postulated dissolution brines of the
-present day has been located, the panel doubts that deep dissolution,
even if it is occurring as Anderson supposes, is progressing fast enough
to jecpardize the integrity of a repository within the next million
years,

Pregssurized-Brine Reservoirs

Pressurized brine accompanied by carbon dioxide, methane, and hydrogen
sulfide has heen ancountered in several wells penetrating the Castile
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Formation (Griswold 1980; 2gigter 198l). The brine ocecurs 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 106 @3 (17 x 105 bbl)] 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 othetr brine pockets, has shown that sych concerns are without
substance {(Wood et al. 1982). The principal lines of evidence are the
following:

© In the S5alado Formation (in which the repository is to be
constructed), no brine pockets have been found except small ones at low
pressures, :

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

© Brine pockets can be emptied by allowing the brine to flow.

©  Salt beds are undeformed at the repository site.

© Even if the reservoir found in WIPP-12 should extend under the
repository site, or if another reservoir should exist at the site, the
anhydrite layer is 244 @ (800 £t) below the proposed repositoty horizon
in the Salado Formation,

' On the basis of this evidence, the panel concludes that brine reservoirs
do not pose a threat to the integrity of a repositery at the selected
Site,

- SUMMARY

The panel believes that the criteria used 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” are sufficient. If the hydrocarbon and potash
resources at the site prove to be economjic, 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 £ield
work are necessary to make firmer estimates of the amounts of salt
deposited and removed 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.



24

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., Each
proposal to develop the resources should be examined rigorously on a
case-by-case basis, with the burden of proof resting with the proposer
(pp. 14, 16: see also Appendix D).

@ The long distance from fault displacements and basaltic
eruptions in the Rioc Grande Valley and the lack of evidence of major
seisnic events near the site seem sufficient to ensure tectonic
guiescence at the site during the period of interest {(p. 16).

O Deformation of evaporite beds at the repository site is slighet,
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).

© 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).

© 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 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 Appondxx
E).

© Evidence seems good that hecause of its low permeabilicy, high
salinity, and isotopic composition the Bell Canyon Formation cannot
function as a source or transporting agent for sclutions that could form
breccia pipes by density flow, nor could it be responsible for extensive
interstratal dissolution {p. 18, 19).

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

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

RECOMMENDATIONS

o It is practicable to evaluate the effects of resource extraction o
in Zone IV on a case-by-case basis to assess whether or not such
extraction poses any significant threat to the safety and integrity of
the repository. Though present extraction technigues pose no
significant threats to the repository, the Department of Energy should
obtain the right to deny mineral and hydrocarbon extraction in Zone 1V,
as well as Zones I, 1I, and III, during the cperational and
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administrative control period, unless such extraction can be shown to
pose no significant threat to the repository (pp. 14, 16}.

o To test the extent of deep strata=-bound dissolution, Sandia's
plans for further field and analytical work should be implemented.
These plans include (a) 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 (b) studying in detail the water
flow and residues in anhydrite beds (pp. 19, 20).

© One or both of the remaining hydrologic test holes planned to be
drilled in 1983 should be located on lineaments or fracture traces if
such features are revealed on satellite images and high-altitude areal
photographs. Hydrologic test holes so located would help to determine
if zones of fracture concentration exist within dolomite at the WIPP
site and if they are influencing differential salr dissolution and/or
secondary permeability development. Such narrow and elongate zones of
more closely spaced fractures should exist in dolomite at the WIPP site
judging from their observed presence in reef and other strata southwest
of the site and elsewhere., The hydrologic significance of shorter, more
numercous rock fractures, or anisotropy, have been revealed at three
Rustler dolomite sites by Gonzalez (1982). The basic short-term
hydrologic investigations planned and being carried cut by Sandia
National Laboratories to refine understanding of the nature and
‘distribution of permeability within Rustler aquifers are well conceived
and should be continued (pp. 19, 20).



CHAPTER THREE

IN-SITU TESTS AND EXPERIMENTS

THE WIPP R&D PROGRAM

The WIFP R&D program seeks answers to guestions about repository
development and waste package interactions, as shown in Table 3-1
(Matalucci et al. 1982), This program consists of projects for
verification of the various models, laboratory and field testing of
components, and in-situ tests with and without radicactivity. The
initial phase of the in-gsitu tests, termed Site and Preliminary Design
Validation (SPDV), consists of certain geomechanical measurements to be
made underground from two shafts and an experimental area, As of August
1982 the shaft borings had been completed and geomechanical test
instruments were being installed for the SPDV measurement progran,
scheduled t¢ commence in late 1982,

A variety of in-sity experiments are planned for the WIPP R&D
program {(Table 3=2) extending to the 1990s (Table 3-3), to be carried
out in a special area (Pigure 3-1}. Although planning for and design of
the eventual construction and operation of the WIPP facility for
permanent disposal of defense-generated transuranic (TRU) wastes is
already underway (U.S. Department of Energy 1980-1982) and discussions
for its layout are in progress (Rockwell International 1982), the WIPP
facility design is subject to change, depending on findings from the
in=situ tests. Even the abandonment of the WIPP site altogether would
be possible if the findings prove that permanent disposal of TRU waste
is not feasible at the WIPP site. The panel regards all WIPP facility
planning and design to be provisional at the present time and subject to
revision in the light of future findings of the WIPP R&D program.
Therefore, the panel has directed its attention to the adequacy of the
R&D program for providing the information needed to construct and to
ensure the safety of an adequate WIPP facility.

THE SPDV PHASE
As described in sections 8.2.1 and 8.9.1 of the FEIS (U.S. Department of
Energy 1980), two underground shafts have been constructed for in-situ
testing in the SPDV program., These shafts, which were sunk in

26



TABLE 3-1 WIFP RiD Program

) IN SITY TESTS IN 81Ty TESTS =~
TECHMICAL DEVELOPMENT D WITHOUT RADIOAC TierTy o WITH RADIOAC TTVITY
TECHNOLOGY] OLOGY AADAA NI ~ oraw TeCHNOLOGY
DEVELCOMENT |  TEdTRNG 1M SPov f,""." ]"c::-; Sounck txrs resrs FYIT

SITE CHARACTERIZATION
AMD EYALUATION

REPQSITORY

DEVELOPMENY

THERMAL /S TIRUC TURAL
MTERACTIONS

FLUGOING AND BEALING

OPERATIONS

WASTE PACKAGE

INTERACTIONS

WABTE PACHAGE
PEWORMANCE

NEAR-FELD EFFECTS

SOURCE: Matalucci et al)., (1982).
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TABLE 3-2 WIPP In-Situ Tests

WITHOUT RADIOACTIVITY WITH RACIOACTIVITY
TAUATIOR-SOURCE
TECH oHLW
sPov np;:ﬂ';?ﬁ; DEMONSTRATIONS | ENPEMMENTS TESTS DEMONS TRATIONS
(OPTIONAL )}
SITE CHARACTERIZATION [ hefbwited
VALIDATION
AND EVALUATION VESTIOATION
REPOSITORY
DEVELOPMENT
THERMAL/STAUC TURAL o PRELIMARY | ©12 w/m? MoCKUP '
IMTERACTIOND DEBIGN
VALIDATION © DHLW OVERTESY
® GEOMECHAMCAL
EVALUATION
© WEATED ANISYMMETIC
PALLAN
® I SITU STRESS FIELD
© DIRECT SHEAR OF
CLAY BEAM
PLUGGING ® PERMEARILITY
AND SEALING MEASUREMENTS
® SIZE EFFECTS
® PLUG TEST MATRIL
® SMALL-SCALE
OPERATIONS ' :ocu.:;n-:“ T wASTE
AND RETRIEVAL (OPTIONAL)
® FULL-SCALE TRY
® 'noc“:t ™"y WASTE DISPOSAL
HANDLING & DLW
EMPLACEMENT
AND RETRIEVAL
WASTE PACKAGE
INTERACTIONS
WASTE PACRAGE ® SIMULATED-WASTE ® RADIOACTIVE- | e DMLW TESTS
PERFORMANCE PACKAGE WASTE PACKAGE
PERFORMANCE PERFORMANCE
® SN ATED-TRU- WASTE
DAUM DURABILITY
WGAA TION
NEAR-FEELD ® BANE MIGRATION & QRINE ¥
THERMAL (THEAMAL AND
EFFeECTS ¢ ! NADIATION)
SOURCE: Matalucci et al., (1982).
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TABLE 3-3 Schedule for WIPP In-Situ Tests

SITE AND ! I I ! A ! ! L
1
rE sy |CONSTRUCTION,
E DESIGN JEXPERMENTS _ _ _
VALIDATION DATA ANALYSIS
5 [iseow AN
L
Eg TECHNOLOGY /CONSTRUCTION
E EXPERIMENTS EXPERIMENTS d
(TEs) ) "DATA ANALYSIS AND TECHNICAL REPORTS _
z - :
2 TECHNOLOGY CONSTRUCTW

osuousmnloﬁ | LRil DHLW RETRIEVAL DEMO
. MOCK CH & RH TRU HANDLING DEMO
L}

4 4

LY

RADIATION-  CONSTRUCTION .
SOURCE ' ' _ _EXPERIMENTS
EXPERIMENTS ___DATA ANALYSIS _
{RSEs) | AND REPORTS
f aEt (CONSTRUCTION
Q 2::; % L T |____EXPERIMENTS
A v DATA ANALYSIS
E - & REPORTS
x
RRAL-SCALE
E DESIGN CONSTRUCTION — R wASE
TECHNOLOGY . DISPOSAL DEMO
DEMONSTRATION SMALL-SCALE TRU WASTE DEMO
\ DHLW DEMO
L]
1 1 L i i 1l i | N |
a2 83 84 as 86 az 88 a9 90 92 94

CALENDAR -YEAR

SOURCE: Matalucci et al. (1982).
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accordance with a previous recommendation by the panel (Appendix B), are
3.7 m (12 £t) and 1.8 m (6 £t) in diameter, about 700 m (2,300 £t) and
670 m (2,200 ft) deep, respectively, and extending more than 41l 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 DOE
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-yp behind the shaft liner, strain measurements in unlined secticns
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:

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

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

¢ 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
seams and other material layers in addition to the salt.

© 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.

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

The WIPP design has to allow for long=-term repositotry closure
(> 200 years) by plastic flow and short-term access (£ 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 predictions
from the (two-dimensional 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 radiocactive wastes, both civilian and
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military. The main information presently available on such emplacement
comes from Project Salt Vault, a program begun in 1363 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 decisive
experience to the design of future repositories. Consequently, 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 Waste Isolation
Pilot Plant "(WIPP) program. ’ )

Plans have been formulated and reported by V. P. Likar (1979 and
Mataluccli et al. (1982) for an R&D program that includes emplacement and
retrieval of contact-handled TRU waste, remotely handled TRU waste, and
defense high~level waste (DHIW); 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 Pigure 3-1) is scheduled to
begin in 1983 and 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. Obvicusly, the earlier experiments are better 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 be
that the experiments are "verifications" of present concepts and models,
it is almost inevitable that surprises will be encountered and that new
concepts and models relating to waste forms, waste package materials,
design, dimensions, 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. Naticnal
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
experimental program 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.

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 gsome redundancy, which means that the
electrical supply system for the experimental program cannot be relied
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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
anvironmental 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
radicactivity in the vent stream. However, special precautions, such as
putting the HEPA 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 HyS content is introduced with the brine, also need to
be developed.

The demconstration emplacemen:t and retrieval activities will reveal
any weaknesses (such as excessive time for operations) in the storage
concepts (e.g., the side-wall 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 large-gscale 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
continually screened for application to waste isolation by testing in
the WIPP R&D program.

Accelerated tests, such as room closure measurements with a heat
source four times reference design conditions, experiments with
higher~than-expected radiation levels, and corrosion experiments 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 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 WIFP
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
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usefulness of the WIPP tests by concentrating on the difference between
in-gitu tests and smaller scale laboratory experiments, Laboratory
tests paralleling the WIPP tests would be helpful in validating the
former, thus improving the eventuyal 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.

CONCLUSIONS

o The opportunity to carcry 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).

RECOMMENDATIONS

o Operational experience with the handling and emplacement of
various types of waste package shapes and sizes containing TRU wastes 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 wastes (p. 32).

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. Active efforts -shoyld
be made to solicit ideas and participation from the general scientific
community. Publishing project R&D results in the refereed literature
would encourage such participation. Outside developments in automated
sensing, robotics, instrumentation in hostile environments, etc., should
be gystematically screened for application or testing at the WIPP
facility (p. 33).

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

© 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, 34).




CHAPTER FQUR

WASTE ACCEPTANCE CRITERIA

The definitive statement of the TRU waste acceptance criteria for the
WIPP project is contained in WIPP~-DOE-063 (U.S. Department of Energy
198l). 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 at the WIPP site will be minimized when waste emplacement
actually begins. The criteria have a permissive flavor, which reflects
the real-world consideration that existing stored wastes are very
heterogeneous in terms of composition, physical state, and package '
configuration. Evidently, the philosophy has been adopted that
inconveniences at the WIPP site are less consequential than those that
would occur at the variocus 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 in the
direction of 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 such
material in sufficient quantity raises questions about combustibility in
the short term and about gas generation, complexation, and possibly
accelerated radionuclide transport in the long term.

FIRE
Fires underground, as is well known from ccal mining experience, are
particularly difficult to control. 1In practice it has proved to be very
difficult to extinguish such fires because underground combustion sites
are so well insulated thermally.

Fire preveantion and control will, of course, be sasier in a salt
repository than in a coal mine. Por fire safety to be fully credible,
however, a waste disposal configuration should be stipulated that will
self-extinguish without any fire control measures whatever.

A self-extinguishing configuration can be provided by stacking of
the waste packages in such a way that combustible and noncombustible
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TABLE 4-1

Waste-Acceptance Criteria for Contact-Handled and Remotely Handled TRU Waste

Critarion Contact-handled TRU wvaste Remotely handied THU wastse
Combustibility No Lialt, sust be packaged in steal containecn or overpach. Same an for contact-handled TRU

Gas gensration

Tamobllization
Explonives

Pyrophot i

Toulic and corrosive

matecials

Sludges and
free liquids

Deeign life

Structure

Structurse

Rardling
Welight
Dimensions

gur [ace-dose raie

Surface contamination

Cricicality

Therasl power

Gas genstation by sl sechanisms myst not excesd 10 moles/mn? of disposai-room volume per
year under cepository conditions, In terss of waste comgosition, this criterlon may be
interpreted to mean that the average organic content of contact-handled TR waste may
not exored 14 1b/€t? for waste In 55-gallon drums and & Lb/ft? for waste in other
contalnecs.

Powdera, ashes, otc., must be bound In glass, concrete, ceramic, of other appioved
matring fres liQuids are not allowed.

Not allowed.
Small quantities (up ta 18 of the waste by weight} of radlonuclide-metal pyrophotics
aay be accepled with other waste forms M they ate dispecasd throughout the waste.

Toxlc matarials aliowsd only with speclal materialc procedures and precautions; corsosive
materiala will not be accepted.

Sludges and other waste forms containing readily desorbahle water under repository
conditions will not be accepted; free liquide will not be accepted.

CONTAINER

10 years to allow cetciavability.

TYpe A requiremsnts.

PACKMGE

Type A; any damaged contalner must be overpached,

pDevices to allow handling by & forklife,
Lass than 25,000 pounds.
Mot larger than B by 12 by 8.5 feet.

Mot enceeding 200 mrem/hr; containecs with a surface-doss rate in excess ol 10 mrewm/hr
must be color coded. . .

5% of 4% CFRm, 17).397.

30-gallon drum, 100 grams fisnile; S5-qallon drum, 200 grams flssile; DOT-1A, 150 grams
finsile or less than 5 grame in any cubic foot.

Contsiner muat be color coded i€ the thermal power excesds 0.1 W/Ltd,

wante

No celterion; quantities are
inatgnificant

Same as for contact-handled THU
waste

Same as for contact-handled TRU
wakte

Same as for contact-handled TRU
waste

Same as for contact-handled TRU
wanste

Same as for contact-handled TRU
waste

Same am (o contact-handled TRU
waste

Same as for contact-handled TRU
wasts

Same a3 fur contact-handled TRU
waste

Aulal Lifting pintle
leass than 1000 pounds
14-inch dlameter, 10-foot langth

Less than 100 ¢em/hr

5% of 49 CFR 11).197

4% CrR 17), Subpart HB; leas than
5 ycams In any cubic fuot

{ass than 500 watts per canister

) SOURCE: U.S. Department of Energy {1981)

L
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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 reachxng the ignition point
of the corganic materials. A conservative a priori calculation of
sufficient accuracy should be quite sxmple, 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 nnergy 1980-1982), This must

%X not be averlooked in the Title II design.

GAS GENERATION

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 198l), with reference to supporting experimental data in SAND
79-1305 (Sandia National Laboratories 13979). 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 N/m2 (150 bars) at the repository depth
should not be exceeded.

From the gas—-generation limit the permissible organic content of the
waste was derived through the experimentally based conclusion that the
major scurce of gas is the bacterial deccomposition of the cellulosic
component of the waste--primarily the plywooed boxes. This conclusion is
independent of whether aerchic or anaercbic conditions are assumed.
Under the expected anaercbic conditions, methane is presumed to be the
major constituent of the gas.

The limiting microbial gas-ganeration 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 microbiclogy:

O Micro-organisms are critically sensitive to ambient humidity.
Most 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.

0 Methanogenesis does not normally cccur 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 biolegical 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.
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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
Cchlorides 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 H3S formation by sulfate-metabolizing bacteria
suggests a possibility worthy of attention: that this gas, and the
CO, likely to be a coproduct, might maintain the pH of a
brine-inundated repository low enough (below 3-4) 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
©il fieid experience with “"scur" gases under pressure (Shock 1953), The
biological part, of course, depends on the ability of the organisms in
guestion to thrive in the repository environment.

Radiolysis was also discussed as a source of gas generation.

Because of the low level of total radiocactivity in TRU waste, the rate
of radiolytic gas generation estimated in the FEIS (U,S. Department of
Energy 1980, p. 9=153) is negligibly small--only a small fraction of
that assumed for microbial action.

The computational medel used to calculate the repository
pressurization associated with gas generation is straightforward. The
conclugsion 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. However,
the emplacement density of organic materials should be limited to
conform with the self-extinguishment c¢riterion stated above. Rough
calculations indicate that the restriction on organic material imposed
by the self-extinguishing requirement is easily met.

COMPLEXATION

Many documents, including the SAR (U.S. Department of Energy 1980-1982),
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. Sorption by the clays and
dolomites of the agquifers 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 :rganic materials included with or
derived from the organic component >f the waste will interfere with the
sorption process and shorten transport time accordingly.
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A sensitivity analysis of the consegquences of the reduction of Kg»
the partition coefficient, by complexation is reported in SAND 79-1305
{(Sandia National Laboratories 1979), 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 doces 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. 1In other possible scenarios, where flow ccgurs 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 scenariocs needs
%‘wfurthe: study (see also Chapter §6).

CERTIFICATION

The best possible set of waste-acceptance 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 gtrategy, and one
that this panel supports, is the policy of beginning certification with
newly generated waste. This postpones the seriocus 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.

Less satisfactory is the proposed procedure for verifying compliance
after the packages are received at the WIPP, The FEIS 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 WIPP equipped with state-cf-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 all 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 cateqgory that are stored at Idaho Naticnal
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
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Plant (SWEPP) and Processing Experimental Pilot Plant (PREPP) programs.
Technology for preparation and transportation of remotely handled 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
decigsions 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 nonetary 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 Rockwall 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 "special case® 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 ls already available
from experience with pilot facilities, and pilot testing of other
techniques is already operating or in the planning 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.

QONCLUS IONS

© The possibility of self-sustaining underground fires can be
eliminated by embedding combustible materials in a matrix of
noncombustible 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 ace not adequately taken into

T
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account. It is possible that the humidity (water activity) in a sealed
;390;;;0ry is low enough to inhibit biological activity completely (pp.
‘ .

© If there is biological activity, the presence of sylfate in the
salt makes it likely that hydrogen sulfide, rather than methane, would
be the major product (pp. 37, 38).

& From the WIPP viewpoint, the quality assurance system is
inadequate, in that it requires no on-site verification of conformance
of package contents to the certification (pp. 39, 40).

RECOMMENDATIONS

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

¢ 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).

© The existing deficiency in the SAR on procedures for fighting
transient underground fires should be remedied (p. 37).

0 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 guantities are significant for the evaluation of biological
and chemical degradation processes (p. 38).

© 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 the air is higher than 60 percent, a
competent biological specialist should be engaged to evaluate the
metabolic prospects for particular classes of microcrganisms that might
contribute to gas generation in the expected repository snvironment
(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 waste-acceptance criteria for which such equipment
exists (p. 39). »

© The existence of a practical alternative should be ensured for
handling those TRU 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 needed (p. 40).

; ¢ Waste-acceptance criteria should be defined for the defenge
high-level waste that is to be used in the experimental program. The
definition should be early encugh to allow time for review before

experimental operations begin (p. 40}.



CHAPTER FIVE

DESIGN AND OPERATION OF FACILITIES

INTRODUCT ION

Plans for the WIPP design, construction, and operation have changed
continuously, and further changes can and should be expected. Plexible
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 progtams. One
important result of such changes has been to improve confidence in the
predicted performance and safety of the facility. 1In this respect, it
is particularly important that explicit arrangements be made to utilize
the results from the SPDV experiments in the final design and
performance assessment of the repository. Another important cesult 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 performamce and safety of the facility.

SPDV EXPERIMENTS

The results of the SPDV experiments are regarded as crucial in
establishing the performance and safety of the WIPP repository, and
these results will provide a wealth of data concerning the behavior and
properties of salt.

It is important that effective and timely comparisons be made
between theoretical prediction of the SPDV experimental resuylts and data
obtained underground during these experiments. Such comparigons provide
an essential mechanism for developing and helping to validate the
theories upon which the design of the storage excavations are based.
However, the extent to which the behavior and properties of the salt in
the experimental area is similar to, or different from, the salt in the
storage area must be taken into account in transferring knowledge gained
in the former to design and prediction in the latter. Therefore, it is
important that detailed observations of the properties of the salt be
made and racorded during excavation of both the experimental and of the
storage areas. Predictions of the results of the SPDV experiments will
have to be made on the basis of theoretical calculations. Theory and
calculatiocnal methods developed for the SPDV experiments and refined in
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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 nuclear waste repository has
been selected, one of the most important factors--if not the most
important cne--contributing to the successful disposal of radicactive
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 disturb the geologic media as
little as is practicable, S0 as tc ensure long~term safety and effective
isolation of the wastes.

Adequate conceptual design of an underground repository requires
recognition that the properties of a geologic medium, even 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. Some of these variations may lead to unexpected difficulties
in excavation or they may adversely affect the ability of the salt or
the overlying strata to isolate the wastes from the bicsphere.
Accordingly, it may be desirable to treat some portions of the
repository differently from others and perhaps even exglude some
portions of the site from use for the waste disposal.

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 repositozy
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 accessways 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 accessways should be sealed permanently with
a £ill having low porosity and permeability. Devices for temporary
closure of accesgsways, 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
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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
©r 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 ancther 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 £t) high by 91 m (300 £t) long, with their iong axes parallel to the
main entries, and separated by salt pillars 30 m (100 £t} thick. The
panels are separated from one ancther by barrier pillars 61 m (200 f£t)
thick. Access from the main entriea to the panels is by cross cuts at
intervals of about 91 m (300 £t) and 61 m (200 £t), 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 SANCHO 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 model” 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 (10 years)}. These effects would increase
continually with time, until ultimately the backfill becomes
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 effscts 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




WAREHOUSE /SHOPS BULDING

o -

SURFACE SALT

SUPPORT BUILDING STORAGE AREA

ook s /

e
e -,

o =,

FE RN X

e WASTE HANDLING
. CONSTRUCTION AND
BURLDING SALT HANDLING SHAFT

WASTE
_a—EXPERIMENTAL
AREA

7 SITE & PRELMINARY DESIGN
~°  VALIDATION PROGRAM

SHAFT PILLAR AREA

FIGURE 5-1 Cutaway diagram of the WIPP undexground design.

Source: Bechtel National, Inc. (1983).

4



46

$POV TEST ROOM WASTE DEFENSE
AREA EXPERIMENTAL HIGM LEVEL
aistinliy AREA WASTE

11 TEST AREA

)

AR

EXPLANATION

SITE AND PRELIMINARY
DESIGN VALIDATION I1SPDV)

74 N

TECHNOLOGY EXPERIMENTS

BOUNDARY OF
CONTROL ZONE 1
FULL SCALE TRU WASTE
DISPOSAL DEMO AREA (AND \
ASSOCIATED ACCESS DRIFTS)

DEFENSE HiGH LEVEL WASTE
TEST AREA

10-FT DIAMETER

——SHAFT MILLAR AREA
ﬂ
-

CaSHSHAFT L
19-FT DIAMETER *
WASTE SHAFT \‘
(EXISTING £FT. DIAMETER o N
HAUIT SHAFT ~

APPROX. 42 m (138 f¢) ~ofle— 108 (33 r2)

f
T | 91 m {300 ft)
;' §1 ¢ (200 ft)
o= STORAGE ROOM
E AREA \

30 » (100 ft)

T
C 1 1

SOUTH EXPLORATORY
DAIFY
778 m

{2552 ft) "}

FIGURE 5-2 Representative WIFP undsrground layout.
Source: Bechtel National, Inc. (19283).




47

backfill having an initial total void space of about 40 percent may be
unacceptable, A finding that closure should be limited would have
important implications for waste forms, backfills, excavation layout,
and extraction ratio.

In the near field, the excavations of a repository make up a netwotk
of interconnected hydrauli¢ conduits in the salt mass at the repository
horizon. Closure of the excavations, even in the long term, say beyond
1,000 years, may not reduce the woid space in the waste and backfill to
a negligible value, so that the backfill may have a permeability much
greater than that of the intact salt. This residual void space may
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, though the consequences 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 recently proposed change (U.S. Department of Energy 1982) from a
system of four shafts comprising:

waste-handling ahaft;

construction, exhaust, and salt-handling shaft;
storage, exhaust shaft; and

ventilation, supply, and service shaft

000
MR

t0o a system of three shafts comprising:

© a waste-handling and personnel shaft;
o a construction, salt-handling, and intake shaft; and
o an exhaust shaft

has profound effects for repository construction and operation.

The four-shaft system allowed for complete separation between
construction and storage. Each of these two operations was planned to
proceed concurrently and independently of the other, except for
ventilation supply through a common shaft. This concept provided an
exceptional degree of flexibility, redundancy, and safety.

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, the other is for
storage. To operate on either shift in the three-shaft system, the
ventilation subsystems in both the construction and storage areas must
work. This requires that all three of the ventilation fans run on both
shifts to provide about 83 m3/sec (175,000 cfm) of air flow. 1In
contrast, in the four-shaft system, the use of six fans was envisaged,
only four of which were required at any time.

The principal ventilation load derives from the decision to use
diesel trucks for underground transport. Ventilation requirements could
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be reduced if electric~shuttle cars and electric conveyors instead of
diesel trucks, were used to transport salt underground. Diesel vehicles
could still be used for the transport of men. 1If diesels were not used
underground for the transport of salt, the ventilation requirements
would be reduced to two fans, of which one would suffice in an emergency.

Electrical power to back up the 32 km (20-mile)-long high=-voltage
line from the substation to the WIPP site has been reduced to one
manually operated 800-kw diesel generator, from two autormatic 2,500-kw
diesel generators sufficient to operate the man hoist and one fan.
There are repofted to have been two substation outages with duration
longer than 8 hours over the past 5 years.

It should be noted that the proposed three-shaft system has
redundancy more typical of that in conventional mining practice than of
that in nuclear industry practice,

CONCLUSIONS

=] The present plan to develop the storage areas to the south of
the shafts and the experimental areas to the north of the shafts is g
commendable (p. 44). S

© The laycut of the eight panels of storage rooms separated by
barrier pillars is well considered, provided the penetrations of these
barriers are sealed adequately (p. 44).

o Details of devices for temporary and permanent closure of the
penetrations through the barriers have not been provided (p. 44).

© TRecently the repository design has changed from four to three
shafts. The four=-shaft system had a far greater degree of redundancy
and flexibility, both in terms of the system and of operations, than
does the three-shaft system (pp. 47, 48).

o The panel has not seen an adequate guantitative evaluation of
the economic advantages of the three~shaft system that justifies
forgoing the flexibility and safety of the four~shaft system
{pp. 47, 48).

© The system as presently proposed with three shafts has
redundancy more typical of conventicnal mining practice than of nuclear
industry practice {p. 48).

RECOMMENDATIONS

© Explicit mechanisms for the transfer of information from SPVD
experiments and information gathered during construction and development
to final design must be established (p. 42).

o Displacements of the salt in the far field that occur as a
result of long-term closure of excavations must be shown to be
sutficiently small that they do not significantly increase the
permeability of the bulk of the salt (pp. &4, 47).

© It should be shown that sealing the repository is sufficient to
preclude unacceptable increases in hydraulic conductivity across the
repository horizon (p. 47).
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o The justification for using diesel motive power for salt
transport underground should be reexamined (pp. 47, 48).

o The effects of changes in the configuration of the surface
fagilities, 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, 48).



CHAPTER SIX

PERFORMANCE ASSESSMENT

This chapter is based primarily on the panel's review of the WIPP Final
Envircnmental Impact Statement (PEIS) (U.S. Department of Energy 1980),
the Safety Analysis Report (SAR) (U.S. Department of Energy 1980-1982)
and Modeling Verification Studies: Long-Term Waste Isolation Assessment
!D'Appolonia Consulting Engineers 1981). One of the main purposes of

9@ documents was to estimate possible radiation exposure of both
s<2ject employees and the general public. Such exposures could arise
during preparation and loading of the wastes at the Idaho National
Engineering Laboratory (INEL), transportation of the waste %o the
repository site, surface storage of waste at the WIPP site preparatory
to emplacement, and as a result of accidents that may occur during
operation of the facility. 1In addition, there may be releases of
radiocactive material to the environment if the repository is breached at
some future time,

While the panel has reviewed the plans for packaging the wasteg at
INEL and transporting them %o 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 acope of this study.

RELEASES AND QCCUPATIONAL DOSES DURING NORMAL OPERATION

Wastes 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 a
number of conservative assumptions are made as to the levels of
contamination. For example, it is assumed that all waste packages are
contaminated to the maximum level of surface contamination permitted by
National Regulatory Commission (NRC) and Department of Transportation
(DOT) regulations. The total radicactivity that would be released to
the envircnment from both surface and underground cperations, 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 assumptions are conservative, so the final dose estimates

are exaggerated.
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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 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
conservatrive 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 radicactivity, and the whole~body
dose would be less than 0.0002 percent of background (U.$. 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 collisien 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 radicactivity
released, the atmospheric concentration at a given location per unit of
radicactivity released based on meteorological observations at the site,
and measured population distributicns.

The worst case for contact~handled TRU waste involves an underground
fire, in which case the S0-year bone dose commitment off~site is
estimated to be about 4 x 1073 mrem. For remotaly-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 dcse 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.

REPOSITORY BREACH SCENARIOS

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 bicsphere will not occur. In a number
of the scenarios considered in the FEIS (U.S. Department of Energy 1980,
p. 9=131 ££f), not all of the above conditions are fulfilled,
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Nevertheless, the calcilations were carried ocut to determine the
consequences of the implausible events. Finally, the studies were
consequence analyses rather than risk analyses (i.e., the consegquence of
certain events are evaluated without regard to their likelihood). This
methodolegy is particularly useful if the consequences are then found to
be sc small that the frequency of the event is not material. 1In 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 c¢onnection between the
Rustler and Bell Canyon (of the Delaware Mountain Group) Formations
through the repository with flow upwards and out of the Rustler into the
Pecos River at Malaga Bend (see Figure 6~1). Though the flow may
actually be in the opposite direction, this is a conservative assumption
since 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 unsaturated flow 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, -since the unsaturated water (8,000 ppm) flow does not
appear to have the potential to push the saturated (400,000 ppm} flow
out of the repository (see Figure 6-2). ‘

The third scenaric 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).

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 scenarioc deals with drilling into the waste repository
and, in particular, with the dose to the drill crews. Bingham and Barr
(1979) estimate the probabilities of breaching the repository salt
formation by inadvertent drilling in the distant future.

A recent analysis (Woolfolk 1982) predicts 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 1980-1382; Spiegler
1981).

Though it is not intended that solution mining will be carried out
at the waste site, the consequences of doing so are more severe than the
liquid breach scenarics but less severe than the drilling scenaric
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.

Some perspective on the total amount of radiocactivity to be
permanently isclated at the WIPP site might be gained by noting that the
total inventory of the WIPP is expected to be 6 x 106 curies (Ci)

(U.5. Department of Energy 1980-1%82, Figure 8.1-4) and after 1,000
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vears is still expected to be about 5 x 105 ¢i (U.s. Department of
Energy 1980-1982, Table 8.2-3). At the present time, the city of
Albuquergue is expecting to use 13 x 106 Ci of cesium137 for
sterilizaticn 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 conseguence 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 toc 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 clear to what extent these data
are applicable to the gecchemistry 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.S5. 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
scenario) from each of these scenarios, are given in Table 6-1. These
doses were computed on the basis of International Commission on
Radioclogical Protection (ICRF) 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 doses are calculated based upon very long transport times
ranging 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 aguifer, 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

.;ﬁéﬁiu‘
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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 7.7 x 1073 4.4 x 1078 1.3 x 1072
Restricted Rustler to 1.7 x 10-3 9.3 x 10-7 2.8 x 10-3
Rustler Flow
Diffusion Flow to the _ 7.0 x 10-5 4.0 » 10”8 1.2 x 10-4
Rustler
. -2 -5 -2
Unctestricted Rustler 1.5 x 10 1.2 x 10 2.6 x 10
to Rustler Flow '

. ) -6 -5 -4
Drill into Repasitory 9.1 x 10 1.7 x 10 2.7 x 10
Pressurized Brine 7.3 x 101 3.2 x 102 1.5 % 102

Reservoir Flow to
the Surface
2 2
Worker 1.7 x 10 6.5 x 10 . me——
Solution Mining of Halite 7.2 x 101 ------ -———
3 3
Natural Background 5 x 10 9 x 103 5 x 10

SOURCE: U.S. Department of Energy (1980, Tables 9-3, 3-64, 9-65, 9-66, 9-67);
Little (1582, Table 4).

T,
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considered, Finally, nc 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 30 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 ZEG on transportation accidents, breccia pipe release mechanisms,
withdrawal through wells, transport induced by pressurized brine
regservoirs 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 (Channell 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.g., Gonzalez 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 problem might be
finessed 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 radicactive
material that could be put into solution and transported to the Pecos.

CONCLUSIONS

© The dosages calculated to be received by humans as a result of ,
normal operations and accidents are within prescribed limits for workexs
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
(pp. 50=-51). (Since this analysis was completed, the lower limit of
concentration for classifying transuranic wastes has been changed
[9/30/82) by the Department of Energy from 10 to 100 nanocuries per
gram. The amount of waste affected, the cost to handle it, and the
safety consequences of this change have not yet been published).

© 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 prescribed limits (maximum 170 mzem whole body)
and far below the dosages from normal background radiation (average 50
years, 5,000 mrem) (pp. 51-57).
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RECOMMENDAT IONS

] 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 site (pp. 56, 58).

O 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
upen radiation dosages need to be determined (p. 58).
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NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RESOURCES

2107 Consirution Avehue Washungron D C. 20413

COMMITIIL Or ZADICATTIVL W asT! WARACEMIRTY [03) 00472

Nay 18, 1979

Mr. Sheldor Meyers

Prograr Director

Office of Nuclesr Haste Manpcement
Desartment of Energy (MS 3-107)
Washington, D, C. 20545

Dear Mr. Meyers:

1 am pleased to forward the enclosed Yetter report by the
Panel or the wWaste Isolation Pilat Plant (WIPP) on its review
of the WIPF Draft Site Characterization Report (SAND 78-1586).
The Committee on Radicactive ¥aste Management has discussed the
substance of this letter snd endorses the views of the Panel
expressed therein,

1 hope these observations will be useful in the continuing
process of gectechnical characterization of the proposed WIPP
site.

wwwww

The Natina! Researrh Council is the principal! sprroting sgency of the Natisna! Academy of Sciemess omd the Nations! Academy of Engneering
to sever goverament snd sther ergamzIIOns
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COMM;TTIL Or BADIOACTIVI Walb?l MaMaACIMLINT

The Nahoma!

NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RESOURCES

210: Cansnruben Avenue  Waskungion. D C 30410

May 1, 1379

br. Ea-mest F. Gloyna, Chairman )
Comritiee or Radicaztive Waste Management
National Acaderr of Scienzes

2107 Comstituzion Avenue, N. W.
Westhingtor, 0. €. 20518

Dear Dr. Gloyna:

As part of fts continuing responsibility to review criteris and
guidelines for the locazion, design, constryction, and operation of a
propased radicestive waste fsolation piflot glant {WIPP}, this Panel Mas
reviewed the WIEF Draft Site Characterization Report (DSCR), SANG 78-188%,
precared by Sandie Laboratories fo= the Department of Energy. The DSCR,
whith has subseguerily bee~ putlished, with the same report Aumber, as
*geologica) Chargcterization Report (WIPP),” is o compilation of the known
geatechnical informatior about the proposed site and the surrounding region,
with chapters devotes to regional geoclogy, site geology, seismology, hydrclosr,
geocheristry, resources, and specisl studies of WIPF repository rocks. It
does not addvess such matters as socioeconoric considerations, accessibility,
trarspertation and failure modes, which will need to be included in a
complete site characterizatior.

The following brief sccount, which must be viewed in conjunztior with
the DSCF {tse’f, s intended fo- a very limited aucience of readers fully
conversant with the contents of the basic document. ’

As » first step in this review, Individual chapters of the DSCR were
examined in detail by subgroups of the Panel with spezial expertise in
the disciplimary areas involved, after which their Separate comments
were discussed Dy the full Panel in a seeting with the Sandiz suthors of
the gdocument.

The Panel then reviewed the extent to which the information con-

tafnec in the DSIR provides sound geotechnical support for an environmental
tmpact analysis and related decisions leading to the selection of an

te werBe gougrament snd sther ovganusiEns
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appropriate site for the proposed pilot plant, The review focused on

the Report’'s exposition of geatechnical nformstion with critical bearing
gn the site's propable ability to provide the desired long-term fsolation
of empiaced wiste, ¢.9. seismic or tectonic uplift, intrysion of ground-
water, thermal anc mechanical characteristics of the host rock, and
recardatior effects alor; possidble migration pathways. The Report did

not tredl, mor did the Pane! consider, the effect of the emplacement of
waste or the waste {tself on the long term integrity of the repository.
Althoug® recognizing the considerable coverage and detas) of the information
preserted, the Pane: noted & few areas where addiviona) data are desirable
ts more fully characterize the geotechnical aspects of the area under
consideration. These incTude the following:

a) A major disagreemert between conclusions reached in the DSCR
and tr: yiews 0f R. Y. Andersor s mentioned ir several places, Anderson,
a professcr of gezlogy at the University of New Mexico st Atbuquergue,
whe has specialized in the study of evaporite deposits in the Delaware
Basin, was comrissioned by Sangia Laboratories to prepare & repor: on
the dee: dissclution of salt in the region around the proposed MIPP
site. Basing his argument on a postulated unconformity at the base of
the Satadc formation and on his Rypothesis that the so-called “breciia
pipes” are Tocalized Teatures of deep dissolution which originated as
collapse chambers in salt beds immediately overlying the reef and basin
aguifers, Anderson suggestes that dissclution may be 3o rapid that the
entire salt formetion will disagoear within o million years. The DSCR,
on the other hang, considers only dissolution at the western edge of the
salt beds and conzludes that present rates will ensure presarvation of
the $Satadc at the WIPP site for at Jeast & few million years. The Pane)
feels that a more thoraugh axplanation should have been provided as to
why the auzhors of the DSCR consider thefr views preferable te Anderson's
hypsthesis, On this same {ssue of salt dissolution, the DSCR astimates
of the rate of retreat of the solution front twe or three miles west of
the site are evidently based on the assumgtion of unifore disselution
over 3 wide ares under average conditions. A rational basis should be
provided for this assumption, vis a vis the possibility of accelerated
dissolutior rates in Tocal arens, Wih selective ramoval of salt from
beneazn the present sedimentary cover, particularly 1f pluvial conditiens
were to change in the futurs.

b} Adgitional data and anslyses would be helpful to deterwine with
greater confidence the cyr=ent rates of tectonic uplift in the region
and whethe-, as 4 result, the salt may be exposed to accelerated erosion
at some time in the foresesmable future.

c) The so-called "breccis pipes” need more detailed analyses to
determing whether they may serve a3 tonduits for water that miy Mave
promoted, or may in the future promote, desp dissolution of the salt 1
beds. .

-2-
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d) There appears to be sufficient information to resclve the
questior reg2-ging the likelihood of upward flow from the Bell Lamyon
formation through the Salads, where the proposed repository horizons are
located, to the overlying Rustler. This should be addressed.

e) Because rock properties Mave § strong influence on mine design,
sore delafled information 13 needed on the various rock types in the are:z
and on their permeatiiity, fracture, and thermal properties under conditions
85 sirilar as possible to those that would be found In 4 repository. Botr
laboratory and field tests approximating {n=-situ conditions wil) be required
to develop this {nformation.

f} The {nformation on sorption of the fmportant radionuclides by
materials tc be #apectes in possible migration paths, under conditions
resertling these neg~ 4 possible rescsitory, seers to be sparse. As soon
45 the types of waste to be stored in the repository gre known, s more
comslete discussion should be presented of the retardation anticipated in
the migration paths,

¢} The most recent spisode of any recrystalTization in the Salado
formation near the propesed WIPP site (s reported to have pccurred about
200 million years agz. The Panrel urges confirmation of this fmportant date
by further studies and other technigues, as described ¢n Section 7.8 of
the DSCR. .

In symra=y, the Pane) views the DSCR as a progress report on &
continuing prograr of gestechnical dats collection and saalysis, con-
ducted under the constraint of no perturbation of the potential site. The
Panel considers the repart to be usefyl as a compendiyr of the information
availatie to the authors on the charazter of the unperturbed geslogical
formation at the Los Medanos site and the dynamics of the geocherical/hydro-
Togica® system. On the basis of this avatlable information, further
investigesion of the site is warranted. However, Tinal decisions
regarding repository site selection must take ntd account more information
thar is contained im this report. Most fmportently, they must take into
accourt the effect of the emplacement of the waste and the waste ftself
on the repssitory and fts surrovndings. These dezisfons must be based
alsp on suspiemeniary dath acq.isitior and analyses such ss those suggested
above ; the additional studies delineated in the docyment ftself; crucial
fn-sity studies congucted throughout the construction phase; and additional
definition of design objectives, critaria for safe operation, and wmste
forms to be sccommodated.

Sincerely,

M L. /ao‘dh_

Frank L. Parker, Chairman

Panel on the Maste Isolation
PFilot Plant

-3




APPENDIX B

LETTER REPORT, PARKER TO WILSCN, SEPTEMBER 10, 1579

71



72

NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RESOURCES

2120 Comstitution Avenue Washungren D C 2418

COMMITTIL ON RADIDACTIVE WasTl MaANACIMINT ) 2007

Septemper ]2, 1979

Mr. Sheidor Meyers

Progra~ Direltor

Dffrce of Nuclezr Weste Management
U. S. Departmens of Energy {MSB-107;
washingzo=, D. L. 20545

Dear Mr. Meyers:

1 am pleased to forward the enclosed Tetter, dy the Panel
on the Waste Isolezion Pilot Plant (WIPP), regarding the dasir-
ability of sinking ar exploratory shaft at the proposed repository
site. The Committee or Radicsctive Waste Management has review-
e¢ the Tetter anc endarses the Panel’'s views gxpressed therein.

Sincerely,

& S i &fdarn

E. Bright Wilson

Chairman

Committes on Radipactive
Waste Management

mﬂmll.u-thc“uﬂcthpnunnfwdug agency of the Netional Acsdemy of S¢ ond the N | Acsdemy of Lngineering
10 Mvee governmant and sther wgonilasums
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NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RESOURCES

230! Conilifution Avehue Washingten. © C. 30418

COMMITTIL Oh RBADIOACTIVE WadTl MasaCiMINT on3) M-T

September 0D, 1979

Dr. £. Brignt Nilson, Chairman . :
Comrittee on Radicactive Weste Management
Kational Academy of Sctences

2101 Constitution Avenue

Washington, D. C. 20418

Dear Or. Wilson:

During the past year, the Pansl on the Waste Isolation Pilot Plant
{W1PP) has become familiar with the findings of the various extensive ' .
geclogical explorations, {ncluding boreholes from the surface and attendant
geotechnical studies, attempting to characterize the proposed WIPP site
anc provide a dasis for judgimg this aspect of the site’s suitability
for o waste repository, This familtarization process has included briefings
by representatives of Sandia Laboratories and the U, S. Geslogical
Survey, study of both the published and unpublished technical 11terature,
site visits, examination of agtual borehole cores, and discussions with
Other experts in selected gectechnical areas.

Our efforts have brought to 1ight mo disqualifying results from
these explorations and studies to rule out further comsideration of the
proposed site at this stage. The Panel has reached this conclusion
after tiking fnto account the comments made in my letter of May 1, 1879,
reporting of our review of the WIPPF Draft Site Characterization Report
{1ssued as SAND7B-1596, Geslogical Characterization Report), pointing
out that certafn effects have been observed which can be {nterpreted as
indicating the possible existence of significant anomalies. Additional
information s clesrly required before these anomal{es Can be resclived

The Natioas! Russsreh Cowncid w the prneipel spevaring agency of the National Azadawy of Sci ond the National Acaduwry of Lnagmeercry,
18 arree geveramend snd sther ovganisshens |
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and a decision made regarding the adequacy of the proposed WIPP site for
the construction of & repcsitory, Furthermore, continued commitments to
final details of repositary design in the absence of acditionsl site-
specific information may be both misleading and wasteful.

The Panel is of the unanimous opinion that continuing efforts to
acquire the necessary additional information solely by means of surface
exzloragion, including boreholes, have reached the point of diminishing

turns and cannot resclve 311 the major remaining um;ertnntns
Accorgingly, tne Panel recommends that:

{1) An exploratory shaft be sunk at the site of one of the proposed
access shafts as soon as practicable, to the depth of the proposed

repository horiZon.

{2} Oriliing be done and tunnels develcped fn the salt a5 necessary
to conduct the measurements and observatiéns needed to resolve remaining
site-specific geotechnical uncertaintiss and to ascertain the degree to
which the sfte i3 suitable for the excavation of a repository.

Development of the shaft, tunnels, and any other exploratory excavations
shouls be consistent with applicable environmental and safety standards,
Strict quality assurance procedures, and should be compatible with an
actual repository, {f one 13 constructed at this site.

Sincerely,

Fon . ko

Frank L. Rarker
Chairman, Panel on the
! waste Isolation Pilot Plant
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Report No. DOE/CM/93023-1

CONTINUING EVALUATION
OF THE CARLSBAD SITE

A Report to the U, 5. Department of Energy, prepared by the
Fanel on the Waste Isolation Pilot Plant of the Committee
on Radioactive Waste Management.

COMMISSION ON NATURAL RESQURCES
NATIONAL RESEARCH COUNCIL

NATIONAL ACADEMY OF SCIENCES
Washington, D. C.
July 28, 1980
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NOTICE

This report was prepared as an account of work sponsored
by the United States Government., HNefther the United
States nor the United States Department of Energy, nor
any of their employees. makes dny warrynty, express

or implied, or assumes any legal liadbility or responsibil-
ity for the accuracy, completeness, or usefulness of any
information, apparatus, product or process disclosed or
represents that its use would not infringe privately
owned rignhts.
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ABSTRACT

It is technically feasible to recrient the workx on the
Carlspad site to fulfill the President's tequirements, 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 defense and commercial high-level and transuranic wastes.
The President's announced objectives can be achieved sooner,
and with greater certalncty of success, if the work begun unaer
the WIPP Project is continued but recriented toward thess new
oblectives. Much ot the information from the investigation of
the Carlsbad site anca all of the technology being developed by
this project are applicable to any repository located 1n domed
or bedoea salt and licensed for high-level and transuranic
defense and commercial wastes.

L




80

— e —y

NOTICE: The project that is the subject of this report vas
authorized by the Governing Board of the National Research
Council, whose members are drawn from the Councils of the
National Academy of Sciences, the National Academy of
Engineering, anc the Inscitute of Medicine. Such authorization
reflects the Board's judgment that the project is of national
1mportance ana 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
specia. competences and with regard for appropriate balance.

The report has been reviewed by a'gzoup other than the
authors according to procedures approved by the Report Raview
Comrittee 0f the National Academy c¢f Sciences.

The National Research Council was established by the
National Academy of Sciences in 1916 to associate the broad
community of science and technelogy 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 asuthority of its
Congtessional charter of 1863, which establishes the Acadermy as
a private, non-profit, self-governing membership corporation,
The Council has become the principal operating sgency of both
the National Academy of Sciences and the National Acadenmy of
Engineering in the conduct of their services 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 Enginesring and the
Institute of Medicine were established in 1964 and 1970,
respectively, under the charter of the National Acacemy of
Sciences.

Funded by the U. S. Department of Energy
Contract No. EY=76=C=-02-2708-023
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Vanderpilt Unaversity
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CONTINUING EVALUATION
OF THE CARLSBAD SITE

The Panel on the Waste Isolation Pilot Plant (WIPP) was
crganized by the National Academy of Sciences in 1978, under
the Committee Oon Radiocactive Waste Management of the National
Research Council, to review the scientific and technical
criteria and guidelines for designing, constructing, and
operating a Waste Isolation Pilot Plant for isclating
radicactive wastes from the biosphers, with specific attcntion
to a proposed site near Carlsbad, Nev Mexico.

On February 12, 1980, President Carter.transmitted to the

Congress “A Report on His Proposals for a Comprehensive

Radicactive Waste Management Program.® This report states the

President's decision that the WIPP project, currently
authorized for the unlicenseé disposal of defense transuranic
vaste and for research and development using high-level defense
waste, should be cincullcd; but that the Carlsbad site will
continue to be evaluated, along with other sites in othes
locations, for possible use as a licenssd repository for
defense and commercial high-level wastes.

The Panel has reviswed in depth the work of the DOE
contractors on the geclogic characteristics of the Carlsbad
site, the characteristics of the defense and spent-fuel
radiocactive wastes that have been considered for emplacement,
and the conceptual design of the repository, The WIPP Draft
Environmental Impact Statement has been analyzed with

-le
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respect to the potential impact Oon public health and safety.
As a result of these deliberations, the Panel has
previously concluded that continued investigation of the
Carlsbac site is warranted and has recommended that the project
ptoceed with an exploratory shaft to determine in gresater
detail the geologic, hydrolegaic, and structural features of the
candidate salt beds, and with in-situ tests as necessary to
evaluate the geotechnic adeqguacy of this site for a waste
repository. The Panel considers these in-gity tests to be no ;
less timely and technically desirable within the framework of
the President's statgment. |
In connection with the Carlsbad site, a talented team of '
scientists and engineers has been asseabled, and extensive : i

geoclogical axploration bas been conducted. Laboratory

facilities are excellent, important experiments on waste
disposal are under way, and underground sngineering designs
have been developed. The project bas gained momentum that
would be difficult to rucapture if it were to bc.intn::up:cd.
There are sound technical reasons for continuing the
exploratory work:

1. Much of the information from the investigation of the

Carlsbad site and all of the technology being developed

by this project are applicable to any repository located

in domed or bedded salt and licensad for high-lavel :
I

and transuranic defense and commercial wasties.

The analyses made thus far, supported by ongoing and

planned testing programs to validate thess analyses,
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lead to the reasonable expectation that the site may
be suitable not only for its original limited purpose
a5 a defense transuranic waste repesitory but also as
a licensed repository for both defense and commercial
high~level and transuranic waste. The present
experimental program will yield results that can be
applied tc the expanded purpose envisioned in the
President's program. The exploratory shaft, now
planned and ready to be constructed to & depth
Suitapble for transuranic wasts, cCan be extended to a
lower horizon, where there iz another salt bed that
Bay be better suited for high-level wastes. The
information cbtained from this explorstory work will
not only be useful for further evaluation of the
Carlsbad site but can alsoc be applied to other
cancidate salt formations.

The President's announced cbjectives can be achieved

SO0nRer, ang with greater certainty ©f success, if the

work begun under the WIPP Prolect i3 continued but

reoriented tovard these nNew objectives.

Very long lead times sre involved in the
President's proposed new program of selecting
alternative sites, constructing test facilities ?‘
each, choosing a first repository site, and eventually
constructing one or more licensed repositories.

The extensive inforration already obtained on
the Carlsbad site and the demonstrated expertise of

" the existing investigative teams provide an

-3a-
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opportunity to proceed much sooner with in=-mitu
testing at a potential candidate mite--a capability
which will have to be developed before this or any
other site can be selected for a first actual
repository.

More is known about the Carlsbad site than about
any of the other sites under consideration. Questions
remain that will require resolution by additional
analyses and testing, but syuch questions are noraal

for this stage of an investigation.

The Panel concludes that it is techanically feasible to
reorient the work on the Carlsbad 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 defenss and commercial
high=level and transuranic wastes. If 0 reoriented, the
project could contribute by:

¢ providing prototype experience in site Qualification;

© testing, in situ, performance assumptions about the

geclogic medium; and

¢ developing techniques and information which will be

required in the licensing process.
If given this new mission, work should proceed on constructing
the exploratory shaft, acquiring hands-on repository mining
exparience, conducting in-situ tests and messurepents at
various depths, verifying engineering design assumptions, amd
developing analyses for licensing review.
af=




APPENDIX D

NATURAL RESQURCES AT WIPP

OCCURRENCE OF PQTASH AND HYDROCARBONS

The originally proposed controlled-access area at the WIPP site,
including Zones I, II, III, and IV, has recently been reduced by the
proposed elimination of Zone IV. The area of Zone III has been slightly
increased to give a square area comprising 16 sections, as shown in
Figure D~1. This means that most of Zone IV is now open for
exploitation of its mineral resources. The consequences to repository
integrity of the contraction of the controlled-access zone are discussed
below.

The tesources currently considered within the original area include
caliche, gypsum, salt, sylvite, langbeinite, crude oil, natural gas, and
distillate. (f these, the potash minerals and hydrocarbons {Table D=1)
are generally considered to be the most significant (Brausch et al.
1882). The deposits of caliche, gypsum, and salt are not considered
economic reserves (defined as resources that can be extracted profitably
by existing techniques and under present economic conditions).

Hydrocarbons

The new proposal is that within the time limits of repository contrel,
no drilling will be allowed within Zones I, II, and III. 3Since the
hydrocarbon horizons are below the salt sequences, directional drilling
from Zone IV could be considered to explore for hydrocarbons. The
exploration for and possible removal of hydrocarbons could be
accomplished without penetrating the repository. However, the panel
believes that DOE should have the authority to review and approve each
proposed drilling and recovery project in Zone 1V in order to assure
procedures consistent with repository integrity.

Potash
The Carlsbad region has been the principal source of potash in the
United States for many years. The established mines are located to the

north and west of the WIPP site. These potash zones are also known to

89
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TABLE D-1 Significance of the Resources and Reserves at the WIPP
- Reference Site

A . Re:eren:e Unitea
Sa2isit Sits Regicn States Werld
RESOURLZSE

Svivite

wwantity, millice tone K30 18,42 300 1,305 106,302

Fercertzze at referenze site Z.1 1.0 0.5708
Langhainize ‘

Quanzity, =iilion tons K30 16,18 No estimate availazle

Cruge J1i1

Quantity, millign hHarrles 37.5G 1,815 200,002 Not
Pgrcantage at reference site 2.0 0.019 Avgilahle
Natural Gas

Quantity, billion cubic' feet 430 25,013 885,000 Not
Percentage at reference site 2.0 0.057 Availaple
Jistillate

Quantity, millicn biarrels 5.72 292 Not Avaflable
Percantage at referance site 2.0
RESERVES®

Sylvite®

Quantity, miilion tams K20 2.66 106 08 11,208
Percentage at referenca site 3.4 1.8 0.033
Lancteinite

Quirtity, miflion tons K20 4.41 g2 32¢ Not
Perzentaga at referente site n.s 11.6 Availaple
Crude 01

Quantity, millicm Barrsls LAR 471.7 28,888 646,002
Percentage at refersnca gits 0 0

Natura' Ga2s

Je2ntity, Dillica cubic fee: 35,25 2,853 262,850 2,829,502
Percentice 2t refgrenze Site G.:zE J.373 J.octd
Digeil 2se
Quartity, millign Sarrels 0.3 183.1 23,309 Net
Pmrzentags at reference site €.32 G.000s Aveilante
3 232ta Sources: Hydracarbons, Foster (1972) for the ¢ite and regior; potash salss,

: Jorn et al, (1473) for the site and region; Brodst ang Pratt (1973, for 4.3, o1l ang gas
" and the world resources of sylvite,
= - tData Sources: Mydroccarbcns, Keesey (187E) for 4he site; imerican Petreleun

e Instityce (1978) for the region, the Uniteg States, anc the world; ogptash s2lts,
V.S, Bursau of Mines (USEM, 18773,

CThe U.S. 3ureau of Mines (LS54, 1577) aoes not consicder any sylvfie to ze
commercial today. ‘However, one bed {mining unit A«1) of sylvite was =srginal and nas
hesn acdeq tp the regerve liss,

Bhcy an officisl estimate by the U.5. Geological Survey; see Sactien 3.1.4,

SQUACI: V.5, Desartment of Emergy (1979).
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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
ote horizons at the WIPP site are from 457 m (1,500 £ft) to 549 m (1,800
£t} below the surface and, in general, are insufficient in either grade
or thickness to make the mining econcmically attractive at the present
time. The mineral langbeinite (K Mg3{S04)3] may have some

econonjic value as it has a special application in fertilizer for the
types of plants that are sensitive to chloride icns. Within the new
linits of Zone III, the reserves of langbeinite are estimated to be
about 12 million metric tons {13.3 million tons), and sylvite i3 not
present. The areal extents of sylvite and langbeinite ore in the new
and revised Control Zones are shown in Figure D=1,

Questions regarding the classification of these potash deposits as
rezerves or regsoutces 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 (7,000 £ft) to 3,440 m (8,000 £t)
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 depresas the value of the potash deposits in the Carlsbad
region. The extraction of potash in Zone IV is not presently econcaic.

CONSEQUENCES OF NATURAL RESOURCE
EXTRACTION ON CONTROL ZONE IV

Consideration of the possibility of permitting mineral exploration and
extraction on Control Zone IV has been justified as a balancing of the
fact that "the primary concern of the DOE is protecting the public
health and safety® against the recognition that, in addition to such
concern, "the state of New Mexico . . . does rely upon the royalties
generated from resource recovery as a significant source of revenue®
(Brausch et al. 1982). Zones III and 1V each provide a l-mile buffer
around the repository excavations under 2Zone II. 2Zone II is defined as
the “"area of approximately 1,800 acres which overlies the area of
maximum potential underground development.” The depth of the repository
has been set at a depth of approximately 655 m (2,150 £t). The
resoucces of concern are principally the potash salts which are located
6l m (200 £t) to 122 m (400 ft) above the repository depth, and
potential hydrocarbon resources which are well below the repository
depth. The other resources, such as salt, gypsum, and caliche, were
considecred 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. '
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Subsidence

The effects that may be anticipated on the extraction of resocurces 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 unigue 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 m (l.25 £t). In addition, because there are 610 m (2,000 £t) of
overburden, the bulking factor would be sufficient to make this
subsidence cover 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
unconsclidated sand as a model, the angle of draw would be 45°C,

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 perimecter. If the horizon from which resources are to be
mined is 61 m (200 £t) above the repository horizon, the limit of the
zone of influence of the repository would be 61 m (200 £t) beyond the
excavated edge of the repository. The angle of draw for salt is guoted
at various values. The study report states that for New Mexico potash
mines, the angle of draw is typically considered to be 45°C,

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 Operaticns

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 boreholes is
between 1.5 (5 ft) and 3 m (10 ft), and the depth of the potash zone is
some 61 m (200 f£t) to 122 m (400 ft) above the repository, there is
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little chance of any detectable influence from the repository
particularly if the mining and prospecting are not permitted in Zone
III, which extends one mile beyond the repository limit.

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 occasicnal incidence seems to come from pockets of limited
velume. Several approaches have been made to evaluate the limiting
distance of influence from the repository toward the nearest possible
mine. It should be pointed ocut that this distance is hetween the
outermost repository excavations at 655 m (2,150 £t) and the nearest
potash excavation at the potash zone level, e.g. 61 m (200 £t) to 122 m
(400 £t) above the repository entry. Using the empirical 45° angle of
draw and a difference in depth of 61l m (200 £t), 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 £t} 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 £t). They conclude that a
potash zone 610 m (2,000 £¢) deep and a repository 655 m (2,150 £t) deep
would show no interaction if separated by 213 m (700 f£t) 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 II and Zone III, and
the influence of a potash mine at a depth of 610 m (2,000 £t) in Zone IV
could extend inward 610 m (2,000 £t) from the Zone I1I-Zone 1V
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 conductivity.®

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
reservoirs 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),
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Solution Mining

The technigue of solution mining has generally been excdluded as a mining
method to be considered. The technique has, however, been suggested as
a means of making storage cavities for hydreocarbons. While this mining
system requires water to dissoclve the salt, the stresses and water
convection problems do not differ from standard mining when the shape
and size of the cavities are taken under consideration. It is possible
that Zone IV could be considered for storage sites. It is gquite
obvious, however, that there is no apparent reason to locate a storage
cavern in any of these Zones as any location with 244 m (800 ft) of
overburden and & minimum of 9 m (30 ft) 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 within Zone IV, there is no obvious advantage in doing so.
Sclution cavities should be restricted from Zone II and III.
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APPENDIX E

BRECCIA PIPES

Of the various karst landforms and deposits ohserved in the Delaware
Basin, only three have been shown to be breccia pipes, despite the many
miles of geophysical surveys (Figure E-1), the drilling of 71 shallow -
and deep exploration holes in the vicinity of the WIPP site, examination
of 300 0il and gas well records adjacent toc the WIPP site, the detailed
mapping of subsurface and surficial deposits, and the extensive nmining
of McNutt potash on three sides of the WIPP site. By 1976, 142 km?

{55 sq miles) of potash mines were developed in the region above
backreef, reef, and forereef deposits in the Delaware Basin. Despite
these extensive excavations, only cne breccia pipe was encountered, Hill
C {(Figure E-2), Another possible pipe other than Hills A and C was
reported to have been penetrated by one of more than 300 potash
exploration holes drilled in the region. WNo 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 groundwatsr at some time in the
history of the pipe, an aquifer or aquifers with sufficient hydraulic
conductivitiea and poromities to allow groundwater to transport salt
from the aquifer, sufficient gradients to induce groundwater flow, and
an outlet or gink for both the water and dissolved salt. The bounding
calculations of Wood et al. (1982) for necessary rates of groundwater
circulation and salt dissclution 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
{1582) geochemical 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 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
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sink, San Simon sink, and possibly other telated karst featyres cobserved
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 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 mechanisa
that could affect a repositary.

Drili-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 permeability 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 Delawaze Basin. The average hydraulic
gradient, using potentiometric data corrected for fluid density, is
about 00,0025 m/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 mJ/y: per meter.,

Groundwater quality analyses of samples taken from the Bell Canyon
Formation reveal that chloride concentrations range from 1 to 190
kg/m3, and that total dissolved solids typically exceed 20 kg/n3 for
much of Bell Canyon groundwater (Hiss 1975), Hiss' 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 (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
approximazely 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 m/m. 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 nuclides 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:

© molecular diffusion along grain boundaries and through fractures
in the intervening anhydrite layer; and
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© seluyte-driven convection, either through a single wide fracture
ot through a permeable potous zone or fracture network betwsen 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 tranafer to the Bell
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
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 1016 n2,
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
Bell Canyon Aquifer water transport rate is inadequate to transport the
necessary amounts of salt implied by Anderson’s original brine-density
mod&l.

Two implausible worst case scenarics 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
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:

¢ Cbserved site features which provide evidence for deap—seated
disgolutioning are located 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-gsesated dissolutioning appears more plausible.

© The residence time 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 digcharge at
the east section of the Capitan Reef.

o The potential dissolution mechanisms include diffusion and
convection from halite zones to the agquifers. 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
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Formation. However, convection may be considerably more significant at
locations adjacent to the Capitan Reef Aquifer.

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

© Based on an analysis of potential changes in the hydrolegic
characteristics (i.e. hydtaulic 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 dissclution nmechanisms 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 disgolution due to
diffusion and convection (brine density flow; Anderson and Kirkland
1980) , and the significance of the paramaters which 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 rates of groundwater flow can occur and vater is
undersaturated with respect to NaCl, Howaver, geochemical data suggest
that convective dissolution by the Bell Canyon Aquifer is not very
significant and results in dissolutioning at the rate no greater than
asgociated with the diffusive dissolution mechanism. FPFurthermore, the
very low flow rate of the Bell Canyon Aquifer and the associated salt
transport rate indicate that significant convective dissoluticn of
halite in the overlying Castile Formation would be precluded due to the
inability of the aguifer to maintain the density gradient for any
significant period of time (Wood et al, 1982).

The deep dissolution analysis by Wood et al. (1982) has adequately
set bounds on the rates and unimpoctance of sub—-Castile dissclution
process. ‘

Several gquestions remain unanswered: Where are conditions favorable
for possible future breccia pipe formation? Are San Simon 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 aite? How might specific
high risk sites for future pipe development be identified?

It is important to be sure that the reef facies margin immediately
nocthwest, north, and nocrtheast of the WIPP site ls 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 reef occurrences were noted in
test holes, and a number of industry deep well logs, borehole
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jeophysical cata, and sei::1¢ refraction data were used in test holes
AEC~7 and AEC~b to snow that the southern edge of the reef is at least
seven miles away from the northern edge of the WIEFP site,

Jucging from tne importance that 2ones of fracture concertration
have on the location of Carlsbad and other caves in the Guadalupe
Mouncains (Parizek 13879), similar structures also most likely
contributea to tne formation of caves and cenduits within buried reef
rock. Fracture trace anad lineament related structures that intersecz.
reef rock are major cancidate sites for possible present and future
sinxhole and breccia pipe aevelopment.
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APPENDIX F

SALT DISSOLUTION

Containment of radicactive 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 dissclution can progress from the top of the salt section, from
bélow, 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 dissclution can be rapid. Few outcrops
of soluble salt beds are ever observed in humid regions or even in
moderately arid regions because the shallow, unprotected salt has long
gince 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-aged salts of the
Delaware Basin of New Mexico and west Texas are good examples, for they
have persisted for more than 200 milliocn years despite active
dissoluticn at some points.

Reliable estimates of the total amount of Salado and Castile
evaporites removed to date by dissolution are difficult to make because
of (a) original heterogeneities of deposition, (b} ambiguous
identificaticon of members or marker beds, (¢) partial removal of halite
by dissolution or early subaerial erosion, and (d) perturbation of
original bedding thicknesses by localized deformation (Lambert 1982).

Episodes of uplift accompanied by erosion and dissclution of
evaporite beds are described by Powers, et al. (1978):

Periods of terrestrial deposition alternated with
erosiocnal episodes, 8o 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
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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 adain 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
Pleigtocene time, prior to which deposition of the
(Kansan?) Gatuna formation took place. Subsegquent to
deposition of the Gatuna, there probably were pluvial
intervals corresponding to the Illincisian and Wisconsin
glaciations during which accelerated ercsion in these
wetter times occurred in the area of the WIPP sgite.

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 unlcading. 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
digssolution® 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 been initiated at comparable depths
beneath the surface as soon as early-Triassic time. Episcodes of active
dissolution most likely occurred during the Jurassic and
late=Cretacecus-to-mid-Tertiary erosional intervals, as well as during
the several pluvial periods corresponding to Pleistocene glacial
stages.

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, moze localized dissolution processes may give rise
to breccia pipes, such as Hills A and C (Pigure E-2, Appendix E), and
sinkholes, such as San Simon Sink, Kermit (Wink) Sink, and other
large-scale, deep-seated karst features. 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 San Simon and Rermit 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 they pertain to the long-term geological
stability of WIPP.

The present rate of salt dissclution 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
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FPormation at the Castile-Delaware Mountain Group contact (Wood et al.
1382) . Many lines of convergent evidence were reviewed by Wood et al.
(1982) and Lambert (1982} to help bound rates of salt dissolution.

Local and basin-wide stratigraphic and structural observations were
considered in these analyses, as well as mineralogical and textural
telationships observed in caves and cores. Lambert (1982) presented
additional data cobtained from chemical and isctopic analyses of rocks
and solutions regarding equilibrium relationships of brines and other
1roundwaters obtained from various sources in the Delaware Basin. These
iines of evidence provide support for estimates of dissolution rate that
previously were based largely on stratigraphic and geomorphic evidence.
Additional evidence regarding dissolution rate is currently being sought
from incongruent phase relations (Lambert 1982).

Erosion by solution and £ill is a mechanism originally proposed by
Lee (1925) for shallow dissolution of gypsum terrain, characterized by
incision of dendritic drainage patterns and development ¢f undergtound
drainage channels that collapse as soluble materials are dissolved.
Bachman (1980) thinks 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 and product.

Bachman (1980), Christiansen (1371), Jagnow {1979), and others
describe a shallow process of phreatic dissolution of soluble rocks
within open conduits which 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 fractute
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 to localize
numerous sink holes and collapse structures.

A different crigin for some karst deposits and landforms is proposed
by Andarson (1978). He suggests that many of these features were
created by deep-seated solution activity, which he thinks is an angoing
process within the Dalaware Basin., He believes 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 marging of the
Capitan Reef. In support of his hypothesis of deep~seated dissolution,
Anderson cites the presence of many sinks, domes, and breccia pipes in
various parts of the Delaware Basin, and the thinning of halite layers
I, II and III deposits in the Castile Formation near the western margin
of the basin.

A2 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 hase of the evaporite section to
undersaturated solutions that begin to dissolve salt. As salt
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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. As the aquifer providing the
undersaturated solution, Anderson and Kirkland suggested the Bell Canyon
Formation, which 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 1982; Wood et al. 1982). PFive lines of evidence are presented
by Lambert (1981) 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;

@ 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 sast as
evaporites appear in the overlying section (Hiss 197%5):

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 (Metcer and Orr 1979).

Anderson (1982a) now agrees that the Bell Canyon is an unlikely source
of solutions for the brine-density mechanism, and suggests 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 "stratabound" dissolution, involves the lateral movement of
water along a permeable bed, adjacent to which soluble rock dissolves.
More rock dissclves as new void space is created. Such dissolution in
this and other anhydrite beds, according to Anderson (198lb), has
removed nearly 50 percent of the halite in the Delaware Basin by a
process that he thinks iz still active and still proceeding eastward at
significant rates, More 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 aquifer for
significant salt removal and breccia pipe formation as proposed in his
earlier papers.

Bachman (1980) and Lambert (1982) agree that stratabound dissolution
occurs, but think that it operates only near to points of recharge where
waters are maore likely to be undersaturated with salts and where
groundwater sinks are available for salt and water removal. They do 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 no foresesable mechanism exists for introducing
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
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rates in tne Bell Canyon show that nearly 300,000 years may be reguired
for its waters to move from beneath the WIPP site to the Capitan
Limestone Aquifer, assuring that it is hydraulically interconnected to
tne 3elil Canyon Aguifer.

Tne Capitan Limestone is an important aquifer, with extensive
solution porosity where exposed west of the WIPP site as well as where
burieag 1in the northern and eastern margin of the Delaware Basin. Hiss
(1875) reports high porosity zones within buried reef rock as shown by
five occurrences of bit drops during drilling of 3.6 to l&8m (12 to 60
ft). Hiss' moael for regional groundwater flow within the Capitan
Limestone and adjacent strata has been modified by Lambert (1982) to be
consistent with current isotopic data. Lambert concludes:

o virtually no involvement of the Bell Canyon exists in either
grounawater 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

© the Bell Canyon Formation is not being activelvy and continucusly
rechargea by any known meteoric or groundwater source in the Dslaware
Basin as revealed by isotopic data (Lambert 1978).

All current lines of evidence have led Lambert {(1982) to conclude
that water movement in the Bell Canvon, Castile and Salado Formations in
the north central Delaware Basin is either imperceptibly slow or
non-existent and that stratabound dissolution in unspecified beds, most
likely anhyarite layers, is the most plausible model for efficient
removal of evaperites at depth. What to do with the saturated brine of
aissolution origin remains a major problem with the stratabound 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 se
removeg.

Dissclution progcesses described by the Lambert model are not likely
to aisrupt surface support facilities during operation of the facility,
but in time, could increase the permeability of the Magenta and Culebra
Dolomite Members within the Rustler Formation as salt is slowly
dissolveo from the Rustler and the top ¢of the Salado. This could
influence the permeability of the Rustler Formation near the upper
partions of shafts and oporehole seals following backfilling of the
repository. Permeability increases within any of the Rustlet units
will: (a} increase groundwater flow rates, (b) accelerate rates of zalt
aissolution by a feedback loop mechanism, and (c) reduce the thickness
of the protective salt layer above the proposed repository. None of
these changes, however, are likely to be significant under present
climatic conditions or before TRU wastes decay to acceptable levels.

The formation of a breccia pipe under a repasitory according to
Anderson and Kirkland's (1980) model might have caused serious
disruption. The work of Wood et al. (1982), 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 cuter edge of Zone IV (s at least 7 miles south of the mapped
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southern extension of the reef; hence, there is no chance for a future
Capitan Reef breccia pipe to disrupt the repository.

Anderson's {1982a) hypothes:. for intraformational removal of salt
well within the basin is difficult to test. He concludes that fractured
anhydrite beds observed within the Castile Formation are regionally
interconnected, and that they serve as aquifers containing actively
cireculating water that may be gquite young and is capable of dissolving
significant amounts of salt. Lambert's (1982) stratabound 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 from
gources other than from existing groundwater recharge areas. Many oil
and gas industry wells in the basin have been geophysically logged.
These do not show brine saturation within the Castile anhydrite beds nor
did they penetrate brine reservoirs. These observations weaken the
argument that most oil and gas wells just missed open fractures inferred
to be present and widely distributed.

Shut-in pressures measured for brine reservoirs alsc are high enough
to induce artesian flows. If fractured anhydrite reservoirs served as
regionally interconnected aquifers within the Delaware Basin, these
preasures could not be sustained for prolonged periods of time. This
also indicates that overlying salt beds are poorly permeabls.

Powers et al. (1978), Register {198l), and others regard the Castile
Formation as an aquiciude that isolates poorly permeable Delaware
Mountain Group aquifers from overlying Rustler Aquifers and the Salado
Formation. Wastes are to be contained in salt beds of the lower Salado
Formation, which is located between these aquifers (Figure 1-2), The
porosity of Saladc halite and the underlying Castile Formation is very
low and interconnected pores are virtually non-existent (Register
198}1).

Although open fractures are precluded in individual salt beds by the
viscoelastice-vigcoplastic behavior of salt, small openings containing
both brine and gas can exist between grains of halite, and small pockets
of brine may be encountered., Fluid inclusions also are present on a
much smaller scale. Leas common are the larger cavities and pockets
containing halite-saturated brine and associated gas which have been
encountered in Castile anhydrites. These pressurizad brine reservoirs
are under enough pressure to displace drilling fluids and brine to
surface when encountered during drilling. The quality of record
describing these occurrences is variable, especially with respect to
brine flow rates and initial downhole pressures (Register 1981). All of
the largetr occurrences of brine appear to be confined to the Castile
Formation, although smaller brine pockets have been encounteted in the
Salado Formation. Griswold (1980) indicates that no written records are
available that describe these Salado encounters; however, from accounts
given by miners who have worked the McNutt potash, the pockets have been
reported as small and not highly pressurized. Estimated brine volumes
in three mines are 720 m3 (190,000 gal) (PCA mine, 17 miles from the
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WIPP site); 9.5 m3 (2,500 gal) (Puval Nash Draw Mine, S miles from the
WIPP site); and 57 m3 (15,000 gal) (Rerr-McGee Mine, 10 miles from the
WIPP site}, according to the Safety Analysis Report (SAR) (U.S.
Department of Energy 1980-1982). When encountered, the 5aladoe pockets
are allowed to bleed into the mine until depleted before mining is
resumed. Routinely, shallow boreholes are drilled into roof strata in
potash mines to explore for and bleed off such fluids under controlled
conditions. This same practice will be followed during repository
development following initial more elaborate development of test holes
drilled in advance of the working face during early stages of repository
development. All such fluids are to be removed from the repository
{U.S. Department of Energy 1980-1982).

Register (1981) summarizes pressurized brine pocket occurrences in
the Castile Formation in the vicinity of the WIPP site (Figure F-1,
Table F-1l). These pockets, usually associated with hydrogen sulfide
gas, have been encountered mainly in the Castile Formation (exploratory
holes ERDA-6, AEC-7 and WIPP-12) by various oil and gas drilling
cowpanies and Sandia National Laboratories. Register reports that of §2
deep boreholes drilled into the Castile Formation, ten (16 percent)
penetrated pressurized brine regervoirs. All brine emcounters, except
AEC-7 that flowed only one or two liters of brine and hence should be
excluded from the list, flowed to the surface with initial rates
estimated between 600 and 200,000 barrels per day and initial downhole
pressures of from 1,630 to 2,222 psi. Snyder (1982) shows that in each
cage where stratigraphic data are available, Castile brines issued from
the Anhydrite III member, or the uppermost anhydrite in those wells
where all anhydrite members are not present. Nine of these ten
occurrences were associated with the deformation front abutting the
Capitan Reef., Eight of the nine were associated with known anticlinal
structures in the Castile Formation. The other occurrence (Belco -
Federal) is located about three miles southwest of the WIPP site and is
closely associated with an anticline. A much smaller probability of
penetrating a pressurized brine reservoir within the Castile Formation
is noted if one draws a circle about the WIPP site, with a radjius large
enough to circumscribe up to 350 deep o0il and gas wells and cutermost
brine reservoirs. In this case, only a2 3 percent chance of occurrence
is noted (W. D. Weart, Sandia National Laboratories, persconal
communication to the WIPP Panel 1982),

The deepening of the WIPP-12 borehole to the basal Castile member
(Anhydrite I) resulted in the interception of a brine reservolr at a
depth of 919 m (3,015 f£t) within fractures in Anhydrite III. The
shut-in pressure recorded at the well prior to substantial brine
removal, was 0,014 N/m? (208 psi). On April 15, 1982, the shut~in
pressure after brine removal was 0.012 N/m2 (168 psi) and still
rising. For this reason, no final estimate was made on the WIPP-12
reservoir volume by Black et al. (1982). R. S. Popielak, D'Appolonia
Consulting Engineers, Inc. (personal communication to WIPP Panel 1982),
indicated that the well-head pressure appeared to have stabilized at
about 0.012 N/m2 (170 psi) by May 17, 1982. Preliminary analysis of
the WIPP-12 reservoir volume suggests it may have a capacity on the
order of 5 x 105 m3 (3 x 107 bbl), but the well may still be
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"TABLE F-1

Brine Focket Data

113

WELL DESIGMATION LOCATION YEAR
(Ground Elev,, ft} (Sec. T.R.} DRILLED
ERDA-§ 38 215 31E 1975
{3,540}
AEC~7 31 215 32 1979
{3,662)
Belco 1 235 30 1974
{3,298)
Culbertson-} 26 225 12E 1945
(3,727)
Gulf 25 225 32¢ 1975
(3,761)
Mascho-1 20 225 33 1937
{3,621)
Mascho-2 - 20 228 33E 1938
{3,618)
Pogo 26 215 31E 1979
{3,533}
Shell 36 225 12¢ 1954
{3,775)
Tidewater 36 225 32¢ 1962
{3,755}

BRINE RESERVOIR INITTAL

DEPTH (ft) PRESSURE {psi) FLOW (bb1/dav)
2710 1900(2) 860

Unk nown Na Flow No Flow
2802 2075(3) 12,000

3515 1860(2) 3,000(4)

3500 2010(3) 5,000(4)
3320 1760(2) 8,000
3240 No F1 Na Flow
3298 1750?'2'1 3000
1322 2260(3) 1440(5)
3671 1950(2) 20,000
3730 2330(2) Not Available

Data from ai) drilling histories filed with the USGS.
Minimm pressure to displace saturated brine or drilling mud from the well,

Total voluse of brine flow to surface,

(1}

(2)

gl} Pressure measured at the well head with @ full column of mud.

4

{5) Flow during circulation of 14.8 pounds per gallon drilling mud.

SCURCE: Register (19€l).

I
I
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building up pressure; hence, this estimate is regarded as only
approximate. Assuming that its storage space is 5 x 165 p3 (3 x

107 bb1), and using other assumptions that have not been verified, one
can estimate a value of 1 km for the approximate radius of this brine
reservoir. The WIPP-12 borehole is located on an anticline where the
brine occurs 275 m (900 ft) to 290 m (950 ft vertically below and a
minimum horizontal distance of 170 m (558 ft) from the proposed waste
storage facility. Given the apparent size of this brine reservoir, it
is reasonable to assume that a portion of it may underlie a facility
oriented northward from the shaft,

What are the potential consequences, if any, ©of such a brine
reservoir to the WIPP facility? This depends upon (l) the chances for
brine communication between such reservoirs and the repository during
its development; (2) chances for communication following c¢losure and
accidental man-made penetraticons; and (3) the potential for
concentrated, significant, and rapid salt dissolution immediately above
such pressurized brine reservoirs that may help expose wastes to a
regional groundwater flow system. The only plausible mechanisms for
communication between this WIPP-12 Castile brine reservoir and the
operating facility would be through (a) the encounter or development of
extenaive vertical fractures within salt and "anhydrite located between
the brine reservoir and repository: (b) the existence of unknown,
urplugged, or inadequately plugged boreholes; or (c) the development of
new fractures by whatever mechanisa during repository development.
Penetration by drilling would pose the greatest risk following closure
and is the only mechanism that appears mechanically possible for
breaching deep brine reservoirs in the near geclogical future.

The viscoelastic-viscoplastic behavior of salt under confining
prsssures present at repository and greater depths, precludes the
presence of open, water-bearing fractures in rock salt. Thete is no
known mechanism that would allow for the development and persistence of
rock fractures in the salt beds that could serve to channel brine
betwean the WIPP-12 reservoir and a working repository. The very
presence of high pressure brine and gas reservoirs supports strongly the
lack of, or extremely limited nature of, vertical or horizontal
connectedness.

Estimates of initial downhole pressures for various flowing brine
wells range from 1,630 to 2,322 psi. These pressures are insufficient
to hydrofracture the nearly 265 m (870 feet) of salt and anhydrite that
separate the WIPP-12 brine reservoir from the proposed repository at
this depth. This is also true when the repository is under atmospher;c
conditions during development. For these reasons, WIPP-12 brines should
remain confined, even if the repository were to lie directly above the
brine reservoir.

No oil and gas wells that penetrate the svaporite Sequence are known
to exist within Zone III at the WIPP site. The chances of one or more
unplugged wells venting these brines into the repository during
development are minimal because major test well sites and access roads
are hard to obscure in the desert environment. Scars from these
activities persist for years and are easy to detect. Further, if
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unplugged wells did exist, there should be ample evidence of brine
discharges, such as vegetation kills, salt pans, and erosion gullies.

Finally, chamces for strata-bound dissolution of salt above the
WIPP-12 brine reservoir in Anhydrite III, as suggested by Anderson
(198la), and the breaching of the repository from below are very
remote. Castile brine pockets have the highest hydrostatic heads of any
groundwaters measured in the region. Por this reason, Black et al.
(1982) concluded that these pockets cannot receive recharge from other
nearby sources, The erratic differences between hydrostatic heads
observed within individual brine pockets and their geographic and
stratigraphic separation suggest no communication between individual
brine pockets, Flow data from the ERDA-6 bcr-ehole indicate a finite
teservoir. The apparent permanent pressure drop within this brine
pocket, associated with a measured amount of discharge, indicates to
Black et al. {1982) and others a completely bounded and isolated
reservoir that receives no detectable recharge., Further, the lack of a
pressure response there during flow testing at the WIPP-12 borehole only
four miles away, also indicates that these are isolated brine pockets,
despite their large sizes, Erratic head variations noted for Castile
brine reservoirs, the unique geochemistry and isotopic content of their
fluids, their limited volume estimated from flow test data, and the lack
of pressure responses in adjacent wells during flow tests all suggest
that brine pockets are not regicnally interconnected {Black et al.
1982) . These authors alsc note “hat brine reserveirs are found only in
anticlinal structures, the vast majority of which are closely associated
with the Capitan Reef disturbed zone. In all probability these pockets
are isolated, and diagenetically-pressurized from lithostatic loads,

. biogenetic gas generation, and/or reaction of gypsum to anhydrite pius
water.

The evidence cited indicates that the chance of significant
strata-bound deep dissclution of the Castile and Salado Formations bvy
pressurized brine reservoirs from above or below is small, and that the
likelihood of pressurized brines communicating with the repository
during its development is minimal.

A more plausible mechanism for nuclide release would be penetration
of both the repository and a pressurized brine reservoir by drillholes
following closure. This could lead to release of pressurized brine
along a drill hole into the repository, and then to the land surface or
intoc one or more Rustler Aquifers.

The consequences of this scenario (Scenario 1I) were considered by
Woolfolk (1982), and were reviewed by the panel. It was assumed that
200 years elapsed before drilling, brine had entered a single room
containing backfilled water as a result of the drilling of one weil,
pressurized brine flowed into the room, and up to 342 cubic feet of
contaminated brine wag released to the surface. The conclusion was that
no significant impact to public health and safety would result (G. L.
Hohmann, Westinghouse Electric Corporation, personal communication to
the WIPP panel 1982). '

It is entirely reasonable that at least some porosity and
permeability will persist within backfill and between waste containers
for 200 years following closure and that these pore spaces will become
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saturated in time. The presence of confined water during the salt creep
£illing of residual pore space should preclude the complete loss of
permeability in backfill materials before 200 years; hence the
backfilled repository environment is expected to remain more permeable
than the original salt for some years to come. Under lithostatic
loading, brine-filled pore spaces should tend to close, thereby reducing
permeability, but processes of pressure solution should tend to maintain
porosity. The rate at which repository induced porosity and
permeability will be reduced following backfilling in the presence or
absence of brine cannot be reliably predicted, as selection of backfill
materials and methods of emplacement are still under consideration.
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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. 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
Radiocactive Waste Management under the Commission on Natural Resources
{now the Board on Radicactive 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 Isclation 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 1980), the Safety Analysis

"Report (U.S. Department of Energy 1980-1983).
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The panel's final report evaluates work through December 31, 1983,
and 15 based on analysis of the contents of documents issued to that
date, technical briefings, discussions with representatives o¢f DOE and s
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 pockets 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 geclogic criteria for site selection.
Thus, the important issues about the geclogy at the site have been
resoclved, 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 (DOE) 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 t¢ 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 ta 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,
conventional safety considerations (e.g., 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 f(e.g,, elimination of
the incineration of some of the waste at the Process Experimental Pilot
Plant (PREPP) facility and removal of the requirement for the use of
steel-case cverpack 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: 3S5ite 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 (p. 1l).

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. 1l).

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
1t should not present a significant risk to the repository tpp. 11, 13).

¢  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 hydroleogic 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] Evidencte 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 »>reccia 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}.

0 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

T
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affect the operating facility, and the existence aof 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).

Tol The opportunity to carry out Ra&D 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 bieological activity (p. 36}.

0 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. 37).

o From the viewpoint of the WIPP facility, the guality 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 he
certified in the original packages (pp. 40-41).

o} No procedure has been established for dealing with uncertifiablée
remotely handled waste (p. 41).

Chapter 5: Design and Construcction 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).

0 Recently, the repository design has changed from four to three
shafts. Although the three-shaft design appears to be functionally

xiii



adequate, it does not possess the flexibility and redundancy of the
four-shaft design (p. 49).

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 f£or 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 6-5,
lack experimental verification. Nevertheless, the scenarios appear to
set outside limits to what would be credible releases. Though only a
conseguence 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
Chapter 2: Site Selection and Characterization

o Each propesal 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.5. 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, II, and III, 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: 1In-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 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,
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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 R&D 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). AR

Q Procedures for handling defense high-level waste in the RR—
experimental R&D 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. 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 gquantities are significant for the
evaluation of biological and chemical deqradation processes {p. 36).

0 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 bioclogical 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
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criteria should be written early enougdh 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

0 Results from the S5ite and Preliminary Design Validation ($PDV)
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 heorizon (p. 48). _

o The Final Environmental Impact Statement (U.S. Depaftment 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 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 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 (i.e., if recommendations of ICRP-26 and ICRP-30 were
used, rather than those of ICRP-2) (pp. 58-59).
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CHAPTER ONE

INTRODUCTION AND BACKGROUND

The history of the Waste Isolaticon 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 radiocactive 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 vear,
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 Eneragy
Commission (AEC) and the Sandia National Laboratories were then
requested by AEC headguarters to become involved in the program to
locate a site for a radioactive waste disposal pilot plant for
defense-related transuranic (TRU) waste, with some provisions for
experimentation with defense high-level waste. When drilling began in
1975 at a site in the Los Medanos region recommended by Sandia,
irregular subsurface geclogical 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 geoclogical investigations
were resumed at the newly proposed site, and the project was given its
present name: Waste Isoclation 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-engineer, and a new land-withdrawal notice was placed in the
Federal Register in December 1976. 1In April 1977 a preliminary version
of the Draft Environmental Impact Statement was distributed by the
U.S. Department of Enerqy (DOE) for comment, and it was announced that
WIPP would be a licensed facility. 1In 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 Requlatory 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

1
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high~level waste and possibly ultimate disposSal of commercial spent fuel
at the WIPPF site. ObJections were raised by the Committee on Armed
Services 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 informaticn available as of August 1978 and
judged to be relevant to WIPP studies, was published in December 1978.

In March 1979 an Interagency Review Group (IRG} appointed by
President Carter reported on its review of the progress of the U.5.
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 (U.S. Department of Energy
1979}, including consideration of the possibility of disposal of limited
guantities 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
radicactive 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
1980-1983), 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,
aor FEIS (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 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. MNow, 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
guantity of high-level defense waste. HNo permanent dispeosal 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 29C, 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 Radicactive Materials Committee, composed of
elight 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 ana 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. For
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 commonly ci 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
reieased 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 aguifer where salt dissolution is occurrings;
ana (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 frcn the Capitan Reef to avoid
a zone of disturbed bedding known to paralle. the reef (the "deformation
front® on Figure 2-1]).

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
Lo 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 ocutside 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

6



15 Miles

20 Kilomaters

Hobhs

®
o
1915
10

[
© /
D] D

Aunog 1y
Kunoj App3

aa.»aa.cvu.-c\
- “vaa,
IS » >

;N » +t
- L
v s e T ]
a 5 MR
L -t
o, *
-
- » 1
' > M
v
.

Sen Simon Sink
_
b

New Mexico

T T Yo
Source: U.S. Department of Energy (1980).

YT W 2 :

o

Solution
*s - Deformation front
Capitan reef front

¢:  Known Potash District

FIGURE 2-1 Application of the site-selection criteria,




8

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 was
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 and 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
guantities 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 as
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")
dissclution 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 gquestions.

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
horizon, 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 techpiques of mineral expleoitation 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 rescurces 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; put 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
responsibility 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 gquiescence
at the site. A seismic network established near the site has recorded
nothing but minor tremors, most of them explicable by o0il field flooding
related to secondary recovery efforts along the Central Basin Platform
to the east (Figure 2-2)},

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 data and 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 ©f 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 reasocnable
hypothesis of origin, the time involved in forming the observed
structures is very long, at least many tens of thousands of vyears.
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. Althouqgh no karst features have been noted at the site itself,
the presence of such 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 toc work its way slowly eastward. Important guestions, 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
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Gatuna deposition, Bachman derives an average fate of vertical
dissolution of 10 ¢m 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
million 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 sgite
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 Mexico will 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. _ i

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 198la,b).
An early form of this hypothesis envisioned solutions in the Bell Canyon
Formation (of the Delaware Mountain Group below the evaporite beds) as
the active agents of dissclution and postulated that the soclutions not
only formed the collapse pipes, but also worked their way along the
Castile-Salado contact, dissclving the lower Salado salt (in which the
repasitory would be sited) as they moved. In other words, a combination
of the fifth and sixth uncertainties mentioned previously was
proposed--active formation of breccia pipes and widespread dissoclution
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 pipes has been attributed to a mechanism of "brine density
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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
1983c).

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 (Neill 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 reascnable 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 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 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 B 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
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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
dissclution; the anhydrite bhreccias ("dissclution breccias® formed as
residues of salt dissclution) in some of the cores from the western half
of the basin are c¢ited 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 the-basin, 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. The 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 dissclution 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 dissoclution 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
miilions 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 FC-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 assumptiocons
about permeability. The origin of the depression remains 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 abeve the Bell Canyon.

Thus, the question of the extent and timing of deep dissclution is
still unsettled. 1In one hypothesis, dissclution 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: (1) 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
ERDA-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 eith€r 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 a-process. He pointed
out also that fractured 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 £luids (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
reserveoir has no effect on nearby reservoirs, 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
distingulshing such breccias from similar fractured material produced by
salt movement.

L

Dissolution Limited Chiefly to the Quaternary

Some dissolution of salt undoubtedly has taken place at various times
since the Permian, but Anderson (198la,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 (D. 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
litcle 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 ciear evidence for salt removal from the lower Salado is
found no closer than 20 to 30 km south of the WIPP site itself, because
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evidence for major dissolution in the late Cenozoic rests on the
questionable Quaternary age of the entire thickness of sedimentary fill
in solutien 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 Capitan Reef. An especially
large brine pocket (estimated brine volume of 2.7 X 106 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 composition of
groundwater in aquifers above and below the salt beds.

e} Brine pockets can be emptied by allowing the brine to flow.

Q Salt beds are undeformed at the repository site.

o Even if the reservoir found 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 cobservations 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.

SUMMARY

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
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"disturbed zone.® If the hydrocarbon and potash resources at the site
prove to be economically 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 suppor
Anderson’s hypothesis of large-scale, recent strata—-bound dissoluticn
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.

s—

CONCLUSIONS

o] The presence of hydrocarbon and potash resources at the WIPP
site is not a seriously acverse feature, because it should be feasible
to recover much of the potash from the former Zone IV and the
hydrocarbons from under t!=2 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 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 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 functio.. as a source or transporting agent
for solutions that could form breccia pipes by density flow, nor could
they be responsible for extensive interstratal dissclution {(pp. 15~17).

Q The preponderance of evidence does not support the hypothesis
that large-scale interstratal dissclution might endanger a repository at
the WIPP site (pp. 16~18).

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
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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.

RECOMMENDAT IONS

o} Each propcsal 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.5. 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 1V, as well as 2ones I, I1I, and III, 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 R&D PROGRAM

The WIPP R&D program seeks answers to gquestions about repository
development and waste package interactions, as shown in Fiqure 3-]
{(Matalucci et al. 1982). 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 (¢f. 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 R&D
program (Figure 3-2) extending to the 1990s (Figure 3-3), to be carried
out 1n a special area (Figure 3~-4). 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 Enerqgy 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 plani ng and design to be subject to
revision in the light of future findings of the WIPP R&D program.
Therefore, the panel has directed its attention to the adequacy of the
R&D 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-sity testing in the SPDV
program. These shafts, which were sunk in accordance with a previous

recommendation by the panel (Appendix B), 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
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 Formaticn, survey
measurements at geometric grid points, and geolcgic mapping of lithology
and structure. Matalucci et al. (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 evaluatlon of creep in salt and of the
sSteady-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 systems for future measurements.

4] To evaluate the response of lithologic discontinuities such as
clay seams and layers of other material in addition to the salt.

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 alsc 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 II,
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 regquire extended observations have not as
yet been fully achieved. 5ince 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 the results of the S§PDV 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
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information could also be of great value in connection with other waste
disposal activities,

It is important that effective and timely comparisons be made
between theoretical predictions and actual measurements and observations
made unaerground 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
1s 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 gualitative and
gquantitative evaluation of the design of the storage area. 1t 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 1s 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 the stratigraphy within the
Salado. It was, therefore, necessary to confirm the major
characteristics of the site inferred from surface exploration by direct
opservation 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 geclogic medium for the
emplacement of high-level radiocactive 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 desidgn of future repositories.
Consequently, 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.

Plans have been formulated and reported by Likar (1979} and
Matalucci et al. {1982) for an R&D preogram that includes emplacement and
retrieval of contact-handled TRU waste, remotely handled TRU waste, and




29

defense high-level waste (DHLW); 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 3-3) 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 “"verifications" 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 progdress
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 preogram (cf. Figures 3-2 and 3-3)
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 and 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 construction 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 toc have separate radiation-monitoring facilities.
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The WIPP FEIS and SAR (through Amendment 6) recognize that accidents
associated with the experiments with DBLW constitute the largest rigk 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 reascnable 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
{KEPA) filters normally off-line, and cut in on detection of
radicactivity in the vent stream. However, special precautions, such as
putting the EHEPA 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 reguirements 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.g., the sidewall emplacement of remotely handled TRU waste)
or in the eguipment 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, rTobotics, 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 R&D 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~dimensiocnal 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 userfulness of the WIPP tests could
be improved by concentrating oh 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.
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CONCLUSIONS

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 isclation of TRU and high-level
defense waste in salt beds (pp. 22-30).

o The opportunity to carry out R&D on emplacement and retrieval of
a variety of waste forms, particularly high-level waste, in an
underground salt repository at depth, 1s 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. OQutside 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 R&D results
in the refereed literature would encourage such participation (p. 29).

o Separate radiation-monitering equipment should be installed for
the experimental rooms and the TRU waste emplacement areas {p. 29).

Q Procedures for handling defense high~level waste in the
experimental R&D 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 various 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 generation, complexation,
and possibly accelerated radicnuclid.- transport in the long term.

FIRE

Underground fires, as is well known from coal mining experience, are
particularly difficult to control. 1In 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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TABLE 4-1

Waste Acceptance Criteria '”T'Contact-ﬂandled and Remotely Handled TRU Wasrt

Criterion Contact-HandTed THU Wasle Remolely WandTed THU Waele
WASTE FORM
Combustibility No timit, must be packaged In stee) containers or overpacked in steel, Packages contalning over  Noncombustible contsiners

Gss generation

Tesmohiltization

fxplosives and
compredied gases

Pyrophorics

Toxic and carrosive
materials

Sludges and free
liquids

Slructuri

Handling
Weight
Dimensions

Surface-doie rate

Surface contamsinat fon

Criticality

Therma| power

Labeling

25 volume percent combustibles shall be color coded,

Gas generation by all mechanisms must not exceed 10 moles/ml of disposal-room volume per year
under repository conditions. In terms of waste composition, this criterion may be interpreted
to mean shat the averasge organic content of conucs-hmdled TRU waste may not enceed
14 Wb/ft) for waste in 55-gallon drums and 6 tb/fL- for waste in other containers,

Powders, ashes, etc., must be bound in glass, concrete, ceramic, or other appraved metrix if
over | percent by welght of fines Tess than 10,4, or 15 percent less than 20044,

Wone, 85 defined by 49 CFR V1Y, Subparts € and 6.

Smsl1 quantities {up to 1 percent of the waste by weight) of radionuclide-meta)l pyrophorics may
be accepted with other waste forms {f they are dispersed throughout the waste. Larger
quant ities must be processed to remove their hazerdous properties.

Touic materialy allowed only with specis! authorization and precautions; corrosive materialy
myst be neutralized or otherwise rendersd noncorrosive.

Sludges shall be packaged in such 2 way that internal corrosion protection 1s provided for the
waite containmer.
COMTAINER

Type A requirements, noncombustible, with 15-year desiqn 1ife after emplacement, to #llow
retrievabllifty. If visibly bulged or damaged, must be overpacked.

Devices to allow handiing by a fork1ift, etc.; no Interference with stackability,
Mo more than 25,000 b,
Mot larger than B by 12 by 8.5 ft.

Mot exceeding 200 wrem/h at any point. Containers with a surface-dose rate {n excess of

10 swem/h must be color coded.

Not more than 50 pC1/100 cw? for alphs, and 450 pCi/100 ca? for bets-gamms
emitters.

J0-q4) drum, 100 g fissile; 55-ge) drum, 200 q fissile; DOT 7 & package, 350 g fissile; other
bones less than 5 g Yn any cubic foot.
Container must pe calor coded if the thermal power sxceeds 0.1 ¥/ftd,

In addition to other requirements: a pickage fdenttfication number, and weight In kilograms.

No criterton; quantities sre
insignificant

Seme a3 for contact-handled TRU
waste

Same a3y for contact-handled TRU
waste

Seme 35 for contect-handled TRU
waste

Seme a5 for contact-handleg TRU

waste

Seme 33 for contact-handied TRU
waste

Same 4% for contact-handled TRU
waste

Axial 1ifting pintie only

Mo more than 7,000 1b.

24-1n dismeter, 10-ft length

Less than 100 rem/h

Same a5 for contact-handled TRU
wiste

Ho wore than 5 g/ft3, unless
spectfically authorized by
WIPP

No more than 300 watls per
package.

{deatification number only

SOURCE: After .5, Department of Energy (19811,

£t
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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 invelve 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.

GAS5 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 desjirable 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 egual 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 specjfjcations were
based was a rigid veid 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 referepnce 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 mol 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 mocle of hydrogen
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and 1 mole of carbon oxides. 1In 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 rate, 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 vears. 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 neqligible. 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 dgeneration 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 conclusion 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.
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literature survey {(Horowitz 1979) found no confirmed reports of growth
at numidity 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.
buring 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
(1873) 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 198l1) makes no menticn 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 becctes Elooded; 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 ¢f 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
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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 permeabjlity. 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 (Neill and Channell 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 absorpticn 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 (1976) 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 "breathing® of a drum during
temperature or altitude changes. Field reports of the occurrence of
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explosive mixtures (Ryan 1982} are to be ascribed to this, and to
contamination of samples by air.

The term "explosive mixture" gives an errconeous impression of the
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 1S very gentle.
After the reaction, the pressure in the drum will fall below ambient
because a small volume of ligquid 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 pro;ected TRY
waste, consideration should be given to relaxing the waste acceptance
criterion relating to gas generation, particularly if the humidity in
the repoéitory proves to be less than 60 percent. Nevertheless, the
emplacement density of organic materials should be limited to conform
with the criterion of self-extinquishment 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, Sorption by the clays and
dolomites of the aguifers has been experimentally shown to be very
strong for plutonium and its daughters, which leads to a significant
retardation of the transport of those pecies with respect to the
groundwater flow. Complexation of the actinides 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 the reduction of Kg,
the distribution coefficient, by complexation is reported in SAND
79-1305 (Sandia National Laboratories 1979), 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.




- 39

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 omission probably 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. Sorpticn 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
inadegquate 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 oppeortunity 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. 7

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 proijected 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
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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 Qffice, 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 ocut 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 Hational
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 intoc two greoups: (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 guestion 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 technigues to be
used are not adegqguately 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-isctope 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.
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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 15 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-leve]l 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

ls) 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 nct adequately taken into
account. It is possible that the humidity (wat: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 asS is feasible, standardized waste packages should be
adopted in a minimum number of sizes (p. 32).
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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 guantities are significant for the
evaluation of biclogical 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 bicological 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).

o3 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. 41l}.

(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
continucusly, 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
repository. 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 ($PDV) 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 exploratory and the ventilation shafts were sunk by
large~diameter drilling. This has not only proved the practicability of
construction, but has also provided 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.

43



44

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 o~

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 creep closure
of the excavations on retrievability, on the ultimate encapsulation of
the waste by the salt, and on the reconsolidation of the backfill.
Extensometel 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 resulrs, 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 the 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 tne ge.logic media as little as is practicable,
SO as to ensure long-term safety and effective isoclation of the waste.
Adequate conceptual design of an underground repository requires
recognition that the properties of a geolecgic 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 variations 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
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others and perhaps even to exclude some portions of the site from use
for the waste disposal.

For these reasons, and to limit the extent of any accidents that may
occur prioar to final sealing of the repository, such as the intersection
of a brine-filled vold 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 & bulkhead that can be closed quickly if necessary.
Ultimately, these accessways should be sealed permanently with a £ill
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 (Figqure 5-2) 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 m high by 91 m long, with their
long axes parallel to the main entries, and separated by salt pillars 30
m 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
discontinuities, 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 an 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 &t 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
residual 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
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to be greater than those resulting from scenarios of water flow between
two aguifers (Bingham and Barr 1979).

CHANGE FROM FOUR SHAFTS TO THREE SHAFTS

The original designs for a repository at WIPP (Bechtel National, Inc.
1879) were based on a system of four shafts comprising

waste—-nandling shaft,

construction exhaust and salt-handling shaft,
storage exhaust shaft, and

ventilation supply and service shaft.

o 00 O
[T VI T

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 repositeory.

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 ventilaticn 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 regquired
extensive revision. As of the end of 1983, six amendments had been
issued. The FEIS, issued in 1980, however, is badly out of date. While
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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 adeguately {p. 45).

o Details of devices for temporary and permanent closure of the
penetrations through the barriers have not been provided (p. 45).

ol Recently, the repository design has changed from four to three
shafts. Although the three-shaft design appears to be functionally
adequate, 1t 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. 44).

1) 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 Statement -(U.S. Department of
Energy 1980) should be reissued to correspond with the present design
{p. 49).




CHAPTER SIX

PERFORMANCE ASSESSMENT

This chapter is based primarily on the panel's review of the WIPP Final
Environmental Impact Statement (FEIS) (U.S. Department of Energy 1980),
the Safety Analysis Report (SAR} (U.S. Department of Energy 1980-1983)
and Modeling Verification Studies: Long~Term Waste Isolation Assessment
(D'Appolonia Consulting 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. 1In
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 sjte 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 (POT} 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
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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 radicactivity; 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 radiocactive 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 radicactive 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 radicactivity released, the atmospheric concentration at a
given location per unit of radiocactivity 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 underqground fire,
in which case the maximum 50-year bone-~d se commitment offsite is
estimated to be about 450 mrem. For eitl :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.

—,
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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 1is 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 6-1}. 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 scenarjio 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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The fourth scepario 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 dril)l crews. Bingham and Barr
(1979) estimated the probabilities of breaching the repository salt
formation by inadvertent drilling in the distant future.

Recent analyses (Channell 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}.

+  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 expocsed 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 conditions, precipitation may be more important than

*Analyses of the data in the Barr et .1. {1983) report indicate that for
the distances affected by pumping th wells (point measurements),
drawdown values fit a porous medium . del better than a fracture model.
Mercer (1983), 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.
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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.
9-1391}.

The dosages (50-year commitment) 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 Internaticnal Commission on
Radiological Protection (ICRP) reports ICRP-2Z and ICRP-6.  The revised
permissible 1limits 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 nuclide releases from the two brine-repository scenarios were
compared with the proposed release limits for plutonjum-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%9 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
ranging 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 Rustfler aguifer, 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
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TABLE 6-1 Fifty-Year Dose Commitments for Maximally Exposed Individual
from Bounding Scenariocs of Breaches of the WIPP Repository (mrem)

Scenario Whole Body Lung Bone
Bell Canyon to Rustler 1.1 x 1072 - 2.1 x 1072
Restricted Rustler to 8.3 x 10 ° - 1.6 x 1072
Rustler flow
Diffusion flow to the 2.1 x 1078 - 4.2 x 107°
Rustler
Unrestricted Rustler 1.5 x 1072 1.2 x 107> 2.6 x 1072
to Rustler flow
Local well (Bell Canyon
to Rustler) 1.3 - 1.7
, . L -3 -2 =2
Drill into repository 6.1 x 10 2.1 x 10 1.1 x 10
Drill crew member 2.2 x 101 - -
Pressurized brinea 5.6 x 102 2.2 % 103 9.8 x 102
reservoir flow to
the surface
Worker 2.8 x 10° 1.1 x 10° 4.9 x 10°
Solution mining of halite 7.2 x 10! -— -
3 3 3
Natural background 5 x 10 9 x 10 5 x 10

a
Calculated using recommendations of ICRP-26 and 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 {(Channell 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
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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 radicactive 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 backgreound 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 Fiqures 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
vears) 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. 538). 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 ¢f 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 deosages nt 1 to be determined (pp. 58-60}.

o For consistency, and to per: =: direct comparison among all the
modes of release, all dosages shoula .e calculated on the same basis
(i.e., if recommendations of ICRP-26 and ICRP-30 were used rather than
those of ICRP-2} (pp. 56-59).
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activity:-

anhydrite

anticline

aquifer

argillaceous
rocks

artesian

background
radiation

bedded salt

Bell Canyon
Formation

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}.

4 mineral consisting of anhydrous calcium sulfate:
CasO4. 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 enocugh saturated
permeable material to transmit groundwater and to
¥ield significant guantities of groundwater to
wells and springs. The opposite of an aguiclude.

Rocks, especially shale, containing appreciable
amounts of clay.

Refers to water confined underground under pressure
so that it will 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.
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Movement of radionuclides through the biosphere, as
in food chains. Used in contrast to gecotransport.

As used in this report, a vertical deologic
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
tepository will be located.

The process >f making geologic and environmental
studies to .lentify 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.
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decay,
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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 pessimism. 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 radicactivity 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 guantities or concentrations.

Undesirable radicactive material present on outside
surfaces. This contamination can be either
transferable or fixed. Radiation penetrating the
walls of a waste package from withip is not
contamination.

Areas of land around the WIPP site whose use is
governed by controls and restrictions.

Closure of underground openings, especially
openings in salt, by plastic flow of the
surrounding rock under lithostatic pressure.

Rock designated as being either igneous or
metamorphic, not sedimentary; rock consisting
wholly of mineral crystals or fragments of
crystals.

The lower of two layers of dolomite within the
Rustler Formation that are locally water bearing.

The decrease in the number of radicactive nuclei
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.
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The removal of unwanted material (especially
radicactive 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 Mexicoc 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 "disposal” implies that no need for
later retrieval is expected.

The . process whereby a space or cavity in or between
rocks is formed by the solution of part of the rock
matertial.

The boundary of a geologic region within which rock
1s 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 aguifer, 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
measured in units of cm~ /g or equivalent.
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dolomite A sedimentary rock consisting mostly of the mineral

dolomite: CaMg(CO3);. It is commonly found
with limestone.

dome (breccia A type of hill found near the Los Medanos site:
pipe) under at least some of these hills lies a rcoughly E
cylindrical volume of breccia (rock reconstituted ., = .. %
from coarse rock fragments). \ Co

dose equivalent The total dose equivalent that results from an
commitment 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.

dose (radiation) A general term indicating the amount of energy
absorbed per unit mass from incident radiation.

dose rate The rate at which dose is delivered.
drift A horizontal mine passageway.
evaporite A sedimentary rock composed primarily of mineréls

produced by precipitaticn from a soluticon that has
become concentrated by the evaporation of a
solvent, especially salts deposited from a
restricted or enclosed body of seawater cor from the
water of a salt lake. In addition to halite
‘(NaCl), these salts include potassium, calcium, and
magnesium chlorides and sulfates.

fault A surface or zone of rock fracture along which
there has been displacement.

fluid inclusion Brine inclusion. An opening in a rock mass ({salt)
containing brine; also the brine included in such
an opening. Some gas is often also present.

formation The basic rock~stratigraphic unit in the local
{geologic) classification of rocks. It consists of a body of
rock (usually sedimentary) generally characterized
by some degree of internal lithologic homogenelty
or distinctive features.

geotransport In this report, movement of radionuclides through
subsurface soils and rocks, especially movement
with the groundwater. Used in contrast to
biotransport.
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A soft and, when pure, white mineral consisting of
hydrous calcium sulfate:

CaS04 * 2H3Z0.

The time required for the activity of a group of
identical radicactive nuclei to decay to half its
initial value.

The mineral rock salt: NacCl.

Radicactive 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 K,;0 as
langbeinite, or 14 percent K,0 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.

In this report, an underground level. For
instance, the waste-emplacement horizon in the WIPP
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 guantity defined in the study 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
equivalént to the highest level of a column of
water that the pressure in the aguifer will
support. It is measured relative to a specified
level, in this document, sea level.

s,
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hydraulic A quantity defined in the study of groundwater
transmissivity hydraulics that describes the rate at which water
may be transmitted through an agquifer.

hydraulic The transport of dissolved substances by
transport groundwater.

hydraulics, These two terms tend to be used interchangeably,
hydrology but they do not mean gquite the same thing.

Hydraulics is an engineering discipline; hydrology
is the related science. Hydraulics deals with the
flow of water. BHydrology 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.

hydrologic The process of using a mathematical representation
modeling of a hydrelogic system (as embodied in a computer
code) to predict the flow of groundwater and the
movement of dissolved substances.

in situ " 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.

interstitial Brine distributed in very small openings throughout
brine a salt mass.
ion exchange A phenomenon in which chemical species in one phase

or material exchange with similar species in
another phase.

irradiation Exposure to any form of radiant energy.

isotope 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
radicactive. The latter are called radioisotopes
or radionuclides.

karst A type of topography that is formed on limestone,
gypsum, and cther rocks by dissolution;
characterized by sinkholes, caves, and underground
drainage.
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A mineral, K;Mg;(SO4)3, used in the
fertilizer industry as a source of potassium
sulfate.

The process of extracting a socluble component from
g solid by the percolation of a solvent (in this
report, water} through the solid.

Potash mineralization of 4 percent K,0 as
langbeinite, or 10 percent K;0 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 daroundwater and
released.

Subsurface pressure due to the weight of 6verlyin§
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
Medanos.

Any gaseous, liquid, or solid radicactive waste not
classified as high-level waste, TRU waste, spent
nuclear fuel, or byproduct material.

The upper of two layers of dolomite within the
Rustler Formation that are locally water-bearing.

A sharp bend in the Pecos River 20 miles southeast
of Carlshad, New Mexico, and directly east of the
town of Malaga. The discharge points of the
Rustler aquifers are a series of brine seeps and
springs nearby.

A unit of population dose.

A hypothetical person who is exposed to a release
of radiocactivity 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
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imply that there really is such a person, but only
that thought is being given to the maximum exposure
a4 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 radicactivity. The
hypothetical person who receives this dose, the
maximally exXposed 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:

KoMgCao(SO4}y4 ° 2HZO0.
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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 peoint.

Chemical decomposition by the action of radiation.

In groundwater hydraulics, the point (or area)
where surface water enters an aguifer.

A unit of individual radiation dose equivalent.

Waste that regquires shielding in addition to that
provided by its container in order to protect
people nearby.

A facility for the storage or disposal of
radiocactive 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.

Reserves 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 radicactivity. ‘

The product of probability and conseguence. 1In
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.
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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
radicactive sclids, 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 cof San Simon
Swale.

A broad depression about 15 miles east of the Les
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 cof a mine or a repository.

Also called a brine aguifer. 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.
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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,

A mineral, KCl, used as a fertilizer.

Movement of the Earth's crust such as uplift and

subsidence and the associated folding, faulting,
and seismicity.

The rate of change of temperature in the direction
of increasing temperature.

A nuclide with an atomic number greater than that
of uranium (92}. All transuranic nuclides are
produced artificially and are radicactive.

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

EEG

EPA

ERDA

FEIS

HEPA

ICRP

INEL

IRG

NRC

PREPP

R&D

RH

ABBREVIATIONS AND ACRONYMS

U.S. Atomic Energy Commission
Contact-Handled
U.S. Department of Energy

Draft Epvironmental Impact Statement

Defense High-Level Waste

Delaware Mountain Group

U.8. Depa;tment of Transportation

State of New Mexico Environmental Evaluation Group
U.5. Environmental Protection Agency

U.S. Energy Research and Development Administration

Final Environmental Impact Statement

High-Efficiency Particulate Air (a type of filter)
International Commission on Radiological Protection
Idaho National Engineering Laboratory

Interagency Review Group

U.S5. Nuclear Regulatory Commission

Process Experimental Pilot Plant

Research and Development

Remotely Handled

79



RSE

SAR

SPDV

SWEPP

TE

TRU

TRUPACT

UsGS

WIPP
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Radiation Source Experiment

Safety Analysis Report

Site and Preliminary Design Validation
Stored Waste Experimental Pilot Plant
Technology Experiment

Transuranic (refers to nuclides beyond uranium in
the periodic table)

Transuranic Package Transporter
U.8, Geological Survey

Waste Isolation Pilot Plant
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NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RESOURCES

2101 Constirutoon Avenae Washington, D. C. 20418

COMMITIII OK RADIOACTIVI WALTL WabaCIMINY Q) ee-e?

May 18, 1879

Mr. Sheldon Meyers

Program Director

0ffice of Nuclear Waste Managenent
Pepartment of Energy (MS B-107)
Mashington, D. {. 20545

Dear Mr. Meyers:

1 am pleased to forward the enclosed Jetter report by the
Panel on the Waste Isolation Pilot Plant (WIFPP) on its review
of the WIPP Draft Site Characterization Report (SAND 78-1556).
The Committee on Radicactive Maste Management has discussed the
substance of this letter and endorses the views of the Panel
expressed therein.

1 hope these observations will be useful in the continuing
process of geotechnical characterization of the proposed WIPP
site.

Sifnly .
crne:::égiiiié;;: ¢

Chairman

The Nationa! Research Cowncil is the principal sprrating sgency of the Neotionsl Academy of Sciences ond the Nations! Academy of Ingineening
10 sarve gororrnment and other evganizations
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NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RESOURCES

1101 Conshtubon Avenue  Washington. D. C. 20418

COMMITTIL OK RADIOACTIVI WASTL MaRACIMINT (387; 3094737

May 1, 1979

Dr. farnest F. Gloyna, Chairman

Committee on Radioactive Waste Management
Mational Academy of Stiences

2107 Constitution Avenue, N. W.
Washington, D. C. 20418

Dear Dr. Gloyna:

As part of its continuing responsibility to review criteria and
guidelines for the lotation, 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 78-159€,
prepared by Sandia Laboratories for the Depariment of Energy. The DS(R,
which has subsequently been published, with the same report number, as
*6eclogical Characterization Report (W1PP),* ts a compilation of the known
geotechnical information about the proposed site and the surrounding region,
with chapters devoted to regional geology, site geology, seismology, hydrology,
geocheristry, resources, and special studies of WIPP repository rocks. It
does not address such matters as socioeconomic considerations, accessibility,
transportation and failure modes, which will need to be included in a
complete site characterization.

The following brief account, which must be viewed in conjunctioﬁ with
the DSCR ftself, {s intended for a very limited audience of readers fully
conversant with the contents of the basic document.

As 8 first step in this review, individus) chapters of the DSCR were
examined in detail by subgroups of the Panel with special expertise in
the disciplinary arcas involved, after which their separate comments
were discussed by the full Panel in a meeting with the Sendia authors of
the document.

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

The National Rrsearch Council u the princpal speratmg agency of the N ations! Acadrmy of Scuences and the Nationa! Academy of Engmesnir

ts serve gontrnment and sther orgennmicons
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appropriate site for the proposed pilot plant. The review focused on

the Report’'s exposition of geotechnical information with critical bearing
on the site’s probable ability to provide the desired long-term fsolation
of emplaced waste, e.g9. sefsmic or tectonic uplift, intrusion of ground-
water, thermal and mechanical characteristics of the host rock, and
retardation effects along possible migration pathways. The Report did

not treat, mor @id the Panel consider, the effect of the emplacement of
waste or the waste 1tself on the long term Integrity of the repository.
Although rtcognizin? the considerable coverage and detail of the Information
presented, the Panel noted & few areas where additional dats are desirable
ic more fully characterize the geotechnical aspects of the area under
consideration. These include the following:

a) A major disagreement between conclusions reached in the DSCR
and the views of R. Y. Anderson {s mentioned in several places. Anderson,
a profaessor of gecTogy st the University of New Mexico at Albuguerque,
who has specialized in the study of evaporite deposits tn the Delaware
Basin, was commissioned by Sandia Laboratories to prepare & report on
the deep dissolution of salt in the region around the proposed WIPP
site. Basing his argument on a postulated unconformity at the base of
the Salado formation and on his hypothesis that the so-called "breccia
pipes” are localized features of deep dissolution which originated as
collapse chambers in salt beds {mmediately overlyfng the reef and basin
aquifers, Anderson suggested that dissolutiocn may be so rapid that the
entire salt formatfon will disappear within a million years. The DSCR,
on the other hand, considers only dissolution st the western edge of the
salt beds and concludes that present rates will ensure preservation of
the Saladc at the WIPP site for -at least & few million years. The Panel
feels that a more thorough explanztion should have been provided as to
why the suthors of the DSCR consider their views preferable to Anderson’s
hypothesis. On this same issue of salt dissolution, the DSCR estimates
of the rate of retreat of the solution front twe or three miles west of
the site are evidently based on the assumption of uniform dissolution
over a wide area under average conditions. A rational basis should be
provided for this assumption, vis a vis the possibility of accelerated
dissolutior rates in local areas, with selective removal of salt from
beneath the present sedimentary cover, particularly if pluvial conditions
were to change in the future.

b) Additional data and analyses would be helpful to determine with
greater confidence the current rates of tectonic uplift in the region
and whether, as @ result, the salt may be exposed to accelerated erosion
at some tise in the foreseeable future.

c} The so-called "breccia pipes” need more detailed analyses to
determine whether they may serve as conduits for water that may have
promoted, or may in the future promote, deep dissolution of the salt
beds.

e

-2-
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d) There appears to de sufficient information to resclve the
question regarding the 1ikelihood of upward flow from the Bell Canyon
formation through the Salado, where the proposed repository horizons are
Tocated, to the overlying Rustler. This should be addressed.

e) Because rock properties have & strong Influence on mine design,
wore detafled information 1S needed on the various rock types in the ares
and on their permeability, fracture, and thermal properties under conditions
as similar as possible to those that would be found in & repository. Both
laboratory and field tests approximeting {n-situ conditions wil) be required
to develop this {nformation. )

f} The information on sorption of the important radionuclides by
materials tc be expected in possible migration paths, under conditions
resembling these near a possible repository, seems to be sparse. As soon
as the types of waste to be stored in the repository are known, & more
complete discussion should be presented of the retardation anticipated 1n
the migration paths.

9) The most recent episode of any recrystallization 1n the Salado
formation near the proposed WIPP site {s reported to have occyrred about
200 miYVion years ago. The Panel urges confimation of this important date
by further studies and other techniques, as described in Section 7.8 of
the DSCR.

In summary, the Panel views the DSCR &s a progress report on a
continuing program of geotechnical data collection and amalysis, 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 informetion
availabie to the authors on the character of the unperturbed geological
formation at the Los Medants site ard the dyramics of the geothemical/hydro-
Togical system. On the basis of this available information, further
investigation of the site {s warranted. However, final decisions
regarding repository site selection must take into account more information
than is contained in this report. Most fmportantly, they must take into
sccount the effect of the smplacement of the waste and the waste {tself
on the reposftory and its surroundings. These decisions must be based
aiso on supplementary data scquisition and analyses such as those suggested
above: the additional studies delineated in the document {tself; crucial
in-situ studies conducted throughout the construction phise; and additional
definition of design objectives, criteria for safe operation, and saste
forms to be accommodated. '

Sincerely,

w ¢ audean

Frank L. Parker, Chairman

Pane]l on the Maste Isclation
Pilot Plant
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NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RESOURCES

2103 Consutution Avinue  Washungton, D. C. 20418

COMM:TTIL DN RADICGACTIVE WaASTL MAKNAGIMINT

September 12, 1979

Mr. Sheidon Meyers

Program Directar

Office of Nuclear Waste Management
U. 5. Department of Energy (MSB-107;
Washington, D. C. 20545

Dear Mr. Meyers:

I am pleased to forward the enclosed lTetter, by the Panel
on the Waste lsclation Pilot Plant (WIPP), reqarding the desir-
ability of sinking an exploratory shaft st the proposed repository
site. The Committee on Radicaclive Waste Management has review-
ed the letter and endorses the Panel's views expressed therein.

Sincerely,

C(‘t St &fedarn

. 8right Wilson

Chairman

Committee on Radiocactive
Maste Management

18 serwe gevernment and sther ovgonisstions

am) w7

The Nationa] Resaarch Cowncil is the principal operaiing sgency of the National Acedsmy of Sciences sad the Notions! Acadamy of Enginearing
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NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RESOURCES

1102 Comstitution Avenue Washmgron. D. C. 30418

COMMITILL Oh BADIOACTIVE WaSTI MAMAGEMINT CAl2) Me-4777

September 10, 1979

Dr. E. Bright Wilson, Chairman :
Committee on Radicactive Waste Management
National Academy of Sciences

2101 "Constitution Avenue

Washington, D. C. 20418

Dear Dr. Wilson:

During the past year, the Panel on the Waste Isolation Pilot Plant
(WIPP) has become familiar with the findings of the various extensive
geological explorations, including boreholes from the surface and attendant
geotechnical studies, attempting to characterize the proposed WIPP site
and provide a basis for judginmg this aspect of the site’s suitability
for a waste repository. This familiarization process has included briefings
by representatives of Sandia Laboratories and the U. 5. Geological
Survey, study of both the published and unpublished technical litersture,
site visits, examination of actual borehole cores, and discussions with
other experts in selected geotechnical areas.

Our efforts have brought to light no disqualifying resylts from
these explorations and studies to rule out further consideration of the
proposed site at this stage. The Panel has reached this conclusion
after taking into account the comments made in my letter of May 1, 1979,
reporting on our review of the WIPP Draft Site Characterization Report
{issuec 8s SAND7B-1596, Geplogical Characterization Report), pointing
out that certain effects have been observed which can be interpreted as
indicating the possible existence of significant snomelies. Additional
information is clearly required before these snomslies can be resoived

The National Resawrch Cowncil s the principal sperating sgency of the Nationa! Acodemy of Sciences and the National Academy of Engineering
s sevee governmuent and sther ergenizstions
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and a decision made regarding the adequacy of the proposed WIPP site for
the construction of a repository. Furthermore, continued commitments to
final details of repository design in the sbsence of additional site-
specific information may be both misleading and wasteful.

The Panel is of the unanimous opinion that continuing efforts to
acquire the necessary additional information solely by means of surface
exploration, including boreholes, have reached the point of diminishing
retyrns and cannot resoive all the major remaining uncertainties.
Accorgingly, the Panel recommends that:

{1} An exploratory shaft be sunk at the site of one of the proposed
access shafts as soon as practicable, to the depth of the proposed
repository horizon.

{2) Drilling be done 2nd tunnels developed in the salt as necessary
to conduct the measurements and observations needed to resolve remaining
site-specific geotechnical uncertainties and to ascertain the degree to
which the site is suitable for the excavation of a repository.

Development of the shaft, tunrels, and any other exploratory excavations
should be consistent with applicable environmenta) and safety standards,
strict quality assurance procedures, and should be compatible with an
actual repository, if one is constructed at this site.

Sincerely,

iE;.ﬁ.Az. L. kien

fFrank L. Parker
Chairman, Panel on the
Maste Isolation Pilot Plant
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NATIONAL RESEARCH COUNCIL
COMMISSION ON NATURAL RE50OURCES

2101 Conshitution Avenue Washington, D. C. 20418

COMMITTEE ON RADIOACTIVE WASTE MANAGEMINT (202) 3898727

August 1, 1980

Ms. June Wiinikka

Contracts Management Office
U.5. Department of Energy
9800 South Cass Avenue
Argonne, IL 60439

Re: Task Agreement DE-AT0Z-76CH93023

Dear Ms. Wiinikka:

Enclosed are six {(6) copies of a report prepared under the
referenced “ask Agreement, together with a completed DOE Form
[R-427.

Sincerely,

VY
John 7. Holloway -

Staff Officer
WIPP Panel

The thaor;tl Rescarck Cauncd s the principal operating sgency of the National Academy of Sciences and the Navonai Academy of Engineering
to serve governmeni and other organizations
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Report Mo. BOE/CH/93023-1

CONTINUING EVALUATION
OF THE CARLSBAD SITE

A Report to the U. S. Department of Energy, pPrepared by the
Panel on the Waste Isolation Pilot Plant of the Committee
on Radicactive Waste Management.

COMM1SSION ON NATURAL RESOURCES
NATIONAL RESEARCH COUNCIL

NATIONAL ACADEMY OF SCIENCES
wWashington, D. C.
July 28, 1980
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NOTICE

This report was prepared as an account of work sponsored
by the United States Government. Neither the United
States nor the United States Department of Energy, nor
any of their employees, makes 2ny warranty, express

or implied, or assumes any legal liability or responsibil-
ity for the accuracy, completeness, or usefulness of any
information, apparatus, product or process disclosed or
represents that its use would not infringe privately
owned rights.
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ABSTRACT

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 uf this gsite as one of several candidate sites, for
later decisions regarding development of a licensed facility
for defense and commercial high-level and transuranic wastes.
The President's announced objectives can be achieved sooner,
and with greater certainty of success, if the work begun unaer
the WIPP Project is continued but reoriented toward these new
objectives. Much of the information from the investigation of
the Carlsbad site and all of the technology being developed by
this project are applicable to any repository located in domed
or bedoea salt and licensed for high-level and transuranic
defense and commercial wastes.
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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
National Academy of Sciences, the National Academy of
Engineering, ana the Institute of Medicine. Such authorization
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 regard for appropriate balance.

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

The National Research Council was established 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
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 services 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.

Punded by the U. S. Der rtment of Energy
Contract No. EY-76-C-0. 2708-023 ’

ii
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- CONTINUING EVALUATION
OF THE CARLSBAD SITE

The Panel on the Waste Isolation Pilot Plant (WIPP) was

crganized by the National Academy of Sciences in 1578, under

. the cgmgittct on Radicactive Waste Management of the National

Ressarch Council, to reviav the scientific and technical
criteria and guidelines for designing, constructing, and
cperating a Wasts Isolation Pilot Plant for isclating
radicactive wvastes from the biosphere, with specific attentiocn
to a proposed site near Carlsbad, New Mexico.

On Pebruary 12, 1980, President Carter. transmitted to the
Congress “A Report on His Proposals for a Comprehensive
Radicactive Wasts Management Program.® This report states the
President's decision that the WIPP project, currently
authorized for the unlicensed disposal of defanse transuranic
wvaste and for research and development using high-level defense
waste, should be cinctllcd: but that the Carlsbad site will
continue to be evaluated, along with other sites in other
locations, for possible use as & licensed repository for
defenss and commercial high-level wastes.

The Panel hss revieved in depth the work of the DOE
contractors on the geoclogic characteristics of the Carlsbad
Site, the charazteristics of the defense and spent-Zfuel
radioactive wastes that have been considered for explacement,
and the conceptual design of the repository. The WIFP Draft
Envirconmental Impact Statedent has been analyzed with

“l~
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respect to the potential impact .on public health and safety.
As a2 result of these Qeliberations, the Panel has
previously cencluded that continued investigation of the
Carlsbad site is warzanted and has recommended that the project
proceed with an cxﬁlo:atoxy shaft to determine in greater
decail the geologic, hydrologic, and structural features of the
candidate salt beds, and with in-situ teats as necessary to
evaluate the Qectachnic adequacy of this site for a waste
repository. Thg Panel considers these in-situ tests to be no
less timely and technically desirable within the t:uiavo:k ot

the President's statement.

In connection with the Carlsbad site, a talented team of
scientists and engineers has been assembled, and extensive
gcologicil exploration bas been conducted, La&orate:y
facilities are excellent, 1ipo:tint experiments on waste
disposal are under way, and underground enginearing designs
have been developed. The project bas gained momentum that
would be difficult to recapzure if it were to be intt:tup:ed.
There are sound technical reasons for continuing the
exploratory work:

1. Much of the information from the investigation of the

Carlsbad site and sll of the technology being developad

by this proiject are spplicable to any repository located

in domed or bedded salt and licensed for high-level

and transuranic defense and commercial wastes.

Tha acalyses made thus fag, supported by ongeing and

planned testing programs to validate these analyses,

-2~
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lead to the reasonable expectation that the site may
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. The 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
Buitable for transuranic waste, can be extended to a
lower horizon, where there is another salt 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
canaidate salt formations.

The President's announced objectives can be achieved.

sooner, ana 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 are involved in the
President's proposed new program of selecting
alternative gites, constructing test facilities at
each, choosing a first repository site, and gventunlly
constructing one or more licensed repositories.

The extensive information already obtained on
the Carlsbad site and the demonstrated expertise of
the existing investigative teams provide an

-3-
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opportunity to proceed much sooner with in-situ
testing at a potential candidate mite--a capability
which will have to be developed before this or any
other site can be selected for a first actual
repository.

More is known about the Carlsbad site than about
any of the other sites under consideration. Questions
remain that will 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 Carlsbad site to fulfill the
President's reguirements for evaluation of this site, as one of
several candidate gites, for later decisions regarding
development of a licensed facility for defense and commercial
high-level and transuranic wastes. If B0 recriented, the
project could contribute by:

¢ providing prototype experience in site gualification;

o testing, in situ, performance assumptions about theA

geologic medium; and )

© developing techniques and information which will be

required in the licensing process.
If given this pew mission, work should proceed on constructing
the exploratory shaft, acquiring hands-on repository mining
experience, conducting in-situ tests and peasurements at
various depths, verifying engineering design assumptions, and
developing analyses for licensing review.

-d=




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 from 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 coriginally proposed controlled-access area at the site,
including Zones I, II, III, 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. 2one III provides a l-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,
I1, and III. Since the hydrocarbon horizons are below the salt
sequences, directicnal 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 2one IV in order to assure
procedures consistent with repository integrity.

HYDROCARBONS

If directional drilling is used for hydrocarbon explotation and
production, standard well techniques of casing, cementing, and
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TABLE D~1 Significance of Resources and Reserves at the WIFPP Site

WIFPP United
Deposit Site Region States wWorld
RESOURCES3
Sylvite (at lease grade)
Quantity, million tons ore 88.5 4,260 8,500 850,000
Percentage at WIPP site 2.1 1.0 0.010
High grade 54.90
Low gqrade 133,2
Langpeinite {at lease grade}
Quantity., million tons ore 264.2 1,140 No estimate available
Percentage at WIPP site 23 (21.5 as Ko0)
High 3rade 77.6
Low grade 351.¢
Crude 0Oil
Quantity, million barrels 37.50 1,915 200,000 Rot
Percentage at WIPP site ) 2.0 0.019 available
Natural Gas
Quangity, billion cubic feet 490 25,013 855,000 Note
Percentage at WIPP site 2.0 0.057 avallable
Distillate
Quantity, million barrels 5.72 293 Not available
Percentage at WIPP site 2.0
RESERVES®
Sylvite©
Quantity, million tons K30 .66 106 206 11,206
Percentage at WIPP site 1.4 1.8 0.033
Langbeinite
Quantity, million tons K30 0.924 9.3 9.3 Not .
Percentage at WIPP site 10 10 available
Crude 0Qil
Quantity, million barrels Nil 471.7 29,486 646,000
Percentage at WIPP site [1] Q o
Natural Gas
Quantity, billion cubic feet 44.62 3,865 208,800 2,520,000
Percentage at WIPP site 1.15 0.021 0.001I8
Disctiilate
Quantity, million barrels 0.12 169.1 35,500 Not
Percentage at WIPP site 0.07 0.003 available

3pata Soucces: Hydrocarbons, Poster (1974) for the site and region; potash saits,
John et al. (1978) for the site and region; Brobst and Pratt (1973) for U.5. oil and qas
and the world resources of sylvite.

Data Sources: Hydrocarbons, Keesey (1379) for the site; American Petroleum Institute
(1978} for the region, the United States, and the world: potash salts, U.S5. Bureau of
Mines (USBM 1977).

The U.S. Bureau of Mines (USBM 1977) does not consider any sylvite to be commercial
today. However, one bed (mining unit A-1l) of sylvite was marginal and has been added to
the reserve list.

dgsrimated from the AIM {1979} study. The USBM estimate for the WIPP site is 4.41
million tons K30 equivalent, but no comparable USBM estimate is available for the

entire district,

SCURCE: U.S. Department of Energy {1980},
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production can assure minimal damage to the rock system, Recovery and
stimulation methods, e.g., acidizing and hydraulic fracturing, would all
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, put the technique has been suggested as a means of making
storage cavities for hydrocarbons. While this mining system requires
water to dissoclve 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 ocutside the current site boundary, there is no obvious
advantage in doing so. Solution cavities should be prohibited within
the site boundary.

POTASH

The Carlsbad region 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 basih 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 vicinity of the WIPP site is in the McNutt Pectash 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, K Mg;(SO4)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 gquality, 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 ocutside 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 II has been considered
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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 D.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. (1382) 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
valume. 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
excavatiocn 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 <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 II, and the inf.uence 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~1), 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 McMutt potash on three sides
of the WIPP site, and excavations and shafts completed as part of SPDV.
By 1976, 142 km? of potash mines were developed in the region above
backreef, reef, and forereef deposits in the Delaware Basin. Despite
these extensive exXcavations, 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 aguifer 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. ({19B2) 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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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
instantanecusly 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. Geoclogical 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
borehcle 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
dgenerally 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 m/m (Wood et ‘al. 1982) and
the computed flow in the Bell Canyor. 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 m3/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 Bell 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
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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 06.03 m per year within
the Beli 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
¢.0025 m/m. 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 radicactive 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 aguifer 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 dissoluticen within the Bell Canyon include a concentration
gradient to drive the diffusion process and a density gradient to
initiate convectjon. 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 1016 2,
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 aguifer transport rate. The
quantity of water currently moving through the Bell Canycn 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
al. (1982), and the sizes of associated solution cavities estimated.
Based on the calculated solution cavities, the possible implications of
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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:

o Observed site features that provide evidence for deep-seated
disscolutioning 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-%2 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 regquires 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 hydrcgeologic and geochemical
conditions and review of their potential range of values indicate that
halite dissclution associated with the Bell Canyon aquifer will not
impact the underground WIPP facility. A solution 2zone of less than
0.1 m in height was calculated, based on the maximum dissclution 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. ‘

° Based on an analysis of the maximum potential dissolution rate
associated with convective and diffusive dissolution mechanisms at the
Bell Canyon aguifer—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
1980), 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 aguifer is not very
significant and results in dissolution at the rate nc greater than that
assocjated with the diffusive dissolution mechanism. Furthermore, the
very low flow of the Bell Canyon aquifer and the associated salt
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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. 1982). The potential
significance of channel sandstones with hydraulic conductivities ranging
fzoulrv10'7 to 10-4 cm/sec 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 Simon 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 heoles, 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 Carisbad and other caves in the Guadalupe
Mountains (Parizek 1979), 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 hreccia 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 radicactive 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 aguifer.
On a geological time scale, the dissolution can be rapid. Few 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 200 million years despite active
dissolution within some regions of the basin. ,

Reliable estimates of the total amount of Salado 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, (c)
partial removal of halite by dissolution or early subaerial erosion, and
(d) perturbation of original bedding thicknesses by localized
deformation {(Lambert 1983).

Episodes of uplift accompanied by erosicn and disscoliution 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
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depositional intervals are recognized: (1) early
Triassic time in which the Dewey Lake Redbeds were tilted
and ercoded to a slight angular unconformity before
deposition of the Upper Triassic Dockum Group; (2}
Jurassic-Barly 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
Cretacecus 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-Pliccene) 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 b§ 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, Jdifferential
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 during 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 depressicn 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 gdissolution processes will be reviewed
briefly as it pertains to the long-term geological stability of WIFP.

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.
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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 stratigraphi¢ 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 dissoclved.
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 {1971}, 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
propased by Anderson (1978, 1982a). He 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, 1I, and III 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
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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). Pive 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 '

0 there is little evidence for appreciable movement of water in
the Bell Canyon {(Mercer and Orr 1979).

Anderson (1982a) has agreed that the Bell Canvon 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. More 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 nave stated that it operates only near points of
rechiarge 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.

Bydraulic heads in the Bell Canyon agquifer 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
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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 aguifer.

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 Formation 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-hound 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 agquifer.

The formation of a breccia pipe under a repesitory according to
Anderson and Kirkland's (1980) model might have caused serious
disruption. The work of Wood et al. (1982), however, greatly restricts
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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 scouthern 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 Pormation 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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M. Mathur:

The Waste Isclation Pilot Plant (WIFP) panel of the Board on Radiocactive
Waste Management (ERRM) has considered in detail the sorbing-tracer field test
planned at the WIFP site, ard herewith presents coaments on some aspects of the
plan.

The test is required as an item in the Working Agreement for Consultation
ard Cooperation " between DOE and the State of New Mexice. In recuesting the
test, the State (through its Envirormental Evaluation Group) pointed ot the
uncertainties in the use of laboratory-determined Ky (distribution
coefficient) values for predicting retardation of radiormuclide movement in
flowing ground-water, and tha consequent nsed to have ine-situ XKy data for
scenario analysaes.

The scanarios for which the data are neaded irwvolve the effects of
migration of grourd-water containing dissolved radiomuclides from the WIPP
repogitory into the Qulebra member of the Ristlar Frrmation (about 400 meters
abcve the repository), ard then through the Culebra into tha accessible
ewircmment. Tha movement of the groundwater could be caused by: (1) collapse
of salt following repository closure, foreing any liquid contained in the
repository up the shaft; or (2) injection ©f overpressured brines from
somewhere beneath the repcsitory; or (3) drilling of wells into the buried
waste at some future time when existance of the repository has been forgotten.
Although unlikely, these are often-cited scenarics. If a radiomuclide soluticn
does find its way into the Qulebra membar, this rock unit (consisting chiefly
"of fractured dolomita) is lnown to be an aquifer that oould pernit
lorg-distance movemant. The rate of travel of the radicnuclides would be
determined in part by how effectively they are scrbed on the dolamite, amd it
is this sorption that the test is designad to measure.

The Ngnong! Rasearch Counal 1 the prncipal cperanng ageacy o sk Nationg! Academy of Saences and the Nenone! Academy of Enginerring
tn ieeve goverament Ind ather srganiiahons



T™he original plans for the test, as described to the panel at its meeting
in February 1986, involved the injecticn of several tracers into the Culebra
dolomite in ore well and their detection in adjacent wells after varicus time
intervals. Prior injection of nonsorbing tracers would give 2 measure of the
rate of groumd-water flow, ard the ratio of rates of movement of sorbing amd
nonscrbing tracers would indicate tha amount of retardation., Retardation
factors so determined could then be usad in parformance-agsessment models
designed to test carpliance with EPA standards for escape of radiomuclides into
the accessible ernvirorment. The factors also would be useful, it was hoped,
for camparison  with retardation factors calculatad fram laboratory Ky
measurements, a copariscn intended to provide information on the reliability
of laboratory data as a basis for predicting retardation in natural
envirorments. At the time of the Februarv meeting mn AariciAng had hoon wade
as to the specific substances ¢o be used as sorbing and nonscrbing tracers;
because it was assumed that use of radicactive substances would not be
permitted, a variety of possible analog elements was urder consideration.

A more detailed and somewhat revised plan for the test was presented to the
parel at its meeting in September 1986, in the form of a memorandum from Al
Iappin (of the Sandia National laboratories) to Dick Crawley (DOE/WFO) and Mary
wilsen (DOE/AIO), dated 23 September. The memorandm noted that flelding of
the test had bean delayed by budgetary constraints; that a probable starting
date was still uncertain; but that the target data for camletion of the final
performance assessment for the repository (end of fiscal year 1992) would
recquire that the tast be started within the next two or three years. The
memorandum records progress in field and laboratory work related to the test,
and is optimistic about the possibility of cbtaining permission to use
radicactive tracers rathar than analog elemants. It is recommandsd in the
memorandum that starting the tast be delaysd until a good deal of additional

field and laboratory investigation has besen ccrpleted to provide an adequate
evelewie and goudamuleal Laudgoowsl. e IOLLOWING are included among the

recamended resaarch projects: field studies of matrix and fracture flow in
ordaer "to determine relevant transport mechanisms within the OCulebrat;
experiments "“investicating matrix diffusion within ths CQulebra pDolamite%:
autoradiography for scrption of transuranic elements; study of cation exchange
on the clays of the Culebra; investigation of possible coprecipitation of
radicnuclides with carbonates andt sulfates; amd oxidation/reduction experiments
to study potential effects of pyrite and organic matter as sorbers of same
radiomiclides.

The penal was skaptical of the ussfulness of the tast as described in the
ocriginal plans. Groudds for skepticism were: (1) doubt that results would be
significant, in view of the then-incanplets knowledge of Qulebra hydrology: (2)
doubt that resilts oould be generalized to the Culebra as a whole, from data
cotained at a single hydropad, in view of the known variability in Qulebra
gecchamistry amnd fracture geamstry; (3) insufficient allowance for charges in
grod-watar chemistry due to drilling fluids, fluids added for nonsorbing-
tracer tests, al exxosure to alr: amd (4) pnr chnire Af alemente planned fox
use as analogs, Scme panel members were so dublous about the possibility of
getting meaningful results, and so impressed with the probable waste of time
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money, that they favored abandoning the tast altogether; others, although
zing the strong chance of failure, thought that the test was important
to be worth trying, with same suggested modifications.

: 8

revised plans for the test, as described in the lappin memorarchm, have
sed the panel more ravorably There is still a difference of opinion’
about the probability of obtaining useful results, but in view of the need to
fulfrill acamdmenttothasmtaormmdmarﬂinvimofthe
often spressed desivalilily of dobtalning in-situ valuss [(IOor example,

Report on the Proceedings of the NRC/ORNL Wor. of 13-1S May 198¢,

page 6), the panel agrees that the test should be carried out.

The panel strongly uges that the timing and conduct of the test be based
on the Llappin memorandum rathar than the proposal of February 1986, The panel
exphasizes the follewing specific recommerdations, scme of them similar to
those in the memorancdium and cthers samewhat modified:

{1) The test ahould be precaded by a calculation of the probable. rate of
release to the accassible envircrment of the important radicrmuclides in TRU
waste on the assumption of no retardation dus to sorption, i.e., that Ky
= 0. The calculation will give a rouxgh idea of ths amount of retardation
that must be assigned to sorption if tha release is to meet EPA
requirvements.,. If the calculation shows that the release is within EPA
limits without help from sorption, the sorbing-tracer test would seemingly
be superflucus. Bat the uncertainty in such calculatiens is necessarily
large, and the test sghould proceed regardless of the murbers that the
calculation produces.

" Ty 1wl mm wt ahmiTd Wa amaca La--

wﬁlcnmﬁnew ﬁg:a drilj‘..iﬁ.ng J.;”w:ll known, particularly with respect

- to the composition of the drilling fluid and any other fluid that has been
subsequently added. These fluids must be flushed before the expariment is
started. Preferably, the selectead holes should be ones that were drilled

]

E

(3) Of the additional research recamended in the ILappin memorancum, the
items regarded by the panel as most important are further field study of
Qulebra hydrology in different parts of the WIFP site and autcradiographic
study of Culebra specimens to determine what phases are active sorbents for
transuranic elemants. The panel thinks that these two items should be
campletad before the test is startad, but suggests that preparations for
the test be made while the research is in progress.

Other recamended research items, in the panel's opinion, need not be
cuuplew so expeditiously, since they could lead to long delays in getting
. It would be desirable, certainly, to know more about

details of matrix diffusion, about cation exchange ¢n clay minarals in the

dolomite, about coprecipitation of radiomclides, and about possible
affects of priite wal wiymude saliss, Ut these ©COLAd eAaslly became

long~term research projects and are not directly relevant to the empirical
determination of retardation factors for performance assaessment purposes.

3




(4) The panel stromgly urges the use of radicmuclides rather than analog
elements as scrbing tracers. A possible exception might be made for
strontium, since the cgsmical behavior of the nonradicactive form is
identical to that of Sr; ancthar possible exception would be larthamm
as an analog for the chemically very similsr americium. But the plutonium
and neptuniuz have no close a&nalogs, and use of radicactive jsctopes is
essential. Cbjection can be raised on the grounds that these iscteopes
1 LLOTEABIR Pesli®s, " ANE T ATE 180, 80" Ea ! TEBaE 1Y BE #0EmSIAEEY by ‘the
use of isotopes or isctope ratics different from those in the waste, so
that contamination fram the test would be recogmizable. The panel further
recommends that the test be limited to a few tracers, perhaps anly Sr, Pu,

and Anm, mﬂnrthmmlugnmmwlmtedmmoriqrm%ﬂprwﬁal. For
ths non=sorbing tracer the Panel reccrmends the use of both ar T'Kr.

(5 In the absence of sufficient information about the variabhility of the
formation, it is not possible to determine the rmumber of hydropads needed
to cobtain a statistically significant result. The test should be performed
at more than cne hydropad, preferably at at least three, to give some sense
of the possible variability. The gecchemistry and characteristics of
graoundwater flow vary greatly from place to place in tha Qulebra aquifer,
ard results of the test at a single hydropad would not be represantative of
the agquifer as a vhole. Even with three hydropads tha results will not be
truly representative, but three will be better than one.

(6) Prefersbly the field test should bs accompanied by laboratory
determinations of K., _using ginngg of delamite from drillcnrae wigh.thair
bentonitic drilling mud. This recamendation is less irportant than the
others, but such measurements would be a useful contribution to the
on-golng arqument as ¢o whether laboratory measuwrements of Ky can be
deperded cn as a guide to the extent of sorption in natural envirarments.

Sincerely,

~ e e,
o ' - . . 1,9 /et - bl
fuoy - . seo- - .
B ot

\j LR Konrad B. Rrauskepf
i a1 m' m Ml
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Report on Brine Accomylatjon in the WIFP Facility

Backoround

The Waste Isolation Piloct Plant (WIFP) facility, a proposed repository for
transuranic radicactive waste, is being constructed in a thick bed of salt 650
m (2150 ft) urder the surface in scutheastern New Mexico. When the repository
has been filled with waste and sealed, the salt is expected to move by plastic
ﬂowhmorepositaryq:mirgsammumatelytolodcﬂ:euasteinasolidmss
of crystalline salt. In this marmer the waste would have minimal contact with
moving groundwater, because no appreciable cantimuous flow of water is possible
through the nearly impermsable structure of an undisturbed salt bed. It has
been known for a long time, however, that the salt does contain same water
(averaging abaut 0.5 percent), in the form of brine both within and between the
salt crystals. The presence of water at WIFP is shown by efflorescences that
appear on walls of roams ard tirmels, by salt icicles that form where brine
drips fram the ceiling, and by the brine that collects in same of the holes
drilled into the floor. The amunt of brine is small, so that the workings are
keptd:ybymmlvmtﬂaﬁmprwaﬂummwillmindzyaslagasthe
repository is open. When the repository has been sealed after £illing with
waste, however, brine is expected to accumilate slowly in repository openings.
The amount of this acamilation is uncertain, arddifferentest.mtesofthe
amount have recently arcused controversy.

Scientists at the Sardia National laboratories (SNL), the technical
consulting agency for DOE, maintain that the amount of brine accumilation is
small, ard calculations indicate that it will be absorbed by the backfill
material to be placed in the roams and tumels. Thus no interference is
expected on the basis of preliminary cbservations with the plastic fiow of salt
irto disposal roams ard around the waste packages. A cantrary view has been
expressed recently by a local group of scientists, most of them from the
University of New Mexico (the Scientists Review Panel: SRP), who suggest that
the amount of accumilation may be large enough to entrain both backfill and
waste in a mobile radicactive "slwrry." Such a fluld would prevent consolida-
tion of the salt and might move to the surface to release radicactive material
in quantities exceeding EPA standards. Because of this concern, SRP recamerds
a hold on repository canstruction amd on DOE's plan to start bringing large
mumbers of waste drums to the site in Octaober 1988 for a projected five-year
pilot phase of the repository operation. Scientists in the State of New
Mexdco's Envirormental Evaluation Group (EEG), while not advocating a halt on
mpositorymvatimormexpenmemalwrkwithradioactivemsteint}e

repository tumnels, also feel that uncertainty regarding the quantity of brine
is sufficient to warrant serious stixdy before large rumbers of waste drums are

placed urderground.

The National Academy of Sciences, through its Board on Radioactive Waste
Managemertt and its WIFP Panel, has been asked to express an opinion as to how
well existing data resolve these conflicting viewpoints. In response to this
request, the Panel has reviewed pertinent documents ard convened a special
meeting in Albucuerque (18-19 February 1988) at which scientists from SRP, SNL,
ard EEG presented their views. The Panel was assisted in its review by several
members of the Board and three invited consultants., '.I!'xisreportisarecordof

the aigmented Panel's conclusions. _




f balance between several rates, principally:
seeps into repository cpenings from the salt: (2)
are closed by plastic flow of the salt; and (3)
generated in the drums and dissipated. If the

design. If brine inflow ard gas generation

measured values, camplete resolution has not been possible.

(1) The rate of brine inflow deperds chiefly on the permeability of the
salt amd the difference in pressure acting on brine within the salt and in the
repository openings. Permeability measurements have been attempted in many
ways, all of which give rarnges of values—hardly surprising, since salt beds
vary in caposition and structure from place to place. valggs lie

i y in a narrow range of very low permeability (10™° to 10
darcy), but locally the values are scmewhat higher and a very few are several
arders of magnitude larger still. Visual cheervations of tarmel walls (both
during previous visits by the Panel to the WIFP site and as shown an mmerous
photographs displayed by SNL) irdicate that areas of higher permeability occur
in discrete zones of limited extent. In estimating rates of brine inflow, SNL
uses permeability values at the high end of the in-situ measured range. The
larger values used by SRP were from drill stem boreholes made by oil explor-
ation companies, and these tests are not considered as reliable as those made
for the express prpose of determining permeability at the emplacement horizon.

The initial difference in pressure between the salt and open disposal roams
can be specified in & parrower range, as scmewhere between the hydrostatic amd
lithostatic pressure in salt at a depth of 650 m (2150 £t) [roughly between 70
and 140 bars (1000 ard 2000 psi), respectively). The pressure difference will
decrease markedly at the very end of the periad of salt consolidation (amd
brine inflow will be correspondingly smaller), because any fluid that exists in
repository voids will be tightly squeezed.

(2) The rate of closure of the WIFP excavations due to salt movement has
been monitored over the past several years. Results to date show that measured
rates are substantially faster than jnitial thecretical predictions, and that
caplete closure can be expected in about 100 years. The rate of closure will
decrease in the final stages because of resistance offered by the campacted
waste, backfill, and any brine or gas that may be present.



(3) The rate of gas generation is difficult to estimate. The principal
qas to be opected is carbon dicdide from decanposition of organic material in
the waste, possibly aided by bacterial activity. A little hydrogen may be
produced by radiolysis of waste ard water, and larger amouwtts by corrosion of
steel in the waste cortainers. Small quantities of nitrogen will remain fyrom
emtrapped air. SNL suggests an overall rate of 220 gn (half a pouwrd) of gas
per waste drum in 100 years, but this is no more than an educated quess ard is
not based an quantitative measurements of actual waste drums in a repository
eviroment. SRP considers this figure too low but makes no specific estimate.

In summary, the important variables on which acommlation or nom-
acarmlation of abundant mobile fluid deperds can be known anly roughly on the
basis of available data. SNL calculates a maximm expectable rate of brine
inflow of about 43 m°, or slightly over 1 percent of the initial volume of
the expty roam, in each disposal roam in 100 years, an amount that prel
experiments show oould be readily absorbed by the plarmed backfill and would
not form a mobile fluid. SRP rightly peints aut that the amount could be much
larger if salt permeabilities higher in the measured range of values are used

. for the calculation.

The following discussion will consider whether the chance of fluids
accumilating in the amounts, character arxd with the resulting hazard to the
enviramment that are picthured in SRP's scenario is significant. SRP supposes
that abundant brine enters voids in the repository from permeable parts of the
salt; that the brine mcves through the backfill, corrodes the steel containers
of the waste, and becanes a thin and mobile "slurry" containing dissolved and
particulate material froum the waste, backfill, and corroded metal; that
radiomclides exist in the licuid partly as dissclved compounds and partly as
attachments to suspended particles; that abundant gas is generated ard pressure
builds up both fram the gas and from salt creep; and that the liquid is forced
to the surface either through leaks in the shaft seals or through exploratory
drill-holes that happen to penetrate the repository sametime in the future when
all records of WIFP's existence have been lost. The various parts of this
scenario are discussed in the following paragraphs.

Inflow of abymdant brine. As noted previocusly, abundant inflow is possible
but only if it cames from excepticnally permeable parts of the salt, or if the
effective bulk permeability is much greater than the average of that measured
locally in a few boreholes. Fermeable zones in the salt will probably be
abvious during repository construction, and it seems likely that they can be
avoided as the disposal roams are excavated. As mentioned above, the amount of
brine to be expected is more reasonably estimated fram the low permeabilities
measured by SNL.

Corrosion of steel contajners. PBoth SRP and SNL assume that the steel will
corrode not long after the repository is closed. SRP expects the "soft-steel
waste containers {to] disintegrate within ... 20 years" and become part of
the "glurry." The products are more likely to be iron in solution and solid
chanks of the container metal that have been partly or completely oxidized or
sulfidized.




Formation of "slurzy.® The term "slwrry" in the SRP paper appears to
canote a free-flowing liquid cantaining dissolved ard particulate material
derived from partial disintegration of backfill, waste, and corroded metal.
Most of the backfill is more likely to persist as a dense mush of salt crystals
and bentonite, the waste would be in pieces ard shreds of various solids, amd
the corroded metal would form in discrete cdunks. The remaining void space, as
yet unxietermined, will contain brine and gas, ard if the permeability is as low
as aurent estimates by SNL suggest, the amount of ligquid brine will be amall.

Entraimment of radiomuclides. The radiamclides from the waste are assumed
to be partly dissolved in the “slurry" ard partly attached to its constituent
particles, and in either form to be freely moving. Because the principal
radicactive gpecies is plutonium, which is insocluble in neutral reducing
solutions and strongly sorbed by both bentonite and iron addde, the amomt in
dissolved form should be very small. It can be reasgnably assumed that there
would be same particles containing plutonium but this would be only a fraction
of the total radicactive material present, and the particles waild not travel
far if the "slworry" were to move through emall openirgs.

Generation of gas. As noted above, sare formation of gas is very likely,

- particularly carbon diaxide from the decamosition of organic materials in the

waste, SRP postulates in addition abundant hydrogen sulfide, which seems
improbable because even if it does appear, it waild react readily with
dissolved iron to form solid ferrous sulfide. Accumlation of mich gas ard
build-up of high pressure by salt creep as the repository cpenings are
campressed appear to be unlikely, because the gas would slowly move aut through
the salt or through leaks in the seals of shafts ard tumels. If the salt is
permeable encugh for much brine to leak in, it is likely that gas would terd to
leak out as the gas pressure rises toward lithostatic. '

Movement of "sluxyv* to the surface. SRP assumes that radiomcliides can
reach the surface by two possible routes: (1) through leaks in shaft seals up

into an aquifer in the overlying Rustler formation, thence to the swrface with
groadwater flow in the aquifer; and (2} through exploratory drill-holes that
accidentally strike the repository in the distant futire. Release by either
route could be prampted by the development of high pressure from gas generation
or salt creep; release through drill~holes is possible also withaut pressure,
by the entrairment of waste in fluids used for drilling. If the existence of
sufficient mobile fluid is assumed, amy of these alternatives could bring
radicactive material to the surface in amounts exreeding releases specified by
EFA standards. In support of the first altermative, SRP notes that SNL has not
yet demonstrated a campletely satisfactory method of shaft sealing. Recent SNL
irsitu experiments with various sealing techniques, however, are very
pranising. Release to a Rustler aquifer requires that leaks in the seals be
not anly present bt large enough for passage of particulate matter in the
"slurry, a requirement that puts an additional strain on the credibility of
this raute. The postulated releases through drill-holes are the more plausible
of the two routes.




It is worth noting that the radicactive releases just described, even if
they were to occur, would not result in a major catastrophe at or near the
site. Escape of cortaminated brine through a drill-hole from a pressurized
cavity wauld cause a temporary spart of radicactive liquid, amd emtrairment of
waste in drilling fluid might lead to langer-lasting flow; but both events
would mean only brief surface cantact between a few individuals and slightly
radicactive liquid. Sericus harm would be highly unlikely. Release to a
potableaquifercmldbemredargerwbnuseﬂmﬂuiﬂmldhedissemmted
over a wider area and ingestion could lead to possible significant
hztmterfrmrustleraquifersismtnwmtablemﬂisrﬂtlﬂelytobme
80 in the future. Meeting EPA standards is a requiremernt, although failure to
achieve campliance at this particular site and with this particular assumed
sequence of events would not pose a major threat to the health amd safety of a

large cammity.

‘nmsSRPhaspzesmtedamrioofndioactiveraleaseatWIPPﬂntcmld

carveivably happen but that seems highly improbable. Given extra
ilities of salt with contimiity to a source of water near the disposal

roams, backfill that takes the form of very small particles, steel containers
that corrode in a nearly neutral reducing brine or disintegrate into tiny
grains of iron oxide, and heterogenecus waste that generates abundant gas as it
breaks down inte particles—given all these precarditions, it would indeed be
possible for a mobile fluid to form that could bring radiamclides to the
surface in amounts exceeding EPA standards., But the necessary assumption of a
sequence of improbable events coupled to the drilling of exploratory holes that
strike disposal roams does not make the result credible. It will probably be
forever impossible to devise a repository so perfect that scmecne carmot think
of a way in which it might be breached; but such a breaching evernt must prove
credible through a sound program of experimental imvestigation. Nevertheless,
it is essential to have a well conceived experimental program at WIFP to reduce
remaining uncertainties as a basis for a conservative performance assessment,

Conclusions and Recommerdations

In response to the request by the New Mexico congressional delegation, the
Panel concludes fram its study of axrently available evidence that the
formation of an abundant mobile fluid in a repository at the WIPP site, as
postulated by SRP, is very improbable. SRP has nevertheless highlighted same
of the uncertainties, loang recognized by the Panel, that remain in the existing
data, and by 80 doing has performed a service. To resolve the uncertainties,
the Panel makes the following recammerdations:

1. The uncertainties are not considered sufficient to warrant a hold an
the research activities currently plarmed at WIFP. A camprehensive,
systematic experimental program is needed and should contimie, to
reduce the uncertainties and t0 support a conservative performance
assessment as required by EFA. BExperimental work is particularly
important on the permeability of the salt (in particular, the nature,
locatiaon, extent and contimiity of zones of above
permeability) ard the generation of gas frum the waste. These

/"“"“"‘x\



quarntities are essential for predicting the amount, character, and
migration of any fluid that accumilates, and major uncertainties still
exist regarding them; the goal of the experimental program should be
to reduce the ucertainties with minimal risk.

As a first priority, the plamed experimental program far a S-year
period must be better defined. Detailed descriptions of the intended
experiments have not yet been publishad, ard, without seeing such
descriptions, neither the Panel ror any other scientific group has a
basis for a meaningful judgment about their ability to reduce cxrent
uncertainties.

Scme of the experiments will require the use of drums cataining
radioactive waste, and there should be no change in present plans to
bring such drums to WIFP begimming in Octaber 1988, Because of
contirued uncertainty achieving campliance with EPA standards,
the Panel agrees with EBG" that no more drums than those to be used
in well-described ard necessary experiments be placed undergrourd.
Only when the experimental work has substantially reduced the
uncertainties about brine accumilation to which EEG and SRP have
called attention should additional waste coxrtainers be emplaced.

Bperiments should be designed to lessen uncertainties, not to
“verify" preconceived ideas about their probable results. Thought
should be given to an appropriate course of action if experimerrtal
results turn cut contrary to expectation.

As experimental results are cbtained, performance assessment
calculations should be contimially refined to test the confidence of
achieving campliance with EPA standards.

Multiphase models (gas + ligquid + solid) should be developed to
describe the behavior of the possible complex fluids that may form as
brine enters the repository amd gas is generated from the waste.

Effort shauld camrence immediately to investigate the feasibility of
possible technical "fixes" if the problem of fluids in the repository
is determined by the recammended experiments to be sericus. Examples
of such "fixes" are:

a. the use of “"getters" to reduce or control the amounts of gas
generated frum the waste;

b. the use of inhibitors to syppress bacterial activity:

t. wethods by vwhich brine in the repository might be drained, for
eample into same sort of sump;

d. a decision to leave the repository cpen for a long pericad,
perhaps 100 years, with ventilation and appropriate monitoring,
to ensure consolidation of salt around the waste unhindered by
brine or gas pressure build-up;

e. addition of material to the waste drums to increase sorptive
capacity and recuce void space; ard

6



f. as an extreme measure, processing the waste into dense,
chemically stable forms before emplacement in the repository.
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Mr. Critz George
U.S. Department of Energy
Office of Defense Waste

and Transportation Management
DP-124/Forrestal
Washington, DC 20545

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 labuiatury Loats and in-situ enporimente. What follawe ia A sng-

gested design for an intermediate-scale experiment to better define the
sources of the discrepancy between the predicted and cbserved salt creep
rates, as requested hy the Department of Energy.

Summary

Measurements in underground test rooms [of the order of 5.5m (wide)
x 5.5m (high) in cross-gsection} at the WIPP site indicate room closure
rates 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 100mm high) core samples taken 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 50 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.

The Netiona! Research Coxncil is the principal operating agency of the National Academry of Sciemces and the Netional Academy of Engineenng
to seroe government and ather orgamzations



Discussion

Evaporite rocks such as the salt formations a:t the WIPP 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 wvariables. Lomenick, MecClain and
Starfield. for example, used an empirical relationship of the form:

a b .cC
E. = E, + 40° T~ ¢ (1)
where E, is the strain of the material at any time t
E is the instantaneous (or "elastie") strain that
Q .
develops immediately upon load application--and
is recovered immediately upon unloading
g is the applied stress (some function of the
rhraa.AimanciAan2]l ctrvace raral
T is the absclute temperature (°K)
t is time

A,a,b,c are constants

to analyze deformations around underground openings as part of Project
Salt Vault studiec at Oak Ridge National Laborateries ["a"” 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 perlods 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 intermal structure of the salt.
The expression is more complicated than equation (1) above, with a greater
number of variables, whose 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) Terining LnNe criekp €XpILesSsIon (or - consLicurive
relationship") to incorporate additional fundamental mechanisms; or

R
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(ii) attempting to assess whether strains occurring during the
very early times after the theoretically "instantaneous®
(but practically finire duration) load applications are
properly taken into account in the measured deformations;
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
deformational 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

{fa5haE.Rf 1Re%) E9MOREES BR HR.LARDERVRTY B AREELE YRaue ¥il] Drina

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, 1.e., when cracks are open and compliant.

With the exception 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 fleld observations, i.e., that the "errors of interpretation®
lie fully with the laboratory tests. ile this may be true, it is also
certainly plausible that there may be influences Iin 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. Scale. 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 ro decrease with
an increase in the lcaded volume (due to the greater possibility of
large, weakening flaws in the larger volume), evaporites are ofren

considered to be less subject to size effects than other rock types.
Flnmr in Aaranarirar tand ra haal wivh Fima

2. Geometyy. 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,
vhich deform as a result of the redistriburion of preexisting
(overburden and lateral) loads.

2004
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It is known from laboratory tests 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 net in a way that would
explain the observations at WIPF, where salt around the large
rectangular holes 1ls apparently wesker (i.e., creeps more rapidly)

Llicass wwlt L. elve swall, aslid aylindri.;l eot spssiiaeans .

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 te confirm the expected condition that the principal stresses are all
approximately equal to the overburden stress (i.e., "lithostatie"). In
addition, although there is some variation with direction in the 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 than 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® (i.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

sivuation, where the lsads arec applicd matuwally, i.c., witheoue
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 (i.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 thet will not be seen
in laboratory tests on small specimens.

With only two situations available for comparison, i.e., the smali-
scale laboratory and the large-scale in-situ case, it will be very
difficult to:
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a. identify whether or not the differences in scale, geometry, and .;f"'ﬂ"ﬁ““'-.,,
loading conditions of the two situations introduce, eliminace, %)
or modify mechanisms and causes for deformatien in one case ¥
coempared to the other, and k

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 wvalues of dispesable
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
into 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 geometry that more
closely resembles the full-scale excavation than the laboratory tests. It
would also be possible te instrument rhe region adjacent to the {proposged)
hole before it is drilled, thereby allowing determination of in-situ
defutwaclon beliavive gind ILo varlativi, with e€dme from ehe inasant that tho
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. In essence, a 36-in,-diameter, 100-ft.-long borehcle
would be drilled between two drifts in a 9-ft.-thick layer of uniform
("clean") 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 additionmal 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.



Wi 14 20 M EWARY | I SRR Y A rAah LTI B IS N W B Dy
g Uy

|
|
i
r‘.._ oo —I Room c2 :
Reom C! |
PLAN

|

1420 N. Drefi

-+ 1) fI —

) T SECTION

\
'

i
Z Anhydrite layver

.I[

Cored ’
Aor : . L
16 r:m; kK . = Clean Salt Secior

Jiameer: . @t ! b . L,

\ Anhydrite !a‘yer

- Y [ —b
4 Iy f1
)

FIG 1. Recommended Layout of Intermediate Scale
Time-Nenendent Refarmatinn Test

Test Procedurse

Phase |.  (a) Drill one or more small diameter (2 to 3 inch) holes 0-0
horizontally between the two rooms. [nstrument - to observe early defermations
zhead of large coring drill as hole is being cored

{b) Drill three dimensional array of horizontal holes (A, B} at
various heights [around path of (furure) 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 it is being driiled

Phase 2, Drill 36 inch diameter hole C horizontally from reom Cl to toom
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 Cl, C2,--hence several
loading conditions can be simulated




a. Thewxa if ne mochamisal intewfoase in tho loadina ayotom.

3. The test is agpproximately osne order of magnitude smaller in
scale than the room eXcavation tests 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 te that of the room
excavation (long uniform cross-section) and the overburden
pressure is comparable so that the three-dimensional stress
c~nditions are reasonably similar. In both cases (room and
borehclie), 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 site
recommended for the Intermediate-scale experiment, the possi-
bility of such influences on the time-dependent deformation
around the hole is very much reduced.

Scme Possi comes © diate- Experiment

If the field/laboratory comparison for the intermediate-scale
experiment proves to be essentially the same as for the full-scale
tests (i.e., 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 the rocultr of tho bopic difforancoo betweem laberaesey 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 1l2-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 éylinders
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 geometry 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
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essentially similar geometries for the three existing series of tests).

If the intermedisate-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 test 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. In
the case of the WIPP repository, this would imply that predictions of
lomg- 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 Intermediate-scale tests
cannot be anticipated, the tests do have the potential for providing
important insights into the causes of the observed discrepancies between

OBQQ&EE28$§T1AT1= hacad nn the lahnrarnry tests angd full-scale field
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Xonrad B. Krauskopf
Chairman, Panel on the
Waste Isolation Pilot Plant Project
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NATIONAL ACADEMY OF SCIENCES

REVIEW COMMENTS ON DOE/WIPP 89-011
DRAFT TEST PHASE PLAN



July 19, 1988

1. DOE should develop and publish within the aext six months a short, insegrated, overall sysiematic
assessment of longe=term safety of the WIPP repository, as currently understood.

2. Urgent attention should be given (0 (1} defining the combined e¢/fecis of gas generaiion, room
closure and sealing, brine inflow, ond other affects on the potential for long-term build-up of
gases in the repository to lithostaiic [1.e., overdurden) pressurs, with raspect 1o the long-term
isolation capability of the WIPP repository, and (ii) examining options for modifications to the
wasie as par: of the resolution of the gas ganeration issue,

3. Given the urgent nead (o resolve questions concerning gas generation after ¢mplacemen: of TRU
waste, the Panel agrees that the bin-scale and room-scale sxperiments, involving approximately
0.3% by volume of the capacity of WIPP, are warranted and should begin withow delsy.

4. Dara from laboralory tests (Ineluding tests at Righ ambient pressures). information from siudies
on gas generation from waste packages now stored at various sites, and information on exparience
abroad (e.g. U.X.) should be coliected and studied. together with enginsering modifications, as
expeditiously as possible to assist in arriving at g sound, early solution 10 the £33 generation {3sue.

S. The Daparimen: of Energy should include in the Plan a discussion of the risky associated with
transportation of TRU waste to WIPP, relaiive to 1he transporiation of other ha2ardous maiesicls,

6, Demonsiration of oparational readiness should not stars wntil several imporiant issues concerning
underground emplacement of waste for permanent {solation at W1PP have been resolved.

INTRODUCTIQN

Coples of DOE/WIPP 85011 (fuil title; *Deaft Pian for the Waste laoiation Pilot Plant Teat Phase:
Parformance Assassment and Operations Demonstration") wers distributed In Aprll to sll members
of the WIPP Panel for Individual review. Topies for later discussion were sslested by the Panel based
on this review. The Panel asgembled to consider the Draft on June 6-3 at the National Acedemy of
Sciences (NAS) Green Building in Washingtor, DC. DOE staff and contrastors made presentations
and answered questions,

The Draft Plas (including the sddendum dated June 16, 1989) proposes the underground
amplacement of TRU waste equal to 2.7% by volume of the total design capacity of WIPP in the
repository during the thres-year period September [989-Septambe; 1992 (Phase 1), This consiste of
0.5% to ba smpinced for sxperimental purposes aad 2.2% for Operations Demonstration purposes.
At the ond of the three-Year period DOER proposes to

{astitute & holdpolnt to analyze the results of the Performance Assessrmant and Operstions
Demonstration Programs up to that point, I, after a formal review of the tesults of the
programs, thers is reasonable confidence that WIPP will comply with the EPA Standard, 40
CFR 191, Seetions 13 and 15 (33 amended), and that Opsrations with actual TRU waste have
boen successfully performed in a safe and effective manner, s socond part of the Test Phase
will be undertaken. Test Phage activities and waste quantities for this part of the program
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wobid be determined based on needs and requirements Ideatified during the holdpoint review
[DOE addendum (Juns 16, 1989)), i ' P

Severs! relevant documents (listed in Appendix A) were provided between the time of delivery
of the Draft Plan and the WIPP Pane! meeting; others wers distributed at the meeting. These
doouments, together with the presentations snd dlacumsions during the June 6-3, 1949 meeting,
yleided aubstantial information and insight o8 the propesed S-yenr (Draft) Plan, Many of the

concluaions and recommendations in the Pacel's lattar report are based on this more complete
apprecistion ¢of the Pla.

PANEL FINDINGS

The Plan contains two princips! sections, ons entitled Performance Assessment, the other
Operations Demonstration. The two sections will e discussed separately. The conclutions and
recommendations are presentsd In italics; associated discussions are presentsd in standard type
immediately following the partioular conciusion or recommendstion.

PERFORMANCE ASSESSMENT
Concluions

Although the Plan is valuable in that it provides, for the [irst time, a comprekansive directory of
all of the investigations, currant or planned, under the WIPP program, and clearly indicates how
these ere related to the overall performance assessment activity, there are serious deficiencies in
this Draft. In its present form, the Plan does not

(1) develop research priorities or identlfy eritical problems;

(1i} identify or make appropricia use of the esseniial logic and rationale underlying the
performance assessmeni process, 1.0, the iterative, evolutionary selection and pursutt of
investigations designad to establish the overall suitability of the WIPP site a3 a repository
Jor sefe, long-1erm isolasion of TRU radicactive wasie.

Fallure to dsscribe the iterative resssessmont process and how it has been, snd is being used at
WIPP is & serious omlission, since the sntite program of experimental studies now underway, and
many of those planned, have presumably been decided on this basis. From presentations made st this
and other mestings of ths NAS/NAE/NRC WIPP Panel it is ¢lear that DOE and its contractors have,
in fact, followed a process, albeit less well-defined and more intultive than the formalized
performancs sssessment systom aow uander dsvelopmest.

Notably absent from the investigations described In the Plan is any consideration of the
Influences of radionuclide solubillties or enginesred modifications on repository isclstion
performance. Although no details were provided, DOE and i*s contractors swressed, during the
mesting, that enginsered modifications are now belng given serious attention as costridutors o
oversll isolation performance. The Panel has long advocetad conslderution of the merits of enginesred

modifications to improve the waste lsolation performance of the WIPP repository, if improvements
thould indeed be necessary.

While the performance assessmant mathodology described im Chapter 2.4, and illustraled
graphically in Figure 3.4 (‘p 2-21) of the Plan, seems 10 e approgriate for the formal assessment
of compliance with 40 CFR 191, Sub~Part B (EPA Standerd ), it 13 unlikely that this methodology
will have a subsiantial impact on the experimants planned, at least dwing the early part of ihe
Jive-year Plan, It is also unlikely that the results of the experiments will be available for, or have
any significant impact on, the performance assessmant.




Racommendanisn.l

DOE should deveiop and publish within the next 3ix months g short, integrated. ovarall systemaiic
assessmenl of (he long<term safety of the WIPP repository, as currenily understood.

The immediate purposes of such an sssessmant would be to

(i) identify critical tiaks and isuss

(i) articulate and document the rationale for currently proposed programs

(iii) establish priorities for thess programs with respect to their expected soatributions to the
mfo-reporitory cbjective (see Appendix)

(iv) stimulate early development of the iterstive process of parformance ssasessment prioritiss

that is missing in the compllance~oriented "tatal system modeling” approach now being
pursusd (302 Appendix).

The proposed assessment procedurs would alsc complement the currant performance assssament
activities In the manner suggestsd by the Environments) Protection Agency (EPA) viz. in Appendix
B, “Guidance for Implementation of Sub-Part 3" [of 40 CER Part 191) (Sept. 19, 198$).

In muking thete various predictions [of oversll Sisporal syatem performance] it will be
appropriats for the implementing sgoncion t6 make use of rather complex computationsi
models, anslytical theories, and pravalent exper: judgment relevant to the numericsl
predictions. Substantial uncertainties are Lkealy to be encountered in making thess
predictlons. In fact, sole reliznce on thess numerical predictions to determine compllance
may not de adpropriate; i

et in lifative IRGADADTS AL WAL

. (Emphasis added.)
Additional discussion of Recommendation | is pressniad in tha Appendix B to this report.

Rasammendasion2

Urgent attention should be given to (1) defining the combined effects of gas generation, room
closure and iealing, bring infiow, and other ef/ects on the poiantial for long-term bulld-up of gases
in the repository to lithosiatic (i.e., overburden) pressure. with respact to the long-ierm isoiation
capability of the WIPP repository, and (ii) examining aptions for modifications 1o ihe waste as part
of the resolution of the gas genararion issue. :

Considerable sttention was given, during the mestiag, to the suggestion in the Plan that the
combined long-term effects of repository closurs and ges generation due to corrosion of the waste
package, snd bacteriological and radiclogical decomponition of cthe TRU waste, could resuls in the
deveiopment of gas prassures of the order of the litkostatic (Le. overburden) pressure in the sesled
repositories. Such pressures could give rise to potentially serious effects such as the generation of
radial fractures, originating from the repository and able to propsgate away from the répository,
theredy allowing transpor: of radionuclides outside the repository. Computations sugges: that the

imtact salt formations are likaly to be essentially impermeable to gases; hence pressurs lesk~off may
not occur,

On the other hand, it is possible that salt permeabllity may increass due to micro-fracturing
saused by gas pressurel (acting within the undecground cavity) as they approach lithoutatic prasure,
This acedy to be examined. Also, receat atudies have ravealed the davelopment of circumferontial
fractures in the immediate vielnity of the underground excavations (the so-called "disturbed rock
zone'). These fracturet devolog progressively as the excavations ¢lose, aad may serve as high
permeability paths along the periphery of the sxcavations. These paths would sllow the gas 10 eséape

from the stOrage excavations as it is generated, at least uatll the fractures reheal due to cresp closure
around repository saals.




Studies have been started 1o examine the combined effects of gas genezation, disturbed.rock.
zone development, and eaginesred (chemical) modifications to the wasts package on gas generation,
long-term, in the overall repository savironment. Laboratory, und perhaps in-situ, tests, even st s
small-scale, to determine the gas permeability of intact salt as the pressure ingide s “senled" cavity
approschan lithostatic pressure, would be very informstive with regard to this problem.

Because the time necessary for gas pressure bulld-up to occur is considerably longer then the
fivaeysar period of the proposed DOE Plazn, it is important that offorts bs uadertaken now that can
reduce or eliminate concern that gas generation will affect af:zvﬁ Such measuses Include changss
in continer materisls, waste modification, and sngineering modifications.

Underground Exceriments
Cosglugion
Datermination of the rate, quantity, and composition of gases generased by the very heterogeneous

mixiures of existing TRU wasies wiil require both laboraiory { bench and {arge-scale experimenis.
the laster involving assemblies of drums of TRU wasie,

Rasommendasion 3
 Given the wrgent need to resoive questions concerning gas gemeration after empiacement of TRU

waste, the Panel agress thai the bin-scale and room-scale experimants. involving approximately 0.5%
by volume of the capacity of WIPE, are warranted and should begin withow delay.

Seaclugion

Underground test resuits alone will not suffice for an early decision on appropriate sirategies for
addressing gas generation in wase package and underground emplacement, since much of the
important daig will still be accumulating at the end of the currently scheduled test phase [l.e..
September 1991),

Resommendation 4

Data from laboraiory tesis { including tests at high ambient pregsures ;. information from siudies
on gas generation [rom waste packages now stored ai vartous sites, and information on axperience
adroad (e.g., UK.) should de collected and studied together with engineering modifications as
expeditiously a3 possidle to assist in arriving & @ sound, early 1olution to the gas generation issue.

The gates gensrated by the emplaced wasts will be 30 low in redioactivity as 20 be considered
non-radioactive. The progesses by which gases are gensrated under repository cenditions, including
corrosion sad radlolysis, do not produce radiosctive isotopes. The repository gases should include
oaly trace kmounts of the noble gas fission products reisased from the wastes.

OPERATIONS DEMONSTRATION
Pansl discussion of the nead for demonstrating the adliity of the WIPP faaility to "be safely and

effootively operated as intended by Congress (n PL 96 164" [DOE statement of purpods of operations
demonstration], was divided into two maila topics:
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1. Transportation and associsted smergency preparedness lssues (accident prevention, stutes
trtining and education)

2, The need for early demonstration of cperations! readiness and pre-cperations! testing,
including underground emplacement of TRU wasts.

Iransportacion and Emerssncy Praparsdnass

Canclugien

The system proposed for transportation of TRU waste to WIBP is safar than that employed for any
other hasardous material in the United States today and will reduce risk to very low levels.

The Pansl was impressed with the WIPP program adtlvities in transportstion of TRU waste and
emergensy praparednesy, ‘The program is both very comprehensive and thorough, snd will
undoubtedly result in low levels of risk nssociated with surface tzansfer of TRU waste from current
storage locations 1o the WIPP faciiity. :

Recommendation

The Department of Energy should include in the Plan a discussion of the risks associaied with
transporsation of TRU wasie to WIPP, relaiive to the transportation of other hagardous malerials.

Punel members expressed concern that thers was po indication, la either the Plan or the orgl
prasentations, of & relationship between (a) the amessmont of risk sad safety associsted with the
various sspects of tramapormtion of TRU wasts and (b) the emergency pinnning and education
program. Also, the ‘high profile’ and comprehensiveness of the states fraining and education
program may give & false impression that TRU waste {3 more hazardous than a veriety of other
hazardous materialy, some pesing a tignificantly geeater riak, that are routinely handled in the same
states and on the same highways with no special precautions. In the Panel's view, the Department
it being exemplary and responsible i ’ivinl 8 high leval of attention to TRU waste transpart. Suck
actention ls appropriate for shipment of all hezardous materisls, almost all of which pose greater risk
than the TRU shipments.

DRamopaszation of Qoerstions] Readinasy
Demonstration of operational readiness is an imporiant phase of the overall WIPP program.

Pilot~plant and prototype testing are essential scale-up steps ln the sound development of new
technological systems. Civen also the usique nature of the WIPP facllity, such operstions
demonstration activities become particularly important.  Traasportation end underground
emplacement of TRU waste on & pliot-scels are necetsary paru of the oversll demonscration that the
WIPP fasility can be operatsd safely for TRU waste isclation.

The overall public health consequences of the proposed operations demonsiration are likely to be
vary small, given '

(1)  the low risks associated with transportation of TRU wase (discussed above), and
(1i) the inherently high security of the WIPP underground location. especially on @ monttored
storage basis, as 18 coniemplated [or the [ive years of the Plan.
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Recommandation €

Damonjytration of operational readiness should not start until severol 