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EXECUTIVE SUMMARY 

This report presents the findings of the Performance Assessment Review Team (PART). 
convened in 1992 to perform a limited, independent review of the Performance Assessment (PA) 
Program at the Department of Energy's (DOE'S) Waste Isolation Pilot Plam (WIPP). The six-member 
team was mandated by the Environmental Restoration and Waste Management WIPP Project 
Management Division (EM-342) of DOE to assess the adequacy of the W P P  PA program for 
meeting relevant regulatoly standards for the disposal of radioactive and hazardous wastes, to identify 
any deficiencies in the program, and to make recommendations for improvements. In preparing its 
report, the PART reviewed the pertinent PA documents and activities, toured the W P P  site, and 
interviewed members of the project staff. m e  review team finds that the work on WIPP has generally 
been perceptive, incisive, and fundamentally sound. However, for compliance with current standards 
and regulations, substantial progress and improvements will be necessary in certain areas where 
additional investigations and documentation may be required; the PA department is fully aware of 
most of them. These areas include PA documentation, parameter evaluation, conceptual model 
justification, time-dependent behavior of natural and engineered barriers to fluid migration from the 
coupled disposal system, and a total system model. 

?he 10,25&acre WIPP site, located in the Permian age salt beds east of Carlsbad, New Mexico, 
was authorized by Congress (in Public Law 96-164) in 1979. 'Ibe PART repon begins with a history 
of the site selection and development and a summary of background information. focusing 
particularly on the facility's mission to investigate methods for the safe and permanent disposal of 
mixed manmanic (TRU) wastes in salt rock. Because of salt's impermeability, strength, and ability to 
"creep" and self-heal over time, waste emplaced in moms mined from salt and backfilled and scaled 
with crushed salt will eventually be encapsulated and become pan of the stable rock formation. If 
approved, the current WIPP plan would provide for the emplacement of 6.2 million ft3 of waste in 
storage areas laid out in eight -1s. esch consisting of seven rooms. 

The ultimate decision to license WIPP as a permanent repository and allow it to proceed with 
full-scale operations will depmd on the ability of the DOE demonstration that the site is likely to 
satisfy the requirements of the various Federal and state regulations and address concerns of the 
oversight bodies (e.g.. the National Environmental Policy Act W A ) ,  the Resource Conservation 
and Recovery Act (RCRA), and the State of New Mexico's Environmeatal Evaluation Group (EEG)). 
In particular, the PART focused on the WIPP PA activities which address the long-term criteria in two 
key regulations: 

40 CFR 191-This regulation details the Environmental Rotat ion Agency's (EPA's) 
standards for the Management and Disposal of Spent Nudear Fuel, High Level and 
Transuranic Radioactive Waste. Disposal systems sre required to provide "a reasonable 
expectation" of adhaence to specified limits on cumulative releases to the accessible 
environment, dose to the public, and groundwPta contamination for 10,000 years. 40 
CFR 191 Subpart B further decrees the use of specific methods for the containment and 
isolation of wastes (e.g., multiple bonias, both natural .ad engineered) and an evaluation 
of the possibility of inadvenent human intrusion into the disposal site. Sandia National 



Laboratories (SNL) has the primary responsibility for performing the PA regarding 40 
CFR 191 at WIPP. - 
40 CFR 268.CLThis RCRA regulation states that facilities planning to emplace untreated 
hazardous waste must obtain a No-Migration Determination (NMD) by demonmating "to 
a reasonable &pee of certainty" that there will be no migration of wastes for "as long as 
the wastes remain hazardous" (interpreted in this instance as 10,000 years). In 1990, 
WIPP was granted a ten-year conditional NMD for the Test Phase. and it is pan of the 
duty of Westinghouse Waste Isolation Division (WID), which has responsibility for PA 
activities pertaining to 40 CFR 268.6, to supply the required annual reports to the EPA. 

Differences or conflicts between the two regulations were reconciled by DOE in the draft 
Regulatory Criteria Document (RCD) in 1992. This set of integrated criteria was used by PART as 
the basis for its review, which examines the PA approaches of SNL and WID in terms of such issues as 
scenario selection and evaluation, conceptual modeling, performance measures, sensitivity and 
uncertainty analyses, and probabilistic approaches. 

PART finds that the current PA doamentation provides neither the f rmwork  nor histbry 
required for demonslrating reasonable expectation of compliance. The WIPP PA issues need to be 
tracked and documented from the time they are identified through their evaluation and eventual 
resolution. Of particular.imporlance is the need to clearly document conceptual models of the 
disposal system and its components including the underlying assumptions, supporting information 
and any unresolved issues aad their importance. From a performance measure standpoint, simple 
bounding calculations would be useful for building confidence and undemanding of complex 
system models. Combinca these efforts would eventually lead to a well-documented, complete - 
system model that will more clearly demo&ate- whetha the WIPP site complies with applicable 
regulations. 

A substantial portion of the PART repon is devoted to a review of the investigations of the 
stratigraphy, hydrology, structural state and chemisoy of the host rock formations and the likely 
interactions bemeen the disposal system and its natural surroundings. Despite consibable work on 
a mnstitutive relation for WIPP salt crrep, which sdll requires improved undersranding of the transient 
component, the relation bas oat yet ban incorporated into models of repository closure. lhe effects 
of brine inflow and gas geneation on mom closure and scaling are beginning to be considered 
realistically in coupled, thee-phsse flow models but these models are not yet fully developed. Apan 
from uncertainties in the far-field hydraulic properties of the Salado Formation, the nature and 
projected behavior of tk disturbed rock zone (DRZ) surrounding the excavation have m t  been well- 
characterized 'Ibe DRZ provides tfie primary potential pathway through time for the migration of 
gas and brine from disposal rooms to the accessible environment ihaefore, the representation of 

In conjunction with the naaual barria system, engine& barriers m designad to minimize 
releases to the accessible environment Enghccred barriers include repository design features, shaf~ 
and panel seals and plugs, and backfill; these components have not yet been incorporated into system 
performance models. l b  PART found that while substantial progress is being made towards 
charactaizing natural barriers, more work will be required on enginepi  W a s  before compliance - 
can be demonstrated. 1'4 . i 
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The final section of the iII~eS~gati0n addresses undisturbed and disturbed repository 
scenarios considered by the PA. The undisturbed or base-case scenario assumes only naturally- 
occurring events and processes and modeling shows that lateral brine and gas releases in 10.000 years 
are very limited, as are vertical releases if shaft seals behave as expected. Disturbed repository 
scenarios investigated focus on future disruption by exploratory drilling for resources and consider 
probabilities and consequences of both direct and indirect releases to the accessible environment. For 
all three summary scenarios modeled, including a physically unreasonable and conservative one. 
releases estimated are well below the EPA regulatory limit. However, for both undisturbed and 
disturbed scenarios, only 2-D simulations using incomplete system models have been carried out, 
again emphasizing the need for complete systems performance modeling. Sensitivity analyses based 
on component models will not necessarily identify the most important variables and parameters for 
reducing uncertainty about the performance of the entire system. 

The review team concludes that, although WIPP's work is generally solid, the current PA does 
not provide enough information or documentation on the underlying assumptions, controversial 
issues, and evolution of understanding to provide the confidence on the pan of regulators and the 
public to support licensing of the W'lPF' facility. In addition to making spedfic suggestions regarding 
technical issues and uncertainties still in need of investigation and resolution, the necessity for 
including enginered barriers in future PAS, and the relative merit of more and less complex 
modeling efforts, the PART emphasites the overall need for an integrating PA process which clearly 
relates ongoing WIPP activities to compliance-based objectives. 



1.0 INTRODUCTION 

The Waste lsolation Pilot Plant (WIPP) Of the United States Department of Energy (DOE). 
located near Carlsbad, New Mexico (Figure 1-1). was created as a research and development facility 
to demonstrate the safe disposal of the Uansuranic (mu) wastes generated by national defense 
programs. Performance assessment is a key element in the ongoing development and potential 
certification of the facility. This report contains the findings and conclusions of the Performance 
Assessment Review Team (PART'), which was formed by the Environmental Restoration and Waste 
Management WIPP Roject Management Division (EM-342) of DOE to perform an independent 
review of the WIPP Performance Assessment (PA) Program. 

1.1 . AN OVERVIEW OF "PART'S INDEPENDENT REVIEW OF WIPP PA ACTIVITIES FOR EM- 
342 " 

EM-342 has oversight responsibility for the entire WIPP Roject, including performance 
assessment activities. The objectives of the PART review were to assess the adequacy of the WlPP PA 
Program for meeting regulatory requirements, to identify any deficiencies in the program. and to 
make recommendations for program improvement. 

The PART performed a limited review of relevant PA activities and documents and conducted 
interviews and discussions with WIPP Roject staff, including the WIPP Project Integration Office 
(WPIO). Westinghouse Waste Isolation Division (WID), and Sandia National Laboratories (SNL) 
Performance Assessment Department. 'Ihe review included an examination of the conceptual models - used to represent the significant processes associated with a repository system at WIPP. the parameters 
defining the components of these models, and the activities for characterizing the site and reducing 
uncertainty in the long-term performance of the repository system. The results of these activities are 
summarized in this repoc 

Section 1 provides background information about the selection of WIPP as a disposal site for 
TRU waste, the history of its development, M ovaview of the regulations that govern the disposal of 
radioactive and hazardous waae in geologic repositories, and a summary of the general content of the 
PART review. Section 2 provides an overview of the PA requirements specified in the two Federal 
regulations governing geologic disposPl of radioactive and hazardous waste. Section 2 also discusses 
similarities and differences in the aurrnt approaches taken for demonsnating compliance with these 
regulations. 

Information about the WIPP site and the repository disposal system are provided in Sections 
3, 4, and 5. Section 3 desaibes some of the conceptual models of key features and processes 
associated with the WIPP site and disposal system, including those aspects that were present before the 
WIPP facility was consaumd and those that may be importaut in the distant future (i.e., during the 
next 10,000 years). S,ection 4 provides hydrologic and geologic data about the host rock and the 
formations above and below the repository. Emphasis is given to undisturbed properties to provide 
the basis for describing panabations that occur or m y  occur as a result of repository construction 
and waste disposal. The possible impact of these activities on the long-term performance of the 
disposal system is discussed in Section 5. 

"~~ ,.. 
. * 
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Figure 1-1. Loution of WIPP in Sontheastern New Mexico (after Rechard, 1989, - 
Figure 1.2). 



Section 6 contains an overview of the proposed engineered barrier system at WIpp. the 

associated standards in  the regulations. and the relevant analyses and testing that have been 
performed. The section also identifies Several issues Concerning the treatment of the engineered 
barriers in the WIPP PA. 

Scenarios of possible future events and processes at WIPP are presented in Section 7. ^Ihe 
base case scenario for WIPP is presented in Subsection 7.1. ?his scenario ignores the possibility of 
human intrusion by mining or exploratory drilling and concentrates on expected changes in the 
natural system over the next 10.000 years. Inadvertent human innusion scenarios are discussed in 
Subsection 7.2. 

Section 8 discusses the major issues identified as pan of the review that may affect the ability 
of DOE to demonstrate regulatory compliance. Observations are made concerning the difficulty of 
identifying all the sources of information relevant for the review and the reporting process, and 
recommended changes are provided. Areas of significant uncertainty and possible importance 
related to the natural and engineered components of the repository system a re  also discussed in 
Section 8. 'Ihe significance of these findings cannot be assessed until a more comprehensive PA 
model is available. 

13 BACKGROUND 

This section provides background information on the WIPP project It describes the history 
of its physical and regulatory development, as well as tk name and character of the wastes it is 
designed to handle. Numerous oversight and regulatory groups are also described in this section. 
Because the PART review examined the- Pdequacy Of the w e n t  PA program at WIPP for addressing 
the long t a m  regulations. these regulations are described and their differences noted. The PART 
organization, the base set of information it nsed, the WIPP Project organizations that participated in 
the review, the meetings, the intaviews and the tour that provided valuable inputs to PART, and the 
final report development are all described in this section 

Defense nuc lw waste generation began in the 1940s. By the end of 1991. there were 
approximately 65,000 m3 (2.3 million ft3) of defense-related TRU wastes produced andlor 
temporarily stored at tk various W E  facilities around the- counay (Figure 1-1). Rejections indicate 
that by 2018 there will be 133,000 m3 (4.7 million ft3) of such wastes (DOERW-0006. Rev. 8. 
DOUWIPP 89-01 1, Rev 1). 

'Ihese wastes, containing less thnn 1% free liquids, consist of various items that must be 
discarded because they have become contaminated with long-lived radioactive elements like 
plutonium-239 (with a 24,000-year half-life), that are heavier than uranium (i.e., having an atomic 
number greater than 92). 'Ibese items typically include rags. r u b h  gloves. shoe covers, discarded 
glasdmetalware, plastic bags, pumps, motors, hand Pod machine tools, sludges and so fonh. A 
significant portion of the TRUcontaminated waste. which can emit increasingly penetrating alpha, 
beta, and gamma radiation, also includes materiais that are themselves designated as hazardous wastes 
by tk Environmental Protection Agency (EPA)-e.g., volatile organic compounds (VOCs) such as 
carbon machloride a d  metals such as lead @OE/WIPP 89-011, Rev. 1). 

Most TRU wastes (97%) are categorized as contact-handled (CH) TRU (less than 200 
milliremihr). Safe handling and storage are provided by packaging them in 55-gallon drums or 



boxes which will be stacked for disposal in the WIPP underground, as shown in Figure 1-2. The 
metallic drums or boxes provide Sufficient shielding from the less penetrating alpha and beta 
radiation emitted by these wastes. and no additional shielding is required. The remaining small 
volume of TRU wastes (3%) is designated as remote-handled (RH) TRU waste. The RH TRU wastes 
emit sufficient quantities of gamma radiation (greater than 200 milliremhr but less than 1000 remflr. 
with no more than 5% of the total greater than 100 remlhr), and additional special shielding is 
required to protect workers and the public from radiation exposure during the transportation and 
emplacement of these wastes. Following a decision to store TRU wastes permanently at WIPP, TRU 
waste from the ten DOE facilities (Figure 1-11 that temporarily sore andlor generate it, will be 
transported by uuck to WIPP in NRC-certified Type B shipping containers (e.g., TRUPACT-I1 
containers for CH-TRU, as illustrated in Figure 1-3). 

The time sequence of events shown in Figure 1-4 illustrates the complex intermingling of the 
events and periods of activity at WIPP with the times of passage Of applicable public laws. Following 
the beginning of waste generation in the 1940's. the National Academy of Sciences (NAS) began 
investigating the feasibility of geological disposal of defense generated nuclear waste in the early 
1950s. 'Ihe NAS investigation resulted in the recommendation in 1957 (NAS-NRC 1957) of salt 
deposits as a promising medium for disposal of radioactive wastes for the following reasons: 

Salt is vimally i m p i o u s  and has a natural "plastic-like" quality that enables it to flow or 
creep and self-heal over time under the effects of heat and stress found at proposed 
repository depths. As a result, waste emplaced in mined moms within the salt deposits 
and backfilled with salt will eventually be encapsulated and become  par^ of the stable rock 
formation. - 
Circulating groundwaters are historically absent within salt formations (as shown by the - 
existence of salt deposits), and the composition of inter- and intra-granular brines is 
consistent with connate wafer from the US-million-yuu-old Pamian Sea 

Vast salt deposits are found in relatively stable geological areas with little earthquake 
activity. 

Salt is relatively easy to mine, and is as strong as ordinary mncrue in the shon term. but 
weak and ductile in the long-ram. 

Following the NAS ncommcndption. the United S F  Geological Survey (USGS) identified 
the salt beds of the Pamian Basin of the southwestan U.S. (Flgare 1-51 as a workabie location for a 
repository in 1962. Subsquently. the Oak Ridge National Laboratory. following USGS 
recommendations, satdied various potential repository locations in the Permian Basin and conducted 
extensive testing of sites in Kansas and New Mexico which included large-scale field experiments 
near Lyons, Kansas. lhc search ended and the WIPP site investigation period began in 1974, when a 
ponion of the Northan Delaware Basin east of Carlsbad, New Mexico was chosen as the most 
promising location for a TRU waste repository. 

In 1979, Public Law %-161 cJtablisbed WIPP as a flrst-of-a-kind project to meet the national 
need for a long-term, safe mQhod for disposal of TRU wastes from the nation's defense programs. 
WIPP's research and development mission was to study the ccharacteristics of salt rock and how it 
interacts with, and can safely contain, TRU wastes; and to implement a three-to-seven-year 
production-scale test program to determine if TRU wpstes can be safely disposed in a deep, - 
underground bedded salt formation. 



Figure 1-2. Stacks of  Drums m i  WIPP. 



Figure 1-3. Diagram of the TmUP4CT-I1 Double Containment Vessel for 
i Transporl of Wr ) 'WIPP. %. ? 



F i g n  14. Thing ot WIPP Events .nd Actlo- 
.- 

1-7 February 1994 



I _  . . . 

J 
. . 

Figure 1-5. Location of Variour ck-Salt Deposits in (be United States 1 ) 



If  the tests prove successful. and a decision is made to store mixed TRU wastes permanently ar 
WIPP, the facility will operate as a repository for approximately twenty years before closure. 

Between the site selection period and 1979, when the WIPP site was authorized by Congress. 
important events occurred that impacted WIPP significantly. The National Environmental Policy Act 
(NEPA) became law, and stricter policies for the management of TRU wastes were enacted by 
Congress in 1970. I h e  Resource Conservation and Recovery Act (RCRA) was enacted (1976). NEPA 
was amended (1978). and the Environmental Evaluation Group (EEG) was established to provide a 
comprehensive overview of soon-to-be-authorized WIPP Project activities. 

1.2.1 Development and Construction of WIPP 

Before construction Of the facilities could begin, the following three reports were prepared to 
develop the facility design and establish technical adequacy: 

Final Environmental Impact Statement (FEIS), issued in 1980 to implement NEPA, 
Safety Analysis Repon (SAR), also issued in 1980, and 
Site and Preliminary Design Validation (SPDV) report, initiated in 1981. 

While construction started at WIPP in 1981 with the SPDV Program, h;ll consauction of all 
facilities did not begin until 1983; construction of surface facilities was completed in 1989. 

Figure 1-6 illusnates a 1991 northwest-looking aerial view of the W P P  surface facilities, and 
Figure 1-7 shows a northeast-looling isometric view of the layout of WIPP's surface and the 
underground footprint. The plan view diagram of the WIPP underground shown in Figure 1-8 
differentiates between completed and proposed excavations. As indicated in these figures. WIPP 
consists of both underground facilities and surface facilities that house site pasonnel and equipment 
for operational and research activities. Underground facilities include a series of horizontal storage 
rooms, alcoves, and tunnels, and four vertical shafts (i.e.. salt handling, waste, exhaust, and air intake 
shafts). Figure 1-8 illustrates the basic dimensions of the underground workings and shows that they 
consist of a waste storage area and an active experimental area. Current design provides for 
emplacement of 175,564 m3 (6.2 million ft3) of TRU waste in storage areas to be laid out in ten 
panels. These ten panels include eight main panels and two equivalent panels to be developed in the 
access NnnelS during the last stages of disposal (i.e., a wrthun and a southem panel), as illustrated in 
Figure 1-8. The main panels consist of seven rooms (dimensions 4.0 m high, 10.0 m wide, 91.4 m 
long {13 ft high, 33 ft wide. 300 ft long)) and the connecting passages. By 1990, approximately 16 
km (10 mi) of underground structure had been excavated. lXis required the removal of 800,000 
tons of rock salt or about 50% of the estimated 1.6 million tons to be removed if a decision to 
dispose is reached In addition to the 16 km (10 linear mi) of N ~ e l s  more than 16 km (10 vertical 
mi) of drill holes have been completed to characterize the site. 

Figure 1-9 shows the W P - a r e a  stratigraphic column and an idealized geologic profile 
illustrating the surface buildings and four shafts going down to the repository level 655 m (2.150 ft) 
below the surface. ?he underground facility is roughly centered in the sequence of evaporite 
deposits that make up the Salad0 Formation. The 914 m (3.000 ft) thick Permian-age salt beds at 
WIPP are some of the thickest in the United States. lhese 245- to 285-million-year-old Permian 

- Basin salt deposits, which underlie a large portion of eastern New Mexico, have remained stable and 
unaffected by folding, faulting, or earthquake activity since the time of their deposition. 



1 Figure 1-6. Acrlal View of tbe WlPP Sv Facllltles Looking to the Northwest. 
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F i e  1 7  kometrlc View of the Surface and Underground Footprint Looking to tbe 
Nortbeul. (Solid lines represent acttul underground openings and bollow 
Woes represent proposcd waste pneb.)  



Figare 18. R.Il Vkw of WlPP Completed and R o p d  Exuvatioa.. 



Figure 1-9. (a) WIPP-Area S h t l p p h i c  Column and (b) the Geologic Roflle at 
WIPP Ulnshting the Location of tbe WIPP Undergromnd Workings in 
the Prorile. 

Scientific studies and expxhents, ongoing at WIPP siace 1983, indude: 

ThermnVstructural interactions (TSI) studies to detamine: (1)' the stability of the 
excavated moms during waste emplacement and possible retrieval, and (2) the long-term 
deformation of the disposal room and the room's abiiity to encapsulate the waste (see 
Seaion 5); 



Repository plugging and sealing studies designed to develop and test seal materials for 
the boreholes. shafts, and underground openings (see Section 6); - . Studies to determine important characteristics (e.g.. permeability, pore pressures. 
chemistry of formation fluids) that control transport in the Rustler and Salado Formations 
(see Section 3); 
Waste package and materials studies to test the safety and performance of waste drums 
that would hold CH-TRU wastes; 

Brine inflow studies to increase understanding of this phenomenon, since migration of the 
small amounts of naturally occwring moisture in salt (1 wt 96 water) to excavated surfaces 
is important for evaluating the potential for waste container corrosion and waste 
decomposition (see Sections 5 and 6); and 
Gas generation studies to evaluate type, volumes, and maximum rates of gases generat$*' ' 
by corrosion, biodegradation, and radiolysis (see Section 5). 

/@.c,k, 
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123 Applicable Regulations and Laws 

Details regarding the applicable laws and regulations as they relate to the various phases of 
the WIPP Project in general (i.e., during both the operational and long-term phases). and to this 
review effort specifically, will be discussed in Subsection 1.3. In this subseaion. applicable laws and 
regulations are discussed &om a historical perspective. Following are the important public laws and 
associated regulations for the WIPP Roject 

The Atomic Energy Act of 1954. as amended by Reorganization Plan No. 3 of 1970 and 
the Nuclear Waste Policy Act of 1982. lhis amended law was the basis for the 40 CFR 
Part 191 regulations promulgated by EPA in 1985 that deal with the environmental 
radiation protection standards for the management and disposal of spent nuclear fuel. and 
high-level and TRU wanes. 40 CFR ParI 191 deals with both the operational and the 
long-term disposal phases of radioactive waste handling, as well as final disposal. 

However, it is the WIPP Roject activities for addressing the disposal phase that are the 
focus of this review and that resulted in the first, second, and third comparisons with the 
long-term requirements of 40 CFR 191, Subpart B. 

Public Law 91-190, or tbe National Environmental Policy Act, which was passed in 1970 
with regulations issued by EPA in 1978. 'Ibis law requires that the full environmental 
impact of proposed projects be evaluated openly with public comment The regulations 
for enforcement of NEPA were subsequently promulgated by the Council on 
Environmental Quality (CEQ). EPA's responsibility for reviewing and publicly 
commenting on the potential environmental impacts of major Federal action resulted in 
the 1980 FEIS atid the sppp1ement in 1990 (Figum 1-5). 

The Solid Waste Disposal Act (SWDA), as amended by Public law 94-580. the Resource 
Consavation and Recovery Act. in 1976, and the subsequent Hazardous and Solid Waste 
Amendments (HSWA) to RCRA (1984). Regulations implementing RCRA were 
promulgated by EPA and provide for the managemem of the hazardous waste 
componem of tbe mixed wastes proposed for disposal U WIPP. 40 CFR 264, Subpart X, 
=lies to tbe operational phases of the WIPP Reject. and land disposal regulations, such 
as 40 CFR 268, lhat rpply to thc testing and disposal phases of the WIPP Roject. 

Public JAW 96-164, passed by Congress in 1979, oufhorized WIPP as a US DOE project 
and defined its research and development mission. 
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v Public Law 102-579. the WlPP Land Withdrawal Act of 1992 (LWA). This law 

permanently withdraws the 41.44 sq. km (16 sq. mi) of Federal (i.e.. Bureau of Land 
Management) Lands associated with the WIPP Project (Figure 1-10) from the public 
domain. The law addresses a broad range of WIPP Roject issues, such as the WIPP Tesr 
Phase, disposal operations, environmental laws and regulations. waste retrievability. mine 
safety, transportation, access to information, economic assistance, and miscellaneous 
payments to the State of New Mexico (DOEWIPP 89-01 1, 1993). 

The statutory and regulatory requirements for WIPP have changed significantly at the same 
time as WIPP program work was underway. As illustrated in Figure 1-4, the primary long-term 
disposal regulations (40 CFR Parl 191 and 40 CFR Pan 268) applicable to the WIPP Roject were 
passed midway through the construction effort (1983-1989). All this happened after the 1980 FEIS 
and SAR, and subsequent to the initial design documentation (i.e., the 1981 SPDV) and some of the 
initial WIPP testing and characterization effons. 

h e  two sets of regulations (40 CFR 191 ahd 40 CFR 268) associated with the geologic 
disposal of mixed wastes have created some uncertainty as to how to poceed in some areas. Several 
of the requirements that deal with similar topics often suggest diffexent approashes. For example, 40 
CFR 268 requires deterministic calculations, whereas 40 CFR 191B is more focused on probabilistic 
models for achieving confidence in long-term predictions. To reconcile differences in these 
regulations, DOE has developed a draft Regulatory Criteria Document (RCD 1992) to facilitate 
disposal and post-disposal decisions for any defense-generated TRU repository. The RCD provides 
integrated criteria for a common intapretation and approach to the various regulations. DOE plans 
to use the integrated criteria in the RCD to provide the basis for developing a WIPP-specific 
regulatory compliance saategy that will guide the planning and conduct of activities at WIPP. 

1.2.4 WIPP Performance Assessnent 

WIPP PAS of the WIPP disposal system e l l  be used to demonstrate compliance with the long- 
term performance requirements of both 40 CFR 191 and 40 CFR 268.6. It should be noted that PA 
has specific meanings defined within the context of each of these standards. Long-term PA analyses 
must be performed and compliance satisfactorily demonstrated before any TRU and TRU mixed 
wastes can be disposed at WIPP. Furthermore. Section 6 of the LWA requires DOE to publish 
biennial PA reports that document the long-term performance of WIPP once the test phase at WIPP 
begins. While additional PAS are needed to demonstrate compliance with the short-term requirement 
of these regulations and other regulations (e.g., 40 CFR 264, Subpart X), it is the long-term PAS and 
the approach to their preparation that are the focus of this PART study. 

Sandia National Laboratories has been preparing for and conducting preliminary assessments 
for comparison with the long-term regulatory requirements of 40 CFR 191, Subpart B, since the mid 
1980s. The fust drdran PA forecast was issued in 1989 by Bmam-Howery et al. (SAND88-1452); 
subsequently first, second, and third comparisons with 40 CFX 191. Subpart B. have been released 
(Bertram-Howery et al., SAND90-2347, 1990; SNL-SAND91-0893/1,2,3, 1991; SNL-SAND92- 
0700/1,2,3, 1992). Each of the assessments in the series incorporated new understanding and 
information gained from the ongoing experimental, site charactaization, and PA activities at WIPP. 

February 1994 
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Figure 1-10. Plan View Loution Map Showing the Perimeter Fen* Land Withdrawal 
Boundary. Maximum Allowable Extent of the Controlled Area. and 
Compbafe Boundary (winddent with tbe land withdrawal boundary) for the - 
WIPP Site Relative to the WIPP Undtrgrollad Workings. 
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The Westinghouse Waste isolation Division (WID) is responsible for performing the PA that 
documents compliance with the other long-term regulations applicable to the WIPP Roject (i.e.. chose 
of 40 CFR 268). 'Ihese land-disposal resaictions prohibit disposal of any hazardous wastes nor 
meeting treatment standards specified by EPA unless, as provided for by 40 CFR 268.6, it can be 
demonstrated to a reasonable degree of cenainty that there will be no migration beyond the disposal 
unit boundary for as long as the wastes remain hazardous. Because of the nature of the TRU and 
TRU mixed wastes being considered for the disposal at WIPP. DOE is not currently planning to ueat 
these wastes to meet any of -A's specified standards, and, as a result, DOE must petition EPA for a 
no-migration determination (NMD) for the disposal phase. Preliminary sensitivity analyses were 
undertaken for the WIPP Project Integration Office (WPIO) by Sandia (SNL-SAND92-1933, 1992) 
to provide project guidance, while the strategy for complying with 40 CFR 268.6 is being developed 
by WID. Although the specific PA requirements of 40 CFR 268.6 are somewhat different from those 
of 40 CFR 191, a similar methodology and common data set are envisioned (DOYWIPP 89-011. 
1993). 

DOE petitioned EPA (uada the provisions of 40 CFR 268.6) in March, 1990, for an NMD. 
and EPA granted a limited determination for the WIPP test phase (up to 10 years) in November. 
1990. This determination pennits the emplacement Of a limited amount of untreated mixed wastes 
for testing purposes, but it imposes various conditions that include the issuance of annual NMD 
reports (DOE/WIPP 91-059, 1991; DOENIPP 92-057, 1992). along with the requirement that any 
emplaced wastes be removed if DOE cannot demonstrate the long-term acceptability of the disposal 
site by the end of the test paid 

1.2.5 WIPP Project Experimental Program 

Public Law 96-164 that established the WIPP Roject in 1979 authorized U!? scientific and 
engineering activities that have been ongoing at WIPP since the FEE was issued in 1980. This law 
defined a test phase for the WIPP Roject that was to consia of two primary programs (i.e.. a PA 
program and an operations demonstration program) to collect the additional technical data and 
information necessary for determining whetha or m t  to proceed to the disposal phase of the project. 
The test phase and the PA program were to investigate the behavior of the salt rock and its 
interactions with emplaced TRU waste in order to evaluate the long-term performance of the waste 
disposal system. The operations demonstration program was to demonstrate the safe and efficient 
handling, tronsportntion, ad emplacement of TRU waste in an Mual facility. 

?he test pime at WIPP actually began in 1990, when EPA grPnied the NMD discussed in the 
previous section. Howeva, the LWA (Public Law 102-579) de6nal the test phase as beginning when 

. , the f iat  shipment of CH-TRU waste was actually received at WIPP for testing. The L W 4  required 

. , 

i. 
DOE to submit a test phase plan and a waste naieval plan to EPA within seven months of its 

, . ,  " 

. , ' 
enactment and specifically prohibited the t~'arEpR Pad emplacement of RH-TRU waste during the 

, . .. . test phase. These earliu testing activities at WIPP have since been classified as "pre-tea phase* 
activities and were authorized as discussed in the previous ppragrpph @ O m P  89-01 1,1993). On 
October 21, 1993. the Depamnent announced its decision not to conduct tests with radioactive waste 
at the WIPP facility. Instead, the Depamnent would conduct an enhanced laboratory program to 
collect the data that was to have been provided by the radioactive waste tests at WIPP. Thus. the t s t  



phase, as defined by the WLPP Land Withdrawal Act. will not be conducted. In place of the test phase. 
the Department will undertake an experimental program. The overall purpose of the experimental 
program is to develop pertinent information and assess whether disposal of TRU waste and TRU - 
mixed waste in the planned WIPP repository can be conducted in compliance with the environmental 
standards for disposal. The experimental program to be conducted prior to the disposal phase 
encompasses (1) performance assessment conducted to evaluate compliance with the applicable EPA 
regulations; (2) studies designed to provide the scientific basis or enhance confidence in performance 
assessments; and (3) the process by which the decision will be made as to whetha TRU waste can be 
emplaced in the repository for pamanent disposal. 

1.2.6 Other WIPP Project Phpses 

m e  WIPP Roject has been developed in distinct phases. 

Siting Phase. 'Ihe earliest, or siting, phase of the .project was protracted. As illustrated in 
Figure 1 4 ,  it began with feasibility studies initiated in the early 1950s and identified salt 

" I " as a medium for permanent disposal in 1956. The Pamian Basin was identified in 1962; 
: ' investigations of the WIPP area began in 1974; and finally, the WIPP site was formally . , 

, ; selected in 1979 with the passage of Public Law 96-164. The siting phase officially 
.,.. ' ended in 1980 with the publication of the FEIS. * '  

Design (or SPDV) Phase. 'Ihe site and preliminnry design validation program that began 
in 1981 followed from the DOE Record of Decision (DOE, 1981). lhis SPDV program 

. involved some initial construction and development at tht W P  site, starting in 1981. 
Two shafts were sunk to excavate an underground testing area and at tbat time various 
geologic, hydrologic, and geottchnical studies wae  initiated. - 
Construction Phase. Full-scale construction began at the site in 1983 and was completed 
in 1989. This phase formally ended with publication of the Final Supplemental A 

Environmental Impact Statement (FSEIS) and the Rnal Safety Analysis Repon (FSAR) in 
1990. 
Predisposal Phase. This phase encompasses the time frame during which experimental 
activities gathering information needed to support the compliance application through 
perfofmance assessment calculations will be completed lbese calculatiops are an integral 
pan of compliance with 40 CFR Part 191 and 40 CFR PXI 268.6. lWs time fnme also 
inclucksthe preparation of tbe compliance documents, establishmeat of Ibe administrative 
record, ~bmiss ion  of required documents and applications to EPA, sod appropriate 
rulemaking by EPA During this period otha key WIPP program activities required to 
support a WIPP disposal decision must also be completed 

Disposal Phase. '2bis phnse would follow the WIPP test phase if a decision to dispose is 
reached by DOE af ta  demonstration of compliance with applicable laws, regulations, and 
other reqUirerneSLD. lbis phase is expected to ia!3t rpproximately twenty years and would 
begin with tk first emplacement of thc waste and end with the emplacement of the last 
parrtlsePlthatcontPCIStbewaste. 

Decommissioning Phase. Tbis phase, expected to take spproxirmtely ten years, includes 
the time from tbe emplacement of the lnst paml seal that contacts the waste through the 
emplacement of tbe last Shaft seal. 
Post-Decommissioning Phase. 'Zhis final phase is the 10,000-year period following the 
decommissioning phase. 
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1.2.7 WIPP OversighURegulatory Groups and Review 

Since 1979, the WIPP Project has received independent technical review from the 
Environmental Evaluation Group (EEG). This oversight function was established by Congress 
(Public Law 100-456) with funding provided by DOE. The EEG has conducted and published 
review comments on all major WIPP Project activities and produced more than fifty repons and more 
than twenty papers on all aspects of the Roject (i.e., the site. design and operarion, transportation, and 
long-term integrity). The EEG also conducts independent environmental surveillance on- and off- 
site by obraining their own samples of water, soil, biota, and air (e.g., EEG's air sampling equipment is 
located next to DOE'S) or using samples obtained by the WIPP Regulatory and Environmental 
Programs. EEG is expected to continue to function during the test phase and is given specific 
authority by the LWA (e.g., t review and comment on the biennial PA during the test phase). 

In 1981, DOE and the State of New Mexico entered into an agreement for consultation and 
cooperation (DOE and State of New Mexico, 1981) that was amended in 1984, 1987. and 1988. This 
agreement includes provisions for State involvement in oversight and consultation, imposes 
requirements on DOE with regard to development and operation of WIPP (e.g., wme rarievability), 
and specifies provisions for involvement of the State in the WIPP Project { D O W I P P  89-01 1, 1993)). 
The State of New Mexico exercises its oversight, consultation, regulatory, and monitoring functions 
through various state agencies. (1) m e  New Mexico Environmental Department (NMED) regulates 
WIPP activities under the New Mexico Hazardous Waste Act the New Mexico Water Quality Act, and 
the New Mexico Air Control Act. NMED reviews and controls various activities at WIPP for the State 
and also for the EPA under RCRk based on authority provided by EPA. During the test phase, 
NMED will review and comment on the biennial PA developed by DOE and will annually review 
DOE's basis for reaievability. The New Mexico Bureau of Mines is responsible for inspection of 
WIPP mining activities, and the New Mexico Highway and Transportation Department is responsible 
for highway routing. 

A variety of other external groups and agencies, besides the EEG and the State of New 
Mexico, have provided independent oversight and review of various aspects of the WIPP Project. For 
example. the NAS has a standing panel on WIPP which has repeatedly reviewed the project. The 
panel consists of scientists and technical experts from various relevant fields. NAS has bem involved 
in site selection and characterization. The NAS WIPP Panel provides q u ~ n a l y  reviews that have 
covered repository PA, p.e-opaationa1 test activities, geotechnical issues. and hydrologic issues. The 
NAS WIPP Panel reports to the NAS Board on Radioactive Waste Management that, in aan. makes 
recommendations to DOE and Congress. The NAS Panel also provides comments to Congress. 
NAS has continuing authority under the LWA to provide oversight and review of the WIPP Project. 
Some of these are required by the LWA. which assigned specific regulatory and oversight 
responsibilities to various groups including State and Federal agencies. For example, the EPA is 
assigned as the catifying agency by the LWA. The EPA must (1) cenjfj compliance with the 40 
CFR 191; (2) determine compliance with the RCWo-Migrat ion Determination; (3) approve by 
rule the Test Phase Plan; and (4) approve by rule the Reaieval Ran 

This PART review further illusaates DOE's routine use of outside technical expertise to 
examine various a q s t ~  of the WIPP Roject 



Following are various other WtPP oversight and review groups, along with a brief description 
of their function 

The Defense Nuclear Facility Safety Board (DNFSB) was established by Congress in 1988 
to review and evaluate the content and implementation of DOE standards relating to the 
design. construction, operation. and decommi~~i~ning of defense nuclear facilities. The 
DNFSB provides DOE oversight in the form of operational safety reviews. f '::.- 

a The Occupational Safety and Health Administration (OSHA) has specific regulatory and 
oversight responsibility with regard to emergency response training by the LWA. 
The National institute of Occupational Safety and Health (NIOSH) also has specific\,' ' 
regulatory and oversight responsibility with regard to emergency response training by the . 
LWA - The Mine Safety and Health Administration has specific regulatory and oversight 
responsibility with regard to underground room stability and mine safety by the LWA. 

The Nuclear Regulatory Commission (MC) is assigned specific regulatory and oversight 
responsibility with regard to transponation casks by the LWA 
The Bureau of Mines has specific regulatory and oversight responsibility with regard to 
underground safety by the LWA 
The Bureau of Land Management provides DOE with consultation and oversight on lands 
issues. 

The Blue Ribbon Panel (disbanded in November 1991). provided reviewlguidance on 
waste charncterization, the Waste Acceptance Cdtaia Catification Committee, the test 
phase program, the test phase p lm and long-term safety. 

The Advisory Committee on Nuclear Facility Safety (also disbanded in November of 
1991) provided guidanfe on operational and long-term safety. 

1.3 REGULATIONS CONSIDERED IN PART REVIEW 

Figure 1-11 is a time-line that illustrates the relationships between the key regulations 
applicable to the WIPP Project during,the various project phases and idemitie.. plausible dates and 
regulatory time periods; (the actual dates are for reference purposes only and do not reflect any 
established schedule). ?he PART review examined the adequPcy of the current PA program at WIPP 
for addressing the two long-tam regulatory requirements. lhese spcdllc regulations are shaded in 
Figure 1-11 to illustrate the applicable time paiods and the phases of repository development to 
which they apply. 

The long-rerm regulation that appljes to the radioactive components of the proposed 
waste - 40 CFR 191 Subpart B, Environmental Radiation Protection Standards for the 
Management and Disposal of Spent Nuclear Fuel, High Level and Transuranic 
Radioactive Waste, Ppplics m the post-dccommissioning phase of repository development. 
?he long-tam regulation that appUes to the hpzardous constituents of the proposed waste - 40 CFR 268.6. Land Disposal Restrictions of the RCRA-applies to the disposal, 
decommissioning. and post-decommissioning phases of repository development. 

At the time that the PART review was conducted, SNL had the primary responsibility for 
supporting the WlPP testing program and performing the PA for DOE with regard to evaluating 
compliance of the WIPP with 40 CFR 191 Subpart B. External technical review of these SNL 
activities is provided by a special panel from the National Research CounciVNational Academy of 
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Sciences. SNL also supports DOE in these same activities with regard to RCRA 40 CFR 268.6 
regulations. WID is responsible for supporting the WIPP activities with respect to evaluating - 
compliance with both the short- and long-term needs of the 40 CFR 268.6 regulations and, as 
mentioned earlier, prepares the annual Test Phase NMD repon to the EPA. As the managing and 
operating contractor, WID is also responsible for preparing the no-migration variance petition 
(NMVP) required for the disposal, decommissioning, and post-decommissioning phases. WID is thus 
responsible for performing the PA to evaluate whether the W P  is expected to comply with the 
regulations during these additional phases of repository development; if so, WID must prepare the 
NMVP used to demonstrate compliance with this RCRA regulation (40 CFR 268.6). The PART has 
reviewed SNL and WID activities relative to the PA needs of both of these sets of regulations. 

This subsection contrasts the differences in approach and specific requirements of the two 
long-term regulations as they relate to WIPP. Ambiguities and diffaences benveen 40 CFR 191 and 
RCRA regulations were reconciled by W E  into integrated criteria in the draft RCD in December. 
1992. These draft integrated criteria have been examined by PART to determine the applica e 
subset, given the specific purpose of the PART review (Appendix A lists this subset). (f 

t .  
1.3.1 40 CFR Part 266.6 Approach 

The RCRA land disposal restrictions of 40 CFR Pan 268.6 that apply to the hazardous 
constituents of the mixed wastes proposed for disposal at WIPP arc vay detailed. The regulation 
& p e a  on process knowledge a d  control of the waste form to m e  disposal safety. It requires 
characterization of the waste so b t  specitic treatment methods can be selected and carried out prior - 
to emplacement of the treated waste in or on the land. To empiace any uneeatrd waste, as is planned 
at WIPP, DOE must petition for and be grauted an exemption unda 40 CFR 268.6. This petition 
must demonstrate, "to a reasonable degree of culainty, that thac will be no migration of hazardous 
constituents from the disposal unit or injection tone for as long as the wastes remain hazardous." 
lhis  allowance for a petition for "no-migration" or the "no-migration determination" (NMD). 
recognizes the need for flexibility in applying the concept of proper waste maanent before land 
disposal. 

The petition to aIlow disposal of prohibited (i.e., uaireoted) waste under 40 CFR 268.6 
requires a demonstration of no migration, as discussed above. The imprunt nquircments for this 
demonstration include the following: 

Idenplfication of lbe spcdfic disposal unit and the specific waste; 

Chemical and physical charPcterization of waste to be disposed aad a comprehensive 
charactcrizatlon of the disposal unit's chemical and physical pafametas and current 
environmental conditions, using ppproved methods for sampling, testing, and estimation 
that are as accurate and rcp0ducible as possible; 

Simulation models for the site and waste that have been calibrated and verified for 
accuracy through comparisons with m a m m e n t s  for demonslrating compliance with the 
no migration provision; 
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Analyses that identify and quantify the uncertainty in the various aspects of this 
demonstration, including evaluation of the consequences of predictable furure events 
( e g .  earthquakes, floods, other natural phenomena); 

A detailed monitoring plan for detection of migration at the earliest possible time; and 

Quality assurance and a quality control plan for all aspects of demonstration. 

The current regulation (40 CFR 268.6) is not specific with regard to whar constitutes no- 
migration, the disposal unit. the time period (i.e.. "as long as the waste remains hazardous"). or 
reasonable degree of certainty. Additionally. there is no approved guidance with regard to the 
modeling and preparation of the no-migration variance petition and no specific discussion as to 
whether the consequences of human intrusion must be addressed as a possible future event and 
system state as part of the no-migration demonstration. Some of these issues were and are in the 
process of being resolved as a result of the following: 

The conditional NMD for the activities of the test phase period at WIPP that DOE was 
granted in 1990 (EPA, 1990; Fedaal Register Vol. 55 No. 220, 47.700-47.721); 

EPA's' recently published draft of a guidance manual for petitioners seeking no-migration 
variances (EPA, 1992; EPA 530-R-92-0231, by providing EPA's interpretations and 
suggested procedures for compliance with 40 CFR 268.6 (DOUWIPP 89-001. 1993); 
(however, PART has not yet completed f0rmal review of the guidance); and 

Proposed rulemaking for the revisions to the no-migration standard published in the 
Federal Register. August 1 1 .  1992. 

Following are cwrent definitions or interpretations by DOE of the imponant issues: 

Disposal unit. ?he 40 CFR 268.6 disposal unit boundmy for WIPP has been interpreted to 
extend vertically from the top to the boaom of the host rock (the Salado Formation) and 
laterally where the 6.44 km x 6.44 km (4 mi x 4 mi) land withdrawal boundary cuts 
through the host rock. as shown in Figure 1-12. 

As long as the waste remains hazardous. The demonstration of w-migration for a period 
of 10,000 years has been interpreted to be sufficiently long. 
No-migration. No-migration is concentration- and not detection-based; (i.e., no- 
migration means no movement of concenuations above health-based levels beyond 
disposal unit boundaries). 
Reasonable degree of certainty. 40 CFR 268.6(a) A reasonable degree of certainty will 
be delineated through discussions between DOE and €PA and through technical and pu- 
blic review and comment on a proposed NMD. The delireation will pertain primarily to 
the adcquacy and completeness of information provided to the regulatory by DOE, which 
will be the basis for an EPA determination. The adequacy and appropriateness of simu- 
lation modeling aad associated assumptions and uacatainties are key to this definition. 
Uncatainties will be systematically evaluated. Since uncertainty will always exist in any 
analysis of events occurring in a 10.000-year time frame. it is important that the implica- 
tions of the uncatninties in regard to repository performance evaluations be understood. 
Modeling and analysis. The regulation (40 CFR 268.6) is not specific with regard to 
whether a deterministic or a probabilistic modeling approach is required. However. the 
wording of the regulation-"Simulation models must be calibrated for the specific waste 
and site conditions, a d  vaified for accuracy by comparison with actual measurementsw- 
implies that a deterministic approach is expected The regulation also clearly indicates 
mat a sensitivity and uncutainty analysis is required to identify and quantify any aspects 
of the demonmation that contribute significantly to uncertainty" for current and 
predictable future conditions. 

1-23 February 1994 



Isometric View of WlPP E m A -  l 
Brlon Basis for Stratigraphy 

m) Relative to Compliance & rEs~--- = ~ ~ - - ~ ~ ~ ~ . u ~ ~ ~ ~ ~ ~ ~  

la s Disposal Unit Bounai 
m rrr' faaararlmatdv la scale1 

Fi#ure 1-12. Isometric View of WlPP Relative to Compliance and Dlsposal Unit 
Boundaries. 



PART'S I-nmn RWMW of W!PP PA ~ a u n l s s  for EM-342 1 0 ~ n m x ~ l c ~ o n  

Human intrusion. 'Ihe regulation requires that "This analysis must include an evaluation 
of the consequences of predictable future events, including, but not limited to. 
earthquakes, floods. severe storm events, droughts. or other natural phenomena." This 
language seems to exclude an examination Of the consequences of human intrusion 
(unless inadvertent human intrusion is considered to be a predictable furure event or 
natural phenomenon). This interpretation is also supported by the guidance (EPA. 1992; 
EPA 530-R-92-023) for preparing the no-migration petition. The guidance does not 
require inadvenent human intrusion to be considered in the demonstration. 

1.3.3 40 CFR 191 Subpart B Approach 

In contrast to 40 CFR 268.6 regulations, the environmental radiation protection standards of 
40 CFR 191 through Subpart B define environmental standards for geologic disposal that are more 
general in that they do not place specific restrictions on the type of radioactive materials that can be 
disposed or how they can be disposed. Instead, this regulation requires the "disposal system" (i.e.. 
any combination of engineered and natural barriers that isolate the waste) to comply with the four 
different requirements of 40 CFR 191 Subpart B, shown graphically in Figure 1-13. The 
containment requirements (5 191.13) and the two protection requirements (individual. 9 191 .IS, and 
ground water, $191.16) are quantitative and begin as follows: "Disposal systems for spent nuclear fuel - 
or high-level or transuranic radioactive wastes shall be designed to provide a reasonable expectation." 

Figure 1-13. Graphiul Representation of the Four Requirements of Subpart B of 40 CFR 
Part 191 (after Sandia 1993; SAND92-07Wll) Illustrating the Overlapping 
of the containment Requirements Will Bc Met Containment and Assurance 
Rcq.irrmenta 14 Inctuse Conndcna that tbe C. 
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They then go on to describe what different numerical criteria must be met to satisfy each of the 
different sections: limited cumulative releases. limited doses. and limited concentrations. The - 
assurance requirement (5191.14). through its provisions for design (e.g.. multiple barriers. 
recoverability). for monitoring, for the use of active and passive institutional conuols, and for 
evaluating adverse factors related to site selection (e.g.. natural resources and exploration potential), 
was developed to provide additional confidence that the long-term compliance (10,000 years) with 

,,'"-', 
the containment requirements of 0 191.13 can Se met. 

i i  . .  
' *( .-, 

13.4 Specific Requirements of 40 CFR 191 Subpart B ! . >  

.>& '* 

Following are the imponant requirements for this regulation. 

m e  Federal Government is committed to permanent ownership of the disposal site. 

Active institutional control of the disposal site will be maintained for as long as 
practicable; (PA must assume loss of active control afta 100 years). 
Passive institutional control of disposal sites will be maintained through permanent 
markaing, records, and otha means "to indicate dangers of wastes and their location" 

Disposal site selection must avoid places "where-thae is a reasonable expectation of 
exploration for scarce or easily accessible resources" unless this exploration potential is 
compensated fm by the site's favorable characteristics. 

. Disposal system designs must include multiple engineered and natural bamias to isolate 
wastes, and the design must not preclude removal for a reasonable period of time after 
disposal. - 
The disposal system must be monitored after disposal "to detect substantial and 
detrimental deviations from expected pfxformance" in ways "that do not jeopardize 
isolation of the wastes" until any significant concans are addressed. 

Performance modeling must be provided to show compliance with the numerical 
requirements of 8191 .l3, 5 191.15, and 5191.16. A probabilistic modeling approach that 
evaluates long-term (decommissioning to 10,000 years) predictions of disposal system 
performance is speci6ed as well as implied. 'Ibis evaluation of pafonnance must identify 
all the significant processes and events (probability greater than om chance in 10.000 of 
occurring in 10,000 years) that could affect the disposal system. The evaluation must 
account for the associated uncertainties (of determining the likelihood of events, of 
understanding the various processes, of developing conceptual models. and of 
determining the p a r ~ m e ~ )  and examine the effects that these uncertainties have on 
predicted performance of the toul disposal system; (all ponions, both natural and 
engineaed, should be corsidaed even if the paformorre is uncatnin). 

Compliance with the numerical containment requirements (5191.13) is to be through a 
single "complementary cumulative distribution function" (CCDF) that considers both 
disturbed and lladinurbed conditions. Compliance with the individual and groundwater 
protection requirements (0191.15 B 191.16) will be based upon "best estimate" 
predictions (i.e., the mean or median of the pppropriate clkibution. whicheva is hipha) 
for "undimbed conditions" (i.e., not disrupted by human intrusion or unlikely natural 
events). It should be noted that the probability cutoff for unlikely events is not 
specifically defined. 

Inadvertent human intrusion must k considered. InadveRent human inmsion into the 
repository by exploratory drilling (no greater than 30 boreholes per square km per 
10,000 years in sedimentary geologic formations and 3 borcbDles p a  square kilometer - 



per 10.000 years in other geologic formations). which is soon realized by the inuuders. is 
the most severe inmsion scenario that needs to be assumed. 

It should be noted that unlike the applicable RCRA regulation (40 CFR 268.6). 40 CFR 191 
Subpart B does not call for specific quality assurance or a quality conuol plan. ( m e  significance of 
this is discussed in Section 8.) 

In contrast to the RCRA no-migration regulation (40 CFR 268.6), the wording of 40 CFR 191 
Subpart B ($191.13-16), its definitions (9191.12). and the wording in the guidance for its 
implementation (Appendix B of the regulation) are generally much more specific regarding the 
issues that were of concern in the RCRA no-migration regulation: compliance boundary, time 
periods of concern, reasonable expectation, modeling-analysis approach, and human intrusion. 
Following are current interpretations of these equivalent issues for 40 CFR 191 Subpart B. 

Compliance boundary. The maximum allowable compliance boundary under 9 191.13 
, , and $191.15 is defined as the accessible environment, which is the atmosphere, land 

/" surfaces, surface-water, oceans, and all the lithosphere beyond the controlled area. lXe 
conuolled area is all the subsurface undalying a surface location thu must be identified 
by passive inititutional controls. encompassing no more than 100 square km and 
extending w more that 5 km (3 mi) beyond the outer boundary of any emplaced wanes. 
For WIPP this maximum allowable extent boundary is as shown in Figure 1-10. However. 
for WIPP only the 6.44 km x 6.44 km (4 mi x 4 mi) land withdrawal boundary will be 
marked by passive institutional controls, and so the accessible environment (or 
compliance boundary) becomes the entire land surface and atmosphere and all of the rest 
of the environment beyond this land withdrawal boundary. Figure 1-12 is a cutaway 
isometric view of the WIPP site, showing the subsurface stratigraphy drawn approximately 
to scale according to the interpretations of the ERDA-9 borehole. The drawing, which is 
also approximately to scale, shows the WIPP completed and proposed subsurface 
excavations, as well as the location where the 6.44 km x 6.44 km (4 mi x 4 mi) land 
withdrawal boundary cuts through the subsurface to form the lateral limits of the non- 
accessible environment, which forms the vettical compliance boundary with the accessible 
environment. 'Ihe land surface within the 6.44 km x 6.44 km (4 mi x 4 mi) land 
withdrawal boundary forms the upper compliance boundary that separates the non- 
accessible subsurface environment from the accessible environment above. 

Reasonable expectation. There is no explicit intupretation or guidance regarding the 
meaning of this phrase. However, the wording of both Pact B of the containment 
requirement (5191.13) and the guidance, for implementation of the regulation (Appendix 
B) clearly indicates that EPA requires a reasonable expectatioo on the basis of the record 
before the implementing agency, that compliance with 5191.13(a) will be achieved. The 
guidance for this regulation indicate$ that the implementing agency is expected to use 
prevalent expat judgment in making the various numerical predictions and that "the 
implementing agency may choose to supplement such predictions with qualitative 
judgments as Well" 

Modeling-analysis approach. As discussed above, a probabilistic modeling approach is 
specified for the containment requirement (5191.13) and implied by the wording for the 
individual (5191.15) and groundwater (6 191.16) protection requirements. 

Human intrusion. Inadvertent human intrusion must be spdfically addressed, as 
discussed above. 



1.3.5 Concerns Related to the Regulations 

DOE and EPA will be treading on new regulatory ground as the WIPP project moves forward. - 
Funhermore, there are basic differences in these regulations that have yet to be resolved. Some of the 
concerns include the following: 

the question of whether there is a need to evaluate the consequences of inadvenent human 
intrusion as pan of the no-migation demonstration for 40 CFR 268.6; 

* the need to get precise definitions and interpretations for important regulatory and 
guidance terns (e.g., "likely", "unlikely") and concepts (e.g.. calibration and verification 
for accuracy through comparisons with measurements. when such long time periods are 
involved); . the lack of specified Quality Assurance (QA) requirements for 40 CFR 191 Subpart B 
(should be contained in 40 CFR 194, which is currently being developed by EPA); 
the need for identification of the specific waste with a chemical and physical 
charBcterization as part of the demonstration for 40 CFR 268.6 when a good fraction of 
the waste has mt been gwrpted; i 
possible conflict between the requirement for a detailed monitoring plan for detection of /' : 
migration at the earliest possible time for 40 CFR 268.6 and the long-tam disposal 
concerns that monitoring can jeopardize the isolation of the wastes; and 
the need to develop consensus on the meaning of "reasonable expectation" and - 
"reasonable degree of catPinty." 

1.4 PART APPROACB - 

?his subsection discusses Ule organization of the PART, what wls reviewed, and the process 
used to perform the review. It also briefly discusses the role of the Golder simplified PA modeling 
approach and the planned assessments. 

The PART e o n  consists of periodic briefings to WIPP Project Division. Office of EM-342, 
and this final repon issued to the Dinctor. EM-342. To pep~re the reporf PART members have: 

Performed a limited review of relevaril PA awl PA-related litamre and on-going PA 
efforts, including discussions with WPIO, WID compliance staff, and the SNL PA staff, 
uleir principal investigators, awl their contractors; 
Evaluated the conc~ptual models and input parametas used in the PA analyses that 
describe the site condirions for tk repository systan awl tk processes involved; 

Evaluated the level of confidence associated with the paformpl~ce pedictions that the 
repository system wil l  mea 1O.Wyerr paformaoce requirancnts; and 
Begun development nrd use of a simplified PA model for verifying SNL PA analysis, and 
evaluated Uw effect of alternative conceptual models, parameter distributions, etc., that 
wae identified dudq the review. 

[The results of the PART effort will be issued as taro separate reports so that PART 
recommendations can be considered for 1994 PA mivities.1 lhis first nport documents the PART 
evaluation of the adequacy of the current PA program for meeting 40 CFR 191 and 40 CFR 268.6 
requirements, and contains PART recommendations for improving the PA program. The second 
report will document the results of the verification analysis and describe the simplified PA models 
and methodology used, results of the verification analysis. and significant discrepancies, alternative - 
models, Qc., identified by the PART. 



1.4.1 PART Organization 

The Director of EM-342 and the PART Chairperson selected the PART members on the basis 
of their knowledge of components and processes associated with salt repository and their 
independence from the WlPP Roject. More specific criteria included (1) familiarity with geologic 
repositories, especially salt; (2) PA expenise or knowledge of risk assessment techniques; (3) 
knowledge of RCRA andlor 40 CFR 191 requirements; and (4) no direct association with any of the 
PA activities for the WIPP. 

PART members, their assignment, affiliation. and area of experuse are as follows: 

Chairperson 
Bryan Bower US Department of Energy Site Operations. Test Program. and PA 

Deputy Chairpermon 
,,,, "..- -.; ,. 

Charles Voss Golder Associates Inc. Engineered Baniem f I.:. . , 

Member.: 
{@?, I; 

Jams Russell Texas M M  Univemily Crwp and Room Uaum i I, 
Nevilh Carter Texas M M  University Brine Migration 
Pamela Doctor Pacific Northwest Laboratory PA Methodology 

v '" , ." 
Charles Cde Pacific Northwest Laboratory Flow and Tanspart 

1.4.2 WIPP PPTticipation 

'Ihe following WIPP Project organizations participated in this review: 
EM-342. 'Ihe Director, EM-342 authorized the PART review and report for management 
purpo=s. 
WPIO. The WIPP Roject Integration Office provided administrative support in 
assembling reference mataial from SNL and WID, scheduled the interviews with the SNL 
Performance Assessment staff, and coordinated the WHO, the FMPP Project Site Office 
(WPSO) and SNL review of the draft PART R e p o ~  
WPSO. l l e  WIPP Project Site Office provided administrative support by scheduling 
interviews with the WID compliance staff and coordinating the WPSO and WID review of 
the &aft PART Rqmt. 
SNL. Sandia National Laboratories provided the refacnce material required to support 
the independent review, made members of its staff available for intaviews by the PART, 
clarified written documentation, w a e d  specific questions, and coordinated the review 
of the &aft PART Report by rheir staff as directed by WPIO. 
WID. Westinghouse Waste Isolation Division provided the rIference material required to 
suppon the independent review, made membas of its staff available for interviews by the 
PART, clarified written documentation, answered specific questions, and coordinated the 
review of the draft PART Report by their staff as directed by WPIO. 

1.43 Basis of the Review 

Members of the PART have used, to the extent possible, the latest information available to 
carry out this limited review of the WIPP PA Rogram. Sources of information indude (1) the base 
(or minimal) sa of doaunents listed below; (2) a WIPP site tour; (3) a s a i a  of interviews with various 
SNL, WPIO. WID. and EEG surff., and (4) my other relevant documents or reference matuial that the 
PART identified as relevant in the course of their review. Tbe EM-342 PA Manager coordinated the 



assembly and disaibution of the reference mate~ial required for the review with the appropriate WPlO 
managers. - 

PART members, at a minimum. have had access to the following base set of information: 
SAND92-070011-3 Reliminary Comparison with 40 CFR 191, Subpan B for the Waste isolation Pilot 
Plant. December 1992. Volumes 1-3; SAND91 -089311-4 Preliminary Comparison with 40 CFR 191. 
Subpan B for the Waste Isolation Pilot Plant. December 1991, Volumes 1-4; WIPP Waste 
Characterization Rogram Plan; WIPP Waste Analysis Plan; WIPP Test Phase Plan; Technical Needs 
Assessment Document; Regulatory Criteria Document for Ule Disposal of Defense Transuranic Mixed 
Waste in a Geologic Repository; the 1991 No-Migration Determination Annual Repon to EPA; EPA 
comments on the 1991 Annual Report; the 1992 No-Migration Determinations Annual Report to 
EPA; and EEG comments on SAND91-0893. 

A one-day tour of the WIPP site was. conducted early in the review process to acquaint the 
PART members with the spedfics Of the site. The full-day tour was conducted by Tom Schultheis 
(SNL) and Ken Aragon (WID). lXe underground portion of the tour included Panel 1, Room Q, 
Room H, Site and Reliminary Design Validation (SPDV), u well as the Construction and Salt 
Handling and the Waste shaft areas. The surface tour concenaated on the Waste Handling Building, 
particularly the CH bay. Ihe tour concluded with a question and answer session with 
Tom Schultheis. 

1.43.1 PART Meetings and Interviews 

After an initial meeting in Gmnantown, Maryland (December 11. 1992), the PART members - 

mdied review material made available to them and began a saiu of interview metings following the 
tour of the WIPP facility. The purpose of these interviews was to gather additional information not 
available in the base documemation listed above and other references. PART interviews were 
coordinated by the PART Chairperson with WPIO, WPSO, SNL. WID and EEG and included 
interviews with the WPIO Technical Support Group mG), the WID compliance staff, the SNL PA 
staff and priacipal invatigntors, as well as the EEG staff. 

The first PART meeting was held on January 15, 1993, following the WIPP site tour on 
January 14, 1993. PART members met with John Arthur, Mark Matthews, and Pat Higgins of WPIO, 
as well as members of the WIO TSG, who discussed am413 and planned acfivities with regard to PA. 
A considaable amount of time was spent discussing a QA database for critical PA parameters. The 
second PART m d q  was held on February 4-5, 1993, in Albuquerque, New Mexico. The purpose 
of the meting wss to conduct interviews with the SNL PA staff. In a&ition to Rip Aadason, PART 
interviewed Mel Marietta, Fred Mendenhall, Rick Buwheim, Joe Tilerson, Palma Vaughn and Jon 
Helton On March 11-12, 1993, me PART again met in Albuquerque, New Mexico, this time to 
interview the WID wmplionce staff and the SNL principal investigators. The PART had discussioas 
with Bob Kehrmaa Robit J a b  and Elaine Gorham. 

The next meeting of PART was in Seattle, Washington, on April 5-6, 1993, at the office of 
Golda Associates, Inc. PART was briefed by Lokesh Chaawedi Pnd Wiam Let of the EEG on 
EEG's concnms regarding WIPP PA testing activities. Major concans expressed by the EEG were 
related to scenario definition, solicitation of expert judgment for the rate of inadvertent human - 



inwsion. gas generation and fra~r~ring.  the use of data versus judgment, the lack of information on 
source terms. and the incomplete documentation of computer codes. 

In May. PART held two meetings: one in Germantown. Maryland. on May 6-7. 1993. and one 
in Albuquerque. New Mexico. on May 27. 1993. The meeting on May 6-7. 1993, was to update 
Mark Frei and Steve Schneider on the status of PART activities. The meeting on May 27. 1993, was 
an interview with Don Ellis and Wendell Wean to discuss SNL management's role in PA decision 
making. Additional meetings were held by the PART in June in Seattle. Washington. and conference 
calls were conducted in July and August to discuss repon preparation. 

AS noted in Subsection 1.3, the PART has identified a subset of the integrated requirements 
from the &&I RCD (DOE, 1992) as a partial basis for evaluation of the WIPP PA program. This 
subset and the relationship to the RCD requirements are given in Appendix A. These requirements 
are summarized in this subsection; they provide the basis for the development of the partial issue tree 
and the conceptual model because the objectives of modeling.analysis should drive the needs of the 
conceptual and numerical modeling and other analysis efforts (Simmons and Cole, 1985). 

Summarizing from the spacific draft RCD requirements that form part of the basis for this 
renew, the SNL PA staff (WID compliance staff) a must 1llrdertaLe Wo major efforts. 

1.0 The staff must evaluate compliance of the total WIPP geologic disposal system with 
the regulations of 40 CFR 191 Subpart B (40 CFR 268.6) through the use of compliance analyses 
consisting of both quantitative PA modeling and qualitative analyses. The modeling and analyses 
shall consider the likelihood and consequences of mural processes and events that may disturb the 
disposal system (PC1.004. PC1.012, and PC1.014 a) from the time of emplacement of the wastes. 
The likelihood and consequences of human inas ion will also be evaluated through the use of 
compliance analyses consisting of both quantitative PA modeling and qualitative analyses. 
Additionally, an evaluation to determine whether there are special sources of groundwater within or 
less than 5 km (3 mi) beyond the controlled area (the dashed boundary line in Figure 1-13) must 
also be conducted cpC2.001 a-b). 

These evaluations and compliance nnnlyses must consider the contributions of all 
components of tk geologic disposal system (i.e., the n a n d  a d  engineered barriers as 
well as the radionuclide and hazardous constituent content and characteristics of the 
emplaced waste), except those components that can be demonstrated to make a 
negligible conaibution (PC1.009 a-b, and PC1.008 a). This evaluation must also 
demonstrate the disposal system's ability tq control, minimize, or eliminate waste release 
(PC1.008 b) for the likely natural processes and events; others can be ignored 
(PC1.0013 a*). Likely processes and events are those having an estimated probability 
of o c c u r e m  greater than 1 in 10.000 o v a  10.000 years. 

'2he evaluations and analyses must address all pathways for release (groundwater. 
surface water, soil, and air) at the boundary of the control area (at the top and bottom of 
the disposal unit boundary or its lateral extent as defined by the intersection with the 
vertical boundary of the control area) as illustrated in Rgure 1-13 (PC1.003 a-b, 
PC2.001 a and PC2.002 a*). 
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1.3 The compliance analyses and evaluations must be supported by laboratory and field 
studies. as well as by expen judgment (PCI.M)3 a-b and PC1.004). - 

. 1.4 The models used in the SNL compliance analyses for 40 CFR 191 Subpan B and the 
WID compliance analyses 40 CFR 268.6 must have the following attributes: 

These models must use identical physical descriptions of the disposal system 
(PC1.019); 
The pathways considered by these models must be consistent (PCI.011); 
These compliance analyses must use comparable conceptual models as the basis 
for their mathematical and computational models (PC1.020); 
These models must simulate the expected behavior of the disposal system 
(PC1.018) and predict any resulting releases of hazardous or radioactive 
constituents from the time of waste emplacement until 10,000 years following 
closure (PC1.021 a); 
'Ihese compliance models must be evaluated (PC1.025). 

1.5. Specific engineered barrier system design and evaluation constraints and the 
requirements important to these compliance analyses include the following: 
1.5.1 The design must be physically and chemically compatible with the natural 

barrier system (PC6.001 a-b); and 
1.5.2 Design of engineered barriers, as well as the analyses that assess their 

adajuacy, must be supported by analytical data (PC6.002 a-c). 

1.6. An assessment must be carried out with these compliance models that excludes 
consideration of w a t ~  wells within the controlled area Md that estimates the annull 
dose equivalent from the uldislurbed disposal system to any membex of the public for 
1.000 yeon after disposal (PC1.024 a-b-c). A 

1.7. An evaluation of the likelihood and consequences of human intrusion must be carried 
out with these compliance models unda the following consrain&: 
1.7.1 lke likelihood of human inausion must consider the controls imposed to make 

it less likely, and furthermore, the evaluation of likewlood will be primarily 
based on the effectiveness of these primary marken (PCl.015 ad); and 

1.7.2 In evaluating the consequences of human intrusion, only single isolated one-time 
inauder everus tbat me m more severe than inadvertent and intermittent human 
inmsion by exploratory Wlling for resources ( 0 t h ~  than the waste) will be 
considered. It must be assumed that systematic or persistent exploration within 
the controlled ueo does not war (PC1.016 ad). 

1.8. Sensitivity and umamhty analysis of the complipw modeling must be paformed that 
includes the following: 
1.8.1 the uncatniny in processes and events (PC1.027 a); 
1.8.2 the likelihood Md consequences of alternative conceptual models (PC1.027 b); 
1.8.3 npesentptlon of mode1 parametas (PC1.027 c); 
1.8.4 seDsitivity studies of the models (PC1.027 d); Md 
1.8.5 an assessment of the Pccllracy of the model that includes model verification 

results (PC1.027 e). 
2.0 The staff must develop a demonstration based on these compliance analyses (1.0 

above) and document the basis for this demonsnation (PC1.005 and PC1.006). 

2.1. lkis demonmation must establish whether there is a reasonable expectation that the - 
WIPp geologic disposal system will comply with the qunntitarive radionuclide limits 



specified in 40 CFR 191 Subpart B (the quantirative health based ha:ardolrs 
constituents limits of 40 CFR 268.6) for all the expected processes and events (PC1.002 
a-b. PC1.013 c, PC1.014 b, and PC1.02 1 b-c). Further specifics for lhis demonsnation 
include the following: 
2.1.1 This demonsnation must be routinely updated (along with the PA modeling and 

analyses) with the latest new and relevant information until the time of repository 
closure (PC1.007); 

2.1.2 In this demonstration the PA results for 40 CFR 191 Subpan B 6191.13 
compliance comparisons must be presented as a single complementary 
cumulative distribution function (CCDF) that indicates the probability of 
exceeding the cumulative release standard (PC1.022 a-b); 

2.1.3 The demonstration must show that waste migration prediction models were 
calibrated to specific site conditions. physical features, and emplaced wastes 
(PC1.026 c); 

2.1.4 'The demonstration must show that modeling results are consistent with actual 
field measurements and represenlative of the actual physical system (PC1.026 d). 

2.2. General requirements are that the documentation must include discussions of the 
records of quantitative and qualitative evidence used to develop the PA models as well 
as any supplementary information such as nanual analogs, evidence that supports the 
process models, parameter ranges, geomemc conceptual models, hypotheses, and any 
simplifying assumptions used (PC1.006). Specifics for this documentation are as 
~OHOWS. 
2.2.1 'Ihe documentation must describe boundaries of the control area and disposal 

unit (PC2.001 b). 
2.2.2 'Ihe documentation must include discussions regarding the consequences of the 

human innusion events evaluated and a description of these analyses (PC1.016 
d). 

2.2.3 'Ihe documentation must include justification for the selection or generation of 
the single CCDF for comparison with 40 CFR 191 Subpart B standards 
(PC 1.023). 

2.2.4 The compliance models and their evaluation must be documented (PC1.025). 
2.2.5 The documentation must ~ e s e n t  discussions of the model results, including: 

2.2.5.1 simplifying assumptions in the conceptual, mathematical, and 
computational models (PCl.M6a); 

2.2.5.2 farionale for selection of the waste components modeled (PC1.026 b); 
2.2.5.3 calibration of waste migration prediction models (see 1.1.4 above) 

and the comparisons that show modeling resnlu are consistent with 
actual field measurements and the comparisons that show that the 
models are representative of the actual physical system based on the 
consistency of model results with the actual field measurements 
(PC1.026 cd);  and 

2.2.5.4 comparison of model results with observations and an explanation 
of any differences (PC1.026 c). 

2.2.6 The documentation must include a comprehensive, W l e d  description of the 
nntural system. lhis documentation of the natural system must describe the 
geology as well as the surface and groundwata hydrology of the repository site 
and setting (PC4.001 b), and must also provide an analysis of the geochemistry 
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of the system relevant to waste migration and including a characterization of the 
rock, soil. air, and water chemistry (PC4.001 a). - 

1.4.4 PART Report Development and Preparation 
*.-- . 

Reviews of the base set of documents (Subsection 1.4.3) and other requested reference / . . 

material, along with participation in interviews, and discussions among the PART members F... 
themselves, formed the basis for their evaluations of the technical adequacy of the WIPP PA program \ k""". , . 

, : . .  
and the formulation of their recommendations for program changes. PART members did not I, -. 

.> ... necessarily perform a complete review of the base set of documents or the supplementary 
documentation requested during the course of the review. ?he members were free to select the scope 
and depth of review performed on each document. In gemral, each member conducted a review 
within his or h a  own area of expatise. 

The predecisional draft report was issued to PART members only. Members had the 
opportunity to comment on the entire report and the Chairpaon attempted to resolve any conflicts 
among PART membas. 'Ibe findings in the report reflect the consensus of the PART. Conflicts mn 
satisfactorily resolved were documented as an appendix to the main report and provided to the EM- 
342 Director. Once the final dratl report was accepted by PART, it was concurrently issued to the 
EM-342 Director, WPIO, -0, WID, and SNL for review and comment. After the comments were 
resolved, the final repon was signed by PART members and sent to tht Director, EM-342. Receipt of 
the final report by the EM-342 Director completed the PA independent review. 

1 4 VERIFICATION CALCULATIONS 
-. 

This portion of the review involves the performance of independent PA calculations to verify 
and perform sensitivity assessmcllfs for the calculations do= by SNL. This work is ongoing, and will 
be published separately at a l am date. 

?he work uses Golda Associates' Repository Integration Rogram (RIP) PA model, which is a 
high-level model designed for rapid, simplified PA calculations. 'Ihe work is being conducted in two 
phases: (1) the vuification phase, in which RIP is used with the same conceptual models and data sets 
as SNL's published studies, in or& to vaify tk SNL results, and (2) the sensitivity phase, in which 
RIP is used with alternative concepfual models developed by the review team, in o r b  to evaluate 
their potential significamx for repository srfay. It is expected that the significance of alternative 
potential pathways, and of PltanaWe modeling of disruptive eknts, will be key areas to be inves- 
tigated 

1.5  TOPICS EXCLUDED BY PART 

As outlined in the Paformawe Assessment Independent Review Management Plan, PART 
focused on a review of those PA activities which w a e  directly related to a determination of 
compliance with the applicable regulations. However, catPin spccu of the PA program wae, or are. 
being reviewed by otha organizations within DOE which hove those functiollpl authorities. For 
example, PART did not review the validity of data or tk data collection techniques or the quality 
control of the data This sctivity was part of a separate review being conducted jointly by WPIO and 
EM-342. The PART assumed that all data presented in the SNL rrports wae m a t e .  



The PART also restricted its review to the priorities assigned to PA activities. Activities 
associated with repository operation, environmental safety and health. safeguards and security. and 
budget and scheduling were specifically excluded from the review. However. PART did investigate 
how decisions were made and schedules were developed in suppon of PA . 

The PART concentrated on PA activities for the demonstration of compliance with the long- 
term disposal standards contained in 40 CFR 191 Subpans B and C (proposed) and 40 CFR 268.6. 
This review specifically excluded those activities and regulations that would apply to the operation of 
the facility for the disposal phase. 



2.0 PERFORMANCE ASSESSMENT METHODOLOGY 

- 
This section summarizes the approaches being taken by WIPP, through Sandia National 

Laboratories and Westinghouse Waste Isolation Division, to address the long-term performance 
standards in  40 CFR Part 191 Subpart B and 40 CFR Part 268.6. respectively. It is these regulations 
which determine the PA methodology to be used. Subsection 2.1 describes the requirements of 40 
CFR Pan 191 Subpart B in derail. Subsection 2.2 discusses the SNL approach to addressing the 
requirements of $191.12(q) (quantitative PA modeling) and $191.13(a) (probabilistic assessment of 
cumulative releases). This discussion includes a description of the scenarios, including the scenario 
selection and evaluation process, the performance measure, the modeling approach, and the sensitivity 
and uncertainty analyses. The subsection concludes with a brief discussion of the application of the 
probabilistic approach and the complementary cumulative distribution function (CCDF). Following 
the same format as Subsection 2.2, Subsection 2.3 considers the WID approach to addressing the 
requirements of 40 CFR Part 268.6, looking at scenarios, performance measure, modeling approach. 
sensitivity and uncertainty analysis, and probabilistic approach and the CCDF. The WID approach is 
different from that of SNL because the long-term performance standards of 40 CFR 268.6 are not as 
detailed or prescriptive from a methodological standpoint as those of 40 CFR 191, Subpan B. 

2.1 40 CFR PART 191 SUBPART B 

The provisions of 40 CFR Part 191 Subpart B state that the repository must meet certain 
performance standards in order to be licensed. These regulations mandate a quantitative assessment 

- of the performance of the disposal system, and desaibe spdc performance measures in terms of 
.I 

,+ 1 ) radioactive material releases to the accessible environment (5 14 1.13). 
,? "A 2) radiation doses received by the public (5191.14). and 
\ 3) radioactive contamination of c a t a h  sources of groundwater in the vicinity of the disposal 

system (5191.16). 

The performance measures for the containment requirement are, as stated in 9 19 1.13(a), that 
"... the cumulative relenses of radionuclides to the accessible environment for 10,000 years after 
disposal from all significant processes and events that may affect the disposal system shall: 

1) have a likelihood Of less than One chance in ten of exceeding the quantities calculated 
according to Table 1 (Appendix A); and 

2) have a likellbood of less than one chance in 1,000 of exceeding ten times the quantities 
calculated ~ccording to Table 1 (Appendix A)." 

Table 1 in Appendix A of 40 CFR 191 gives limits for cumulative releases over 10,000 years 
for twelve specific radionuclides and any Other Plphacmitting or nOn-nlphacmitting radionuclide 
(with a half-life of o v a  twenty years) in Mies pa unit of waste. The estimated cumulative release 
for a panicular radionuclide is divided by the corresponding limit in Table 1 to produce a 
norrmlized cumulative release. If the ratio is less than one, compliance is detamined for both 
requirements (1)  and (2). If more than one radionudide is pnsent in the disposal system, then the 
sum of the ratios for the individual radionuclides should be less than one to demonstrate compliance - for both requirements (1) and (2). 



The quantitative standards of §191.13(a) are stated in terms of likelihoods (1.e.. probabilities) 
because it is recognized that there are uncertainties in the predictions of cumulative releases over - 
10.000 years. The uncertainty in the cumulative release prediction can be expressed by presenting 
the result in terms of a probability density function (PDF). illustrated in Figure 2.1~.  This is simply 
a plot of the probability of the various possible cumulative release results. Hence. to obtain the 
probability of the result falling between the value A and the value B (see figure). one need only to 
integrate under the PDF benveen these two values. 

An alternative manner of presenting the same information is the cumulative distribution 
function (CDF). This is developed by integrating over the entire PDF, and is illustrated in 
Figure 2-lb. By definition, integrating over the PDF from the lower limit of its range to the upper 
limit of its range yields a value of 1.0, and the CDF therefore ranges from 0.0 to 1.0. As shown in 
the figure. a particular point (e.g., h ,pl l )  on the CDF is interpreted is follows: pl is equal to the 
probability that the result (the cumulative release) is less than or equal tori. 

A third way of presenting this information is the complementary cumulative distribution 
function (CCDF). 'Ihe CCDF is illustrated schematically in Figure Zlc .  As shown in the figure, a 
particular point (e.g., [rjpd) on the CCDF is interpreted as follows: p2 is equPl to the probability that 
the result (the cumulative release) is grearer than ri (i.e., p2 is equal to the probability of 
exceeding ri). As indicate by its name, the CCDF is the complement of the CDF. 'Ihat is, p2 = I-pl. 

Note that the coatainment requirements of §191.13(a) are stated in terms of complementary 
cumulative probabilities (i.e., probabilities of exceedence). Ihaeforc. release predictions can be 
directly compared to the standard if they are presented in terms of a CCDF. Because the two 
complementary cumulative probabilities of 5191.13(a) differ by two orden of magnitude (0.1 and - 
0.001). it is most effective to present the CCDF on a log-log scale. In such a plot, the horizontal axis 
represents the logarithm of the normalized release over 10,000 years, and the vatical axis represents 
the logarithm of the probability of the magnitude of such a release. Figure 2-2 shows an example of 
a log-log CCDF with the 191.13(a) containment staodards superimposed In this panicular example. 
the predicted release does not exceed the standards. 

If the repository is simulated in tams of various muluallycxclusive scenarios (each of which 
is described by disjoint subsets of uacatain paameters), a separate CCDF will be produced for each 
scenario. In order to compare such results to the containment standards, it is necessary to combine 
the results of the scenarios in an appropriate mpnner. This is accomplished by multiplying the 
probability axis of each curve by a weighting factor and adding them togetha. ?be weighting factor 
for each curve is simply @c probability of lbat particular scenario. (The total "weight" for all 
scenarios must add to om.) An example of how CCDFs for two scenarios (having probabilities of 
0.99 and 0.01) an combined is shown in Figure 2-3. The character of this combined CCDF is 
representative of results of tbc analysis in Saodia PA documents. 

'Ihc process of developing a CCDF appears to be objective and straight-forward. However. 
uncertainties in the development of the conceptual model of the components of the repository system 
and assumptions required for mathematical modeling an difficult to capture in the CCDF. For 
example. unless all components of a repository system ~e nqxesented in the n u m a i d  model, the 
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Figwe 2-2. Log Log CCDF For Cumul8tive Release. 



results in terms of a calculated CCDF do not describe the true uncertainty in cumulative release. ~ h j s  
issue is discussed in more detail in Subsection 2.2.4. 'The acknowledgment of remaining uncenanty 
is further developed in 5 191.13(b): "Performance assessments need not provide complete assurance 
that the requirements of §191.13(a) will be met. Because of the long time period involved and the 
nature of the events and processes of interest. there will inevitably be substantial uncenainties in 
projecting disposal system performance. Roof of the future performance of a disposal system is not 
to be had in the ordinary sense of the word in situations that deal with much shorter time frames. 
instead, what is required is a reasonable (emphasis added) on the basis of the record 
before the implementing agency, that ~OmpliUI~e with 5 191.1 3(a) will be achieved." 

It is the role of DOE to decide when the description of the current state of the repository 
system is sufficiently detailed and when the processes potentially acting upon it are sufficiently 
understood that the likely performance of the repository can be a -mated  The other sections of this 
repon address the sufficiency issue of whether the record being developed that includes PA will be 
able to satisfy the "reasonable expectation" requirement. 

The provisions of 5191.14 require active institutional controls for 100 years after closure, 
monitoring for the peaiod of active institutional control, and the use of engineered. as well as natural, 
barriers to contain the waste. It also states that areas that have experienced mining for resources 
should be avoided as locations of a repository, "unless the favorable characteristics of such places 
compensate for their greater likelihood of being disturbed in the future." Impacts of resource 

' 

emaction will be discussed in Subseftion 3.2.2.2. 

The provisions of $191.15 mandate specific quantitative limits for annual exposures (25 
millirem whole body and 75 millirem to any critical Organ) to the public up to 1,000 years after 
disposal, assuming undisturbed performance of the repository. All exposure pathways have to be 
considered, but this article specifically requires that the drinking water pathway be analyzed assuming 
2 literslday from any significant source of ground-water outside the conaolled area surrounding the 
repository. These requirements are not stated in probabilistic tams, and therefore, presumably do 
not require the calculation of a CCDF. 

The groundwater protection requirements Of 9191.16 set quantitative limits on the 
permissible collcemrations of specific radionuclides and a cap on the annual dose equivalent from all 
radionuclides combined to 4 millifem from 2 litexdday consumption of groundwater. 

2.2 S M  APPROACH W R  40 CFR PART 191 SUBPART B 

The SNL PA approach is being developed within the requirements of 4191.12(q) 
(quantitative PA modeling) and 6191.13(a) (probabilistic assessment of cumulative releases). ?he 
major steps in the PA process, 8s defined in Marietta et al. (1989). are the following: 

1) Chpraauize disposal system and site; 

2) develop scenario; 

3) a d y z e  scenario consequences; 

4) paform sensitivity and uacertainty andyses; and 

5) assess compliance with regulations. 



Each of these five steps represents many activities, in which there are major feedback loops 
and interconnections. The following discussion of the SNL PA approach will touch briefly on the -. 
following issues, which are subsets of the five steps listed above: 

General description of conceptual model and scenarios (Steps 1 and 2); 

Performance measure (Step 3); 

Modeling approach (Step 3); 

Uncertainty and sensitivity analyses (Step 4); and - Robabilistic approach and CCDF (Step 5). 

The SNL approach for addressing the requirements of 40 CFR191 Subpart B has been to 
develop most of the needed computer codes in house. HOW~VK, the availability of documentation on 
these codes has lagged behind the reporting of the results of analyses in the annual performance 
assessment summaries. The lack of formal documentation can be problematic from a compliance 
standpoint because the codes will not be familiar to regulators, nor will they have undergone 
independent peer review. This lack of formal documentation may make it more dimcult to 
demonstrate a reasonable expectation of compliance. 

22.1 General Description of Scenarios 

In order to demonmate compliance with the performance requirements of 40 CFR 191, the 
DOE must consider the undisturbed performance and the possible events that may disrupt the - 
repository system (6191.12(p)). Undisturbed paformance refers to the behavior of the repository - 
system assuming natural srmctural, hydrogeologic and chemical processes. The conceptual model 
for the WIPP repository system includes salt creep; brine inflow; gas generation from anoxic 
corrosion, microbial action, and radiolysis; brine and gas outflow into interbeds in the Salado 
Formation and also to the accessible aquifer (the Culebra Dolomite Member of the Rustler 
Formation) above the Salado Formation by way of backfilled and sealed shifts; and engineered 
barriers. 

The WIPP Performance Assessment Department used a scenario selection ad evaluation 
process similar to that desaibed in Crmwcell a al. (1982a 8 4  r e b u d  in 1990). which systematically 
defines the events and processes that could affect the integrity of the repository system, evaluates the 
probability of an event occurring. and assesses its potential for leading to a release of radioactive 
constituents to the accessible environment. The methodology is described conceptually in 
Figure 2-4. 'Ihe sample space S represents all possible 10,000-year time histories of the disposal 
system at the WIPP. 'I~Ic. scenarios arc saeened on the basis of the likelihood of their occurrence and 
their potential consequence. Subset SB contains all time histories that fall within the bounds of 
reasonably anticipated occurrences of natural processes (greater than 1 in 10,000 in 10,000 years) 
acting on the disposal system o k  10.000 years. which represent undisturbed paformaace. Subsets 
SM. SLY ad SE are associated with disruptive events, such as volcanism. Subsa SM contains time 
histories that include disruptive events that may occur with probability greater than 1 in 10,000 in 
10,000 years, but the consequences do not compromise repository performance. Subset SL 
represents time histories that can be reasonably screened out of consideration because they include --. 
disruptive events that are of suffiaently low probability of occurrence (less than 1 in 10.000 in 



10.000 years). Time histories that can be excluded by regulatory criteria are contained in subset SE 
These three subsets are not mutually exclusive. and the shaded area represents the overlap. Finally. 
Subset So contains all of the time histories that include disruptive events that are left after the scenario 

screening process. The Si in the cross-hatched area within So represents sets of parameters which glve 
rise to specific time histories containing disruptive events that can significantly affect repository 
performance. 

= anticipated base S E = a b y - m t c r i a  
S, = disruptive mnn. litllc amcqmce &= 
S, = low probability evc0Is 

Figure 2-4. Conceptual Description OK the SNL Scenario Selection Process. 

According to the methodology. subsets of the time histories that have to be analyzed by 
performance assessment are the ones that fall within subsets SB. So. or SM. In practice, the 
methodology is not followed rigorously, because it is m t  possible to (enumerate and evaluate all 
possible time histories of all possible combinations of natural processes, subjected to all possible 
sequences of disruptive events that can significantly compromise repository performance. Guowski 
(1990) amended the methodology to make use of earlier scenario analyses efforts to develop a set of 
scenarios for WIPP that is more practical' to evaluate. 

'Ihe amended scenario selection process screened some 49 natural and human-induced events 
and processes. Seven of the processes--~osion. sedimentntion, climate change, seismic activity. 
Rustler-Salado contact dissolution. shnn and borehole seal &padation, excavation-induced frames. 
and gas generation (WIPP PA 1992, Volume 2, Table 4.2)-are expected to occur over the 10,000 
years. Therefore, these processes are considered non-disruptive and have been retained for the 
undisturbed case, Subsa Sg. also called the base case. 



For analysis purposes, the base case subset (SB) and the subset containing disruptive events of 
no consequences (SM) are considered to consist entirely of no-release scenarios over the 10.000-year 
simulation period. Subset SL, containing events considered to be not credible by the WIPP 
performance assessment staff (e.g.. tectonic activities) are excluded from consideration due to low 
probabilities. Since subset SE is excluded based on regulatory considerations, only subset So remains 
to be considered for analysis. That is. only time histories resulting from parameter sets within So are 
assumed to result in any kind of release. 

Within So, a set of mutually-exclusive scenarios was defined (starring with the base case) 
based on a logic-diagram type of analysis that developed sequences of disruptive events that could 
potentially lead to the escape of radionuclides from the repository and migration to the accessible 
environment. The mutually-exclusive scenarios resulting from this process are defined by their 
different model and code configuration requirements for the performance assessment analysis. 

According to the scenario selection process described in Guzowski and Helton (1991). three 
possibletypes of events that may disrupt the repository Stem from human inlrusive activity; they are: 

potash mining in the WIPP vicinity and associated surface subsidence, 

one or more boreholes passing rhough a waste panel and penetrating a brine pocket, and 

one or more boreholes passing through a Waste panel without penetrating a brine pocket. 

.?he 1992 PA. Volume 1, lists seven scenarios representing all possible combinations of these 
three events and a base case, which comsponds to undisturbed performance. that are to be carried 
forward for the performance assessment. 

2.23 Performance Measure 

Most of the performance assessment effort to date has gone into assessing whethex the WIPP 
repository performance will comply with the containment requirements of 5 191.13(a). Therefore, the 
measure that the performance asscssmmts concentfate on is the normPlized release of radionuclides 
to the accessible environment. 'Ibe analyses used to assess this pcrfommcc measure provide the' 
necessary intermediate calculations to address the individual and groundwater protection 
performance measures of $ 191.15 nnd $191.16. respectively. 

Part of the rationale given for not coaduaing aualyses to rddnss 5191.15 and 5191.16 is 
that, according to the results of the performance assessment modeling for the undisturbed or base 
case. there are no rele~ses to the biosphae. HOWCVCK, since the modeling done to date assumes 
perfect seal perfonnnnce, the conclusion that thae arc m relcoses to fk biospbae in me undisturbed 
case is suspect. Paformauce assessments done to date do not specifically address individual and 
groundwater protection requirements. 

2.2.3 Modeling Approach 

The WlPP Pnfo rm~~ce  Assessment Dqmrfment developed an l sses~wnt  logic and snucture, 
shown in Figure 2-5 (Figure 2-5 of Marietta et al.. 1989) that desaibes the ISFumed physical and 
&vironmental processes and disruptive events that must be considered in order to addnss the 



Figure 2-5. Complhnce Assessmeat Metbodolgy Structure (modifled from Rechard, 
1989). 



compliance requirements of 5 191.13(a). The figure shows that, at the present time, the performance 
assessments are focused on the containment requirements (5191.13). and that the individual - 
protection requirements (5191.15), which require biosphere transport and human dose modeling. are 
being deferred to a later time. The figure also shows the iterative naNe of the PA process; however. 
discussions with principal investigators suggest that the feedback is not as extensive as implied by the 
figure. 'Ibis is discussed in more detail in Section 8. 

The execution of even a single PA analysis for a single scenario requires the assimilation of 
qualitative and quantitative information and the Sequential calculation of many different interim 
quantities. The WIPP Performance Assessment Department has developed a computer system to 
manage the flow of information throughout the PA and to provide a suucture to maintain quality 
assurance records. An overview schematic diagram that shows the sequence of calculations and the 
flow of information through a PA analysis is provided in F i p r e  2 6  (Figure 2-8 in Marietta et al.. 
1989). This figure shows the complexity of the information needs and calculations required to 
demonstrate compliance with 9191.13. 

The modules that are used by the PA systems include finite element, finite diffexence and 
analytical model codes. The models used in the 1992 PA analyses and their functions are listed in 
Table 2-1. The constitutive relationships and input parameta requirements of these models for 
simulating the described processes 1s discussed in the other sections. Figure 2-7 (Figure 1-1, Volume 
2, of the 1992 PA analyses) shows the flow of information among tht models described in the 1992 
PA analyses. Not all of the system is automated since GRASP-INV, SANCHO, and CUTTINGS are 
run outside the CAMCON system, and manual data l ransf~s are used for the analyses. 

Tabk 2-1. Computer Codes Used in the 1992 WIPP Perforrmaa Asesunent 
(utter Table 3-1 in V d u w  2 of 1992 PA) 

PANEL Rate of, md cumlstive discharge of Rdionuslidsa from repository 
punl through an imrion bomhob 

GRASP-INV 

I Poro*ly of waste u funaion ot tima and moks of gas generated I 

S i m h t i i  of tMlWi f imk calibrated from mwummonts and 
pnrrum fie& 
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Figure 2-6. Algorithm for Logical Dat. Flow During Complhoce Assessment (Rechard, 
1989). 



Figure 2-7. 
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2.2.4 Sensitivity and Uncertainty Analyses 

The probabilistic nature of the containment performance standard detailed in  $191.13 
requires that a quantitative estimate be made of the uncertainty in the value of the performance 

c" ' ' measure in order to assess the probability of exceeding the standard. Because of the complexity of 
[ .., the models, the sequential nature of the calculation and the number of input parameters involved. 
i . . error propagation methods of estimating uncertainty are not appropriate. The uncertainty analysis 

approach used by the WIPP Performance Assessment Department is Monte Carlo simulation (Mariena 
et al.. 1989). 

In a Monte Carlo simulation, the values of the input parameters are assumed to be uncenain. 
These parameters are therefore represented using probability distributions which are sampled to 
produce an empirical probability distribution (and a CCDF) of the values of the output performance 
measure. The Monte Carlo approach to uncertainty analysis. although it directly leads to the desired 
CCDF, can be computationally intensive if the number of input parameters is large and the models 
are complex. 7his is certainly the case for the SNL performance assessments, despite the fact that the 
PA models are somewhat simplified. McKay et al.. (1979) and Irnan and Conover (1982) developed 
a statistical sampling scheme for Monte Carlo simulations, called Latin Hypercube Sampling, that 
reduces the number of model runs but still achieves high pecision in the estimate of the CCDF. The 
WIPP Performance Assessment Depamnent is using Uiis methodology. 

The timing of an i m s i v e  event has a large impact on tbe potential for radioactive material 
being released into the environment, and the importance of timing has a large impact on the 
computational resources of the WIPP Performance Assessment Department. The probability of a 
drilling event is estimated by the Poisson model (WIPP Performance Assessment Depamnent, 1992. 
Volume 2). Howeva, because of the computational demands of coupling random drilling with the 
parameter uncertainty discussed in the previous section, simplifying assumptions, in terms of fixed 
times for drilling at 1.000, 3.000, 5,000, 7.000, and 9,000 years. were made for the 1991 PA 
calculations. The 1992 calculations assumed drilling intrusions take place at 125, 175, 250. 1,000. 
3,000, and 7250 yeas. 

The side benefit of a Monte Carlo uncertainty analysis is that it provides a set of input 
parameters and their assodated paformance measure values that allows funha analyses, such as 
statistical sensitivity analyses (Helton et al., 1991) to determine which parameters are the most 
important in determining the value of the performance measure. Sensitivity analyses help focus 
scientific and site investigations by providing information that will ultimately be used for the 
performance assessmaus. 

'Iht primary focus of the SNL sensitivity and UILCeMinty analyses to date has been on the 
parameters within the models. Howeva, this ~ o a c h  cannot PdequPtely deal with uacenainties in 
the choice of the coocep4ual models of the physicrrl processes that affect repository performance. 
The issues related to the choice of the constitutive relationships that an embodied in a performance 
assessment code are often more important in determining the adequacy of the performance 
assessment than the effects of parameter uncertainty. 'Ihat information can be obtained by 
comparing results of the pincipd investigaton' constitutive models with those of the prformance 
assessment models. lh is  is particularly importPnt, since the performwx assessnmt models tend to 



be chosen for computational efficiency for the Monte Carlo computing environment. More formal 
sensitivity studies that compare the results of the constitutive and performance assessment models will 

help to establish the appropriateness and adequacy of the PA models. 

23.5 Probabilistic Approach and the CCDF 

The probabilistic requirements of the $191.13 standard are partially met by the Monte Carlo 
uncertainty analysis methods described in the previous section; a CCDF can be computed easily from 
the results of a Monte Carlo analysis. The Monte Carlo methods work well when dealing with the 
parameter uncertainty within a specific scenario. However, the need to evaluate the results of multiple 
scenarios. such as disruptive events, and combine them into a single CCDF requires estimates of the 
probabilities of occurrence of the scenarios. Figure 2-8 illUSUates how the consequences (cSi) of the 
individual scenarios Si are combined into the ovaall CCDF using the weighting factors psi, which are 

the probability of occurrence of the scenarios. 

Figure 2-8. Construction of a CCDF for Comparison with tbe EPA Relew Limits. 
Riok that the loution of ~ S B  at the kwer left of the plot L correct for tbe 
WIPP-where no re- u e  predkted from the andistorbed bue U.C-but is - not a gene* req.lrrwnt for dl dtcs. 



As discussed previously, Monte Carlo techniques are used to characterize the uncenainty in 

the results by repeatedly Sampling the uncertain parameters. Such an analysis produces a family of 
CCDFs. 'Ihe variability within the family of CCDFs obtained from the sampling can be represented 
by the mean, median, and 10% and 90% quantile CCDFs in Figure 2-9. 

Figure 2-9. Eumpk Smmary Cower Derived from 80 Estimated Dbbibution of CCDFs. 
Cones were obtmined by alcolting tbe m u n  m d  indicated percentilea for 
each eomeq~eace vdue (PA, 1992. 2, Figwe 3-3). 

lo-' 

The SNL PA depPmrent (1992 PA Volume 2) ~~ thnt the CCDFs cannot demibe 
conceptual model uacenrinty becPuse, by their conSmr.tion, t k y  are conditional on the assumptions 
of the analysis. To tvrluatc conccptupl model ruratninty, the complete Monte Carlo analysis is 
repeated for alternative comqtual models by changing only those portions of the analysis specific to 
the alternative models. The shift in the location of the CCDF relative to t k  ofkrs gives an indication 
of the uncertainty intToduced by alternative conceptual models; it is also an indication of the 
sensitivity of the co~cepDunl model itself in terms of affecting disposal system perforinane. 
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Although these conceptual model sensitivity and uncertainty analyses provide valuable 
infomation, they cannot address differences in the conceprual model that cannot be described by the 
existing PA models. These analyses may not necessarily adequately address the different conceptual 
models represented by the more detailed constitutive models of the principal investigators as 
discussed in the previous section. 

2.3 40 CFR PART 268.6 

The long-term performance requirements of 40 CFR 268.6 are not as detailed or prescriptive 
from a methodological standpoint as those of 40 CFR 191. The regulation requires demonstration 
"to a reasonable degree of cenainty. that there will be no migration of hazardous constituents from 
the disposal unit . . . for as long as the wastes remain hazardous" (40 CFR 268.6(a), US. EPA, 
1986). 

The EPA's dr& guidance manual for 40 CFR 268.6 describes general requirements for what 
must be addressed in a no-migration determination petition. Examples of the requirements are that 
the relevant physical processes must be addressed, some type Of quantitative modeling is desirable, 
and formal quality assurancdquality contro1 measures must be applied to the computer codes. 
Specific technical details are to be worked out in negotiations with the EPA. 

2.4 WESTINGHOUSE APPROACH TO 40 CFR PART' 268.6 

The basis of the PARTS review of the Westinghouse approach to compliance with 40 CFR 
Pan 268.6 was a presentation by Westinghouse Waste Isolation Division staff and their contractors. - 
To facilitate comparison of the SNL and WID approaches to pexformance assessment, the outline of 
the discussion follows the same format as used in Subsection 2.2. 

In contrast to the SNL approach to PA modeling, which uses code for which published 
documentation is not publicly available, the WID PA approach uses numerical models that are 
relatively simple to use sad prefarbly "off the sbelf," so that they can be easily transferred to EPA 
for execution and evaluation. 

2.4.1 General Description of Scenarios 

The 40 CFR Pw 268.6 regulations do not specifically require that human inausion be 
addressed to demonmate long-tam perfocrrmre. As implied by the presentation by WID and its 
contractor staff, tbe scenarios that m being addressed 'patnin to expbned repository conditions and 
are based on the description of the model selection phase. It has been stated in the two No-Migration 
Detaminstion Anrmal Repats @OE'WIPP 91-059 and WUWIPP 92-057) rad in the presentation 
that the WID PAcoaceptuPl model is coDsiWen wltfrfhe SNLPA conceplul model for40CFR Pan 
191 Subpart B. In fact, UIC results for PA that m reported in these W Qcumws m those reported 
in the annual performaace assessmeets for 40 CFR 191. although they m nsults for mdionuclides, 
and 40 CFR 268.6 patains to hrurdous constituents. 



2.4.2 Performance Measure 

The performance measure is not defined specifically in the regulations as it is for the 
containment requirements in 5191.13 and the individual and groundwater protection in 5 191.15. and 
$191.16. respectively. Under 40 CFR 268.6 there is only what might be consuued as an overall 
system performance requirement - i.e., no migration beyond the disposal unit boundary for as long 
as the wastes remain hazardous (Subsection 1.3.1). 

2.4.3 Modeling . pproach 

The WID modeling approach is divided into near- and far-field categories. The near-field 
model requires a site-specific description of the repository engineered barrier system in order to 
assess the ability of the system to prevent the transpon of hazardous components (i.e., volatile organic 
compotlnds, non-volatile organics ahd heavy metals) in the waste to the unit boundary. Ihe Design 
Analysis Model (DAM). which was used to analyze the options for waste treatment for the Engineered 
Alternatives Study (DOUWIPP 91-007), is proposed for this analysis. The PA models used by SNL 
for comparison with 40 CFR 191 Subpart B requirements do not describe the performance of the 
engineered barrier of candidate room, panel and sha!l seals. 

The WID approach to PA accepts the physical processes that the SNL Performance 
Assessment ~+ent 'has determined to be important for far-field performance. The WID model 
selection process focuses on deterministic models that are considered readily available. Using criteria 
that had to do with availability of documentation and published vaification exercises, WID selected 
the TOUGH2 code. nLe desired capabilities for the WID far-field model are given in Table 2-2. 

Hiah dimensionalii I D i n  
Material pmpertieJ 1 Chemii interactions 

Table 2-2. Desired Capability for WID Far-Field 
Performance Asesment  Modeling 

Two-phase Row 
Mutiihase, m u l l i n e n t  
traMpglt 

Transcent effects 

2.4.4 Sensitivity and Uncertainty Analyses 

Thermal effects 
Transport processes 

Adveetlon 
D i n  

A n i s o t m  
Heterogeneitv 

WID has chosen to utilize the same methodology for sensitivity and uncertainty analyses that 
are used by the Saodia Performance Assessment Depamnent for 40 CFR Part 191 Subpart B. ?his 
includes a Monte Carlo approach to a deterministic model, using Latin Hypacube Sampling of the 
model input, and rank correlation techniques to induce known dependencies among the input 

Sorprion 
Decay 
Dissdutionlprecipitation 
Ion Exchanae 
Leaching 



variables. m e  current plans are to do uncenainty and sensitivity analyses separately for the DAM 
and TOUGH2 models. No analyses have been completed to date. - 
2.45 Probabilistic Approach and the CCDF 

The language of 40 CFR Pan 268.6 does not specify a probabilistic approach to 
demonstrating compliance. From a regulatory standpoint, it is not required in the performance 
assessment methodology to include the calculation of the CCDF driven by fj191.13(a). 
Demonstrating compliance with a deterministic standard and addressing uncertainty by means of 
quantitative and qualitative analyses may be easier than using a probabilistic standard. From a 
methodological standpoint, estimating small exceedawe probabilities, such as those used in the 
fj191.13(a) standard, requires estimating the size of the tails of a CDF. Estimates of the tails are 
subject to more uncertainty than estimates of the mean or median of a CDF. 



3.0 WIPP CONCEPTUAL MODELS AND IDENTIFICATION OF ISSUES 

In the preceding section, the Sandia National Laboratory (SNL). Westinghouse. and PART 
approaches to performance assessment methodology were discussed. Constructing the total system PAS 
of the WIPP repository involves developing appropriate conceptual model(s) of the WIPP site and 
disposal system. both for now and for future time periods (10.000 years). This is extremely imponant to 
system PA and the planning of data acquisition as well as to laboratory and field scale experimental 
programs (as described in Subsection 3.1). Section 3 describes two types of conceptual models: Re- 
WIPP Facility Conceptual Models and Post-Decommissioning Conceptual Models. The Re-WIPP 
Conceptual Models are discussed in Subsection 3.2 in terms of the pathways that existed before 
construction of the WIPP facility from the proposed location of the waste panels to the compliance 
boundaries, and in terms of significant driving forces and processes that govern the movement of fluids or 
the transport of dissolved chemical species contained in these fluids. Subsection 3.3 addresses Post- 
Decommissioning Conceptual Models at an outline level, and desaibes the pathways, driving forces, and 
processes that could be expected to result through time from intaactions befween the components of the 
natural system, the waste, and any of the engineered emplacemaus or components of the disposal system. 

3.1 BASIC WIPP DISPOSAL SYSTEM CONCEPTS AND HIGH LEVEL ISSUES 

Ihe basic WIPP disposal concept is rooted in the promising features of salt deposits identified by 
NAS in the early 1950s (see Subsection 2.2). l k  WIPP site is part of a vast Permian age salt deposit 
located in a relatively stable geological area with little e .  activity (Figures 3-1 and 3-2). Waste 
emplaced in the mined rooms of the disposal panels (Figure 3-3) will eventually be encapsulated and 

-. become pan of the stable rock of the Salado Formation, as a result of the natural "plastic-like" quality of 
salt that enables it to flow or creep under the effects of heat and mess found at the 655 m (2,150 A) 
proposed repository depth. Isolation of the radioactive waste from the accessible environment and 
retention of the hazardous waste within the boundaries of the disposal unit for the required regulatory 

f -" 
1' i. 

periods is expected because of the waste encapsulation, the virtually impervious nature of the undisturbed 
i a!:.. 
i 5,  " Salado Formation salt deposits at repository depths (permeabilities near mz), and the absence of 
1 ', . flowing .groundwaters within the formation for the transport of any leached wastes. Ihe various issues 

. . that must be addressed are a result of trying to provide a credible basis for the different assumptions in 
. .  , this basic design concept; (e.g., could gas generation prevent uLcapsulation and sealing of the wastes in 

the rooms and seals? or are there natural professes such as dissolution or breccia pipes that could breach 
the Salado?). Ihe great difficulties are mainly associated with the various unqminties that arise because 
of the long tim frames for which repository performance must be demonstrafed 

3.1.1 High Levd Regulatory Related Issues 

Ihe highest level regulatory issue is related to the differences in approach between the regulations 
applicable to tk hazardous wastes and the regulations applicable to the radioactive wastes as summarized 
below. 

Disposal of radioactive wastes under 40 CFR 191, recognizing the unceRainties in predicting 
behavior. over the long time paiods that radioactive wastes remain hazardous, is based on the 
concept of a waste i s i l a t i~ i s~s tcm within a 5 irm (3 mi) contmlled zaae (Figure 3-4). This 



Figure 3-1. Location of Various RockSdt D isits in the United States. 
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zone defines the boundary of the isolation system. which consists of multiple natural and 
""--" '. engineered barriers (including the waste itsel0 to control. minimize. or eliminate waste 

. . release and account for these uncertainties through the redundancy of multiple independent 
bartiers (Subsections 1.3.2 and 1.3.3). 

Disposal of hazardous wastes under 40 CFR 268 requires having detailed knowledge of the 
waste form so that appropriate treatment can be prescribed for assurance of disposal safety 
(Subsection 1.3.2). Co-disposal of untreated hazardous wastes that are radioactive or 
contaminated with radioactivity, as proposed by the DOE, is through the exemption provision 
(40 CFR 268.6) that requires a demonstration of no migration beyond the disposal unit or 
injection zone (Subsection 1.3.2). 

Some of the difficulties created by these diffaences have already been resolved, but others remain. 
For 40 CFR 191, the disposal system design must be shown to meet three numericaJ 

requirements: isolation, individual protection, and groundwater protection The repository design is also 
constrained through the assurance requirement to use multiple natural and engineered banias (which can 
include the waste itself) within a conuolled volume excluded from the accessible environment, to 
incorporate recoverability, to provide for monitoring, to use sctive and pwive institutional controls, 
to evaluate adverse factors related to site selection. 

Undex 40 CFR 268, any design requirements are actually for the waste form itself, which must 
meet very specific treatment requirements based on careful charanaization of the waste. There is also no 

concept of a disposal system with design requirements and consjraints embodied in 40 CFR 268 
as there is in 40 CFR 191. DOE expecu to petition for an exemption to allow the laud disposal of 
untreated, prohibited, hazardous wasta through preparation of a demonstration of no migration, as 
provided for under 40 CFR 268.6. Unda 40 CFR 268.6. there is only wbat migbt be construed as an - 
ovaall system performance requirement - i.e.. m migration beyond the disposal unit boundary for as long 
as the wastes remain hazardous (Subsection 2.3.2). Issues have been raised regarding what is meant by 
the following phrases from 40 CFR 268.6 with respect to tk WIPP. 'Ihese have been m l v e d  as follows. 

"No-migrm'on. " Resolution - above hulth-based limits (55 FR 220, pg. 47704). 'Ihe issue is 
whetha the possible movement of even one molecute outside tk disposal unit boundary. or 
the taking of one reading above a detection limit, constitutcs a violation of no-migration. 'Ihe 
resolution of the issue is to adopt a position that no-migration quires that the measured or 
predicted concentration at or beyond tk disposal unit boundary be below health-based 
concentration limits. 

"Disposal mit boundmy. ." Resolution - top and boaom of tk Salodo Famation and laterally 
w k r e  the vatical extension of the land withdrawal boundary intersects with the Salado 
Formation (FigUte 2.1 1.55 FR 220 pg. 4T104). 

"As long as the waste remains hazardous." Resolution - 10,000 years "No migration 
variances to the hazardous waste 1- disposal prohibitions: A Guidance Manual for 
&titionas." draft July 1992. U.S. EPA, Ofea of Solid Waste, Washington, D.C. 

A potential issue that arises related to "m migration," now being detined as dependent on health- 
based release limits, is that the treatment &or removal of hrurdous wastes from any pan of the 
proposed waste streams could reduce the quantity of hnzPrdous waste potentially available for release, and 
thus reduce migration 



3.1.2 WIPP Design ObjectiveslCoastrPints 
-. 

The two disposal system concepts Of 40 CFR 191 and 40 CFR 268. with their different deslgn 
objectives/consaaints. can be viewed as a Single waste disposal system concept. in which the disposal 
system, the basic design req~i~ements, and COnSUaints for the full disposal system are as defined for 40 
CFR 191. However, the requirements Of 40 CFR 268.6 impose an additional performance objective for 
the disposal unit Component of the 40 Cm 191 disposal system (i.e., for the Salado Formation and all 
components of the disposal system within it). This additional requirement is that there be no migration of 
hazardous wastes above health-based limits beyond the disposal unit boundary (Figure 3-3) for the next 
10,000 yean. 

3.13 WIPP Compliance and Other Boundaries 

.em llx regulations &fine the maximum extent limits for a conmlled area (Subsections 2.3.1.4 sad 
' Figure 3-4) that can be identified by passive institutional Controls in order to define the lateral limits of 

the controlled volume of the subsrnface that is excluded kom the accessible environment This boundary 
t ; 
l between the controlled zone of the subsurface 0.e. the geologic disposal system) and the accessible 

environment forms the compliance boundary. 'Ihe LWA established the subsurface below the 4-mile-by- 
4 mile land withdrawal boundary (i.e., subsurface below Sections 1622 and Sections 27-34 R31E, R2S) 
as the controlled volume whose outer boundary forms the compliance boundary for 40 CFR 191, as 
discussed in Subsection 1.3.3. ?hc dashed line around the land withdrawal boundary in Figure 3-4 
illustrates the regulatory area of concan for special sources of groundwater. - 
33  CONCEPNAL MODEL, THE ASSUMITIONS AND ISSUES 

The information discussed in this subsection is needed to develop the various issues that the 
PART review team has identified and considered in evaluating the adequacy of WIPP PA, measurement, 
and expaimentai activities, as well as the decision making process that relates to these activities. 

ConsIrucoing the total system PAS of tbe WIPP repository involves developing appropriate 
conceptual model(s) Of the W P P  site and disposal systun (Subsection 3.22) both for now and for future 
time periods (at least 10.000 years). The conaptual model(s) m w  describe 

the current state of tbe WIPP site: 

the various projected likely, as well as unlikely, future states of the WIPP site and disposal 
system components, so that estimates of the disposal system performance (i.e., projected 
release and movement of both hazardous and radioactive waste beyond 40 CFR 191 
compliance and 40 CFR 268 disposal unit boundaries) can be made for various plausible 
future scuwios or states Iha! could result from the disposal system tmplacement as a result 
of intamions benueen the wastes and other components of the disposal system; 

plausiile and likely nnnrral processes and events; and 

human intrusion events of sevaity m greater Ilkan mandated by the regulations (Subsections 
2.3 and 3.1). 

ConceptuPl modeling is extremely important to system PA Md the plauning of data acquisition, 
as wen as to laboratory and field scale experimental pograms. lXe need for subjective judgments in the 



development of conceptual models arises as a result of the uncertainty associated with geologic systems. 
due to their complexity and variability, and the limited number of observations in both space and time. 
Plausible alternative conceptual models, based on available information and understanding and of 
appropriate complexity to address the objectives of the effort. must be established. Only then can 
appropriate system response and parameter measurements be identified, with the correct spatial and 
temporal frequencies to reveal the m e  nature of the system being observed 

A conceptual model, no matter how technically complex, will always be a simplified picture of 
the real system. Current understanding, data-gathering capabilities, and computer technology simply do 
not allow a geologic disposal system to be described in every detail. Conceptual model ; velopment. 
therefore, involves forming a sufficiently representative simplified picture of those aspects of the system 
which are important in demonstrating compliance (Subsection 3.1). Development of plausible conceptual 
models requires identification of (I) the relevant and interacting proc&ses that connol the important 
attributes of disposal system behavior; (2) appropriate ways to parameterize the system. and (3) the 
appropriate way to extrapolaxe knowledge of these processes, measurements, and observation into the 
spatial and sometimes temporal disaibutions of parameters and response that are required to model the 
current and future likely states of the system. Various technical issues considered and addressed, the 
&isions, the supporting reasoning, and the parameters and observations used to form this sufficiently 
representative simplified pi,cnrre (i.e., the conceptual model) must be clearly identified and documented 
(Subsection 3.1.2). Technical issues are simply questions about what constitutes the best way to describe 
the system to be modeled in tams of relevant pathways. processes, parameterization, and numerical 
models. ?he issues stem from limitations in cunmt physical and chemical undastuding, data gathering 
capabilities, and computer modeling capabilities. In many cases, these technical issues canno r" - 
absolutely resolved. 

/ \ Y 
33.1 High Level Jkscription oftbe WIPP Disposal System Conceptual Mad& *+,. 

This subsection contlins a high level discussion limited. to idencifyiig the major issues and 
assumptions that must be resolved and justified to provide the required support for the various conceptual 
models that form the basis of bolb the mathematical and the numaical models used for compliance 
analyses (Subsection 3.1). Clur idmtificarion and documentation of these important conceparal model 
issues and assumptions and the way they wae resolved and justified (including the laboratory and field 
measurements and 0 t h  experimental evidence, exprt panel fiodings, or numerical studies) are key to 
attaining a reasonable expectation (or degree Of certainty) witb regard to the results from these 
compliance models (substeps 2.1.3.2.1.4.2.2.5.1 and 2.2.5.3 of Subsection 1.4.3.1). 

Compliance snalysis models, for the various compliance rime frames of interest (Subsections 
1.3.1 and 1.3.3). must be able to pcdict short- and long-term behavior as a result of the changing states of 
the various components of the WIPP disposal system (e.g., the moms. drifts, various panel. shaft, and drifi 
seals discussed in Subsection 3.2.2), as well as the integrated behavior of the ovapll WlPP disposal 
system in response to boa natural processes and events and human intrusion events of limited severity, as 
specified in the regulations (Subsections 3.1, 1.3.2, and 1.3.3). Expressing this in terms of Kaplan and 
Garrick's (1981) risk hiplet, which is the basis of the WIPP PA mthoQlogy and which is discussed in 
the 1992 W P P  PA (SAND92-0700/1), these compliance models must predict, "the cowquences of these 



things (scenarios) happening" as a result Of "What can happen? (scenarios)," and these various possible 
consequences can be weighted by "how likely are things to happen? (probabilities of scenwos):. 

While. as discussed by GuZowski (SAND89-7149, 1990)- the twm "scenario" is not defined and 
does not appear in the actual regulations (and only once in Appendix B of 40 CFR 191). scenarios are 
commonly taken to be those combinations of continuous processes (e.g.. long-term slowly acting agents 
such as dissolutioning and climate change) and events (e.g.. short time frame changes such as 
emplacement of the WIPP repository, human intrusion through exploratory drilling. or faulting in 
response to an earthquake) that result in a significant change in the state of the disposal system or its 
components. Iherefore, the consideration of the following kinds of changes in important conceptual 
model factors is required: 

emergence of new or previously ignorable pathways or interconnections of previously -~ *., ,,. isolated components, or cessation of existing pathways or interconnections; 
?. 

emergence of new or previously ignorable driving forces, significant changes in their values. 
or meir cessation; 

emergence of new or pviously ignorable mechanisms, or their cessation; 

significant changes in paramaer values, the applicable parameters, andlor the spatial andlor 
temporal scales of the parameters; 

changes to other imponant conceptual model factors. 

As a result conceptual modeling cannot be carried out in isolation from the scenario analysis 
(which identifies these states and their likelihood) and vice versa. lhis  is because the conceptual models 
must reflect these various scenarios (i.e., system states) and the scenario analysis must reflect any 
subsequent change in system state that might result from the long-term effects of the pathways, processes, 
and interactions identified through the conceptual modeling (e.g., development of a new pathway related 
to dissolutioning, fracturing due to gas pressure build-up). 

In some sense, the separate steps Of scemrio analysis aud conoepNal modeling are more related 
to a limitation in ameut system modeling Capabiily. Most of component models used in the disposal 
system model assume Axed states for fixed spatial and time scales and for a fixed set of processes. 
?herefore, they cannot easily deal wim temporal changes in model geometry, mode1 scale, parameters, 
model processes considered and other factors required for stochastically modeung the likely pathways 
through future disposal system state space as a result of the assodated uncertainties in disposal system 
characterization and undasfandillg. TO ovacome these difficulties, there is a need to identify these likely 
discrete dispod system state sequmces, so that time can be divided into the appropriate periods and the 
appropriate Axed state models can be selected, intermnaccted and applied to detemine consequence. To 
develop the ovaall disposal system conceptual and PA model, as well as the various disposal system 
component conceptual and PA models, approaches (SAND92MOOn. 1992; SAND91-0893/1, 1991; 
SAND89-7149,1990. and Cranwdl et al., SAND80-1429,1990) are w e d  for selecting and screening 
these sequences of fun& disposal system states and for dnennining the probability of occurrence of each 
sequence. During the PART discussions with EEG, an issue arose regarding scenarios which really 
applies to many aspeas of the PA pee.%% Are the scenario selection and the scenario implementation 
pmeses ever revisited? Of comm to the EM; group was the implementation of tbe cuttings scenario. 



Perhaps a formal documented method for dealing with issue identification and resolution would provide 
rhe means to deal with these typcs of concerns. - 
3 2 3  Components of the WPP Disposal system 

'Ihe WIPP disposal system is composed of both natural and engineered components. 

1) The natural barriers within the compliance boundary (or non-accessible environment, as 
described in Subsection 2.1.3.3) include the following primary and secondary natural barriers. 

a) 'Ihe Salado Formation forms the primary natural barrier. It consisrs of that ponion of the 
Salado Formation within the limits of the land withdrawal boundary 2.13). TZus 
primary barrier is also classified as the disposal unit under 40 CFR 268.6. 

b) IIe geological formations above the Salado Formation and below the land surface within 
the limits of the land withdrawal boundary (i.e., Rustler, Dewey Lake Redbeds, and oth- 
ers shown in Figure 3-2) form one group of secondary natural barrias, should pathways 
and the necessary driving forces develop that connect the waste storage panels in the 
Salsdo to t h a  units and the rcessible environment beyond the compliance boundary. 

c) The vprious gmlogical formations below the Salado Fonnation within the limits of the 
land withdrawal boundary (i.e.. Castile, Bell Canyon, Cherry Canyon, and others as 
shown in Figure 3-2) form an additional group of secondary natural barriers between the 
waste storage panels in the Salsdo and the accessible environment beyond the compliance 
boundary. should palhways and the nmss~y driving forces develop. 

2) 'Ihe current reference design for the repository and the various enginered components was 
developed by Bechtel in 1986 (SAND92-0700-3). 'Ihe attributes of this reference design and 
the associated enein&red barriers are desaibed below. 

- 
a) The waste itself (Figures 1-2 and 1-3) and the waste containers can be considered 

engimered components if their popaties are such Ihat non-negligible credit can be taken 
for their ability to control. minimize, or eliminate release of hazardous or radioactive 
components that they contain 

b) The ten equivalent waste storage pnnels of the reference repository design, shown in plan 
view in Figure 3-5, provide for ffre disposal of the projected 6.2 million cubic feet of 
TRU waste (97% CH-TRU, 3% RH-TRU) (Subsection 12.1). Waste is to be stacked in 
dnuns (tbne high) a stnodord waste boxes (SWBs) (Egure 3-5) in the 10.0-m-wide-by- 
3.96-m-high (33-A-wide-by-13-ft-high) waste disposal rooms, as illumaed in the blowup 
of Rgm 3-3 and ttm each of the moms and drifts are to be backfilled with tamped salt 
(60% tfieorePlcal density), leaving a 0.71 m (2.3 A) alr gap. l?bc design capacity of each 
waste room is 6,804 dmms or U~dr  equivalent in SWBs. It should be noted. however, 
that there is some unmtninty reganling the actual capacity, since final plans for the 
stacking of SWBs arc uncennin (SAND924700-3). 

C) The847horizontPlRHcrnistahohinuchwutcpPaelontobe4.6m(lSft)dcepand 
emplaced 2.4 m (8 ft) qmt along ffre walls of the disposal moms of the disposal panels. 
as illmated in tbe blowup poxtion of Figure 3-5. 'Ihis pmvidts storage for the other 3% 
of tbe waste that is expected to be of higher activity and classified as RH-TRU waste 
(Subsection 1.2.1). It should be noted that tha'e is some uocatainty regarding the actual 
capacity provided by the current design, siace the proposed spadng provides for only 
6000 m3 of RH-TRU waste p a  pauel, while inteaded refennce design capcity is 7,080 
m3 (SAND92-0700-3). 
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d) The disposal system design also provldcs for the drifts of the operations area the 
wrperimental rrep, and the test alcoves of the disposal area (F~gure 3-5). l k  drifts of 
these amas will k sealed off from the disposal area and backfilled with crushed tamped 
salt&ringthedisposnlphnse. 

e) Access to and operation of the expaimntal region and the disposal sysrem are provided 
! i ~ r b y ~ ~ o f f o l r r r c c e ~ r s h a t t s ~ 3 - 6 ~ 3 - 3 ) .  

f )  'Ihe refexace dcsign sealing snotegy for the Salsdo Formation (SAND92-70013) makes 
the following asumptions. 

AU openings in the waste storage prep will k M U e d  with tamped crushed salt (to 
at least 60% Salado halite density) that is presumed to reconsolidate eventually to 
nuuly pCrnpbCeMM density (95%) and pumcabilities, as a result of creep closure 
of the openings; 
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Reduadant. nccelaated (i.c, within approximately 100 years after installation), high 
quality sealing is to be provided for by flaing the specific portions of the access 
shafts and the waste disposal and operntional area drifts indicated in Figure 3-5 and 
Figure 3-7 wim combinations of short- and long-tam engineaed seal components 
(Figure 3-7). Ihe sbon-ta'm components of the mgin#red seals, typically concrete 
and clays specifically developed for m, are expected to provide initial sealing 
until the long-tam components, typically pccoasolidatcd salts emplaced at 80% of 
the Salafb halite dasity (e.g.. &I a mauner similar to the expaimntal seal shown in 
Figure 3-8) become funy functionnl. Suling of me fom accas -ens of 
the Salad0 Formrtim is to be with a combination of Iowa shaft concrete plugs and 
prax,1~)lidatcd crushed salt, as illustrated in Figure 3-7. Ihe waste panel seals and 
the oproPio~I  drift area seals are to be coDstruaed es shown schematically in Figure 
3-7 lad located as Uustrated in Figures 3-5 and 3-3. 

g) 'Ibe reference .design W n g  b'lrategy f a  the w u a  beating units above the Salado 
Formation peaeaated by the four access shafts (Figure 3-3) makes w of multi- 
component plugs consln~aed and locnted as iliustrated in Figure 3-7 (SAND92-7W3). 

'Ihe discussion of conccpal models thar follows is divided into two parts: (1) Re-WET Fadlity 
CoaceparPl Models; and (2) Post-Decommissioning Conceptual Models. 



Flgure 3-7. Rerereme Design Diagrams for Drift and Panel Seals, Typlcal Rackfilled Access Shaft, 
Water Bearing Concrete Plugs, and Lower Shafi Concrete Plugs (after SAND91-089313, 
Nowak et 8I.lWO). 



Flgure 3-8. Example of RewnsolMated Salt Blocks Used to Seal a Horizontnl Chamber at WlPP as Part 
of a Small-Suk Seal Performam Test In Room M (SANDB'I-2382, 1988). 

) ) 



32.2.1 Pre-WIPP Facility Conceptual Model 

The pathways that existed before construction of the WIPP facility from the proposed location of 
the waste panels to the compliance boundaries (Subsection 3.1.3 and Figure 3-3). as well as the 
significant driving forces and processes that govern the movement of fluids or the nanspon of dissolved 
chemicals species contained in these fluids. are discussed in this subsection. All effects of the waste and 
irs emplacement in the repository are ignored. 

Connective disruptions. such as might be caused by human intrusion into the waste disposal area 
of the Salado by exploratory drilling, have the potential for interconnecting the waste disposal area to the 
significant water bearing formations above (the Rustler) and below (the Bell Canyon) the Salado 
Formation, and thus providing a transpon Path from the disposal rooms of the waste disposal area (Figure 
3-3) to the accessible environment compliance boundary (40 CFR 191) illustrated in Figure 3-3 by three 
possible routes. These include transport through the Rustler. the Salado, and the Bell Canyon. The 
Castile Formation is not considered for UanSpoI't since it is neither Uansmissive nor rechargeable, and it 
contains only isolated brine pockets. It is important to model the pre-WIPP undisturbed state, since this 
provides a way to demonstrate undentanding Of the geohydrologic system and setting, and it may provide 
the only chance to compare model results with data on such a large spatial scale and within such a long 
time frame. Discussions with SNL Depamnent 61 19 indicated that the PIS are cwently undertaking this 
kind of regional modeling effort. me results from these initial efforts appear to be providing a better 
understanding of the temporal relationships between the five transmissive units of the Rustler 
(Figure 3-9) and their sources of and responses to recharge changes resulting from climate variations, as 
well as the potential for intb-communication between these units. - 'Ihe Salado Formation (the most lmpoMnt natural barrier of the WIPP disposal system) is pan of 
a thick (up to 4,000 m (13,000 ft)) sequence of marine sediments deposited in a shuclural depression 
known as the Delaware Basin that formed approximately 300 to 245 million yean ago during the Late 
Pennsylvanian and Permian pa'iods (SAND924700n. 1992), and the WIPP site is located close to the 
northern boundary of the basin (Figure 3-10). A Gupdplupian reef complex, consisting of the Capitan 
Limestone and equivalent carbonate units, forms the basin margins (Figure 3-10) and deep water shale, 
sandstones, and limestone of the Guadalupian Delaware Mountain Group 3-2). deposited during 
the initial period of rapid basin subsidence, form the basin flm for the Ochoan Series of evaporitic rocks 
(i.e., Dewey Lake, Rustla, SalaQ and Castile Formations) Ular eventually filled the basin during Permian 
time. In response to waning subsidence in the Late Permian time, the thick halite of the Salado extended 
across this Guadalupian reef complex, as illusuated in hgure 3-11 (Mercer, 1983; SAND92.0700n. 
1992) 

Tk Bell Canyon Formation, which is the uppamost m e m k  of this Guadalupian Delaware 
Mountain Group, is the first traosmissive and rechargeable w u a  bearing unit (total dissolved solids of 
180.000 to 270,000 mg/l) below the Salodo. Its upper units contain the most porous sandstones of the 
entire Delaware Mountain Group and are targets for hydrocarbon exploration (Mercer, 1983; SAND92- 
07M)/2, 1992). Tk srmcture contours for the Lamar Shale, (the uppermost membu of the Bell Canyon 
Formation (Figure 3-12)), illustrate the gentle dip to the east (approximately 1 degree) common to all the 
m a n  units in the basin (Macer, 1983). Flyre 3-13 shows the intapreted potemiomeaic surface. for 
the upper part of the Bell Canyon M a a r  (1983) concludes that regional flow begins with w a r n  entering 
in the Delaware and Guadalupe Mountains to the west and then, restricted by intervening siltstones, 
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slowly moving to the northeast nearly paralleling the regional structural uend under gradienrs of 0 . ~ 3 5  to 

0.008. 

It is postulated (SAND92-0700/2. 1992) that responses to regional tectonic adjustments. which 
gave rise to decreases in the supply of elastic sediments and intermittent connection with the open ocean. 
resulted in the thick evaporitic sequence of the Ochoan series that covered the Bell Canyon of the 
Guadalupian series. The Ochoan series are described in order of deposition. 

The Castile Formation consists of thick anhydrite beds with thin interbeds of salt and is of 
importance to WIPP because it is the first layer below the Salado and contains isolated 
pockets of pressurized brine and hydrogen sulfide gas in fractured anhydrite beds that have 
thus far only been found to be associated with structural features. Mercer concludes that 
these isolated pockets are discontinuous and form no regional flow system within the basin 
(although localized systems have developed within outcrop areas). He funher concludes that 

P-, the unit acts as a confining layer for water moving in the Bell Canyon below it. The isolated 
' pressurized pockets of brine and gas are of concern because they supply a limited source and 

driving force for liquids and gas for potential human inmion scenarios associated with 
exploratory drilling. ?his unit has also been of much concern in the put  under the "breccia 

.. 
pipe" theory of Anderson (1978,1981) which postulates development of veriical circulating 
flow paths in the fractures of this unit that would allow the waters of the Bell Canyon to rise' 
under a density gradient and fall as saturated brines after dissolving the halites of the Salado 
(Mercer, 1983). 

'Ihe Salado Formation has been divided into three matigraphic units - an Upper Member, 
the McNutt Potash Zone, and a Lower Memba F~gure 3-9) - near WIF'P by J o m  (1975). 
in describing the potash resources of the area It can be differentiated from the Castile 
because it principally consists of halite in thick interbeds Umt have been interpreted to be pan 
of repeated multiple bedded sequences (generally on the scale of 0.1 to 1.0 m). These 
sequences are assumed to be part of a rhythmic fundamental evaporite sedimentation cycle, 
interpreted by Jones (1973) as an evaporite cyclothem. llx cycle starts with deposition of 
clastic at the base and grades upward through sulfate, halite, and a mixed haliteclastic and 
then repeats. These beds are generally IBtQally persistent ova  large area& as evidenced by 
the 45 numbaed, anhydrite marker beds 100 through 144 (SAND89-0462, 1989). that are 
used for matigraphic conuol within the vicinity of WIPP by the potash industry. (The 45 
numbered invrbeds are inconsistent with the 44 in SAND92MOOR. 1992.) 

While small pockets of brine have been encountQed in mining and drilling operations and 
pockets of nonflammable gases and air have been encountered during the drilling of 
stratigraphic test holes that have caused blowouts of the drilling fluid, there has been no 
evidence of flowing water found during the drilling of test holes or during investigations for 
potash mining. Macer (1983) indicates that w or vay slow natural groundwater flow is 
susptaed to occur in the intact, undisturbed portions of the Salado Formsfion because & r e  is 
no eviba of flowing waters and because the slow plastic flow (creep) of the principal 
formation component (halite) is thought to p v m r  the maintenance of primary intergranular 
porosity, solution channels, or open fractures. However, this does not imply that the 
formation is ~ T Y .  Brine Qes seep into the WlPP excavations (brine production ntes of 0.01 
Vday/m-~f~~cavPtion-knglb have been estimated, as disvsced in SAND92MO(YZ, 1992). 

Imnsistcncies, such as far-field pore prcssure measurements that are not in equilibrium 
(Section 4.2) and which imply flow from the. more permeable anhydrites to the less 
permeable Salado may have led Guzowki (1990) to colrlude mat sufficient data are not 
currently available to &tennine the. nalwal putan of grouxuiwata flow in the Salado, if it 
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does exist (SAND92- 07M)R). Gathering sufficient information to resolve some of these 
inconsistencies completely is complicated by what might be described as the nemesis of 
geologic disposal (i.e., the "best natural Systems" for containment and slow release are the 
"most difficult to characterize"). 

Measurement generally requires emplacing probes to measure responses to a disturbance 
propagated over the spatial measurement scale of interest (e.g.. by injecting a fluid) and then 

A. 
observing the response of the system as it returns to equilibrium. However, the long time 

f,.; 
[ y., required for perturbations to propagate in low permeability formations (generally considered 
. , .  the best for waste isolation) restricts such measurements to a small spatial scale with 1 ,; 

,?, 
questionable relevance to repository paformance. Additionally, when measurements are 

%\. 
\.L 

made at these small scales, the volumes of rock disturbed by emplacement of measurement 
probes and penurbation (e.g., injection) hola. and the volumes and propemes of the probes 
become significant relative to the volume of undisturbed rock, thus increasing the uncertainty 
and biasing of the measurement. 

An additional issue and source of uncertainty is related to the validity of the assumption that 
Darcy's law govans the flow of fluids in the halites of the Salado, (as is discussed in more 
daail in Subsection 4.2). It is apparent that full resolution of the above issues (e.g., removal 
of all measurement bias, reduction of measurement uncertainty, daaminacion of exactly the 
conditions for transition from Darcy to non-Darcy flow) is neither possible nor necessary to 
demonstrate that there is a reasonable expectation of compliance. Since detamining what 
can and needs to be done to demomate compliance can be a difficult and conuoversial 
process, it would seem that a more formal muhod is required that attempts to assess 
realistically what can be achieved in an m a t e  time firome and for an appopriate cost; 
(see Section 3.2). 

m e  Rustler Formation (discussed in more detail in Subsection 4.3) is described by Mercer 
(1983) as the youngest of the Ochoan evaporite scquence containing the most uansmissive 
units above the Sl&o. as illusnwd in the hydro&atigraphic column in Flpre 3-14. 'Ihe 
Magenta and Culebra are dolomites, and the othas (unnamed, Tamarisk, and Forty-Niner) 
con& of differing amounts of anhyclrite, siltstone, claystone, oad halite ( ~ ~ 8 9 - 0 4 6 2 ;  
1989). Of these, the Culebra dolomite is the most laterally contirmous and productive unit in 
the vicinity of WIPP; howeva its waters, which vary from soline to briny, are of little use 
because of the m a f g i ~ I  quality and variabiity in the yields (Macer. 1983). Ihc conceptual 
model for regional flow in these units is dependent on other regional setting factors and is 
discussed in subsequent pmppbs. 

'Ihe Dewey Lake kdb& (discussed in more detail in Subsection 4.4)  re the uppermost unit 
of the Ochoan Series oad the last of the Pamian S y e m  rocks. 'Ibey consist largely of 
siltstones and claystones that save to buffa recharge from above because of their low 
pemcabUty (SAND894462.1989). 

The Culebra dolomite of the Rustla Formation (a sccondprv natural barria ot WIPP) is an 
important part of the hydrologic systrm that exim in the supfa-Salado sediments (above the Salado) in 
the vicinity of WIPP. In addition to the Culebra dolomite, the otha  mon pameable and areally extensive 
units of this hydrologic system 3-14) iaflube the Magenta Qlomlte, which has nearly the same 
areal extent as the Culebra, and the "brine aquifer," which is of limited extent and is located in the 
dissolution residuum of the Rustler-Salado contaU zont in Nash h o w  @lyre 3-15). lie influence of 
near-surface dissolution of the evaporites is nppuent in the topography of the area (Figures 3-16 and 
3-17). which g&y rises to the topognphi~ high Of the "cPprock" Of the Ilpm Estncado Mescalen, 
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Ridge (Figure 3-15) as one proceeds to the east and north from the Pecos River to the south. and the 

.- depressions associated with the three nearest karst dissolution features: the Balmorhea-Loving Trough to 
the south of WIPP. Nash Draw to the west . and Clayton Basin to the northwest (Mercer. 1983; 
Chaturvedi and Channell, 1985: SAND92-070012). The topography also gently rises as one proceeds to 
the west and north from the Pecos River, Nash Draw, and the Clayton Basin (Figures 3-16 and 3-17). The 
area is covered with sand dunes (which can enhance infiltration and thus recharge) and is vegetated with 
mesquite, scrub oak, and other typical nonhern Chihuahuan &sen plants that exist with the 28-34 c d y r  
of precipitation (which is dominated by a late summer monsoon) and the 1 7 . 1 ' ~  average annual 
temperature that gives rise to a surface water or pan evaporation of 280 c d y r  (Mercer. 1983; SAND92- 
0700R). 

Development of a conceptual model for flow in this supra-Salado hydrologic system is 
complicated by a variety of interpretational issues. 

There is a potential for the various members of the Salado and supra-Salado Formations 
(Bachman. 1980 and 1985; Snyda, 1985; Chaawedi and chamell. 1985; Lowenstein, 1987; 
Holt and Powers, 1988) to 
- dissolve (e.g., the halites, dolomites, and gypsum) ,and form solution cavities and 

channelslconduits (e.g.. WIPP 33, Figure 3-17) or to give rise to more rapid removal of 
unit as related to their avuage proximity to recharge sources from the surface through 
dme (Figures 3-18 and 3-19), 

- subsequently slump and f r a m e  harder units (e.g., the aohydrites and dolomites). and 

- convert anhydrite to gypsum (with the associated expansioe fracturing, and sealing 
capabilities) which itself eventually dissolves as a result of the movement of circulating 
groundwaters (Figure 3-20). 

In the words of Snyder (1985). there is a potential for a member unit to "feed upon itself' and 
alter its own geohydrologic and geochemical properties in respome to fresh (or low TDS) 
water circulating from recharge sources to discharge locations. 

There is the associated difficulty and debate (Bachman. 1980 and 1985; Snyder, 1985; 
Chaturvedi and Channell, 1985; Lowenstein, 1987; Holt and Powe-cs, 1988; SAND92-0700n) 
surrounding conclusive detesminntion of the origin, timing. and locations of syndepositional 
v m  post-bwial dissolution zones, and the current status of any dissolutiooing or alteration 
that has taken (or is taking) plnce within the Rustler. 

It is not possible to relate obsavations of hydrochemical facies (Figure 3-21) t o ' m t  flow 
patterns i n f a d  from adjusted potentiornettic contours in these variable fluid density 
geohydrologic systems because these systems may be in a transient state that is out of 
cquilibrium with both mMf and past dimatic/recharge coaditions. (Figures 3-2X 3-23, and 
3-24 are the adjusted potenliometric contours for the Rustler-Salado contact zone, Culebra 
dolomite, and Magenta dolomite respaaively.) 

'Ibae are difficulties associated with fhorPcterizing low pameability and heterogeneous 
geohydrologic systems because the support volume lssocinted with any of the measurements 
is vay small (the nemsis of gmlogic disposal discussed d a ) .  

'Ihe limited review of the data and abundant literature on the supra-Salad0 gmhydrologic system in the 
vianity of WIPP suggests the possibility of using a Tolh type of local topographicdriven conceptual 
model for the periods of more humid climate during GaNna time (Figure 3-U; SAND92-0700, 1992). 
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8,s 
when surface sueams (Figure 3-26) were posrulated to exist in the vicinity of WIPP (Bachman. 1985). '., . . .  

and a change to larger intermediate or more regional circulation during the dry periods. During periods of 
greater precipitation. higher and more uniformly distributed recharge moved through the supra-Rustler 
sediments (e.g.. the lop8 m/s hydraulic conductivity of the Dewey Lake Redbeds could allow up to 30 
cmtyr to infiltrate under unit gradient conditions of unsaturated flow) and a higher water table, whose 
contours would probably have mimicked some subdued version of the local topography. Recharge would 
move venically downward and then laterally, where it would discharge to both local and more regional 
surface water drainages. Hydrologic systems, during these humid times, circulate more and fresher (i.e., 
lower TDS) groundwaters. As a result, most of the post-burial (and not syndepositional) dissolutioning 
and alteration of the Rustler (Figure 3-18 and 3-20) took place during these times, since observed panems 
of halite removal and hydrochemical facies d i ~ ~ o l ~ t i o n  (Figures 3-18 and 3-21) are more consistent with 
directions of flow inferred from a subdued version of the topography. These periods of more humid 
climate may have been followed by dryer climate m o d s  (F~gure 3-25) that would result in veq  low or 
potentially spotty recharge through the supra-Rustler sediment such as proposed by Maces. (1983) for 
the Dewey LaLe, or through the runoff to closed depressions Figure 3-17). and subsequent deep 
iniiluation as proposed by Chaturvedi and Channel1 (1985). UnQ this model, the low flows of the dry 
periods would cause the flow directions of the higlm permeability units (e.g., the Culebra) to change 
more rapidly in response to the change in recharge 10~ationS and quantities, as proposed by Siege1 and 
Lambert (1991) and d i d  in SAND924700R (1992). 

The reasonableness of local recharge can be demonstrated by simple hand colrulations of flow 
through the Culebra, since it probably carries the majority of the flow. 'Ibese calculations of flow and 
recharge are based on UE following: - 

gndiem = 0.003 (from 932 m and 914 m mmur along ew side of WIPP. F i p  3-23); 
mean thickness = 7 m (SAND9247W); 
width = 20 km (distance from southeastem corner of WIPP site fo eastern edge of 

Figmc 3-23); 
K = 1 f l  m/s to 2x1(r10 m/s (hydmulic ~)lldnctivity. SAND92-0700R) ; 
flow estimate = 0.4 m3ls to 8x10-7 m31s (compare mi fo the 0.91 m3h estimated ro 

rtehpge the k o s  River firam sa'em gage dag SAND9207aOn, 1992). 
The calculations uanslate to a uoiformly disaibuted recharge equivalent (if presumed to all take place in 
the 20-h-by-20-h (12-mi-by-12-mi) lrep in the upper left colna of Figme 3-24) that ranges from a 
minimum of 7x104 cm/yr to a maximum of 3 cm/yr (i.e., O . ~ ~ ~ . I S ~ I ~ X I O ( U ~ ~ O . O O O ~ ~ O . O O O ~ / .  ~t 

should be noted that the high esrimnte is still only 0.1 of annual rainfall and thu even this maximum 
recharge estimate would only require a saturated hydraulic condurrivity of Ppproximately 10-8 m/s uadtr 
unit gradient conditions. To support this conceptual model furtha. hand calculations could be carried out 
to estimate the potential volume of halite that could have been dissolved, and deterministic modeling 
could be undaaLen to test wlous rppcts of this CoaccpuPl model that would lead to the selection of the 
appropriate model for compliance c?lculptions. 

'Ihese discussions of a Toth4ype coaceptual model for the supra-Rustkr hydrologic system were 
presented to raise several issues, discussed below, that PART believes are important to the WIPP 
development of a PA &ocument and cbcumentation trail adequate for licensing decisions. 

Conceptual Model Documentation .ad Assumption J d c a t i o n .  The cumnt PA 
(SAND92-070011-3, 1992) provides no cohaent pnsentation of tbe plausible concep~al  A. 





rnodel(s) for the supra-Salad0 hydrologic system in the vicinity of WIPP. ?his is a significant 
issue because the interpretation of measurements and observations. as well as the selection of - an appropriate way to model the Culebra is dependent on an understanding of the supra- 
Salado hydrologic system conceptual model. 'Ihe PA must contain a coherent discussion of 
the(se) model@) in order to address the major interpretational issues discussed above and to 
properly discuss and document the Culebra conceptual model and justify the various 
associated assumptions. The Culebra conceptual model and major assumptions are discussed 
in some detail within the current PA. although evidence is not generally presented to 
justifylsuppon them; (see Subsection 4.3 for PARTS detailed discussions of the Culebra). 

For example the PA discusses pressure measurements at four wells that indicate upward flow 
from the Magenta and the claystore unit of the Forty-Niner and concludes: "?his observation 
offers no insight into the possibility of infiltration reaching the Forty-Nina Member, but it 
rules out the possibility of inf~ltration reaching the Magenta dolomite or any deeper units at 
these locations." 'Ihe context (i.e., the supra-Salad0 hydrologic system conceptual model 
assumptions) for this interpretation is not discussed. and the reader wonders how this low 
permeability day unit came to be under-pressurized when the logic offend for the lowered 
pressure in the Culebra (relative to the pressure in the l o w  conductivity Magenta) was that 
faster drainage occurred because of its higha conductivity. T k  reader wonders what zero 
recharge means. Are these formations so tight that recharge through them is zero and yet the 
halite disappears? Or, does this conceptual model require the Holt and Powers (1988) 
assumption of spdepositional distribution of halite? 

?his same evidence (i.e., Magenta to daystone pmsure comparisons at four wells - DOE-2, 
H-3. H-14, and H-16 - which actually showed upward gradients. with one highly uncertain 
downward gradient at DOE-2, BePuheim, 1987) would be interpreted quite differently based 
on the hypothetical Toth-type conceptual model for the supra-Salada hydrologic system - 
discussed above. Fist. only spotty nchptge zones would be expected and these would be 
locved in places where enhanced iruilaation is more likely (e.g., closed contours like those at 
WIPP-33, w k e  surface m f f  from high intensity storms could accumulate, and near sand 
dunes where recharge is at a maximum even in arid enviromrents). 

Second these lower pameabitity wota bearing units of the Rustler ( R p  3-14) could be 
expected to be out of equilibrium with the him pameability wota bearing units (e.g., 
Magenta and Culebra), as pviously discussed. and yet these higher pameability water 
bePring units could stil l be in vaticrl communication with esfh otha through these spotty 
recharge wincbws. 

Lappin (1989) discusses some modeling efforts (Hag et al. 1987; Davies, 1989) that suggest 
rhat this cwrent PA modeling assumption of w v a t i d  communication needs to be 
investigueQ and it now seems, as discussed earlier in this section, that SNL PIS are 
investigaihg a regioual hydrologic model of WIPP that examines vertical recharge f~om the 
surface through time and includes the vsrious members of the sup-Salado hydrologic 
sysoem. 
Rnally, as with all the issues, then is the problm of dnamining what is sufticient for 
closure from a com&ance-based perspective. What level of realism must be achieved in 
developing and demonstrating the credibility of the supra-Salad0 hydrologic system 
concepual model Pnd its basic assumptions? 

Hand Calculations and Supportive Modding. As diMlssCd and simply demonstrated for 
the hyporwicrl Toth wncepeual model, haad colculstiom can be uscd to demomuate the 
reasonableness of assumptions and should be pmemted in the PA. I b e  PART paformed 



, .. many hand calculatiom as pan of this review. A progression of simple deterministic or - stochastic models is typically investigated as pan of the process of examining and justifying 
the various conceprual model assumptions, and additional modeling analysis is performed to 

. ~ .  
determine the appropriate level of model for compliance analysis. This progression needs to 
be clearly documented as part of the PA. 

These hand calculations, along with brief documentation of the results of this progression of 
simpler modeling efforts used to justify assumptions. will clearly help achieve those 
qualitative features of "reasonable degree of certainty" and "reasonable expectation." It is 
also important to justify and document the analyses that lead to the model selected for 
compliance, especially when it appears to leave out important processes (see Subsection 
5.1.5). 

Documentation of Issues (Especially Resolved Past Issues). During the PART review 
efforts, a variety of important past issues were eN0~11fered in the literature. From the 
chronology of the documents in the literature, it seems as if they were resolved; (e.g., many 
documents appear regarding an issue, and men no more articles appear). However, the status 
and resolution of most of these issues w a e  never discovered in the course of this limited 
PART review. Furthermore, many of these were never alluded to in the current PA 
documents, and it is likely that future reviewers will encountex the samedifficultiei unless 
some mahodical way to document these issues and their resolution status is provided These 
issues may have been adequately resolved, but there is less credibility when both the issue 
and its resolution, or lack thereof, are not transparent An important example is the whole 
saies of issues and controversies regarding the regional dissolution in the Rustler Formation, 
many of which are summarized in Lavenue et al. (1990). Relevant issues that arose in the 
wurse of this review include the following: 
- Why are there no estimates of the rate of advance h m  west to east of the Rustler 

dissolution h n t ?  
- How important is a good understanding of the regional dissolution process(es) to the 

interpretation of the current groundwater flow system and the predicted possible state(s) 
over the next 10,000 years? Is it necessary tb resolve the controversy regarding 
syadepositional versus post-depositional dissolution of the halite-? 

In order to achieve those qualities of "reasonable degree of certainty" and "reasonable 
expectation," thae is a need to documm these issues and their status of resolution through a 
saies of issue resolution documents to aid both the licensing reviewen and my other 
interested parties. The PA should contain a brief summary of the major resolved and 
umesolved issues and provide a reference to these issue resolution dodments. 'Ihese 
Qcuments n#d to idmtify and define the issue; identify and summarize the chronology of 
litexamre, workshops, and important meetings; summarize the metbod of resolution; and 
document the consensus and any dissent. 'Ihese documents should be prepared under strict 
QA with w p r i a t e  documented extanal review by qualified expau. 
Complirnce-Brxd Issue Resolution. What must be known and resolved in orda to reach 
compli~ace is an ovariding and difficult issue. Without clearly uadentruding each issue, 
ge&g agreement on its definition, and devnnining what needs to be known and how well, 
W E  cannot proceed to the next steps. 'Ihese involve daamining 
- what can be done to demomare compliance and how well; 

- whatneedstobedone;Pndfinally. 
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- how closure or resolution (SUCC~SS~UI or otherwise) will be determined or judged (e.g.. 

what kind of evidence is needed and what kind of consensus is required). 

32.22 Post-Decommissioning Conceptual Models 

This section discusses pathways. driving forces, and processes that may result from interactions 
between the natural system, the creation of underground openings. the waste. and the sealing of the WIPP 
facility. 'Ihese topics are discussed in greater detail in Sections 5 and 6. Independent system PA 
calculations are being performed using the Golder Associates' RIP PA model and will be documented 
separately as pan of this PART effort, as discussed in Subsection 1.4.5. ?his subsection only discusses 
the primary natural barrier (i.e.. the Salado), since the important interactions between the wastes and 
engineered barriers/components are all expected to be with Salado Formation rocks. 

Figure 3-27 illustrates a modified version of an initial pathways flow chart that separates the 40 
CFR 191 and 40 CFR 268.6 pathways. llte plain boxes represent the possible component models, the 
labeled arrows indicate the possible paths (coupling) between the components. and the label along the - 
path indicates both the fluid that would be U-g the Waste or imeracting with the next component 
and the driving force or imponant governing process. Thae Several pathways for trpaspon of waste 
from the shadowed box in the cena to the two compliance boundaries the shadowed boxes at the top. 

The only additional pathway to the compliance boundary identif~ed in Figure 3-27, beyond what 
is considered in me cumm-pA, includes an additional type Of lxmhole intfusioe This pathway considers 
a depressurization of the Bell Canyon as a rsult of oil and gas production outside the land wirhdrawal 
boundary (see the dense drill grid panan east of the site, FI y r e  3-28). that could result in contaminated 
fluids moving from a disposal room to the Bell Canyon through an exploratory borehole (inadvertent 
human intrusion). The fluids may then migrate to the accessible environment (40 CFR 191 compliance 
boundary), with the potential exposure pathway being associated with oillgas production outside the land 
withdrawal boundary. The PART also discussed tbe possible impacts of potash mining, but otha than 
enhancements of the current pathways in the Rustler. no Clear new pathway could be envisioned. The 
likely sequence of events includes slumpage of the surface that would lead to the formation of a 
catchment for summer high inmsity storms, as we11 as a fracturing of the slumped harda rocks of the 
Rustler (e.g., Magenta and Culebra). Ih: net effect would be localized enhancement of both the 
permenbility of the Culebra and fnsh wata recharge. Ibe enhanced rcchiuge would in turn lead to 
enhancad dissolution of the soluble Rustla rocks. 

SNL has not yet implemented a potash mining scenario, although it is one of the events that 
survived the scennrio saeabg.  'Ibe d res~\IICc iSue was Om of EEG's coo can^, presented in their 
discussions with tk PART. As iuusuated in FLgure 3-29 aad discwed in Guzowsti (1990). thae are 
nopotashnsourcesowrmostofthe wastepaadpM,butthaesncconornicalrcscrvestothewrttr and 
northean However, EEG indicPted that much of tbe area around tbe land witkkawal boundary is ei tkr 
leased, in litigation, or soon to be leased, PIld that potential impacts should be evplupted An additional 
concan raised by EEG was related w UIC drilling frequency used in the PA calculations. By their 
calculations, the drilling rate has been 340 boreholc/km2110.000 years (63 oil and gas wells in a 2 mile 
saip from 1977 to 1992), while tk EPA maximum rote fa intamittent drilling is 30. While the guidance 
to the regulatioas is vay clear on the 30 borehol~lrm~110.000 years, and it is obvious mat the EEG rate is 
a systematic exploitation rate and not a long-term intamittent exploration rate. as discussed in the 
guidance, there may be a need to Dddress this issue. Because Of the resource potential in the vicinity of 
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the WIPP, the PART believes that the natural resource issue as raised in $191.14 (e). must be openly 
examined, in order to determine and clearly State DOE'S position regarding the oillgas and potash 
resources around the WIPP and address the EEG concerns regarding potash mining and drilling 
frequencies. The regulations do not preclude siting disposal systems in areas wilh nahual resources, but 

they do require that the pros and cons be. evaluated and clearly stated. 
An additional geometric scale concern relates to diSS0l~tion and collapse features at the regional 

scale, see Figure 3-30. 'Ihese sinks may be naturally occurring or may result from water injected in 
petroleum recovery processes, as noted by Baumgardner et al. 1982, p. 33: "Although the Wink Sink may 
be the result of natural processes. oil field operations in the area may be related a, its formation." Given 
the proximity of petroleum operations to the WIPP site. care should be taken to monitor the salinity of 
injected and produced warn and to monitor the ratio Of water in to Water out. ?his failure scenario may 
belong to a class of scenarios that have been addressed in the past and dismissed as not being of concern 
to the WIPP. Unfortunately, these previously considered and dismissed scenarios are not covered in the 
Annual PA Reports and are not currently available in a summary document Such a summary document 
of the history of WIPP is being developed but will not be completed in time for the current review 
(Wendell Weart, May 27.1993. pasor4 communication). 

Although large s&le subsidence at the WIPP site appears unlikely, barring solution phenomena 
discussed above and given the relatively low extraction ratio. PA personnel. mearchers, and designers 
should be aware that substantial subsidence has Occurred o v a  mine workings in the Carlsbad mining 
district. Miller et al. (1958). report on underground movement md subsidmce o v a  United Soues Potash 
Company Mine. Wch is located 22 miles cast Of the dly of Cnrfsbad. 'Ibeae and other presumably 
abandoned mine workings may pcrMb the assumd hydrogeologic field in thc repository region. -. 

Beyond the issues related to inadvertent human intrusion, the major technical issues are 
associated with performing experiments and modeling to develop a credible characterization and 
understanding of the rocks aad fluids of the Salad0 and the interactions of these rocks and fluids with the 
wastes and the engineaed banias  and thdr various components, so that the nquned compliance analyses 
can be developed for the post-decommissioning phase. The first step involves understanding and 
characterizing the rocks of the Salpdo @or to thC pOSt-decommiSsioning phase, as this knowledge is 
needed to provide the initial conditions for the PA modeling of the p o s t ~ m m i s d o n i n g  phase. 

'Ibe techmcal issues prior to the post-decommissioning phase an associated with understanding 
andcharactenzing 

f 
the initial developmem of tbe disturbed rodi zone (DRZ), around each disposal room 
(Figure 3-31), the sxas drifts, and thc shafts during construction (e.g., size and extent, and 
the effea on lmdisairbed rock m); 
the subsequent evolution (during the various phases of repository development until post- 
decommissioning) of tk DRZ mounding the rooms aKl  access drifts as a result oE 

a) the plastic flow of lhc salt due to high Sxes p d h l s .  

b) any excessive forces or high strain rates that could result in frPnuns developing as 
hypothetically shown in Figure 3-31, a d  

C) thc drying of the DRZ and surrounding rock mass as a result of drainage of the 
intagnnularbrimsfromthcsrlt mdneprby inmbedsduetothealtaedppatiesofthe - 
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(8) Dispaaal Room ARar Closing. 



DRZ, coupled with the uemendous gradients toward the openings and the enormous drying 
potential of the mine ventilation system; 

interactions with and effects on the closest interbeds above the drifts (anhydrite B, which is 
penetrated by rock bolts and underlain by clay seams, Figure 3-31) as well as !he very 
heterogeneous marker bed 139 below the drifts, (Figure 3-32). 

As illustrated in Figures 3-30 and 3-31, even the "thick halite" sections at the room emplacement 
horizon are rarely pure halite, but rather consist of various mixtures of halite, polyhalite, and argillaceous 
materials. as well as clay discontinuities. 

The technical issues that must be investigated by compliance-based experimentation, 
characterization. and 0b~entatiOnS during the test phase and confirmed during the subsequent disposal 
phase are outlined in the following paragraphs. Some of the uncertainty in the following issues can 
possibly be addressed by avoidance through design changes (e.g., engineering aimed at preventing 
excessive pressure buildup in the disposal rooms) and by DOE planning (e.g., reducing the uncertainty in 
gas-generation rates and volumes through waste form requirements for that large fraction of the TRU 
wastes that has not yet been genaated). 

An undastanding must be developed regarding how the DRZ and any associated fractures or 

other disturbances heal during creep closure of the drifts and shafts as the rock mass in the surrounding 

units of the Salado equilibrate with the emplaced wastes and room backfill, drift backfill, and seals. shaxi 

seals, and any other emplaced engineered components (e.g., rock bolu). Two basically different 

conditions must be examined. 

1) Clonve Under Conditions of Llttle Gas Generation. Undemanding is required for 

G,..". 

those conditions expected to o m x  (a) around shaft seals where there would only be 
interactions of the DRZ with the highly layered and hanogeneous Salado rocks along the 

' vertical shafts (T~gure 3-32) and the rathex uniform and preconsolidated crushed salt 
backfill being considered for the shall seals, and (b) in the partidly backfilled access 
drifts and rooms of the opaations region and experimental ires (F~gure 2.8). 
In these ~TCBS, and unda these conditions, tbue would be few additional driving fortes 
opposing room or shaft closure and DRZ healing as the entire system returns to pre- 
emplacement equilibrium. ' Ibae is likely to be a small component of gas generation 
related to corrosion of the rock bolts md some resistance encountered as a result of 
compression of residual hospher ic  gases in tk void space above the crushed salt 
bacldlll in tk Wfts of the op&ationi and experhe& regions. These gases will 
compless and slowly dissipate into the Swrouading accessible pore space, and some will 
&lve in the i~te~granular brines that should move into the region during closure and 
htpling. 

2) Clonvc Under the Conditions of Gas Generation. UndastPading is also required for 
those conditions apeaed to occur in disposal rooms w h m  i n t d o a s  among the wasre, 
engiarrered components, and the Salsdo rocks and fluids (i.e.. intergranular brines) will 
guvnue gases as a result of a vPriUy of processes (e.g., amxic corrosion of metals such 
as Fe and A1 in tk proposed containas, the wllste, and engineering components like the 
rock bolu; microbid degradation of organic wastes such as cellulosics and rubber; 
radiolysis of brine ax l  otha waste components such as plastics; and volatilization of 
radioactive and hazardous VOCs). 





Under these condition., the behavior is much more dimcult to understand fully and thus - to predict with cenainty because of the complicated coupling and interactions among the 
.- various processes involved. For ease of discussion, let "disposal room pore space" be 

defined as the combined pore space in (a) the wastes in various states of compression and 
degradation. @) any remaining headspace in the disposal room drift (i.e., the air gap 
illustrated in Figure 3-31). (c) the backtill located in the disposal room drifts around the 

'i, waste, and (d) the DRZ and any fractures associated with these drifts. While the 
-. .. , processes and interactions are complex, it is believed that if gas is produced in the 

appropriate volumes, uanspon toward the accessible environment can occur (most likely 
through the anhydrite layer B or MB-139. Figure 3-31) as illusuated in the pathways 
diagram. Figure 3-27. The increased pressure associated with gas generation provides 
the driving force, and the generated gases provide the vehicle for transport of any 
hazardous and radioactive wastes that might volatilize into the disposal room pore space. 
The various processes expected to be active and their principal effects are outlined below. 
borrowing five items from the discussions in DOE/WPI0/001-92, 1992; Chan et al.. 
1992; Davies a al., 1991; andDavies, 1991. 
- Gas gmemtionprocesses increase the volume of gas in the disposal room pore space. 

It is also important to note that botb the rate of gwration and the total volume of gas 
generated are dependent on the rate of brine inflow. Gas generation rate therefore 
can be modulated (i.e., increased or decreased) in response to changes in the brine 
inflow rate to the disposal room pore space. 

- Mechunical processes of room closure and consolidation of the materials within 
result in a reduction of the disposal room pore space and changes in other physical 
popaties of the materials being consolidated (e.g.. lowering of the permeability). 
l%is pmces is driven by lithostatic forces that can be opposed by the backstress on 
the salt provided by fluid pressure buildup in the disposal room pore space. 

- Multiphase fluid j7ow and trmspon processes control the flow of fluids (i.e., gases 
and brine) into and out of the disposal mom pore space and the pore space of the 
surrounding Salado rocks. Flow is driven by the differences in pressure between the 
fluids of the surrounding SdaQ rocks and the fluids in the disposal room pore space 
in a nonlinear way that is highly dependent on the state of connectivity of the wetting 
(i.e., brine) and non-wetting (i.e., gases) fluid phases . According to Davies (1991). 
large threshold pressures may be required to initiate gas penelmion and movement in 
the brim-saturated mauix of Salado rocks that is highly dependent on the type and 
purity of the Sdado evaporites; see Subsection 5.4 for a discussion of threshold 
pressures. 

- Pore pace dilatarion can result if excessive pnssuns build up in the disposal room 
pore space, and a phase of disposal room expansion can result. These excessive 
pressures can give rise to pressure-sensitive inelastic flow that can result in interface 
sepxation in the bedded salts of the Salado, fracture extensionlexpansioh and other 
forms of damage evolution in crystalline evaporite solids of the Salado. 

- D&sollun'on and exsolution of gases occur when gases in the disposal room pore 
spre and gasa  migrating in the intabeds come into and remain in equilibrium with 
the gases dissolved in the. brines that can coexist in the pore space by moving into and 
out of solution, depending on the pessu~e/solubility relationship. 

As discussed in Davies et d. (1991). the above processes are highly coupled. 'Ihe a ~ N a l  
messure history in the disposal room pore space is dependent on the volume of disposal 
room pore spa& (mechanical proces& of closke and consolidation; pore &ace 
dilatation) and the diffamce between the rate of gas generation and the rate that fluids 
can lcave~tbc disposal room pore space (multiph& fluid flow and transport processes). 



One possible sequence of states is illustrated in Figure 3-31 (a-c) and details will be 
discussed in Sections 6 and 7. - 

The potential for the waste to generate gas requires that any potentially negative responses to gas 
generaeon be evaluated. For example, if sufficient ~uantities of gas are generated and released to the 
nonhalite interbeds, there is a possibility for this generated gas to (a) disrupt the drift and panel sealing 
process (depending on how soon the release occurs), andlor (b) Wanspon hazardous gaseous wastes (e.g., 
VOCs) to the compliance boundary (DOEMrPI01001-92, 1992). If the disposal rooms or panels seal 
sufficiently to form pockets of highly pressured brine and gases, these localized pockets could potentially 
increase or decrease the effects associated with human inmsion. lhese effects, and the various possible 
methods for dealing with the uncertainties associated with room closure, under conditions of gas 
generation, need to be evaluated. Some of the general sources of uncertainty include lack of an 
appropriate levkl of knowledge regarding 

the actual chamcta of the waste; 

thepotential~m~untandtypeofgasesmatcanf~; 

the rate of gas geaerption; 

the potential closure sequellces and end closure states; and 

the processes needed to predict the potential Closure Pnd consolidation sequences and the end 
closure stam. 
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4.0 WIPP SITE NATURAL SYSTEM 

Critical to any PA is the geology of the site where the waste will be emplaced. In this section. the 
sturbed natural hydrologic and other properties of the geologic formations at the WIPP site are 

described in order to provide a Starting condition from which to evaluate subsequent perturbations. The 
formations described in this section are the Castile (Subsection 4.1). which begins about 200 m (650 fi) 
beneath the repository level; the Salado (Subsection 4.2). which is the host formation; the Rustler 
(Subsection 4.3). which is considered to contain the most likely pathway for transport of radionuclides to 
the accessible environment, and the Dewey Lake Redbeds which, although they may not represent a 
pathway for the migation of radionuclides, may control the flow of recharge to the underlying units of 
the Rustler Formation. 

According to Mercer (1983). the majority of geologic studies in the area prior to the beginning of 
the WIPP project in 1972 were confined to the Bell Canyon Formation and units below it, although 
extensive work has been done by the potash industry in the overlying strata These units below the Salada 
Formation have been heavily studied for more than fifty yean because of their oiUgas resource potential. 
The fim discussions of the geologic units above the Bell Canyon were by Lang in 1937. 'Ibis geologic 
study was followed closely by the first hydrologic study of the area (Robinson and Lang. 1938), which. in 
turn, initiated a series of studies continued until at least 1980, on the Malaga Bend salinity problem. The 
other significant &logic and hydrologic studies conducted in tbe area (particularly the Rustler) were 
undemken as pan of the Gnome experiment (Figure 3-15) which involved an underground nuclear test in 
S a l t  

Early WIPP investigations began with a review of the geology and hydrology of the Cvlsbad 
potash area by Brokaw et al. (1972). according to Mercer (1983). Other early WiPP efforts included 
studies by Jones et al. (1973) and by Mercer and Orr (1977) on the Los Medanos arei and the regional 
hydrology of the WlPP area respectively and by Powers et al. (1978). Also, as discussed in Mercer 
(1983). hydrologic study details are pnsented in data reports by Macer and (Xr (1979) and Mercer and 
Gonzalez (1981). 

According to Lappin et al. (19891, the data on the Rustler Formation presented in DOE'S 1980 
FEIS w a e  derived from testing paformd at eight locations, while M a c a  indicates that his 1983 study. 
data collection and interpretations w a e  based on efforts umktaken and hydrologic data collected from 
tests conducted o v a  seven years, surrting in 1975, at thirty-nine wells which were drilled for or converted 
to hydrologic test holes. Maca's 1983 effom provided estimates for daamining potential hydrologic 
boundaries figure 3-15), potentiomeaic head distributions (e.g., Figure 3-i3). groundwater chemistry, 
hydrologic poprties from pumping, slug, pressure-pulse, and nacer tests, and the location of dissolution 
fionts based on halite disrribution. ' he  discussions on the Rustler presented by Lappin a al. (1989) were 
based on information collected from a toa 'o f  forty-one well locations. 

From the limited number of documents reviewed by the PART, it appears that Mercer's 
hydrologic investigation and interpraation form the basis for much of the regional intapretation of the 
supra-Salado hydrologic system at WIPP. The 1992 PA discusses a preliminary geohydrologic 
conccpnral model developed by Brinster (1991). but this report was not reviewed by PART. 

Dissolution in tbe WlPP area is complex and is considered in a series of articles on the Cenozoic 
history of the area starting with Badunan in 1973 (Mercer. 1983). Merccr fimha indicates that additional 



interpretations of dissolution have been prepared by Anderson. 1978 and 1981. and Larnben. 1982. The 
whole series of issues and controversies regarding the origin of the regional dissolution in the Rustler 
Formation is summarized in LaVenue et al. (1990). Some of the authors and studies reviewed by PART 
include Bachman (1980 and 1985); Snyder (1985); Chaturvedi and Channel1 (1985); Lowenstein (1987); 
and Holt and Powers (1988). 

The eleven groundwater modeling studies of the Rustler andlor the Culebra through the 1991 
modeling by the WJPP PA division are illustrated and summarized in Figure 41, taken from LaVenue 
and RamaRao (1992). The LaVenue and RamaRao modeling study discusses the use of a completely 
automated inverse procedure to develop seventy calibrated conditional simulations for the Culebra 
transmissivity field based on the use of steady-state and transient field pressure data. These seventy 
realizations were the basis for the 1992 PA calculations. Lappin et al. (1989). as well as Davies (1989) 
and LaVenue et al. (1989). summarize many of these studies through 1990. Davies' study represents the 
only variable density modeling (a 2D subhorizontal section model). C m m t  PA models assume the 
Culebra to be a tourlly confined, vatically homogeneous, and laterally isoh'opic lmit with w Meal flux, 
even though the Davies (1989) and Hnug a al. (1987) studies suppon the vatical flux concep (Lappin a 
a].. 1989). 

SAND88-01% edited by Siegel a al. (1991) is a compendium of six hy&ochemical studies of the 
Rustler. Their brief interpretation of Mese studies is that modem flow within lk Culebra is largely north 
to south; howeva, as already discussed in Subsection 3.2.2, this flow direction (assumed equilibrium) is 
inconsistent with the di&y distributions in the region Siegel et al. (1991) also postulate that eastward 
increasing 234U/238U acrivity rPrios could imply a Pleistocene inilluatlon zone flowing from the west- 
northwest and thus imply a chPnge in flow direction during the last 30,000 to 12.000 years. 

4.1 CASTILE FORMATION 

Ihe Castile Formation, beginning about 200 m bmeath the repository level, consisfs of about 470 
m of interbedded anhydrite and halite resting on the Bell Canyon Formation. The uppermost anhydrite 
layer of the Castile contains isolated pockets of pressurized brines that occur in limited reservoirs 
characterized by kmme porosity in a vay tight mntrix (Popiclak a al., 1983; Lsppin a al., 1989). These 
bnne pockas have been enwuntaed in tbirtcen of about 100 wells thnt have peneeated the Castile 
Formation, including the WIPP-12 m i r  1.6 km (1 mile) north of tbt center of WIPP -in et al., 
1989, Figure 3-26). T i  domain elecuomagnaic methods (TDEM; Ertech, 1988) measurements 
detected the brine omnnmcc at WIPP-12 and indicate that brines may be p s e n t  within the Castile 
Formation under a portion of the WIPF' waste pPocls (Lqpin, 1988). 

Popielak a 11. (1983). in a c h a m m i d o n  of Csstile b r i ~ ~  occurrures and derailed discussion of 
ERDA-6 and WIPP-I2 testing, found the r e ~ ~ v o i r s  to be chemically distinct from each other and from 
local groundwatas. The ERDA-6 rad WIPP-12 hrlltc-sstursted b ns~voirs ,  with estimwd volumes 
of 1.0 x 1 6  and 2.7 x lo6 m3, respectively, arc located in fr-ed auhydrites above thickened halite. 
About 5% of the brine volume is stored in large open 6ractures; the remainda occurs in low-permeability 
miaofracfures. Medim parPmCtQ values (PA 1992, 3. pp. 4-10) for Pamepb'ities of the intacf and 
fractured anhydrite mauix nn 1 x l@19 m2 and 1 x m2, ~ v e l y ,  m intact porosity of 5 x lC3, 
fluid pressure of 12.7 MPa (lithostatic and hydrostatic pressures are about 20 and 9 MPa respectively), 
and bulk storativity of about 0.2 m31Pa (volume of fluid dischprgedhrnit - 
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These brine pockets are of limited extent. have been isolated for long periods of time, and pose no rhrear 
to the overlying repository in the undisturbed state. 

4 2  S A L A W  FORMATION 

Bedded salts (Figure 4-2) in general contain appreciably more water (0.1 to 1.0 wt %) than do 
domal salts (less than .O1 wt %), not only because of interbedded clays and other hydrous impurities 
within the halite layers, but also because of fluid inclusions (Figure 4-3) trapped by rapidly accreting 
halite crystal faces. Knauth and Beeunas (1986) studied oxygen (180) and deuterium isotope 
concentrations in brines from fluid inclusions in halite crystals from Salado salt and found that the brine 
has a composition consistent with that of connate waters trapped during evaporation of Permian seas. 
lntracrystalline brine inclusions in the Salado, however, do not constitute a viable source for brine 
because high temperatures and substantial thermal gradients are required for their migration to boundaries 
of halite crystals. Intergranular water, that between grains forming the rock salt layers, may be available 
for uanspon and does exist in the Salado, as evidenced by weeps in the WIPP rooms (e.g. Deal and Case, 
1987; Nowak et at., 1988; Tyler et al. 1988; Bndehoeft 1988; Lappin et al., 1989). However, these 
nined surfaces and boreholes have been disanbed by the excavations, and at the very low permeability of 
undisturbed Salado salt (less than 1V2I m2), even exaemely slow flow of brine through the salt is both 
questionable and negligible. 

Forty-five anhydrik- and polyhalite-rich interbeds or marker beds (MB) in the Salado Formation 
have been identified and rmmberrd; 0 t h  thinaer, but lptcrally pasistern, htabcds of clay. anhydrite. and 
polyhalite occur throughout the unit Waste. disposal panels x e  excavated between MB 138 and MB 139; 
floors of rooms are 1.4 m (4.55 A) above MB 139 and roofs arc 12 m (39 A) below MB 1-8. ?hese 
interbeds, especially MB 139, along with anhydrate layas A (5 m {I625 A) above the roofs) and B (2.6 - 
m(8.45 ft)above roofs), are regarded as primary potential pathways for migration of brine and gas 
because of their highex inninsic permeability compared to halite layus and their brittle behavior relative 
to the ductile or plastic and self-healing behavior of the halite. Born (1985) described the pefrologic 
character of the heterogeneous, 1 m-thick (3.3 A) ME 139 F~gurr 3-32). TXe top of the bed is defined by 
a clay layer with intercalated halite, polyhalite, and clay. This thin layer grsdes downward to a 0.6 m- 
thick (1.95 ft) layer first dominated by polyhalitic anhydrite containing patches of relict anhydrite, 
followed by a zone of equal popomions of the two mck types. lEis Iowa 20% about 0.3 m-thick (0.97 
A). is readily separated along subhimntal planes (&We) and comains subhorizontal fraclures partially 
filled with halite. ?he base unit of MB 139 consists of 0.15 m-thick (0.49 A) imerlayered halite and 
anhydrite, grading into the lowamost con- zone. an mrhlating clay laya. 

Halite's undisturbed pameclbilities. estimated primarily from multipackex test-fluid pulse 
withdrawal results, nage firom too low to m~sure to 6.8 X 10-2 mz. Anhydrite far-field values range 
from 3 X 10-20 to 4.4 x 10-20 mZ, g m y  one .lo two orders of magnitude higher than for the halite 
(Gorham et al., 1992. Table 3). Far-field pore pressure in the anhydrite is apparently wcll-estlblished at 
near 12.5MPa.whae~~thntinnerrbyhaliteiSnbout3MPolower,~valuesmaybecomparedwith 
hydrostatic and lithostatic pressures of about 7.0 and 14.8 MPa. nspcctivcly (1992 PA, Volume 3. p. 2- 
40). Porosity of both halite and anhydrite in the far-field, based on drying experiments, and 
ele(p0mPgnaic and DC resistivity meaSurcmenU, ranges from .001 to .03 with a median value of .Ol. in 
accord with grain and bulk deapity detaminations (PA. 1992, Volume 3). Ihe flow propaties of the - 
Salado Formation are vay hemogcneous; esch tested halite laya fmd imabed hrs its own characteristics 
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(Howanh et al., 1991). As pointed our by Beauheim er al. (1991). information available is still 
..- insufficient to validate the assumption that brine migration through halite of the Salado Formation occurs 

by Darcy flow through a porous medium in response to continuous pore pressure gradients, rather than by 
flow initiated through connections of isolated pores following a disturbance (McTigue et al.. 1989). 

i .. 
3 ,  
j 

4 3  RUSTLER FORMATTON 

The Rustler Formation (Figure 44) is considered to contain the most likely pathway for trampon 
.. ' of radionuclides to the accessible environment (SAND92-0700/2, 1992). since it lies directly above the 
\.:. , ., , 

Salado Formation and contains the most productive hydrostratigraphic units in the WIPP area (Mercer. 
1983). Specifically. the Culebra Dolomite Member of the Rustler Formation has been identified in the 
scenarios developed for long-term performance assessment as the unit that could provide a path to the 
accessible environment in the event of inadvertent human intrusion for petroleum resources (DOEWIPP 
89-011, 1993). Subsection 4.0 discussed the .general stratigraphy, geohydrologic setting. and 
geohydrology of the supra-Salad0 hydrologic system for the area around the WIPP site. ?his subsection 
presents more detailed information on the Rustler Formation, specifically the Culebra Member. and 
discusses ongoing and planned activities as they relate to the PA modeling of the Culebra. 

43.1 Rustler Fermntion Stratigraphy, Hydrology, and -mistry 

According to Mercer, the Rustler Formation, which is a key marker of the Permian, was named 
by Richardson (1904). and the five-fold division of the Rustler (left side of Figure 4-4) was desaibed by 

.- Vine (1963). Five transmissive Rustler units are now recognized, as illustrated in Figure 4-4 instead of 
the three. (Culebra, Magenta, and the residuum at the Rustler-Salado contact) recognized at the time of the 
FEIS (Lappin et al.. 1989). As illustrated in Figure 4 4  a water producing mudstonelhalite unit has been 
identified within both the FortyNina and Tamarisk Members. The variation in the thickness of the 
Rustler Folnnation from 8 5  m (27 ft) west of the site through 95 m (309 A) at WIPP to 216 m (712 ft) east 
of the site is amibuted to thinning by dissolution and a s i o n  (SAND9247OOR, 1992). This is anested to 
by the the breccia and claysore tones (Figure 45) thaf abut their comsponding halite tones within the 
Rustler. 'Rrse zones, intapnted by Qurmntedi and Channel1 (1985). are referred to as the u p ,  middle, 
and lower dissolution residues. However, the laterally-varying depositional facies model of Holt and 
Powers (1988) has considerable maiL As indicated in Snyda (1985). a complete unaltered thickness of 
all members of the Rustla can only be found east of the WIPP site. The lithology, thickness variation, 
and other hydrologic ~9 - 

' 'cs of the five membas of the Rustler Formation are briefly summarized 
in the following subseaions, stPrting at the top of the SalaQ Formation. 

43.1.1 Tht Unnamed Lower Member 
This memba is 36 m (117 A) thick at the WlPP site (SAND92-0700R. 1992) and consists of 

laminated to massive dark-gray siltstones and fine grained sandstones overlain by alternating beds of 
halite, siltstone, and anhydrite (Snyder, 1985; Lowenstein, 1987). Insrasing amounts of halite are 
present to the east (Figure 4-5). and a c o w  residuum (Figure 4-6 c) that is quite variable in thickness 
(2.4 to 33 m I7.8 to 1.07 ft)) underlies the Rustler in the area of Nash Draw (Mercer. 1983; SAND92- 
07OOR. 1992). The basal unit of this member is the tansmissive hydrologic unit. and its uansmissivity 
increases to the west in Nash Draw due to fracturing of the basal siltstones and sandstones, possibly a 
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result of dissolutioning of the Upper Salad0 Formation and subsequent subsidence (SAND92-070012. 
1992). The interpreted potentiometric surface for this hydrostratigraphic unit (Figure 3-22) was presented 
earlier (Subsection 3.2.2.1). 

As discussed in chapter 1 of Siege1 el al. (1991). most of the data from the non-Culebra units 
overlying the Salado are reported in Mercer (1983) and Beauheim (1987). Mercer (1983) indicates that 
waters in the Rustler-Salado contact zone or in the residuum contain the highest concentrations of IDS 
(79.800 mgA at H-7 to 480.000 mgll at H-1) in the WIF'P area. Mercer assumes that large magnesium 
concentrations result from brines having had time for extensive interaction with their host rock and thus 
represent no or very slow circulation. He observed that these concentrations decrease one to two orders 
of magnitude in the area (Figure 4-7) and ConsEucted an isoconcentration line (2000 milliequivalents per 
liter of potassium and magnesium combined, Figure 4-7) that approximates a dividing line between the 
zones of generally small concentrations to the west and the rapidly increasing concentrations to the east; 

, , 
[he also'indicates that it represents a division of minute eastern transmissivity, 1 0 4  m2/day (10-3 

& y.'. fi2/day). to greater western transmissivity, &/day (lo-' f$/day)l. Given his basic assumption and 
the lack of residuum east of this line, he concludes that it separates the active circulation zones to the west 
from the undeveloped flow system east of this line. 

43.12 Cukbra Dolomite Member 

'Ihe Cule6ra Dolomite Member varies in thickness in the WIPP area from 4 to 11.6 m (13 to 37.7 
ft) (mean 7 m (22.7 ft); the PA Department uses 7.7 m I25 ft)) and is described as a vuggy 
miaocrystalline dolomite or dolomitic limestone some of whose solution cavities (vugs) contain halite or 
gypsum (Figure 4-6 a), (Maca,  1983; Snyder, 1985; SAND92-0700/2-3, 1992). This member is 
confined o v a  most of the area by the mudstonelhalite and anhydrite units of the unnamed lower member 
that it overlies and the thick anhydrite unit of the Tamarisk that overlies it (Figure 4-8). (Mercer. 1983). 
?he mctural character of the Culebra, according to Mercer (1983). is directly related to the character of 
dissolutioning of underlying units, and as noted in SAND92-0700t2 (1992). "there is an apparent 
correlation beoven the absure of halite and increased Uansmissivity in the Culebra Dolomite Member." 
'Ihis is a result of subsideme and subsequent fncnving of the dolomite, as illustrated in Figure 4-9, 
which shows the highly fractured Culebra Dolomite resulting from halite removal at outcrop (Mercer. 
1983). Discussion in the 1992 PA (SAND9247W2) indicates that the majority of the variability in 
hydraulic conductivity is believed to 'k conuolled by open fracture3 (although no measurements of the 
density of open fractures is available due to poor recovay) because little variability was observed in the 
depositional environment and "primary fealures" of the unit. lhese discussions also indicate suspected 
~ m l a t i o n s  between open fmcme density and the following features: 

o v ~ d e n t h i d m s s .  

halite in surrouading members of me Rustler Formation, 

dissolution of halite, and 

the distribution of gypsum filling in fractures. 

Other evidence of the variable nature of the Culebra strum is illustrated by the variable nature 
of the horizontal cores removed from Culebra units 3A and 3B (within 55 ft of each other horizontally 
and 5 A vatically) in the air Make shaft at WIPP (Figure 410). llrse cores will be used in retardation 
expaiments (to be conducted by Fred Oelbsrd. SNL, who was interviewed by the PART) that are 
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Figure 4-9. Outcrop of Cultbra Dolomite Member of tbe Rustler Formation Where Removal of 
Underlying Halite Has Caused Fracturing (reproduced from Mercer, 1983) 



Figure 4-10. Horizontal Cores Removed from Culebra Unils 3A a d 3 B  (Within 55 i t  of  each other 
borizanlally and 5 fl vertically) in the Air  Intake Shan at WIPP. Thls modified figure wns 
part of a October 20-21, 1992 presenlation to the NAS WlPP Review Panel by Fred Gelburd 
(SNL) and was supplled by Fred Celbard for ore in this PART reporl. 



discussed later. Gelbard. in his presentations to the PART, indicated that (as can be seen by inspection of 
the cores in Figure 4-10) the nature of the four cores was quite different. as was the capability of the four - 
coreholes to produce water; (VPX27 produced nearly all the water). 

Variability is also verified by the Culebra hydraulic conductivity tests which show a six order of 
magnitude variation from east to west ( ~ x ~ o - ' O  m/s at P-18 to 1x10'~ m/s in Nash Draw), as is discussed 
in SAND92-070012. 1992. Mercer (1983) lists values for transmissivity at twenty wells and eight values 
for storage. The twenty-three single-well hydraulic tests conducted at WIPP between 1983 and 1987 
(Beauheim. 1987) added fifteen values at new locations and seven retest values (SAND89-0462, 1989). 
Other early testing in the Culebra is discussed in SAND89-0462, 1989. Hydraulic test information (e.g.. 
uansmissivities, storativity, fluid densities, transient and undisturbed freshwater heads with their 
uncertainties) is summarized in the form of tables and plots in Cauffman et al. (1990). The log hydraulic 
conductivity variation for the Culebra is shown in Figure 4-11 from the 1992 PA (SAND92-070012). and 
the available data on transmissivities presented in Cauffman et al. (1990) is shown in Figure 4-12. 

The interpreted potentiometric surface presented in the 1992 PA (SAND92-0700/2) was 
discussed in Subsection 3.2.2 (figure 3-23): Cauffman et al. (1990) interpreted values of freshwater head 
(-Figure 4-13) based on fluid densities and their estimation of when the pressure data (in the transient 
history recorded at the well) was representative of undishlrbed conditions (Figure 4-14). LaVenue et al., 
1990, also Cauffman et al. (1990) LaVenue and RamaRao (1992) discuss how hydraulic stresses since the 
summer of 1981 related to construction and testing (e.g., drilling and excavating shafts and boreholes, 
long running tracer and hydraulic tests such as at H 4 )  have resulted in the formation of what Haug et al. 
(1987) describe as a 7 km (4.2 mi) drawdown cone 33 m (107 A) deep at the shafts and 12.2 m (39 ft) and 
7.1 m (23 ft) at the maximum at H-1 and H-2 respectively. LaVenue et al. (1990). after updating some of -. 

the freshwater head estimates of Cauffman et al. (1990). produced an intaprefation of the undisturbed 
freshwater head contours (Figure 4-15) that was the basis for initial Culebra dolomite model calibration 
efforts as well as for the current WIPP PA (SAND92-0700n-3) pilot point method of generating seventy 
ummissivity realizations (Lavenue and RamaRao (1992)). 

As discussed earlier, Siegel et al. (1991) summarize the hydrogeochemical studies of the Rustler 
Formation. Hydrochemical facies in the Culebra wae discussed and presented earlier (Subseaion 3.2.2, 
Figure 3-21) as was the fracture filling. 'Ihe 2 3 4 ~ / 2 3 8 ~  activity ratios that were the basis for the west- 
northwest paleoflow system poshllated by Siegel et al. (1991) are shown in Figure 4-16. 

Conservative tracer tests (e.g., convergent-flow and two-well redrculating) were performed at the 
H-2, H-3, H-4, H-6, and H-11 hydropads (i.e., locations where three to four wells ,are within tens of 
meters of each other) during the period from 1983 to 1988 (Jones et al., 1992). 'Ihe results of preliminary 
interpretations of the H-2 hydropad tests and the H-3 and H-4 hydropad tests reported by Hydro Geo 
Chem (1986) and Kelly and Pickens (1986), respectively, are summarized and integrated with the 
interpretations of all the treca ttsu completed in the Culebra to date in the report by Jones a al. (1992). 
This smdy examined various all or nothing (both homogeneous and heterogeneous) conceptunlizations of 
double-porosity-fracture-matrix transport, single-porosity-fracture-only transport, or single-porosity- 
mauix-only aanspo~ and found that the best of the three models varied depending on the location. 
Results can be summarized as follows: 

double-porosity-fracme-matrix at H-3, H-6, and H-11 under the interpretation of a 
heterogeneous system or equally well as a horizontally anisotr 
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homogeneous single-porosity-manix-only most representative at H-2 and inadequate at H-3. 
H-6, and H- 1 1, and 
single-porosity-matrix-Only through a vertically heterogeneous system the most 
representative at H4 and inadequate at H-3, H-6, and H-1 I .  

Jones et al. (1992) additionally conclude that a double porosity representation seems the most 
consistent with the observations (e.g.. the large matrix porosities. 0.03 to 0.30) and that, as a result. matrix 
diffusion is an imponant process. They also point out that while observed tracer test behavior has been 
successfully simulated with the double-porosity-fracture-matrix model, other conceptualizations are 
possible and should be assessed. lt should be pointed Out, as discussed in the 1992 PA, that no fracture 
porosity measurements have been made. Interpreted values by Kelly and Pickens (1986) from the tracer 
test interpretations range from 1 x to 2 x 10-3 (SAND92-07MXZ. 1992). 

43.13 ~amnrisk Member 

'Ihe Tamarisk Membex of the Rustler Formation varies in t h i c k ~ ~  between 8 m and 84 m (26 A 
and 273 A) (36 m (1 17 A) at WIPP) and is composed of three distinct layen (SAND92-0700R. 1992) 
whose thickness may reflect lateral variations in deposition or dissolution. In areas unaffected by 
dissolutioning (Figure 4-5). the lower anhydrite layer, the thick middle section of halite and minor 
siltstone (sometimes polyhalite), and the upper anhydrite layer (Snyder, 1985) act as a confining unit 

. (Mercer. 1983). In areas that may have been affected by dissolutioning of the evaporites. the Tamarisk 
exists in various intermediate states that affect both its volume and its other physical and hydrologic 
characteristics; (e.g., in Nash Draw only a few meters of residues of the original Tamarisk remain). 
Attempts to measure the permeability of this "water producing" unit at H-14 and H-16 (Xgure 3-14), 
whose undisturbed hydraulic heads have never been successfully measured (Lappin et al., 1989). were 
abandoned when it was concluded that the txansmissivity of the unit is too low to measure on the time 
scale of days (Beauheim, 1987). 

43.1.4 Magenta Ddomite Member 

'lXe Magenta Dolomite Memba of the Rustler Formstion varies in thickness between 4 m and 8 
m (1 3 A and 26 A) (6 m ( 19.5 A) at WPP) and is a distinct pplish-red (magenta) rock contains minor 
crossbeds as well as laminae of anhydrite and dolomite (Figure4-6-b; Snyder 1985). Hydraulic 
conductivity (Figure 4-17) ranges over five orders of magnitude from 5.0 x 10-lo to 5.0 x 10-5 m/s 
(SAND92MOOR. 1992). This variation, according to M a c a  (1983) and Snyder (1985). is caused by the 
vertical movement of the rocks below the Magenta This movemenL as discussed earlier in Subsection 
3.2.2.1. is related to eitha a collapse process, whose magnitude varies with the amount of dissolved 
halite. or an wrplndon pmcess, whose magnitude varies with the amount of hydrared anhydrite. 

The interpreted potentiometric surface presented in the 1992 PA (SAND92-07W2) was 
discussed in Subsection 3.2.2.1 (Figure 3-24). While no porosity measurements have been made 0.20 has 
been assumed for interpretation of well tests (SAND92-07W2, 1992). TDS of the Magenta range from 
5.460 mgll to 270,000 mgll (Mercer, 1983). Comparisons of the Magenta to the Culebra indicate that 

Magenta generally has lower hydraulic conductivity (approximately two orders of 
magnitude). as disarssed in SAND92-07OOR,l992; 
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Magenta generally has higher heads wirtl the differences increasing eastward Lavenue et al.. 
1990); and 

TDS in the Magenta is generally lower (Mercer. 1983). 

43.15 Forty-Niner Member 

The Fony-Nina Member of the Rustler Formation is a relatively uniform 20 m (65 ft) throughout 
the WIPP area (SAND92-07W, 1992). It is composed of three distinct layers consisting of a lower 
thick, light-to-medium-gray anhydrite bed, a middle reddish-brown silty halite or claystone unit, and an 
upper thick, light-to-medium-gray anhydrite bed (Snyder, 1985). Hydraulic conducriviry tests at H-14. H- 
16, and DOE2 yielded estimates of 5.0 X lo-' mls, 5.0 x lo-'' mls, and 4.0 x lo-'' mls, respectively for 
the medial claystone, (SAND92470(Y2,1992; LaVenue et al., 1990). 

432 PImned Activities nnd Isares 

As pan of the test program, two SUS Of Pctivities are currently planned for the Non-Salado (as 
used here, the mks that overlie the Salado host rock) porTion of the natural barrier (DOUWIPP 89-01 1 
Revision 1, 1993). 'Ibese two activities are outlined from Table 5.1 of DOYWIPP 89-01 1 Revision 1 
(1993) below. 

Ihe Non-Salado Hydrologic ROpe?tia Activity includes 

- Core studies of rock pmpmies (plan in pnparation) 
- Regional-scale transport and sensitivity studies 

- Mod& development 
- Field testing and data interpraation for hydrology (planned) 

- Regional geochemical studies 
- Data base for field studies 
- Validation and intQnational collaboration for model 

- Vaifimion of performance-asmmat model 
- Idenrtiflcafion of poteatinl undaground sources of drinking wata (in progress) 

Ihe Non-salad0 TnnspoR Actlvity includa: 

- AdsorpoionSP1dies 

- Rsdiormclide Solubility and Speciation 
- Brinc mixing and rPdionuclide copredpitotion fa the Non-Salado 

- Empirical sorption studies 

- Cdumncxpuimcnts 
- Longcore ppcer tesu (plan in Preporplon) 

- Colloid c3aractEiizatiOn aad aPaspat 
- Testdesignandinvrpraation 
- Data base for pafomrance BSSeSSmmf 

- sLubinghetnrdioguaccrftSD 

- Datab~selPborPtorystudiCS 



- Non-sorbing nacer tests 

Before discussing these activities and their relevance, it is important to rev:ew the current Culebra - 
PA model assumptions, outline the basis and issues these activities were designed to address. and examine 
the issues identified by the PART. 

43.2.1 Current Culebra PA Model Assumptions 

'Ihe current Culebra PA model (summarized from SAND92-07W-3, 1992) assumes perfectly 
confined two-dimensional horizontal flow with no recharge from above or loss to units below. No@ that 
this implies it is isolated hydrologically and geochemically and thus unaffected by any of its surrounding 
units in the Rustler Formation. Recharge is assumed to occur only to the northwest and north at 
presumed outcrop recharge areas. Climate change is amunted for by a transient variation in the Dirichlet 
boundary condition along these northwest and northeast boundaries. "?he Culebra Dolomite Member is 
imagined to be a sheet-like mass of rock having lateral dimensions of the orda of tens of kilometers and 
uniform thiclcness of 8 meters" (Figure 4-1, the box labeled 10). lbis sheet-like rock mass is envisioned 
as containing planar fractures mat are all parallel to the plane of bedding and run continuously ttnoughout 
the rock mass (Mpre 4-18). ?he fracMes are partially l i d  with clay in half of the realizations and are 
unlined in the orher half. Advective nanspa is only accounted for in the open fracture space (i.e., no 
advective flow in the maaix or clay h m u e  filling). Howeva, one-dimensional diffusive intenction 
with the fracture filling and the rock mnaix is assumed. Material propaties are assumed to be 
heterogeneous or vary from one material region to Poother, but within a given mataial region the mataial 
propenies are assumed constant While the system is envisioned as fracture flow. it is modeled as an - 
equivalent porous medium. Hydrodynamic dispersion can be quantified by aFick's law term. Adsorption 
of solutes in the solid phases obeys a linear isotherm, and theze is always local chemical equilibrium 
between solutes and solid phases. 

43.22 Test Phase Activities Basis 8nd Iarues to Be Addressed 

The test phase plan (DO- 89-01 1 Revision 1, 1993) indi- Uut from a compliance 
perspective the ability of rocks above the Sllrdo (in parti~ular the Culebra dolomite) to control. minimize. 
or eliminate waste release to Uu. nccessible environment must be dtmonsf~ated. 'Ihe uamtninties in the 
current long-term performance predictions of the Culebra that need to be &dressed are identified in the 

test phase plan and tbcy are outlined below. 

Conccparnl flow model m x m h y  related to the qpropriuwss of the current conceptual 
model wumptions ova tk long term include: 
- the applicability of t W a o l l P 1  flow. 
- W ~ U ~ S  groundwptcr flow is in equiliwum wim the boundnry conditions. 
- vertical flow with otha units of the Rustla Formation can be neglected and 
- the applicability of pump test data ova the long-term. 

Pump test data are mt fully analyud 

The. effect of climate change on model boundary conditions are mt yet delemined 
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The confined aquifer model is nor consistent wirh geologic, geochemical. and isotopic 
information. 

The effects of gas enny into Culebra have nor been evaluated. 

, Heterogeneity in flow properties and the associated scaleup uncertainty are nor yet assessed * . ,  

Conceptual transport model uncertainty exists, related to the appropriateness of a double 
porosity transport model (thought best to describe aanspon in the Culebra) that accounts for 
both 
- physical retardation by diffusion of radionuclides into the 16% mean porosity dolomite 

matrix of the Culebra. and 
- chemical retardation 

'Ihe test phase plan also indicates that there is a need to address the uncertainty related to whether 
"colloids containing radionuclides, if shown to occur, could inhibit both physical and chemical 
retardation" 

'Ihe issues to be addressed by the activities outlined above are summarized hae  as a series of 
questions from the test phase plan. 

1) Is the groundwater system in steady state or in a transient response from the last pluvial 
paiod? 

2) Will groundwater flow ram change in the future? 

3) Are the effects of mtical leakage md variafiom in groundwata flow negligible? 

4) Can and do boreboles outside WIPP affect groundwater flow at WIPP F~gure 1-1 l)? 

5) Are current conceptual flow models consistent with the site characterization data 
@articularly geochemical data)? 

6) How would projected waste-gas releases assodated with various s x m i o s  affect flow in the 
Culebra? 

7) What uncertainty would arise in the flow pedictions from sevae haaogeneity or hidden 
features? 

8) Are there potential sowas of drinking Water in tbe regulated area of WIPP ? 

9) Ova what scale is a double porosity model relevaut? 

10) If a double porosity model is mt relevant, what model should be included and what are the 
long-tam eanspon impllutions of the otha possible models? 

11) If a double porosity model is relevant. how good is the case for this concepPlPl model? 

12) What physical marclation caa be expeaed without chemical nolrdation? 

13) What chemical retrrdrtion can be expeaed with Pnd without physical relardation for each 
brine aad rock type along the pobable flow path? 

14) Can colloids exist in Culcbra brines? 

15) How would colloid Man Pad IrMspon affect retardation? 

16) How would waste-gmrwd gas affect radionuclide raardation in the Culebra? 
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43.23 Issues Identified by PART 

In order to achieve the quality of "reasonable expectation of compliance" there must be 
consistency in the way information is used to make interpretations to prove points and justify 
assumptions. Based on the PARTS limited review of the information presented in the 1992 PA and some 
small fragment of the supportive literature on the WIPP site natural system. there appear to be many 
apparent inconsistencies that are not fully explained and many questions that arise about how conclusions 
were reached. Consider the following examples. 

In an attempt to explain the 2 3 4 ~ / 2 3 8 ~  activity ratios (Figure 4-16) Siege1 et al. (1991). 
postulated a paleoflow system flowing from the outcrop recharge areas in Nash Draw from 
the west-northwest potentially up the topographic gradient, which is usually the driver in a 
wet environment. while Bachman (1985) postulates surface sueams during Gatuna time 
flowing from the northeast. (Figure 3-26) which are consistent with the topographic gradient. 

There are discussions of slumping related to h a t e  removal in underlying units that are 
expeaed to cause vertical movement. and thus vatical fracturing of the Culebra dolomite and 
swelling related to gypsification Of underlying and overlying anhydrites. However, the 
modeling only conceptualizes bedding plane fractures (Figure 4-18) without addressing the 
vertical fractures, both of which are expected and are evident in the outcrop shown in Figure 
4-9. 

Two new "water producing" units have been identified since Mercer (1983). and yet, as 
discussed above (Subsection 4.3.1.41, undisturbed heads have never been successfully 
measured in one of these units, and attempts to measure the permeability were abandoned 
because its permeability is too low. 

Interpretations of tracer tests (Subsection 4.3.1.2) indicate that double-porosity-fracnue- 
matrix at H-3. H-6, and H-11 is an adequate model under the interpretation of a 
heterogeneous system or as a horizontally anisotropic system; a homogeneous single- 
porosity-fracture-only model is most representative at H-2; and finally a single-porosity- 
fractllre-only model through a vertically heterogeneous system is most representative at H-4. 
However, the 1992 PA states that a dual-porosity crPaspon model provides the most realistic 
estimate. The visual examination of the cors from the waste sh&~(Figure 4-10) would seem 
to support tbe tracer test inrapretotiom; (i.e.. possibly each of the proposed models applies 
somewbere). 

'TIE undisturbed potcnW map for the Culebra has a drop in head of 18 m (58.5 A) within the 
6.4 km by 6.4 km (3.84 mi by 3.84 mi) land withdrawal boundary (Figure 3-24), yet in the 
same area a 7 km (4.2 mi) drawdown cone (see Subsection 4.3.22 a d  the hydrographs in 
Figure 4-14) is projecred to be 33 m deep at the shafts in the Culebra and 12.2 m and 7.1 m 
(40 A and 23 A) at H-1 and H-2, respectively. lhese somewhat inconsistent results make 
d-on of groundwater flow dinction tenuous. 

Ihe totally confined no-vatical flux concept for the Culebra modeling is inconsistent with 
shdies by Davies (1989) and Haug a al. (1987) that supporI the vatical flux concept . 

Based on this limited review and evaluation, t h e  appe~n to be a basic intapraational issue that 
needs to be resolved. For example, tbe middle unit of the Tamarisk Member of tk Rustler Formation 
(mudstone/halite) is intcrpaed to be continuools and is described as a "wate~ producing unit" However, 
all four attempts to measure the head and parnubility of this unit have failed. Does this difficulty arise 
simply because of illsufficient resources available for parnubility masurcments or only standard 



geohydrologic interpretations and exuapolation techniques are being applied to interpret a system that has 

been affected by a dissolutioning Process that varies Spatially? Is this an attempt to "cling faithfully ... to 
normal interpretations" (page 5 Of LeGrand's March 13. 1985, letter to Roben H. Neill of EEG in 
Chaturvedi and Channell, 1985)? In the context of a system that may be cyclically exposed to 
dissolutioning, there may be no simple classification of an aquifer and aquitard, as the name of these 
units can change related to their location in space and the particular stage of evolution in the "stop and go" 
flow driven dissolutioning process described by LeGrand 

Neither the 1992 PA (volumes 1-3) nor the supporting literature reviewed contains an overall 
integrated picture of the supra-Salado hydrologic system that weaves the available information, 
understanding. and efforts together in a way that supports the current Culebra modeling in a manner that 
the PART believes is necessary to demonstrate that there is a "reasonable expectation of compliance" to 
the decision makers, the regulators, and the public, should the results of the final quantitative comparisons 
so indicate. This does not mean or imply that much of the information (data, observations, and supporting 
experimental evidence) is not available nor that all outstanding potential issues need to be addressed. It 
simply means that there has not bee& and there needs to be, a multidisciplinary effort to take available 
information, competing intapretations, competing conceptual models, and nn)i supportive experiments 
andlor modeling and combine them to explain what is Cmently known (e.g.. regarding current head 
distributions and flow directions relative to past conditions, geochemisay, recharge. dissolutioning). ?he 
team could also identify what is known well enough and why, what is not now known well enough. and, 
for these areas, what probably cannot be daamined and what seeds to be dacrmined 

4.3.2.4 D i s d o n  of Planned Aetivltks - 
As has been discussed, planned experiments and activities should be compliance-based. 

?herefore. the emphasis on planned expaiments and 0 t h  activities should be on those activities that are 
likely to resolve or significantly nduce the uncatPiNy surrounding imponam issues or on those activities 
that make a significant connibmion toward achieving that qualitative goal of rrasonable expectation. 

In reviewing the test phase plan (MIE'WIPP 89-011 Revision 1, 1993) and the 1992 PA 
(SAND92M00/1-3,1992). and ns disawed in the previous section, then is m integrated picture of the 
supra8alado hydrologic system presented in d th  document or in any of the other documents reviewed. 
Most of the puzzle parts ~n mQC but they have m t  been assembled in a way mat makes it clearly evident 
what pieces are missing (i.e., wht ranains to be done). In this re&, the PARTS examination of the list 
of non-Salado hydrologic propaDie md eonsport ocoivities outlined at the stan of this subsection gave 
rise to many questions. Consider the following: . 

Why is it mat colloids ad colloid tnnsport are mauionai as an impatnnt transport issue for 
w> Culebra only in tk test ghse plan? Where did this issue fim surface? What is the basis . (e.g., wen t h e  obsavations dwhg  tests?), rationale, and justification for believing it 

to be important at all? 
-. Where was the complipl~ce-based imponaece of Culebm gas flow modeling raised otha than 

in the test phPse plan (SecLlon 5.1.1.3 poge 5-8 of DOEIWIPP 89-011 Revisi011 1.1993) and 
how is thi;relev& when it is m t  yet d& w h t  the PppopiPDe compliana model should be 
for water and solute? How is this mom important thrn a modeling effort that considers 
density driven flow aad communication baween units of the Rustla? 

- 



For most of the non-Salado hydrologic properties and transport activities ourlmed at the 
beginning of this subsection, there is only the brief general description and justification found in chapter 5 
of the test phase plan (DOYWIPP 89-01 1 Revision I. 1993). Of these activities, only the four indicated 
in this outline are in the actual planning stages. 'Ihe 1992 PA (SAND9247Wl-3, 1992) discusses just 
three of these activities: the batch and column radionuclide sorption studies and the seven-spot multiple 
well tracer tests being planned by Beauheim and Davies (SAND9247Wl-3. 1992). 

None of the draft planning documents were available for the PART review; however, the PART 
was briefed on the column remdation experiments being planned by Fred Gelbard (SNL) during one of 
the PART interviews. and the PART was able to visit the laboratory and examine the apparatus that will 
be used in these column experiments. The only Other discussion regarding planned non-Salado 
experiments arose in the PARTS discussion with EEG. LokeshChanwedi expressed concem over the 
possibility that DOE might abandon the seven spot multiple well tracer tests for a series of five single 
well tracer tests, especially considezing the extensive review that the seven spot experiments had received 
by the technical community outside WPP. 

The PART is not able to make -led comments on any Of the proposed expwiments since it did 
not renew them in detail. However, On the basis Of thedescription Of the planned column radionuclide 
sorption studies outlined by Fred Gelbard and the PARTS discussion with EEG on the need to replace 
expert judgment data on Kd's with real laboratory information, these experiments appear to be compliance 
based and critical. 

4.4 DEWEY LAKE REDBEDS 

The Dewey Lake Redbeds do not represent a pathway for the migration of radionuclides, but 
control the flow of recharge to the underlying units of the Rustler Formation (SAND92-070012). 

As described by Mercer (1983) and Snyder (1985), the Dewey Lake Redbeds conformably 
overlie the Rustln Formation lhey are the youngest Permian age rocks in southeastern New Mexico and 
they mark an abrupt change in the depositional environment of the area from the dominantly evaporitic 
Rustler deposits to a deltaic sequence representative of a tidal flat or v e q  shallow water deposits. These 
deposits consist of alternating, laminated to thin, even beds of reddish-brown siltstones inte&edded with 

, minor claystones and containing lenticular intabeds of fine-grained sandstone. Nearly all siltstones and 
.J claystones contain veins of secondary selenite gypsum, except near the top. While most of the veins are 

parallel to the holizontal bedding, many veins cut the formation at various angles as noted by occasional 
vertical veins obsaved in cons. Ibe formation rhins from east to west as a result of post-Pennian erosion 
and varies in thickness from 167 m (543 A) a few miles southeast of the site to 148 m (481 A) near the 
center to M m (97.5 A) a few miles to the southwest ?he formation outcrops in low bluffs along the 
north aod east of Nosh Draw, whae it is nearly compleaely absent excep in sinks and collapse features. 

Drilling for PrePl gwhydrologic evaluation indicated local zones of pameability but did not 
indicate the existence of any continuous zones of saturation, although local minor zones of saturation 
were observed at wells H-1, H-2, and H-3 associated with the interbeds of fine-grained sandstone 
(SAND92-0700R. 1992; Mercer, 1983). Mercer (1983) believes thnt sand units near the top of this 
formation become localized perched or semiperched saturated zones dependent on the existence of 
favorable local recharge conditions. Sevaal wells at the J.C. Mills Ranch (formerly the James Ranch) 
south of the site (T. 23 S., R. 31 E.. section 6 and 7) (billed to depth of W to 212 A produce w u a  from 
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the Dewey Lake Redbeds (SAND92-0700/2. 1992; Mercer. 1983). Mercer (1983) postulates that ranch 
wells are completed in one of these lenticular sand units and. further. that the extensive region of active 
sand dunes to the east of this area could be the recharge source for the perched water bearing units. 

Merca (1983) hypothesizes that the Dewey Lake Redbeds act as a protective cover that retards 
the dissolution of evaporites of the Rustla by restricting groundwater movement within the Rustler as a 
result of the perched character of the w m  in the lenticular sands. Howeve, he offers no explanation of 
just how continuous recharge would not evenrually bypass these lenticular units by running off in very 
localized areas near a low end of these saturated lenticular units on their way to a continuously saturated 
unit like the Rustler in order to proceed to a regionat discharge area He does offer suppon for his 
hypothesis by arguing that groundwater percolating through the Dewey Lake Redbeds and penetrating to 
the uppa anhydrite of the Rustler at WIPP should cause it to be altered to gypsum but that existing cores 
and geophysical logs do not indicate any alteration except where the Dewey take is thin or absent. 

Hydrologic propenies of all the supra-Rustla rocks are poorly understood because of the 
difficulty of making measurements and, as a result, have only bem stimPted based on the description of 
fine grained-sandstone and siltstone (SAND92-0700/2, 1992). Saturated hydraulic wnductivi@ is 
estimated as 10-8 mls and pomsity is estimated 0s 0.2 (SAND92-07W. 1992). 



5.0 IMPACT OF REPOSITORY AND WASTE EMPLACEMENT 

In this section, the impact of repository excavation and waste emplacement on the long-term 
performance of the disposal system is considered. At first glance, the impact might be considered to 
be minimal because of the depth of the repository and the presence of only four man-made pathways 
(the shafts). However, the mechanical. hydrogeological. chemical and thermal fields will be disturbed 
by repository excavation and the introduction of waste, and changes in one field may cause changes 
in another, i.e., coupling. Assessment of the impact of these changes is Complicated by questions of 
scale, both temporal and geometric. The time scale required by regulation (10,000 years) is too long 
for the usual iterative approaches, and the geomeuic scale is too large for experimental validation of 
repository response models. Natural heterogeneity of the rock mass and the influence of brine and 
gas generation are additional complicating factors. 

The processes expected to occur in the repository following closure, and the PA efforts to 
understand and predict these processes are examined in this section. Subsection 5.1 provides 
background informotion on excavation effects and mom closure. In Subsection 5.2 the permeability. 
pore pressure, and brine inflow in the disturbed rock zone are discussed. Subsections 5.3 and 5.4, 
examine gas generation and gas flow, and Subsection 5.5 considers the coupled effects of closure and 
fluid flow on repository behavior. a+' 
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5.1 EXCAVATION EFFECTS AM) ROOM CLOSURE 

5.1.1 Introduction 

Before considering the effects on the repository of excavation and emplacement of waste. this 
subsection will briefly review the undisturbed state of the Delaware Basin. There are four primary 
fields of interest: mechanical (mess-main-displacement), hydrogeologic (pressure, regional pressure 
gradient, and velocity), chemical (species, concentration gradients, reactions), and thermal 
(temperature, temperature gradient, heat flow). 

Prior to excavation, the stress field in the Salado is expected to be lithostatic and isotropic. 
because of the age of the basin and the obwat ion  tbat halite cannot sustain a stress difference 
without flowing to alleviate i t  'Zbe hydrogeologic field is expected to have pore pressures close to 
tithostatic (because of the ductile nature of the salt), relatively low horizontal gradients (because of 
the location of the WIPP site relative to the edge of the basin), and vexy low velocity (because of the 
small' gradients and the permeability of the halite). Because of the age of the basin and the small 
amount of mass transfer into the basin. one would expect that the chemical field would be near 
equilibrium with concentration gradients occurring only near the clay seams, anhydrite stringers, etc. 
Therefore, chemical reactions would not appear to be likely in this environment. The thermal field is 
expected to have a temperature of about 27' C and relatively low tbamal gradient and high heat flow 
because of the relatively high thamal conductivity of rock salt. 

All four of these fields will be dislurbed by the excavation of a repository and the introduc- 
tion of waste. Ihe mechanical field will be altered by the excavation of the openings with anendant 
suess concentration around the openings, resulting in higher main rates and displacements that tend 
to close the openings. A rather large sink is created in the fluid pressure field which is suddenly 



dropped to approximately one atmosphere at the periphery of the openings. lhis results in a rapid 
change in the pore-pressure gradient field. with an accompanying change in the velocity field and - 
flow into the openings. The excavation process and emplacement of waste introduces new chemical 
species into the formation, which produces concentration gradients and the potential for reactions. 
particularly in the presence of brine. As the excavation develops, a ventilation system is installed 
which transports vapor from incoming brine to the surface. The accompanying temperature changes 
near the room surfaces results in a change in the stress field, but it is unlikely that the thermally- 
induced strain will be large enough to induce surface fractures in the halite because of the relatively 
low initial surface temperature of the rock. 

The discussion above implies the coupling of phenomena, i.e., changes in one field may 
cause changes in another. For example, the excavation-induced disturbed rock zone @RZ) is likely 
to have both higher porosity and permeability than the far-field rock. Modeling of coupled 
phenomena is difficult due to the lack of complete understanding of the coupling and appropriate 
data. In PA it is desirable to make bounding calculations using relatively simple, uncoupled models. 
However, it appears to beprudent to understand coupled phenomena that may invalidate assumed 
bounding models. WIPP PA generally avoids making bounding calculations and promotes the 
probabilistic approach as required to capture and evaluate uncertainty. Beauheim et al(1993). 
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5.12 Questions of Scale 
a 5 ',' 

"; P.?. ' : Some of the most difficult and challenging aspects of designing, licensing, and constructing ,.,,..~,-,,'J 

nuclear waste repositories revolve around questions of scale. The time scale required by regulation, - 
10,000 years, is too long for the usual iterative approach of "build and test and redesign" used in 
developing common engineered systems. It is not possible to develop a pilot plant and observe its 
performance through its life cycle in order to improve future designs. l k  remaining options 
include conservative design, in which driving forces are overestimated and the ability of the 
repository to contain waste is underestimated. Even this conservative approach cannot parantee 
adequate performance of the repository because the failure of engineered systems is sometimes 
caused by unanticipated loading conditions, for example, the dramaUc failure of the Tamma Narrows 
Bridge caused by dynamic wind-StlacMe interactions that w a e  not accounted for in the design Ln 
the case of repositories, the possibility of ovalooHng a potentially important failure scenario or 
interaction is minimized by careful design and analysis, PA, pad the licensing or ceniflution process. 

Complementary to the conse~ative approach outlined above, is the development of 
computerized models to simulate the future performance of the repository system. Given the 
circumstances, this is tbt best that w be done. It is atcessary, but not sufficient, that these models 
reliably simulate observations made during various laboratory field tests at WIPP. Finally the 
judgment of experts and probabilistic modeling can be used to assess the performpoce of the system 
relative to the regulations. 'Ihese appoaches appear to be the best possible, given the time scale and 
uncertainty of the problem. 

In addition to the time scale, thae are geomelric scale problems. The geometric scale is too 
large for experimental validation of repository response models. Figure 5-1 A and B Illustrates 
observations made of trough subsidence o v a  mined excavations. In part A, the width of the - 
excavation is less than the deph, and thae is an arching effect prrscnt that aMsfUs part of the load 



Figure 5-1. (A) IdemUlcd Representation of Trough Subsidence (after Rellemaun, 1957) 
(B) SUpC~ri8kd SUbSideDCe ( ~ W T  h n k h 8 ~  1964). 



from the overburden to the undisturbed rock on both sides of the excavation. In this case mine 
pillars, which are located in the region marked "excavation" on the figure. do not need to carry the 
entire load of the overburden. This situation is termed subcritical subsidence. Pan B illustrates 
supercritical subsidence where pillars near the center of the excavation must carry their share of the 
overburden load. Field experiments performed at the WIPP site are necessarily in a subcritical state 
because of the geometric scale problem. whereas the fully-developed repository will be 
approximately at the critical point. Large scale subsidence is not expected at the WIPP due to low 
extraction. Rather. this figure is shown to illustrate the problem of scale. Being able to predict room 
closure in the experimental area, using the elastic-steady state creep constitutive model with reduced 
elastic modulus in the code SANCHO as has been done in PA, may not ensure successful calculation 
of room closure in the full repository where the stress field will be different. This topic is further 
developed later in this section. 

Again. it is necessary to rely on the ability to ca@Ulate and predict the future performance of 
the pillars and the rooms. The validity of these calculations cannot be directly checked because of the 
time and geomevic scales. However, it is possible to validate the models over the period of 
observation and demonstrate that deformation (i.e., the change in size and/or shape of a region of the 
continuum) mechanisms in the near field around the ~ O O m s  are consistent with those observed in salt 
naturally deformed over a much longer time. lhis procedure builds a higher degree of confidence 
in the simulated results, provided that the predicted loading conditions are approximately correct and 
a more complete constitutive model (described below) is used. 

Work on a constitutive model for WIPP salt cnep and room closure has gone on continuously 
since the late 1970s (Munson and Dawson, SAND79-1853, 1979 Munson et al., SAND88-2948, 
1989; and Chan et al., 1992). This work is well respected in the rock mechanics community 
internationally and is representative of the state of the art. The Munson-Dawson (M-D) model has 
not yet been incorporated into PA calculations, SAND92-070013 DEC92 D W ,  although plans 
exist to incorporate this work in the near future. 

5.1.3 Heterogeneity: Natural and Repository Induced 

One of the facton that mnlres modeling of o b m e d  phenomena in underground openings 
difficult is natural heterogeneity of the rock mass. Many roof falls and floor heaves seen in 
underground salt mines can be Usced to a plane of weakness such as a clay stringer, anhydrite layer, 
or marker bed These feamm sometimes exhibit spatial variability in propaties and are frequently 
discontinuous in nature. Flgwe 5-2 shows artists' cowptions of possible interactions between the 
closed disposal room and these heterogeneous features. These illustrations indicate interaction 
between natural haaog~lcous features and the DRZ, which is a repository induced heterogeneity. 

The rock bolts shown in Figure 5-2 help to maintain the structural integrity of the roof and, 
provided the bolts are tensioned, reduce the effects of the DRZ in the roof. Rock bolts are sometimes 
used in the ribs and in the floor to maintain the integrity md longevity of the opening, but not at 
WIPP. The effects of rock bolts are difficult to model when using two-dimensional models and are 
another example of repository induced heterogeneity. 



(b) D l s p o m l  Room Atkr Room Creep (c) Disposal Room After Posslble 
Clowra and Brim Inflow. Gas Leakage, Room Expansion 

and Bline Inflow. 
Figure 5-2. Diagram Illwtrating the Conceptual Evolution of a Dirpos8l Room Within a 

WIPP Waste Panel. Illurtmted in the upper lefl b the setting for a typical 
dbpoul room relative to the stratigrrphy at depth and the progression of 
states, starting with (a) an idealized depiction of the disposal room after 
dosure; (b) the disposal room after a n p  closure and brim inflow, and (c) the 
dbpasal room after porribk grr Ieduge, room expansion and brine inflow. 
(Reference 1991 PA) 



Another example of heterogeneity is the high pressure brine pockets in the C~astile formation 
below the repository level. 'Ihese brine reservoirs represent a potential source of brine that could 
affect salt deformation (Section 5.3). gas generation, and radionuclide releases. but are likely only if 

tapped by boreholes generated by inadvertent human intrusion. Heterogeneity is of crucial 
importance in compliance and is receiving needed anention (see DOYWIPP 89-01 1, Rev. I ,  Test 
Phase Plan for the Waste Isolation Pilot Plant. March, 1993). 

5.1.4 Repository Environment 

The repository environment will affect its subsequent behavior. Significant brine migration 
into disposal rooms would. for example, enhance salt flow (i.e.. deformation that changes with time. 
Section 5.2). Temperature increases due to heat-gewating waste are expected to be rather small, but 
salt flow is very seasitive to temperature. Gas generation and its timing relative to the aeep closure of 
the room and the effectiveness of the man-made Seals. pPrticulPrly in the DRZ, could alter the ex- 
p e w  response of the repository. Gas flowing into microfractures in the DRZ could promote more 
brinle behavior in the salt mass by reducing the effective confining pressure. Figure 5-3 from Chan 
et al., 1992 shows the influence of confining pressure On aeep rote for a range of sness diffaences. 

Figure 5-3. Calculated Study Stmte Creep Rata as a Fnnctlon of Stress Difference for 
Vuloma Leveh of Confining Reunre Showing a Reduction of Creep Rate 
with an I n e d n g  Level of Coallining Rusm (Cban et d, la ) .  - 



5.1.5 Current State of PA Relative to Creep and Room Closure 

Creep and room closure PA process modeling is ongoing (Figure 5-4 and Figure 5-5.) 
Sandia National Laboratories will soon incorporate the M-D model in PA calculations. Currently PA 
is using an elastic-steady srate constitutive model for salt in a code called SANCHO (Stone et al.. 
1985). that is simpler to incorporate and faster to calculate in SANCHO than the preferred M-D 
model. 73e Test Phase Plan for WIPP, March 1993 indicates that the M-D will be used in future 
calculations. 

Figure 5-4 Typk.1 Creep Tat Showing Transient and Apprent Study Stmte Response. 

'Ibe use of the M-D model in the calculations is impoftant because decisions relative to the 
importance of catah events depends on when room closure and consolidation of the backfill and 
waste occur. Davies et al., 1991 present an overview of strongly coupled chemical, hydrologic, and 
simplified structural processes. Figure 5-6 shows fltc dramatic reduction in cumulative brine inflow, 
tk rate of brine inflow, and mC slope of the m e  (which actually revases sign, indicating that brine 
is being displaced out of the room) when the coupling of gas generation and brine inflow to a 
disposal room is considad in the absence of room closure. 



Figure 5.5. Scbemmtic Magrmm Illustrating C m p  Closure by h c t k  .ad Brittle 
Proceares. 

Figure 54 .  Plot Computag Cnmnhtire Brine Id lor  to 8 Dl8poul Room in tk Abaence 
of G u  and Brine Innow with 8 F W  Gu-Generation Rate of 3 Mobs per 
Drnm Pcr Yeu. Tbcre rimnhtionr m bued on the modal c o ~ n r ~ t i o n  and 
-tern ulrn-tcd IE ~ i g -  7. mkr tt J, ini). -, 



If creep C I O S U ~ ~  is considered without gas generation, average initial porosity of a backfilled 
room of 0.65 drops to 0.3 in 100 years and to about 0.16 in 750 years, Figure 5-7 shows the 
porosity history for rhis case (Davies et al.. 1991, Fig. 11). However, if constant gas generation rate 
exists in a perfectly sealed room. the decrease in porosity leads to higher pressure, which in this 
model leads to a reversal in room closure and an expansion of the room, as shown on Figure 5-8. 

The results shown by Davies et al.. 1991 are from two-dimensional calculations using the 
SANCHO code and the elastic-steady-state constitutive model. The elastic modulus in this simplified 
constitutive model was reduced in magnitude until computed room-closures agreed with measured 
values. Because the elastic modulus is a fundamental physical property of the salt. it has a measured 
value. When the value is changed to enhance agreement with measured results, it becomes a fining 
parameter, and the constitutive equation has no fundamental basis. If the deformation in the 
repository is very similar to that of the measured results, such a model may be adequate to predict 
performance. However, it is difficult to have much confidence in the results of calculations using this 
model until it is shown that the simplified model produces results in agreement with the more realistic 
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model. ./ +. . '.\, 
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Figure 5-7. Simulation of Average Porosity History of a Msposlll Room Filled with TRU 
Wute and 70% SdVJOQ Bentonite BaJNI and no G u  Generation, Adapted 
from Butcher et al. in Rcss A ( h v i c s  et d, 1991). 

l k  finiteclement mesh used is shown in Figure 5-9 and has several limitations that may 
affect the results. For example, the model used is two-dimensional and represents one quaner of the 
room and pillar system; i.e.. two planes of symmetry have been assumed, one vertical and one 
horizontal in a homogeneous salt mass. Ttr horizontal symmetry plane forces the model to assume 
that the room is filled with waste surrouDded by crushed salt bacWll with no air-gap at the top. 
Funher, the assumed horizontal symmetry plane makcs it impossible to include some heterogeneity. 
No inter beds are iduded in th model. 



Figure 5-8. Simulated Changes in Avemge Room Porosity for a Perfectly Suled Room 
witb a Gas Gtwrstion Rate of 2.60 Moles per Drum per Year (hvies et .I, 
1991). 

Figure 5-9. Modeling MuL a d  Boundary Caditiom for Wclll.tlon of Porosity Surface 
with SANCBO (adapted h Mendenball et .I, 1991, Flgwe 3-2). 

- 



This model is valid only if there is a continuing sequence of identical rooms in both 
horizontal directions, which there is not. In a repository with a width greater than critical width. see 
Figure 5-1, the model represents pillars near the center of the total width of the excavation. 

With respect to loading on the room-pillar model, the overburden is represented as a fluid that 
only applies pressure to the top of the model; i.e., the model neglects the stiffness of the overburden 
and its potential effect on room performance. For rooms away from the cennal area of a repository 
of supercritical width, and for repositories of less than critical width, arching may occur in the 
overburden and the assumed boundary conditions may not be adequate. The model used also 
assumes that the rwms are all excavated and filled simultaneously, which is not the case. The time 
sequence of excavation, filling with waste, and backfilling with crushed salt may be important in the 
development of the DRZ and the response of the repository moms. 

Ihe  salt has been assumed to be homogenous and at a constant temperature; in other words. 
the natural thennal gradient, heat generated by the Waste. heat removed by ventilation during the 
operating period, etc. have all been neglected Given the known sensitivity of salt deformation rate to 
temperature, temperature calculations and thermal effects should receive careful consideration in PA. 

SNL investigators are aware of the limitations of the model, as currently used. 'The coupled 
system is complicated and increasing the detail in the model will require significant effort; however 
the details of the system may be important to PA. It is apparent that further work in this area is 
needed for better understaading of the performance of the coupled system. 

- If chemical (gas generation), hydraulic, and structural effects are all considered 
simultaneously, increased gas pressure is ex@ to decrease brine inflow. which would limit the gas 
pressure generated, and decrease the possibility that the moms would expand rather than close. If the 
gas pressure becomes too high, new fractures will be created that will lower the gas pressure. 'These 
fractures may occur in the DRZ if the gas-genaation rate is high. It is apparent that the timing of 
each of these phenomena is important in the coupling.. Also, the question remains of whether a 
disposal room can effectively seal the gas generated. 'The rate at which the DRZ fractures heal, 
relative to the gas pressure generated, appears to be impoaant 

'The M-D model and most otha  models are based on the results of laboratory scale tests in a 
dry environment. This may or may mt be important, depending on how well the laboratory results 
scale up to the repository scale and how much brine W l y  enters the repository. Salt deformation 
may be affected by miawocking and gas pressure in the pores (Chan et al., 1992, repon on work 
in progress to incoprate brittle phenomena into the M-D model). F M l y ,  the M-D model has been 
developed using primarily the results of triaxial compression aeep tests at various temperatures in the 
range expected in the repository. It is questionable whether any model based on simple mess paths 
will be able to accurately predict the respow of the rock to the potentially more complicated stress 
path (possibly including a change from contraction to extension) that may occur in the repository. 
Tfiis is not a criticism of the M-D model; It is the best currently available and should be used. ideally. 
the M-D model, as modifled to include brittle behavior. will account for all of the deformation and 
will be Pdequate for coupled analysis. Tbe Tat Phase Plan for WPP, March 1993, p. 3-27. notes that 
in referring to coupled multiphase studies, "these models describe the physical behavior of the 
disposal room in pa!a detail than necessary for the performaace ases$mcnt. . . . 'The three-phase 
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model may allow the Project to better understand and represent the relationship of room dynamics 
and fluid flow for the performance assessment." - 
5 . 2  THE DISTURBED ROCK ZONE 

Brine inflow rates into the waste-filled rooms and other repository-level hydraulic propenies 
of the Salado Formation are being characterized carefully, because brine -b, /" C,.! ~, 

is the principal means by which radionuclides may be aansponed out of the repository; !?-a', ,. . . . : c + >  ' .  
strongly influences gas-generation rates and pressures within the repository; and , .  . 

, 
'9 

.. . . 
generally affects mechanical properties of salt and salt seals. 

_,. -.- 
Hydraulic conductivity (permeability) and specific storage (porosity, storativity) all increase. 

while fluid pore pressure decreases within 1 to 3 meters from the walls of the excavations (Beauheim 
et al., 1991). These changes are to be expected because in the course of mine closure, a large stress 
gradient is generated from lithost?tic pssure  within the salt to atmospheric pressure at the excavation 
boundary. l l i s  leads to rapid transient creep processes, iIY:lUding cracking at grain boundaries in the 
salt and faulting in MB 139 (Figure 5-10 A). 

Munson et al. (1989) and Chan et al. (1992) have incorporated a aeep damage model into 
the multi-mechanism deformation model proposed by Munson and Dawson (1984) in order to 
account for the uansient response. Ratigan et al. (1992) have developed a criterion, based upon 45 
tests on WIPP salt and 39 tests on Awry Island salt. -by, at high snnin rate and at critical ratios of 
shear stress to mean pressure in the salt, 6 1 11 > 0.27 positive volumeuic snains occur by 
dilatancy. Damage due to dilatancy increases as the ratio &!0.2711 increases above unity and for 
values less than unity, zero or negative volumetric strains are accompanied by crack healing. R.L. 
Thorns (personal communication, December, 1992). for his model of a solution-mined cavern withn 
N. Dayton dome. found that the critical value of & I h was exceeded only within 3 metas of the 
wall at 850 meters depth. At WIPP, Borns and Stormont (1988) fouad that dilation within the DRZ. 
resulting from miaoaack porosity, increases with time and is accompanied by in- in gas flow 
rate (by 104. Figure 5-10 B). apparent resistivity (by 900 ohm-m) and by dmerses in compressional 
wave velocities (by 10%). This dilataut volume incrUUK at lerst pPrtly accounts for closure rates 
observed that are tta& times h i m  than those calculated prior to excavation; (see also Munson a al., 
1989). 

Each year, as a result of new understanding Pad improving technology, the hydrologic 
propenies of various mmbas of the Saliub have been refined (Beauheim et al.. 1991; Howpnh et al.. 
1991; Jensen et 11.. 1993a.b; PA 1992). Mort spedficP1ly. estimates of far-field pameability have 
consistently decreased, while those of inninsic formation pore pressure have increased as it has 
become clear that disturbances resulting from the excavation have strongly influenced diffusivities 
and hence the results. For far-field hydraulic properties, the most reliable data have come from 
f i h n  borcholes drilled 23 maas deep in the vicinity of what was to become a 110 m-long by 3 m- - 
diamaa (309 ft-long by 11 A-diameter) cxperimemal tunnel termed Q. lensen et al. (1993 a b) 



Figure 5-10. Disturbed Rock Zone Adjacent to Underground Excavations at tbe Waste 
h h t i o n  PUot Phnt  (A) Fmctare Patterns. (B) Contomra of Gas Flow 
Rate lor Gas Iojcctcd at L a  tbm 1 MPa (Dm* et .L. 1991). 



describe schedules. procedures and data acquisition in detail, and interpretations of pre-excavation 
data are given by Howanh et al. (1991) and Gorham et al. (1992). Howanh et al. (1991) used - 
somewhat different data reduction, fining. and interpretation procedures than did Beauheim in 1991 
and Gorham in 1992, and. in some instances. permeability estimates differ. 

Beauheim et al. (1991) discuss details of permeability tests in rooms C2. D. LA. 7, SOP01 and 
SCPOl (Figure 2-8) and conclude that since all tests except three were within 5.6 meters of the 
excavation walls. estimated hydraulic propenies are likely to represent values from zones that have 
been disturbed or depressurized. Formation pore pressures within 3 meters of the wall range from 
0.1 to 0.5 MPa Pore pressure beyond 3 meters is variable, in the range 2.7 to 9.3 MPa and. beyond 
6 meters, apparently is greater in the anhydrite (12.5 MPa) than in the halite; little change in 
permeability occurs in this depressurized zone (Beauheim et al., 1991; Gorham et al., 1992). 
Hydraulic conductivities within 3 meters of the wall are higher by two to three orders of magnitude 
for both halite and anhydrite layers. Peach (1991) .also observed a thousand-fold decrease in 
permeability of Asse. Germany, salt from the gallay wall to 3 metas into the salt body in a mine 
room at the 800 m (2,600.R) level. 

Stormont el al. (1991) document signirkant increases in  both brine and gas permeability in 
salt near a 3-footdiameter "mine-by excavation" drilled into the floor of the WIPP mine. Prior to 
excavation, formation pressures and permeabilities were detamined using an array of 4.8 cm (1.9-in) 
test holes drilled at distances of from 1.24 to 4 radii (r) from the centa of the .45 m (1.5-ft) radius 
hole to be excavated. During and after excavation, the low pressure and high deviatoric stress near 
the wall induced major damage to the pore structure by cracking and dilation; large, transient 
pressure drop and increases in permeability were recorded in test holes placed at 1.25 and 1.5 r. - 
n e s e  changes were much less pronounced in test holes at 2, 3, and 4 r, where little to no p o p L  

,' 
m a u r e  damage occurred (Stormom a al., 1991). .. . 
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5.2.2 Brine inflow 

Mechanically, the limited brine in the DRZ may increase transient mep rates by enhancing 
crack growth rates at the low mn6ning pressures (Brodsky and Muosoa 1991). 'Ihae is no evidence 
to suggest that dislocation processes (miaoplsticity) an enhanced by hydrolytic weakening in alkali 
halides, and pressure solution (grain boundary dissolution-diffusion-pecipitntion) kinetics at 27OC 
are such that these processes m not expected to contribute @y to the creep strain during closure 
(Borns, 1987; Carta et al., 1993). Howeva, the presence of watu does enhance crack healing rates 
(Hickman and Evans. 1991; Brodsky. 1990; Costin et al.. 1980) and hence the dilatant state of the 
DRZ during creep dosurc will depend on the balance between aack  opening, and healing. Possible 
brine sources other thpn SalPQ include leaks through shaft seals of Rustla Formation brines (Section 
7) and injections from boreholes in Castile Formation pressurized brine pockas; howeva, the Castile 
sources relate only to relatively late Umc frame behavior. 

Brine inflow rates at WlPP have been monitored extensively in the Brine Sampling and 
Evaluation Program (BSEP) (Deal a d  Case, 1987; Deal et pl., 1989; Deal and Roggenthea 1992) 
and for rooms D. L4 and the Q ~fcess drift (Fiiey et al.. 1992). Figure 5-11 shows the size and 
orientations of 17 small-scale brine inflow baeholes relative to the sUatigra@ly of the waste facility - 
horizon Subhorizontal holes DBT 16 and DBT 17, wae drilled into a single stntigrsphic u n i ~  clean 



Figmre 5-11. Schematic Diagram S b o w i ~  Srm.11-Sule Brine Inflow Boreholes and the 
Stratigraphy Tested La Each (Finley et d, 1991; MB 139 stratigraphy from 
Born* 1989. 



halite map unit 9, in the rib of room D and have shown no brine inflow in 1.350 days. The other two 
subhorizontal holes. L4X01 and L4B01 were drilled into map unit 0, a 2-m (6.6 f t)  thick layer of - 
argillaceous halite compr~sing the lower half of the waste facility horizon; these two holes have 
produced small amounts of brine over the monitoring period (Figure 5-12). Clay content, which is 
directly related to bulk water Content (wt % H20=wt % insol. res.13; Stein and Krumhansl. 1989) is 
believed to be one of the controlling factors influencing the brine inflow. Deal a al. (1989) also find 
small inflow rates for horizontal holes of the BSEP program and note that such holes older than 2.5 
years are not producing brine. 

Brine inflow rates for vertical holes through the repository horizon are generally higher than 
for the subhorizontal holes. Rate of inflow for DBT 15 is shown inFigure 5-12 but these values 
differ appreciably from those recorded for hole DBT 14, a like-sized (10-cm-diameter) hole. 9 
meters away, bored through the same stratigraphy. The cumulative brine mass for the eight 
boreholes in the floor of room D ranges from 4 to 17 kg as compared to the 1.5 to 2 kg for the two 
subhorizontal holes in room L4 (Finley et al., 1992). In accord with the results of Finley et al. 
(1992). from 5 to 15 g r d d a y  of brine were collected from the eighteen BSEP holes near the 
repository horizon (Dd and Case. 1987). 

The five equally-spaced boreholes in the Q access drift were designed to test stratigraphic 
units immediately below the waste facility horizon, especially MB 139 5-11, Iowa right 
columnar section). lnflow rat& from these boreholes have been both the greatest and the most 
variable of the three areas sampled, with an avaage of 14 kgholdyr. Howeva, bixehole QPBM, 
which is located in cenm of tk drift, h.s produced more than half (63.9 kg) of the 113.4 kg of 
cumulative brine inflow (Figure 5-12) in two yean and QPBOS has produced nearly one-third. A - 
fracture was identified in QPB02 and a salt enaustatio- day-covered perturbation-was found in 
QPBO5: excavation-induced fracturing in MB 139 may explain these variable results Pad brine influx 
histories (Finley a al.. 1992, Figure 12; Table 2). 

Increasing, +creasing, and fairly steady i d o w  rates have all been observed in 15 of the 17 
boreholes; all thne types of behavior frequently occur in the same borehole. Most of the boreholes 
showed a high initial mass flux followed by a monotonic dmeose in flux with time. Eleven of the 15 
brineproducing boreholes have shown inawing flow rates during the Inst y e ~ r  (Finley et al., 1992) 
a response also mted for BSEP hola @eal ct al.. 1989). Steady or ioQeosing intlow ra t s  are most 
probably the result of ongoing fracture development because, in a contlned resavoir, flow rates 
would deae~se with time, as is obsaved in the early history of nine of the boreholes. 

Now* a d. (1988) present a WIPP brine flow model mat wumes transient Darcy flow in a 
porous medium and pruiicrs brine inflow rates for comparison with those observed in the BSEP 
program (Dd and Case, 1987). Combined with conservative values for the fluid diffusivity, 
viscosity, and tk bonbole d u S ,  tbe apparent pameob'ity (k) at hydrostatic fluid pressure for long 
times was estimated to be 3 5  x 10-21 mz. 'Ihis estimate falls within the range 10-20 to 10-21 m2. a 
range thm believed to be representative of far-fidd permeabilities on the basis of in situ tests 
(Perasca 1987). 

Expected brine accumulations, using this pameability range Pnd pore pressures from hy- 
drostatic to lithostntic, were calculated for a WIPP refaence disposal room (4 m x 10 m x 91 m; Total 
Surface Area = 2548 m2; Volume = 3645 mf) by means of two-dimensional numerical analyses. 
For a room in a panel. expected OCNrnulatiom &.a a 100-ye~r ~ - c l ~  paiod range from 4 m3 - 
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for hydrostatic fluid pressure. Po = 6 MPa and k = m2 to 43 m3 for lithostatic fluid pressure. 
P, = 15 MPa and k = m2 (Figure 5-13). The increase in fluid pressure at constant permeability - 
increases cumulative inflow by a factor of two to three whereas a ten-fold increase in permeability at 
constant fluid pressure increases inflow by a factor of four to five. Nowak et al. (1988) regard 43 m3 

(1.2% of the room volume) as an upper bound on brine flow into disposal rooms. Lappin et al. 
(1989, p. 3-14) note also that the estimates of Nowak et al. may be inherently high because of flow 
model assumptions and system characterization uncertainties. Bredehoeft (1988) obtained similar 
results for this permeability range in his numerical analysis of brine inflow. 

5.3 GAS GENERATION 

Preliminary analyses of post-closure evolution Of disposal rooms indicate that significant 
quantities of gas may be generated by anoxic corrosion Of Steel containers and iron-based alloys in 
the waste and by microbial degradation of cellulosics (Lappin et al.. 1989). Brine quantity and 
chemistry are important in considantions both of radionuclide solubility and of gas generation rate 
(Davies et at.. 1992).  as-genaation rates are reduced if the environment is humid rather than 
inundated and are reduced still funkr  if conditions are oxidizing (Brush. 1992). Under aaobic 
conditions, gas is not generated by metal corrosion, and microbial activity produces only C02 and 
H,O (DOEWPIO. 1992, p. 2-21); However, for the long-term time frame. following aeep closure of 
the repository, anaerobic conditions should prevail, and sufficient gas may be produced to become a 
factor in repository behavior. 

Pores in the waste, through time, will be filled with brine andlor gas generated by corrosion 
and biodegradation. After interaction with room contents, brine chemisuy and availability are 
expected to affect gas generation rates during anoxic corrosion by defining the thermodynamic 
activity of water in the liquid and vapor states. The absolute humidity of the repository atmosphae 
in equilibrium with Salado brines, as a function Of variations in chemistry and temperature, may 
range from 18 to 27 g/m3 (DOEiWPIO, 1992). On the basis of preliminary expaiments (Brush. 
1991). inundated gas generarion rates from anoxic corrosion y e  estimated at 1 molddrumlyear, 
about the same as those due to microbial activity; rodiolysis of b c h  is expcued to produa only 1 x 
104 moles/drum/yw. Inasmuch as 6.804 d m  are p l W  in each waste disposal mom, the annual ' -of gas generated is esti'mted to be about 1.4 x .lo4 moles. If wx 
conditions are humid rather thrn inundated, tbe rates and annual gas production volumes wiil be 
lower by a factor of approximately ten (Brush, 1991). The total gas production potenrial per drum is 
about 1,600 moles (1.050 - anoxic conosion. 550 - microbial Pctivity) for a total (equivalent disposal 
room) volume of 1.1 x 10' moles (Barun and Davies. 1991). Depending on room environmental 
conditions and the microsrmctllral state of the sunwading rock, this total production potential could 
be realized sometime between a few hw&d d gnucr thrn 10,000 years. 

The gas generated must be stored in the available void space in the waste, the backtill and the 
air gap within each disposal room. lhis Smage vo~ume decreases with time during creep closure 
until the pore pressure exceeds the hydrostatic pnssure. Initially, the air gap volume pa room is 649 
m3 and the waste volume is 1,663 m3 (Baaun and Davies, 1991). VgriaUigas in porosity of the 
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compacting waste as a function of pressure are shown in Figure 5-14 (Butcher, 1990; 1992; Dav~es er 
al., 1991; Beraun and Davies. 1991). Properties of the crushed salt backfill are reasonably well- - 
stablished by means of laboratory-scale compaction experiments (e.g. Holcomb and Shields, 1987; 
Holcomb and Zeuch, 1990; Pfeiffle and Senseny. 1985; Case et al., 1987): The backfill occupies a 
volume of 1.328 m3 and has an initial porosity of about 0.4 (Beraun and Davies, 1991). Thus, the 
initial void space will be 649 m3 (gap) plus 1.300 m3 (waste) plus 530 m3 (backfill) or 2,479 m3. 
The "final" void volume available following closure will be about 425 m3 (26% of 1.663; Davies et 
al.. 1991) in the waste, since the air gap disappears and void space in the backfill will be isolated as 
the cmshed salt becomes relatively impermeable. (Lappin et al., 1989) (Italcomb and Shield, 1987). 
~t the maximum gas genaation rate (1.4 x lo4 moledj'r), assuming no leakage, 50 m3 of brine, and 
ideal gas behavior, 375 m3 of void space would be occupied at 27OC (300 K) and 15 MPa pressure 
(lithostatic) in 160 years. Lappin et al. (1989) estimate a minimum final void volume of about 109 
m3 (0.03 of initial volume) so that only about sixty years of maximum gas generation are required to 
produce a gas pore pressure equal to the lithoaatic pressure. 

Figure 5-14. VuLtlon in Poroalty (0 of Wute u Fu~ction of Pressure @.vies et .1, 
1991). 

5.4 GAS now 

Maximum gas pressures calc~lated above assume, among o t h a  simplifications, that gas is 
entirely contained within tfre mom. If fhe surrouding rock is fully sshuwd with brine, as is assumed 
for Salado membas in the far-field, men lk relafive pameability to gas is zao. lo order for gas to 
flow outward, it must establish interconnected pathways PAer exceeding resistive capillary forces 
(rJreshold pressure) and existing brine pore pressure in the rock @rvies. 1991). Davies' threshold 



pressure estimates of Salado Formation members are (1) for relatively pure, undeformed halite. 25 to - greater than 5 0  MPa; (2) for impure halite. mildly deformed halite and some interbeds. 5 to 25 MPa; 
and (3) for interbed units containing pre-existing. panially healed fractures, 0.5 to 2 MPa (Figure 5- 

IS). Therefore. if the far-field pore pressure in halite is 9.5 MPa and the gas within the 
reservoir builds to lithostatic (15 MPah then lithologic units beyond the depressurized zone with q 
threshold pressure of less than 5.5 MPa may permit gas penetration. 

Figure 5-15. Relative Permeablllties,~d Threshold Pressures of Salado Fornution Units 
in the Fu-Field and Nur-Field (Davles et al, 1991) 

Only nonhalite intabeds and, perhaps. some impre  halite members are likely to permit gas 
outflow unda these conditions. For the near-field, several processes involved in creating the 
disturbed and depressurized regions will interact to provide a zone of low threshold and pore 
pressure. 'Ibis --field zone, which may have significant gas storage potential, is likely to provide 
partially desrturued pathways for gas to flow to nonhalite interbeds that have relatively high 
permeabilities and low rtueshold pressuns (Davies, 1991). Possible hydraulic fracturing of MB 139 
would also save to nlieve gas pressure and provide gas storage volume. 

5.5 COUPLED EFFECTS OF CLOSURE AND FLUID FLOW ON REPOSTTORY BEHAVIOR 

On the basis of the foregoing summary of processes expected to occur in the repository 
following closure, it is clear that the overall behavior will depend primarily on mongly coupled rates - 
of aeep closure, brine inflow, and gas generation. Davies et al. (1991; 1992) give examples of 



Figure 5-16. Room Pr~gure C.Icuhted for Iamlld.ted (dotted cone) .ad Vuiabk (solid 
cowe) Gu-Gememtion Rates (D.rkr et J, 1992; F l g m  10). 

possible effects of coupled brine flow and gas generation on disposal room pressures and volumes 
through time. Their two-dimensional model assumes an isolated room in salt (k = 10-20 m2) in  - 
hydraulic communication with higher-permeability (k = 10-l9 m2) interbeds, an initial pore pressure 
of 11 MPa and an intermediate closure state with 1.000 m3 void volume. Brine inflow rate (initially 
at 0.48 m31year) is reduced by increasing gas pressure, so that further gas generation takes place 
under partially humid (.003 mole/drum/year) rather than fully inundated (3 moles/drum/year) 
conditions. Effects of variable gas generation rates on room pressure to 1,400 years are shown in 
Fipre  5-16. In this model. gas pressure does not exceed lithostatic pressure (15 MPa) in the first 
1,000 years. 

Waste and backfill consolidation during atep closure of the rooms causes a significant 
reduction in void volume available to stme waste-gcmPted gas. 'Ihrefon, gas prwun rises in the 
room, which in turs rrsists funba CoIwlidalion ud closure. Modding salt flow as that of a highly 
viscous fluid, Davies a al. (1992) coupled briw and grs flow between a disposal room and 
surrounding rocks in a three-phase (salt brine, gas), fullycoupled system. 'Zbe resulting room 
pressure as a function of time is shown by the solid curve in Figure 5-17. in comparison with results 
obtained for two-phase (gas sld brioe) flow in a room of fixed geomcay. Resulu from simulations 
shown all assume a gas gemration rate of thr& molesldrum/year and do not allow for coupling with 
brine availability. As seen in Figure 5-16, pressure bull&p will occur at a much lower rate for 
variable gas generation ntes. 
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Figure 5-17. Room Pressure 8s a Function of Time for Fully-Coupled (solid curve), 
Three-Phase System (Lhvies et d, 1993;. Figure 16). 

- The microstructural state of salt, which comprises greater than 90% of the DRZ around waste 
disposal rooms, is also critical to repository response and must be accounted for in the coupled 
approximations. The volume occupied by the DRZ, approximated by assuming that it extends 3 
meters into the salt, is from three to four times that of the disposal room, in the initial and fully-closed 
state, respectively, and hence its time-dependent physical properties are of paramount importance. If 
creep closure to the fully compacted state takes place within 100 years. unimpeded by brine inflow 
and gas pressure (Lappin a al., 1989; Marietta et al., 1989; PA, 1992: Davies et al., 1992), then the 
DRZ would self-heal to nearly inninsic far-field permeability. This possibly healed condition is not 
accounted for in current PA calculations, Beauheim (1993). Gas genaation during this period is 
estimated to be 1.4 x id moles per room from both microbial decay and anoxic corrosion in a 
humid environment (0.2 m o l e s / ~ y r )  since only about 50 m3 of brine is available for the process. 
Assuming that no gas leakage occurs, the gas would occupy about 350 m3 pore space in fully 
compacted waste, giving rise to a gas pressure of 1.0 MPa Under these conditions, ideally the DRZ 
would self-seal, providing an impervious shield greater than 1 m (3.3 A) thick around the waste whose 
only pathway to the d b l e  environment is migration along thin clay inferbeds and gas venting 
along rock bolts in the roof to anhydrite laya  B. SwiA (Beauheim et al., 1993) reports that mining in 
some portions of the repository involves excavation to MB 139 followed by backfilling to the 
specified grade. He suggests that it is more realistic to assum that MB 139 will always be in contact 
with backfill and waste. 
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6.0 ENGINEERED BARRIERS 

This section discusses issues related to the engineered barrier system for a WIPP repository. 
The discussiqn isbased on a review of a large number of WIPP documents covering a range of topics 
that are dikctly or indirectly related to engineered barriers. In general, the review attempted to 
address the following questions: 

What quantitative and qualitative analyses have been performed relevant to the engineered 
barriers for the repository? 

What laboratory and field experiments have been performed? 

What is the expert opinion concerning engineered barriers for a salt repository? 

How are the potential pathways and seals being considered in the PA analysis? 

What data are available concaning geochemical compatibility? 
What criteria have been established to determine the requirements of the barrier system? 

What are the remaining issues related to engineered barriers and how arc they (or are they 
not) being addressed? 

The performance of engineered barrim at WIPP will depend on several related and often 
coupled mechanisms and processes. Seal performance will be determined by the creep closure of the 
underground openings, consolidation of crushed salt, the volume of brine inflow during 
consolidation, gas-generation rates in the disposal rooms, the extent and healing of the disnabed 
zone, the permeability of intabeds, and the ability to Seal fracture wm. 'Ibe following discussion 
touches on many of these aspects. More comple-te covaage of some of these topics is contained in 
other sections of this repon and the reader is encouraged to refa to them for a more comprehensive 
trement. 

Subsection 6.1 provides background information concaning the purpose of engineered 
barriers, applicable parts of the regulatory standards, and a description of the current design concepts. 
lhis is followed by a review of the analyses (Subsection 6.2) and tsa (Subsection 6.3)that have been 
performed to assess the viability and performaace of repository seals. A summary of the issues 
associated with the sealing of a repository aud planned Ms and analyses to sddrws them is presented 
in Subsection 6.4. 

6.1 BACKGROUND 

Engineaed barriers arc crucial to the successful isolation of TRU and hazardous waste from 
the accessible environment Engineaed barriers include repository design features and engineered 
components that contribute to the capability of the repository system to meet the radionuclide and 
hazardous materials release limits set by applicable regulations. The fundamental role of the 
engineered bamas is to act in conjunction with the natural system to minimize the release of 
radioactive and hazardous waste from me W P P  repository. Engiaeaed b w i a s  may include 

drift seals. 

sbafsurls. 

borehole plugs, 



disturbed rock zone (DRZ) seals. 
interbed seals. 

panel seals. 

backfill. 

waste form. and 

waste packages. 
This discussion and those that follow are restricted to sealing aspects of the engineered banier 

system and do not directly address waste form and waste packaging components. The review assumes 
that the current concept for waste fonn and waste packaging will be employed at WIPP. Obviously. 
the requirements for the engineered barrier system. particularly the senling components. would 
change if alternative waste forms and waste packages were employed, and the importance of 
performance issues may shift. For example, the volume and rate of gas generated in the disposal 
panels from corrosion and microbial processes depends on the contain= (currently stal) and waste 
form (unpmcxsed waste including large quantiticS of dlulosic mwrials). If gas generation was no 
longer a concern. the performance requirements of the sealing components would likely be different. 

The regulatory framework for WIPP requires assessment of cumulative release of 
radionuclides to the accessible environment unda standards promulgated by the US Environmental 
Protection Agency @PA) in 40 CFR 191 and assessment of migration of hazardous chemical 
constituents under standards set forth in the RCRA. 'Cbere is only one reference to engineered 
barriers in 40 CFR 191 other than the definitions in 40 CFR 191.12. Requirement 191.1qd) states 
that "the disposal systems shall use diffaent types of barria's to isolate the waste from the accessible - 
environment. Both engineend and natural barriers shall be included." Other references to 
engineexed barriers are contained in Appendix B, Guidance for Implementation of Subpan B, 
Consideration of Total Disposal System: 

When predicting disposal system performaxe, the Agency assumes that 
reasonable projections of the protection expected from all of the engineered 
and natural barrim of a disposal system will be considered. Portions of the 
disposal system should not be disregarded, even if projected performance is 
uncertain, except for portions of the system that make negligible 
conaibutions to the overall isolation provided by the disposal system. 

Among the standards set forth in RCRA, the Land Disposal Restrictions (40 CFR 268) 
regulate disposal of specified aon-radioactive hazardous wnstes. The srondrrds are applicable to 
WIPP because the mmraaic  wastes include wmadioactive components, such as heavy metals, as well 
as volafile organic compotuds (VOCs) and other contaminants covered unde-r 40 CFR 268. The 
regulations prohibit tk disposal of tbx wastes unless the owna or operator of the facility petitions 
for a variance and dcmonstrPta that thae will be no migration of the hazardous constituents (above 
health-based levels, EPA, 1992) as long as the wa!Xc remains hazardous. 

In their response to a DOE nemigrotion vrriPnce petition, the EPA has stated that the DOE 
must address uncertainties about long-term WlPP performance before the DOE may proceed with 
full-scale operations. Among the uncatainties identified by EPA wae  the extent and effects of gas 
generation, effects of brine inflow into the repository, and the influence of the disturbed zone 
surrounding the mined repository (US EPA, 1990). Esch of these uncertainties will play some role in 



determining the requirementsfor and the performance of engineered barriers. Gas from the 
repository could transpon VOCs either horizontally from the repository in the interbeds or venically 
up the shafts. The transpon pathways and concentration of the VOCs will be determined. in part, by 

the type and performance of engineered barriers used. Similarly, pressurized brine may transpon 
heavy metals and dissolved VOCs (as well as radionuclides) through the same potential pathways. 

The information required to suppon a demonstration of no-migration in compliance with 
268.6(b) includes the results of numerical flow and transport analyses of overall system performance. 
Additional data from laboratory and field tests will be required to verify that the engineered barrier 
components of the system will perform as designed. 

6.1.1. Current Design Concepts 

In the reference design. multicomponent seals will be located in each of the four shahs, in the 
entrances to the waste disposal panels, and in selected access drifts. The locations of the various seals 
in the WIPP repository are shown in Figure 6-1. 'The design includes multiple shaft seats and drift 
seals at strategic locations. within the repository. Because the purpose and function of the seals vary 
with their location, the shaft seals and drift seals will be discussed separately. 

The four shafts are the most likely pathways for the UaLSpOrt of mixed waste to the accessible 
environment under undisturbed conditions (no human intrusion). The strategy for sealing the shafts 
is to maximize the amount of consolidated, low permeability salt in the shaft between the top of the 
Salado Formation and the repository level (Stormont, 1988a). The current design for shaft seals 
includes two types of seals: long-term seals consisting of segments of consolidated crushed salt 
(Figure 6-2); and short-term, composite seals (Figure 6-3) intended to prevent brine from 
contacting the crushed salt seals bef& it can be consolidated to a density close to intact halite. 

Creep closure of the shaft opening is expected to consolidate the crushed salt in the lower 
portion of the shafts to near-intact (95%) density within 100 years after emplacement (Nowak and 
Stormont, 1987; Arguello. 1988; Lappin et pl.. 1989). To facilitate the consolidation phase, 
composite seals will k located above and below the crushed salt seals to pevent brine from saturating 
the crushed salt and inhibiting consolidntion. Composite seals will be placed at three locations: above 
the upper salt seal, below the lowex shaft seal, and in between the uppex and lower salt seals (see 
Figure 6-4). Because the concrete bulkheads in. the composite seals straddle the long-term seal 
intervals, they will also save as reaction frames to restrict vertical movement of the salt during 
consolidation. 

Fractures in the. DRZ surrounding the shafts are expected to heal once the crushed salt 
reaches 95% density and resists furtha creep closure and the field stresses return to hydrostatic 
conditions. Tfie pameability of the DRZ adjacent to the cooQcte bulkheads in the composite seals is 
expected to ream to mar in situ levels shortly after emplacement because they will resist creep 
closure. 

The use of crushed salt as the primary, long-term sealing mataial for openings in the Salado 
Formation obviates any concern about seal longevity. 'Ihe mate-rial is, for all practical purposes, 
identical to the surrounding halite and should have similar chemical and hydrologic properties once 
the material has consolidated The concrete bulkheads are expeaed to degrade with time but remain 
functional during the near-tam whea tbe crushed salt seal is consolidating. 
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The upper shaft seal system in the Rustler Formation will comprlse of a sequence of seals 
made up of bentonite clay segments (4 m in length (13 A ) )  confined by adjacent concrete 
bulkheads. The purpose of the seals is to limit groundwater flow from the formation into the lower 
portions of the shaft during the consolidation phase Of the crushed salt seals. The bentonite will be 
emplaced at an initial density tailored to allow water uptake and swelling pressures that will prevent 
groundwater flow down the shaft but within the limits imposed by the strength of the host rock and 
concrete bulkheads. The shaft liners will be removed prior to conmcting the seals, to allow direct 
contact between the bentonite and Rustler Formation. The DRZ surrounding the shafts may be 
removed or sealed with grout to prevent groundwater from flowing around the plugs and into the 
underlying crushed salt seals. 

The panel and drift seals are designed to inhmit long-term migration of radionuclide- 
contaminated brine through the drifts to the base Of the shafts and isolate the panels during the 
opexational phase of the repository (Sandia National Laboratories, 1992). The seals are similar to the 
shaft seals and comprise both long-term and short-term seals. 

The current design for panel seals is shown in Figure 6-4. The seal consists of 20 m (65 ft) 
of presonsolidated crushed salt confined between two 10-m (33 ft) concrete barriers (Nowak, 
Tillerson, and Torres, 1992). The panel enayway seals are intended to return intervals within the 
repository to hyeaulic properties similar to the in-c conditions in the undisturbed host rock salt. 
In this way, the seals are expected to provide substantial resistance to flow though the repository as 
well as separating volumes of waste from one pwtha and from the shafts. The concrete bulLheads 
serve to confine the crushed salt during consolidation and provide resistance to gas flow during this 
period. ?he time for consolidation is similar to that for the lower shaft seals, i.e., approximately 100 
years after installation. 

The DRZ in the salt surrounding the seal locations is expected to heal ei~ntually after the 
crushed salt reaches 95% fractional density and resists further creep closure of the opening. The 
disturbed zone around the concrete bulkheads is expected to heP1 much earlier, due to the back 
saesses that will be generated. Marker Bed (MB) 139 and the other interbeds adjacent to the 
repository may need to be scaled above and below each panel and drift seal by grouting. with 
crushed-salt-based grout, cementltious material, or bitumen. The DRZ and the interbeds represent 
pathways for bypassing the panel seals. 

The @ormance criteria for the seal components must be defined before the seal design can 
be finalized. The criteria will be determined, to a large extent, by the results of performance 
assessments of the WIPP repository system. l k  preliminary p e r f d  assessment analyses of the 
entire repository system have not included all aspects of the nntural and engineered barriers that may 
influence system paformance; therefore, the seal designs and design concepts are preliminary. 
Stormont (1988a) has identified the following predominant processes which may impact the 
performance seals and the repository system: 

Closure of the excavations in the Salado Formation and the consolidation of the crushed 
salt in the long-tam seal components; 
Brine inflow into the excavations in the SalaQ Formation which may inhibit crushed salt 
consolidation, accelerate corrosion of waste packages, and. if present in discrete pockets. 
result in pressurized brine; 
Corrosion of the waste package and metallic waste and the generation of gases; 



Water inflow from the Rustler Formation and possible dissolution of salt seals. inhibition 
of crushed salt consolidation. and creation of pressured brine pockets; - 
Creation and long-term behavior of the DRZ around excavations as potential pathways 
for the transport of contaminants in brines or gases. 

These issues are being addressed in a variety of laboratory and field studies, as well as in 

numerical analyses. The programs are discussed in the following Subsections, and their adequacy to 
resolve these issues is assessed. 

6 3  TESTING ACTIVITIES 

The sealing strategy and reference design are suppotted by numerous laboratory and field 
tests. These include testing to demonstrate the relatively rapid consolidation of crushed salt under a 
wide range of pressures, in situ emplacement of crushed Salt and bentonite blocks in small-scale seal 
environments, characterization of the DRZ and interbeds, and in situ testing of prototype grouts and 
injection technology. ?he following discussion provides a summary of these tests and their results. 

6.2.1 Consolidation of Crushed Salt 

When crushed salt is subjected to sufficient wan ing  pressures, it consolidates and eventually 
achieves porosity and permeability values comparable to intact salt (IT Corporation, 1984). The 
crushed salt in the shafi, panel, and drift seals will be consolidated as a result of tk creep closure of 
the adjacent host rock which is a function of depth the properties of the rock salt formation, the size 
and shape of the excavation, and the resistauce pesented by the crushed salt 

At a given mess, the consolidation behavior of crushed salt is strongly influenced by the 
addition of small amounts of wata, sevaal percent by weight (Holwmb and Shields, 1987; IT - 
Corporation, 1984). Stormont (1988a) compared the results of a dry consolidation tcst by Holcomb 
and Hannum (1982) with those of Holcomb and Shields (1987) in which a d l  amount of water was 
added (less than 3% wt). and found that uader similar tcst conditions (messes) the time required for 
the dry crushed salt to experience the same strain as the wet material was five to ten orders of 
magnitude greater. The exact mechanism responsible for this dramatic difference is not understood, 
althoughpressure solution is the prcfared hypothesis. Because it is desirable for the aushed salt seal 
components to reach near-intact properties as soon as possible. the refaencc design includes the 
addition of small amounts of wata to be added to the crushed salt in the shaft, drift, and panel seals 
(Nowak et al., 1992). 

As the uushcd salt consolidates, the porosity and pameabiity will decrease. Figure-6-5 
shows the results of Pamepwity vasus depdty tern paformed by Holcomb and Shields (1987) and 
IT Corp (1987). In gcnaal, the pwmeability of the crushed salt drops rapidly between fractional 
densities of 85% and 95% (fractional density is detined as the pacentage of the intact salt density). 
At 95% fractional deasity, fhe pameability is expect4 to be between 3 x 10-a and 3 x 10-21 mz 
(Nowak and Stormont, 1987) compared to a permeability range of 10-l9 to 1Pz4 m2 for intact, 
undisturbed halite in the Salado Formafion (Sandia National Laboratories, 1992~). 'Ibaefore, if the 
crushed salt portions of the shaft, drift and panel scab are consolidated to 95% relative density, the 
excavation will be raurned to its undisturbed state. 'Ibis assumes the DRZ surrounding the excava- 
tions also remms to intrinsic waditiom. Interactions between the consolidation of the crushed salt 

- 
in Subsection 6.3. 



Figure 6-5. Permeability Versus Fractional Dcmlty for Two Comolidation Tats  Using 
Wetted Crushed Salt (Stormont, 1988) 

- 
6.22 Other Seal Materials 

In addition to crushed salt or quarried blocks of salt, there are a number of other seal materi- 
als being considered for use in the WIPP facility: bentonite clay;cememitious materials, and asphalt 
(Stormont, 1988a). Sandia National Laboratories has performed a series of in situ experiments de- 
signed to evaluate the performance of the various candidate seal mataials. The tests were paformed 
in vertical and horizontal boreholes ranging in size from 15 cm to 0.9 m (6 in to 3 A). Test Series A 
and B experiments evaluated the performance of salt-based concrete in vertical and horizontal bore- 
holes, while Test Series C evaluated salt block and saltlbentonite block-type barrias. 

Bentonite has bem used for creating fluid barrias in numerous civil and mining applications 
such as dams, liners for municipal and hazardous landfills, and groundwater control in mines. 
Bentonite is also an important component in the engineered barrier system for proposed nuclear 
waste repositories in crystalline rock (Puxh and Borgesson, 1989). A principal component of 
bentonite is monanodllonite, which swells when hydrated, resulting in good contact between the 
emplaced material and the surrounding rock. As mentioned in Subsection 6.1, bentonite plugs are 
being considered as part of the sealing system for the shafts to prevent groundwater from entering the 
shal and contacting the aushed salt portion of the system. In the Rustler Formation, the bentonite- 
based seals will be used to reestablish the natural low pameability of certain portions of the 
formation (Stormont, 1988a). Within the Salado, bentonite-based seals are planned 15 m (49 A) into 
the formation, at an interbed layer around 500 m (1,640 A) depth, and at the base of the shafts to 
protect the crushed salt portion of the shaft seal during consolidation 



Test Series C of the Small-Scale Seal Performance Tests included the investigation of 
salthentonite as sealing material. Ninety-two cm-long test seals were constructed in four boreholes. - 
92 cm in diameter. using a 50/50 mixture of crushed Salt and bentonite. The seals were exposed to 
brine and allowed to hydrate, eventually swelling and effectively sealing the boreholes to further 
brine movement (Stormont and Howard, 1987). After the seals were emplaced, permeability tesrs 
were performed by pressurizing the borehole interval beneath the seal. The permeability of the seal 
was approximately 1 x m2. 

Concrete is often used as a seal and shaff or tunnel liner material in underground excavations 
due to its availability. relatively low cost, and favorable properties. However, there are few data 
concerning the performance of concrete seals over time f E U m  or situations relevant to the proposed 
applications at WIPP (Stormont, 1988a). Available historical evidence suggests that leakage of 
concrete seals tends to occur at the rock interface or the disturbed zone in the surrounding rock and 
not within the concrete seal itself. l3is is not likely to be the case at the repository depth at WEPP, 
due to creep closure and fracture healing properties in salt. 

A salt-saturated expansive concrete developed by Wakeley and Walley (1986) was used to 
assess the performance of concrete seals in salt in Test Series A and B of the Small Scale Seal 
Performance Test. The concrete has a unconfined compressive strength of 48.3 MPa and a 
permeability of 0.8 x 10-Is m2. Results from the tests have been very favorable (Stormont, 1988a). 
The seal permeability calculated from gas and brine flow tesu was m u d  1 x 1V18 m2 (Peterson, 
Lagus and Lie. 1987). suggesting that the- saltkoncrete interface was tight and would be capable of 
limiting brine movement through or around the seal. A potential problem for the concrete seals is 
mechanical failure and loss of seal performance due to the high stress (compressive and tensile) that 
may develop as a result of creep closure in the salt Predicted stress levels an? discussed in Subsection 
6.3. The strength of the concrete could be imeased by adding fiber reinforcement or chemical 
additives, but these would have to be compatible with the local environment. Thae is significant 
uncertainty concesning the longevity of concrete in salt. Concrete shaft limn in nearby potash mines 
have deteriorated from sulfate attack (Stonnont, 1988a) ova  a twenty-year period. However, the 
relatively large size of the concrete bulkheads in the shaft and p l  seals (10 m (33 A)) and the tight 
interface between the concrete awl the salt host rock make it unlikely that significant portions of the 
concrete plugs would degrade prior to co~soliclation of the crushed salt portions of the seal system. 

6.2.3 Wurbed Rock Zone 

The performance of the shaft drift and panel seals will depend not only on the propaties of 
the seal material (e.g., consolidated  shed salt) but also on the hydraulic properties of the 
surrounding rock mass and scPMock interface. The conmction of underground openings causes 
fmturhg in the- surrounding rock mass due to the redistribution of stress in the immtdiatc vicinity of 
the excavation. The fractures could provide a pathway for fluid flow m u n d  the seals and 
compromise the performance of the repository. At the repository level at WIPP, the DRZ could 
extend into existing fractures @re-excavation) in the relatively brittle anhydrite of Marks Bed 139 
and other intabeds (Davies, 1991). 

, < 



Excavation-related fractures have been documented by visual observation. in drill holes from 
excavations, by geophysical measurements, and by gas injection (Borns and Stormont. 1988). This 
fracturing includes vertical separations along nonhalite interbeds in the floor and back, curved 
fractures in the floor and back that crosscut a variety of stratigraphic units, and vertical fractures 
associated with spalling within the ribs. Gas permeability measurements by Stormont. Peterson, and 
Lagus (1987) in the first panel entries provide some insight into how the disturbed zone develops. 
Initial measurements were performed approximately one month after the drifts were excavated. The 
span of the drifts varied between 3.9 (13 ft) and 6.0 m (20 ft) which provided preliminary 
information on whether the extent of the disturbed zone depended on the size of the opening. 

The results are summarized in Figures 6-6 to 6-8. Figure 6-6 shows the flow rate in the halite 
rock as a function of distance from the excavation. In general, the region within 1 m (3.3 ft) of the 
excavation has much higher permeability than the undisturbed halite, with the flow rates varying by 
several orders of magnitude. Beyond 1 m (3.3 A) the flow rates are wnsistently low. Relatively high 
flow rates were observed in the interbeds (MB 139 and Seam B) within 2 m (6.5 ft) of the excavation 
(Figure 67).  The disturbance was gI'eatest near the Center of the drift As shown in Figure 6-8. the 
degree of disturbance appears to be related to the span of the excavation with increasing flow rates in 
the wider drifts. . 

Additional gas flow measurements were made in a four-yearsld drift similar to the panel 
entry drift (Borns and Stormont, 1988). Tests were performed in an array of boreholes drilled 
radially to a depth of 10 m (33 ft). The results ate ill- in Figure 6-9 that contains contours of 
gas flow rate around the drift. The measurements indicate increased flow rates in the immediate 
vicinity of the excavation decreasing radially outward The effect is present in the back and floor as 
well as in the pillars. Peterson (1987) conducted gas tracer studies in the same drift by injecting 
diluted racer gas into packed-off regions of a borehole and monitoring its arrival in the surrounding 
boreholes. The gas was injeaed into two v d c a l  boreholes (one in the back and one in the invert) 
and one horizontal (in the rib) borebole within I m (3.3 ft) of the excavation The tests in the vertical 
boreholes indicated that the flow path direction for the gas was predominantly vertical, while the 
horizontal test indicated that the predominant flow path direction was parallel to the drift face. ?he 
effective apermre of the flow paths calculated from the tes& was small (approximately 1 x 10-6 m). 
Stormont et al. (1987) paformed additional tracer experiments to study the fracture continuity and 
effective apemue of the flow paths in MB 139. Traca gas arrival times ad locations suggest that the 
aperture of the flow path inawes with increasing excavation spans. The calculated aperture was 
approximately one order of magnitude greater at the intersection of two drifts than under a single 
drift (0.04 an versus 0.m cm). The predominant flow direction was venial  from MB 139 to the 
excavation. consistent with the observations made by Patrson (1987). 

Borns and Stormont (1988) visually examiaed the fracturei in the disturbed zone, using 
boreholes in the rock m u n d i n g  the excavation Fractures with Ppacures greater than 2 mm were 
common. 'Iheir obsavations arc summarized in Figure 6-10, which represents an idealized cross- 
section of a storage room. The IocPlized fracturing of the rock mass is elliptical and predominantly 
concave towards the opening. The fractures in the invat and back tend to crosscut the stratigraphy 
(interbeds). which is consistent with the results of the tracer experiments. Similarly. the 
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observed fracrures in the ribs are typically vertical. Separations along stratigraphic features such as 
interbeds were also observed. Franke (1987) reexamined the fracturing in boreholes over a one-year - 
period and concluded that the rock mass surrounding the excavation continued to fracture over this 
period. Observed fractures in boreholes increased from 48% of the boreholes in 1986 to 73% of the 
boreholes in 1987. In older test rooms with larger spans (11 m (36 ft)). 100% of the boreholes had 
fractures with fracture apertures 2 mm or greater. 

Figure 6-10. Idealized Exuvation Effutr in a 4 m x 10 m Room (Stormoat, 1988). 

The fracturing of the rock mass around the excavation results in partially sanuated conditions 
in the rock as a result of drying, exsolution of dissolved gases, and brine inflow. lie increased 
permeability, decreased pore-fluid pressure, and partially saturated conditions all enhance the 
potential for gas flow pathways between the disposal rooms and nearby higher pameability intabed 
units (Davies, 1991). Thus, localized regions of imeased permeability may exist throughout the 
repository, supplying potential pathways for Contominant transport. TIE significance of these 
pathways relative to repository pafonnnace will depmd on the ability of the to "heal." 

It is anticipated thlt the frncMes in the distllrbed zone within the halite interval will eventually 
close and their permeability rpposfh that of the intact salt f ly la  et al., 1988; Lnppin et al., 1989; 
Sandia National IAmatories, 1993b). Once an excavation is backfilled (with waste. b-11 material. 
or sealing components) and the mataial is capable of resisting mechanical loading, it is theoretically 
impossible for the halite to maintain opeah imaconnected fr-es due to salt's plastic deformation 
behavior and low yield strength Becluse of Ih r ~ l r o i ~ d y  k g e  porosity in tk UIIplsced waste (0.79) 
and the crushed salt backfill (0.4). there will be a delay in the closure of the disturbed zone fractures 
until the final density of the bacW11ed material is reached, and it resists further creep closure of the 
disposal room. As the fractures close and the confining stress acting on the fracture increases to 
lithostatic, the salt is expected to "heal." 'lllis process will occur e u U a  in those sections of the -. 



PART'S -.n*n Rewe* ol WlPP PA Amm.91 lor EM-242 6.0 Enranarea m m r s  

excavation chat contain the concrete bulkheads and the crushed salt seal components installed at 
relatively higher density. 

The process of fracture healing or "disturbance reversal" has been demonstrated in  the 
laboratory and in the field. Sutherland and Cave (1979) performed permeability tests with core 
samples of halite from the WIPP site. The permeability of the samples was relatively high initially, as 
a result of the mechanical damage that often occurs during collection and transport to the laboratory. 
AAer applying a confining SUeSS similar to the lithostatic loads at the repository level at WIPP (14.8 
MPa). the permeability of the sample decreased by an order of magnitude. When a confining 
pressure of 34.5 MPa was applied. the same drop in permeability was observed in six hours. Costin 
and Wawersik (1980) conducted fracture healing tests using rod specimens of intact salt. The 
specimens were loaded in tension until failure occurred by compressive loading (up to 35 MPa) at 
elevated temperatures (up to 1000C) in an anempt to determine whether the fracture would heal. The 
fractures in tests at the lowest temperature (22OC) and pressure (10 MPa) recovered from twenty to 
thirty percent of the intact fracture toughness after several days of loading; recovery increases with 
increasing temperature. 

Healing of the DRZ in salt has also been observed in field expaiments at WIPP. Test Series B 
of the Small-Scale Seal Performance Tests used of a 1-m-long concrete plug in a 1-m-diameter 
borehole (Figure 6-11). Gas flow injection and tracer tests were performed thirty days after 
emplacement to measure the initial permeability of the seal and the types of flow paths present. Very 
fast travel times (less than twenty minutes) w a e  measured, and flow paths along the rocWseal interface 
or the adjacent rock mass were observed. Follow-up measurements a year later indicated that the flow 
paths had been eliminated; there was no tXacer IUOVemeIIt Wough any of the seals o v a  a twelve-hour 
period with a pressure gradient of 2 MPa. (Peterson, Lagus, and Lie, 1987). The reduced 
permeability is assumed to result from increasing confining messes around the emplacement hole 
due to creep closure. Pressure measurements within the concrete seals verified that high radial 
suesses were generated o v a  the course of the year (Labreche and Van Sambeek, 1988). 

The Salado Formation contains a number,of interbeds at the proposed depth for the WIPP 
repository. ?he design basis w u m s  that the disposal panels will be excavated within a 7.3-m (24 ft) 
thick section of halite and polyhalite between anhydrite MB138 and 139. Two of the interbeds, 
anhydrite B and MB 139, will be within 3 m (10 ft) of the excavation and are likely to be intersected 
by the fractures in the DRZ. Thus, these features represent potential palhways for the transport of 
contaminants away from the disposal rooms that could bypass the panel seals. 'lhe fracture system in 
MB 139 below the excavations appears to be extensive and possibly h terco~ected.  Unlike the 
disturbed zone in the halite rock mass. the fractures in the interbeds are not expected to heal 
(Stormont. 1988a). borns (1985) studied the saucture of MB 139 from several drillholes in the 
experimental area of the WIPP underground facility and concluded that many of the fractures existed 
prior to excavation. The existence of precxcavation fractures suggests that even if the fractures are 
closed as the local messes rcturn to lithostatic coaditions, they are unlikely to "heal" awl are therefore 
likely pathways for pressurized gas ad brine trpnspon One option unda consideration is the use of 
cement or crushed salt grouts to serl the intabeds, particularly around the pand seal locations 
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Flgure 6-11. IUutratlon of Tclt Co-ration for the Small-Sule Perforrmce Tests 
(Pckraon et aL 1987). 

Effective grouting may be dif8cult because of difficulties in delivaing the grout to the fracture 
system and the possibility of deformation of the interbed as the rooms close and the surrounding 
rock mass dilates. 

'Ihe available pathways for matamhmt lmsport will be a function of time and the processes 
involved. Immediately Pfta waste disposal, the most likely pathways are through the disturbed tone 
into the fracture system within the imabedf (MB 139 and onhyddte B) oad possibly up the shafts. 
eirha tbrough the ul~consolidptcd uushed salt or in the clisanbed zone. B r h  will tend to flow into 



MB 139 and gas into anhydrite B. The consequence of contaminants moving in  the interbeds 
depends on the effectiveness of the shaft plugs and seals and whether the interbeds are intersected by 

a borehole (human intrusion). Without an additional pathway from the interbeds to the biosphere. 
the presence of contaminants in the anhydrites is of no real consequence. Assuming the gas pressure 
in the rooms is less than the sum of the capillary pressure and brine pore pressure in the anhydrites. 
the fractures in the halite will eventually heal and the pathways to ME 139 will no longer exist. The 
fractures interconnecting the room to anhydrite B will also heal but rock bolt holes are presumed to 
provide transmissive pathways to the interbed. 

The proposed support system for WIPP consists of 3-m-long (10 ft) rock bolts with 
mechanical anchors in a 1.5 x 1.5 m (5 x 5 ft) offset pattern. 'Ihe rock bolts will be left in place after 
disposal and will eventually corrode, but the remaining material may prevent the halite from fonning 
a complete. low-permeability layer between the room and Anhydrite B. If this conceptual model is 
correct, the panel seals will be bypassed, first by transport via the disturbed zone to MB 139 and 
anhydrite B and later through the rock bolt holes to anhydrite B. 

It should be noted that Figure 2-1 from Rechard et al. (1990) (and used in various other 
WIPP documents including the Test Phase Plan) which is utilized by the PART throughout this 
document (first used in Figure 4-32) shows rock bolts penetrating two anhydrite layers, creating gas 
release pathways through both interbeds. Assuming 3-m (10 ft) rock bolts will be used throughout 
the waste panels,-these rock bolts could only penetrate anhydrite B (located approximately 2.5 m (8.2 
ft) above the roof) and not anhydrite A (located approximately 5 m (16 A) above the roof). 

l h e  significance of these pathways depends on many related and coupled processes (such as - brine inflow, gas-generation rates, threshold pressures in the interbeds, the persistence and 
interconnectedness of the fractures, human intrusion scenarios, etc.). lhe question can only be 
resolved through performance assessment analysis, to determine whether the repository will comply 
with the performance regulations, or whether changes in the repository design, e.g., eliminating the 
pathways or the driving forces for contaminant nanspon will be required 

6.3 SUPPORTING ANALYSES 

Engineered barria pufonnance at WET will depend on several related and often coupled 
mechanisms and processes. SNL has paformed a series of analyses to understand the significance of 
and relationship bemeen some of these factors and to assess the adequacy of the current design for 
the repository seals. ?he analyses have focused on the expected creep closure of the underground 
openings. consolidation of the crushed salt seal components, stresses in the concrete bulkheads, the 
influence brim inflow may have on consolidation, and the potential for gas and brine migration 
through the DRZ and interbeds. Summaries of three of these analyses are provided below. 
Additional analyses are u n d m a y  to address some of these issues in grepta detail. The most 
important mechanism and processes will be incorporated in the performance assessment models. 

63.1. c o ~ ~ ~ l i d n t i o n  of Cwhed sat 

Sjaardema and Krieg (1977) developed a constitutive model for crushed salt compaction 

- based on the results of smahcale  laboratory experiments by Holcomb and Shield (1987) (see 
Subsection 6.2). The expression was integrated into the finite ele 



investigate the interaction between Crushed salt in shaft and drift Seals and the surrounding rock mass. 
The models were then used to investigate whether the consolidation of the crushed sat  would retard 
the rate of creep closure of the shafts and drifts. 

The SANCHO model assumed an elastic-secondary creep model with reduced elastic 
constants for the intact salt. The creep model was calibrated on the basis of the observed closure rates 
in some of the drifts in W W .  'Ihe results of the analyses indicate that the crushed salt seal will 
provide little resistance to shaft closure until the density of the crushed salt approaches inract density. 
The time required for the crushed salt to consolidate to 95% relative density depends on the initial 
emplacement density. With an initial bacKrll density Of 80%. the calculated time for the backfill to 
consolidate to 95% relative density is around forty years. This time is reduced to approximately half 
if the initial density of the backfill material is increased to 85%. 

~~aardema and Krieg also analyzed the interaction between crushed salt backfill and the 
emplacement drifts. Assuming an initial relative density Of 85% (i.e. compacted bricks), the crushed 
salt seal achieves 95% relative density in appoximately twenty years after emplacement, similar to 
the shaft. Sjaardema and Krieg acknowledge that the analyses have several limitations. The 
deviatoric model for crushed salt backfill used in the analyses is ad hor. Ih laborntory teas used to 
develop the constitutive model for crushed Salt compaction did not examine the deviatoric or shear 
behavior, and the elastic-plastic deviatoric model used in the analyses was chosen for convenience; 
(i.e., the material parameters for the otha deviatoric models were w t  available). Se~~ncRy, the 
constitutive model for crushed salt compaction is based on laboratory experiments in which the 
pressures applied to the sample (1.72 MPa to 3.44 MPa) arc significantly higba than the calculated 
back611 saesses (0.5 MPa). Consolidation behavior at the Iowa pressures was uaapolated and the 
actual behavior may vary. 

Argue110 (1988) performed a series of analyses to evaluate the structural interaction between 
the proposed pane1 entry seals and the surrounding formation as a function of time. The concepual 
design for the panel seals (see Subsection 6.1) consists of a 20 m (6.6 ft) intaval of crushed salt 
between two concrete bulkheads or caps that ~ O v i &  lavrpl resistance during consolidation of the 
crushed salt and p r o m  the region from brine inflow. l k  panel was modeled as a two-dimensional 
axisymmenic opening using the SANCHO finite element code developed at SNL. The model was 
used to assess w h e l k  the coacnte bulLhePds will have a significant influence on the ~osolidarion of 
the crushed salt and to estimate me stress l e d  tbat tfr bullrheds will have to withstand. 

The crushed salt portion of the seal was not iacluded in the finite dement model because the 
precompacted cnrshed salt provides negligible resistauce to creep closure until it consolidates to 
approximately 95% relative dmsity. T k  change in a density of the uushed salt during mom closure 
was calculated indirectly by using change in cross-sectional area of the panel opening to calculate 
the comsponding change in the volume, lad hence the density, of the cmshed d t .  ?his assumes 
that the density of the crushed salt is uniform throughout the circular cross-seaion. The concrete 
bulkheads were explicitly modeled as linear elastic IDuaiPls. Properties for the Expansive Sdt- 
Saturated Concrete (Gulick and Wakdey, 1987) w a e  assumed for the analysis. Because of the 
axisymmeuic simplifying assumption, it was not possible to incorporate the stratigraphy at the 
repository horizon or the opening geomeay. 
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The results of the analysis suggest that effective consolidation (95% fractional density) of the 
crushed salt is not achievable in the first 100 years over significant ponions of the seal if the initial 
fractional density is less than or equal to 70%. If the initial fractional density is increased to 75%. the 
salt in the central portion of the seal will reach 95% fractional density in 100 years. For most of the 
core to achieve 95% density in this time period. the initial fractional density of the crushed 80% is 
required. Regardless of the initial density or time. the salt in the central portion is more highly 
consolidated than that adjacent to the caps. The influence of the caps is significantly diminished 
within one radius into the core and insignificant at 1 diameter into the core. 

Based on these results. Argue110 (1988) concludes that the end members of the drift seal are 
unlikely to affect the consolidation of the crushed salt adversely. However, the bulkheads do 
significantly increase the expected time necessary for the crushed salt core to consolidate to 95% 
fractional density. A comparison of the ~~Su l t s  with those of Sjaardema and Krieg (1987) discussed 
earlier, indicated that the concrete bulkheads approximately double the time required for the crushed 
salt to consolidate to 95% fraclionoi density. Whether or not this is significant depends on other 
factors such as the gas pressure in the repository during the first 100 years aftex seal emplacement, 
brine inflow rates, etc. 'Ihe possible impact of high brine inflow rves is discussed below. 

The analysis by Argue110 also examines the messes in the concrete bulkheads during closure. 
The results indicate that the strength Of umeinforced concrete may be exceeded. The maximum 
stresses occur within the fust five years after installation of the seal. The maximum radial 
compressive mess occurs near the ends of the bulkhead and approaches 45 MPa, very close to the 
unconfined compressive mength for concrete (47.5 MPa). 'Ihe calculated tensile stresses reach 19 
MPa, significantly higher than the assumed tensile strength of 7.1 MPa (15% of the unconfined 
compressive strength), with tangential stresses (maximum stress of 39 MPa) similar to the radial 
stresses. On the basis of these results. it appears the bulkheads will require some type of 
reinforcement to accommodate the tensile and compressive stresses generated during the compaction 
period. A positive effea of the high compressive smsses in the region of the bulkheads is the 
potential for the fracnucs in the disturbed zoae to close, reducing the permeability of the annular 
region in the vicinity of the bulkheads. 'Ihis will be necessary in or& for the bulkheads to protect 
the crushed salt core from brine during compaction (if it is present in sufficient volumes to be a 
problem). 

The results of the analysis are inconclusive because of the simplifying assumptions contained 
in the model. 'IEe conceptual model of the seal system is assumed to have an axisymmekic geomeuy 
(circular), although the drift dimensions are expected to be rectangular (3.7 m by 6.1 m (12 A by 20 
ft)). lhe axisymmeuic assumption also precluded the stratigraphy in the repository horizon from 
being included in the model of the panel seal. As a result of these assumptions, the suesses around 
the opening ami, thenfore, the room closure rate, could v ~ r y  s ign i f idy .  

A compaaion study by Argudlo and Torres (1987) investigated the consolidation of a 
crushed salt panel seal based on a gaomechanical analysis using a two-dimensional plane strain 
model. 'Rr drift was modeled as a 3.7-m-wide by 6.1-m-high (12-A-wide by 20-A-high) opening 
containing an infinitely long seal (a result of the plure main simplifying ssumption). The model 
incorporated refacnce stratigraphy oad material property data for the site and followed a similar 
procedure used by Arguello (1988) for cplculating cnrsbed salt consolidation (i.e.. an assumption 



that the crushed salt provides minimal resistance to room closure until 95% relative density and could 
be indirectly modeled as an open drift). 

The results of the analysis are similar to a~ iSyIme t~1~  model; i.e.. the time required to reach 
0.95 fractional density decreases with increasing initial fractional density. Another finding was that 
time of seal emplacement (after drift excavation) influenced the time for the aushed salt seal to reach 
95% fractional density. The longer the excavation remained open before seal emplacement. the 
longer the time required for tk seal to reach 95% fractional density (assuming the same initial 
density of the crushed salt seal). For an opening 10 years old or less, an initial fractional density of 
80% or higher is required to achieve 95% density in 100 yean. While the two-dimensional models 
discussed above are useful and provide preliminary information concerning the expected behavior of 
the shaft and drift seals, more realistic three-dimensional models are needed to account for the 
geomeay of the underground excavations and further understanding of the panel seal performance. 

Nowak and Stormont (1987) paformed scoping calculations of the consolidation of crushed 
salt shaft seals including brine inflow from the host rock and ovalying water-bearing zones in the 
Rustler Formation. 'Ibe analysis took into a ~ ~ ~ u n t  the potential for brine intlow to retard 
consolidation of the crushed salt by predicting the decrease in the porosity of crushed salt u a 
function of time and tracking the percent saluration of the pore space with brine. Closure rate, brine 
inflow, initial density of crushed salt, and time of emplacement aher excavation were varied. The 
consoli.dation of the crushed salt was assumed to Stop when the Salt became salurated with brine. 

The results indicate that leakage of brine past the uppa seal system (see Subsection 6.1) or 
from the Salado host rock or intabeds into the shaft s d  during the consoiidation period could 
significantly reduce the length of the sul which reaches the refacme density of 95% of intact salt - 
The model assumes that once the brine enta-s the aushed salt it is pvented from flowing back up 
the shaft as consolidation proceeds. In order for the lowe? 100 m (328 it) of the shaft seal to reach 
95% relative density in 100 yeas, the brim inflow needed to be reduced to 1 m3/yr and the initial 
density of the salt seal had to be rehtively high (similar to quarried salt blocks). Therefore, the 
upper seal system in the Rustla Formotion Pad Salsdo unit must be effective and relPtively long-lived 
(i.e., 200 yr) to protect ~nSolidati0n of the Iowa seal. This implies that the current i d o w  to the 
lined WIPP shafts (1000 m3/yr) would need to be reduced by thee ordas of magnitude. l%e validity 
of this deduction depends on the assumption that the brine will be pnvented fmm flowing back up 
the shaft (LC., consolidation stops once the salt is saturated with brine), and additional studies may be 
justhied to dUamine the reasm8bleness of the hypofhesi. 

S t o m n t  and Argue110 (1988) developed a simple model to predict the volume of water 
entering the Salado through the uppa sul system in the Rustla Formation. 'Ihe model incorporated 
shaft seal components ( c o m t c  and bentonite), the serllmck interface, and the DRZ to uack the 
amount of water passing through each element unda different coaditions. 'Ih propaties of the 
seals, interface, and DRZ wae varied to detamiae Uk? sensitivity of the inflow to diffaent conditions. 

The results suggest mnt even when the shafts seals paform perfectly (i.e.. achieve design 
permeability and good d r o c k  interface), sufficient amounts of wata can enter the salt-filled 
portions of the shaft if a DRZ is pscnt UM! allows the groundwata to bypass the seals. 'Ibe flow rate 
into the Salado pordon of the shaft will depend on the wata avdllble from the Rustla and the lowest 
pameable layer of rock (DRZ) or suMock interface it must pass. l k c f m ,  a single layer of low- 

- 
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permeable rock in  conjunction with a low-permeable shaft seal (and good seaVrock interface) will 

severely limit the flow rate through the seal system in the Rustler. 

6.32. Disturbed Rock Zone and Interbeds 

Several other models have been developed by SNL to investigate the potential for gas and 
brine migration through the DRZ and interbeds as well as shaf~ and drift seals (WIPP Performance 
Assessment Depanment, 1992). ?he purpose of the modeling was to provide an assessment of the 
most sensitive parameters affecting gas and brine migration and to help point out significant 

*"- processes not yet modeled that have the potential to affect regulatory compliance. The two-phase 
flow code BRAGFLO was used in the analyses. 

Three analyses were performed that incorporated different levels of detail about the 
repository system. The fmt model examined the potential for lateral migration of gas and brine into 
the Salado Formation from a representative Waste disposal panel. The model did not include 
repository shafts or access ways (i.e.. the shaft-fill material was assumed to have been consolidated to 
the host-rock porosity and permeability), so that the gas could only migrate laterally toward the 
subsurface boundary of the laud-withdrawal area. 

m e  second model employed a two-dimensional rectangular geomeuy to provide a more 
realistic geometric representation of the waste and the underground excavations. The repository 
system was modeled as a series of waste, panel seals, backfill, and shaft regions, with possible vefiical 
and horizontal (via the excavations) flow paths. The objective of the model was to determine 
threshold seal permeability aud gas-generation parameters for gas flow through the repository and up 
the equjvalent shaft. I h e  repository shafts were modeled as a single "equivalent" shaft containing a 
seal whose permeability decreases with deph. The rock surrounding the shaft was assumed to be 
undisturbed, for example, a DRZ was not included around the shaf~ 

I h e  third model was similar to the second, e x w t  thu it itrluded an additional intabed and a 
modified seal design. Instead of a long Shaft seal consisting of compacted crushed salt, a shorter (10 
m [33 ft)) high-quality seal with a very low permeability was assumed. ?he remainder of the shaft 
was assumed to be filled wim backtill. 

The DRZ around the underground openings (excluding the shafts) was included in the 
models aud was repre~~l ted  as an area of imtPseQ permeability and porosity. The properties of the 
DRZ and interbeds were held constant; i.e., pssible healing of the DRZ due to salt creep and 
pressure-dependent fracture propagation in the anhydrite interbeds was not included. The 
importance of these and otha modeling assumptions was not quantified. 

Of the sixty Monte Carlo realizations of the sampled parameters for the first model, 13 
resulted in the migration of gas through the interbeds toward the fa-field boundary. Only one 
realization resulted in gas migrating into the element in the model grid containing the 2.4 km (1.5 
mi) disposal-unit boundary. 'Ihe results w a e  most sensitive to the anhydrite rock properties 
(porosity, permeability, and capillary tlneshold pnssun). the rate and amount of gas generated, the 
two-phase flow properties of a br idgas  system, and the far-fidd boudary pressure. Gas migration 
in the anhydrite was inhibited because of the low anhydrite pameability and wociated high values 



of capillary threshold pressure assumed in the model. The permeability determines the resistance to 
gas flow once the capillary forces necessary to displace the brine are exceeded. 

Because the second model assumed relatively low permeability for the halite in the DRZ 
around the disposal rooms and drifts. gas flow was limited to a path through the waste and seal 
components in the rooms and shaft. The shaft was modeled as four sections representing regions 
having different permeabilities and porosities. Of the twenty-two Monte Carlo realizations analyzed. 
sixteen resulted in gas migrating out of the shaft and into the Culebra. In those where there was little 
or no gas flow, the permeability of the lowest portion of the shaft was less than 10-19 m2. 

In the third model, gas could migrate through the shaft and the interbeds. A total of 60 
realizations was performed. Gas was predicted to penetrate the shaft seal in 15 of the realizations, 
resulting from cases having very high values for parameters that encourage gas production, such as 
high gas-generation rates, and for the parameters conuolling brine inflow. ?he realizations in which 
there was no gas released from the shaft generally represented situations whae the gas-generation 
rates were low or the amount of brine available for COIToSiOn reactions was limited. Gas flow in the 
interbeds exceeded the 2.5 Lm (1.5 I& boundary in only one of the realizations although the 
volume of gas reaching the boundary was very small. Gas flow into the intmbds occurred in only 
six of the realizations. Ihese cases corresponded to simulations with high panel pressures and low 
threshold displacement pressures.. Ihus, in most of the realizations, the panel pressure was below the 
lithostatic pressure due to the large storage volume within the repository. However, the model did not 
include creep closure, which could greatly reduce the available storage volume and result in 
significantly higher panel pressures. The model also did wt include enhancement of the interbed 
permeability from pressure-related fracturing. - 

Brine migration was also examined in the third model. Ihe maximum quantity of brine 
driven out of the waste was 3.880 m3. None of the brine entaed the interbeds because ihe storage 
capacity of the DRZ was sufficiently large. lhese results arc questionable for the same nason as the 
gas migration resuits: the absence of creep closure in the model provides umealistic pore space in the 
waste panel for a majority of the time being modeled, (creep closure of the waste panels is expected 
to be largely complete in appmximatcly 100 years after disposal). 

In gelltral, the longa shall seal was more effective in preventing gas migration up the shaft. 
While the shorter seal had a Iowa pameability tfirn the long seal, the remainder of the shaft was 
assumed to offer liuk rcsistPlre to flow (i.e., a high pamcabiUty). 'Ihaefm, the long seal provided 
a much longa flow path through low materinls. 

On the brds of these analyses, me following parametus wen? found to be the most imponant: 

far-field porn pmmm in the interbeds. 

gas production rare (from currosion and microbial degradallon), 

initial Wne saturaUon in me waste, 

pameability of the shafts, 

intrinsic Pamepbility of the intabeds. 
Tk authors rccognized the limitations of the models used in the analyses and recommended 

sevaal activities to improve confidence in their ability to predict the behavior of the repository 
system. lhese involve making more realistic conceptual models of repository seals and the 



surrounding rock mass. including pressure-dependent fracturing of the interbeds and the tlme 
- dependent behavior of the DRZ (healing). as well as additional research to better understand the 

parameters controlling gas generation. 

None of the conceptual models describing shaft and drift seal behavior have been 
incorporated into the performance assessment analyses for preliminary comparison with 40 CFR 191 
or 40 Cm 268.6. The existing models used for perf0KInance assessment analyses do not include a 
representation of the shaft. borehole. or drifi seals. The primary reason for not including engineered 
barriers is related to budget constraints and the need to address other aspects of the repository system 
that were assigned a higher priority (Anderson., 1993). 

However, the importance of engineered barriers is recognized by the scientific and 
management staff supporting WIPP and these features will be incorporated in subsequent 
performance assessment analyses. Sandia National Laboratories has identified a number of issues 
that need to be resolved to provide a high degree of confidence in the shaft, drift. and panel seal 
performance (Tyler et al.. 1988). 'Ihe issues define the areas where additional testing or technology 
development and demonstration may be needed 

W a t a  i d o w  from the ovalying formations must be controlled for the initial period after . ~nstalllng the shaft seal until the crushed salt component has been compacted to the 
design density. 

b / The DRZ around the shafts and drifts must be characterized to determine whether it 

b represents a potential flow path mund  the seals and whetha remedial work is ircessary. 

The neep rate of salt m u n d  the shafts and drifts must be measured to determine when 
- the crushed salt will be cowlidated and form an effective seal. 

Brine inflow from the Salado Formation must be characterized to determine its likely 
effect on seal formation. 

The significance of the above issues is difficult to assess until the seal systems are 
incorporated in the system model for WIPP. While the subsystem models (discussed in Subsection 
6.3) provide useful insight into the sensitivity of the seal performance to local conditions it is not 
possible to identify and prioritize additionnl studies without knowing the contribution of the various 
features and proasses to system performana. 

6.4 S U M M A R Y  

The performance of engineaed barriers (seals) is difficult to predict in a performance 
assessment analysis because they rely huwily on otha  poorly understood mechanisms and processes 
in the natural system. Barrier performance is determined by a combination of closure of the 
underground opening by Keep of the salt, compaction of aushed salt, the presence of brine during 
compaction, gas-generation rates, the extent and healing of the dislurbed zorr, and the permeability 
of interbebs. While the laboratory and analytical studies paformed by the WIPP Project and Sandia 
National Laboratories in particular are impressive and represent significant progress in the 
understanding of these processes, additional work is needed before a defensible compliance 
application can be completed. 

- In the current design for the engineered barrier system, the primary component for sealing 
the shafts and panel m a y s  is crushed salt. The material has several desirable propaties such as 



chemical compatibility with the host rock. plastic behavior with the ability to flow under suess. and 
low permeability when it is compacted sufficiently under high enough snesses. The above propenies - 
make crushed salt an excellent candidate for use in the engineered barriers for WIPP. However, 
several issues may need to be resolved to reduce the uncenainty in the long-term performance of the 
WIPP repository and the ability of the system to meet the performance requirements in 40 CFR 191 
and 40 CFR 268. These include the capacity of crushed salt to achieve a relative density of 95% in 
brine saturated conditions, the time and conditions necessary for the DRZ in the halite and polyhalite 
portions around the excavations to heal and approach intact conditions, and the hydrogeologic 
properties of the interbeds, panicularly anhydrite B and MB 139. 

The results of the scoping calculations by Now& and Stormont (1987) on the consolidation 
of  shed salt shaft seals in the presence of brine inflow indicate that leakage of brine past the upper 
seal system into the shaft seal during the consolidation period could significantly reduce the length of 
the crushed salt seal that reaches the refaence density Of 95% intact salt In order for the lower 100 
m (33 ft) of the shrift seal to reach 95% relative density in 100 years. the brine inflow rate must be 
reduced to one m3/yr. lluefore. the upper seal system in the Rustla Formation and Salado unit 
must be relatively long-lived (i.e., 200 yr) and capable of reducing the mat inflow rate in the lined 
WIPP shafts (1000 m3/yr) by three orders of magnitude. 'lk validity of the above conclusion 
depends on the assumption that the brine will be prevented from flowing back up the shaft. 
Additional in situ expaim&ts, perhaps similar to the Saies C studies. are remmmended m test this 
hypothesis. If consolidation is &&vely halted o n a  the pore volume of crushed salt is saturated, 
additional seals testing in the Rustla Formation may be warranted. 

The DRZ will p v l d e  a pathway for brine rad gas migration from the disposal rooms to -. 
nearby interbeds (ME 139 and anhydrite B). In the halite and polyhalite portions of the rock 
surrounding the excavations, the DRZ is expected to heal with time md evmtually prevent funher 
uansport through this pathway. Howcvu, an additional pathway to anhydrite B is expected through 
the rock bolts holes that iatersect the ovalying interbed Thcrefose, the .pathways for contaminant 
migration are likely to change daring the first swan1 hundred yerrs after disposal. Immediately 
after closure, gas aad brine will be able to flow thmugh the DRZ into MB 139 and anhydrite B. As 
the DRZ heals. gas and brine movement will be limited to anhydrite B. Because the storage and 
thickness of ME 139 are urpected to be significantly greater than those of Scam B, the extent and 
pressure of any gas or brine in the intabeds will depMd in part on the time MB 139 is hybraulically 
connected to the waste panels. 

In situ tests are planned to measure the characteristics and behavior of the fractured 
anhydrites (US Deprraaent of k g y ,  1992) and should improve the understanding of the potential 
for and extent of contaminant mansport In addition to the Sflldies already planned, a large-scale field 
test is recommended to provide anpirid infmation on the herding of the DRZ in the halite and 
polyhalite host rock. lhis might involve a rigid bulkhead in the upaima~tal area of the WIPP 
facility. Afta chvactaizing the DRZ in the salt a d  intakds, a bulkhead would be installed and 
chpages in the DRZ propaties monitored The bulkhead would simulate DRZ healing after room 
closure is complete and the SUSS stnte relurns to limostntic conditions. 

As mentioned carlia, it is difficult to ruch firm wnclusioas about the od#iuPcy of the seal 
system until the pafofmpl~cc assessment analysis incorpor.tes the m s t  important rspects of these - 



components. Discussions with project Staff indicate this effort will be given a high prioriry beginrung 
in FY 94. At a minimum, simplified representations of the shaft and panel enrryway seals, DRZ. and 
interbeds should be incorporated in the system model in the next performance assessment ireration to 
determine the sensitivity of the rep~~itory peIf0~mance to the parameters and processes involved. 



7.0 REPOSITORY SCENARIOS 

A 

'Ibis section outlines the approach used for perfofmnce assessment (PA) of the post-closure 
repository behavior of the waste disposal system. considering both undisturbed and disturbed repository 
scenarios. Subsection 7.1 discusses the base-case, or undisturbed, scenario. in which only naturally 
occurring events and processes are assumed to take Place. 'Ihree cases of migration in the repository are 
examined in two-dimensional simulations. Fully coupled, three-phase (sal~ brine, gas) models have not 
been implemented in the PA, nor has the timedependent behavior of the disturbed rock zone (DRZ). 
Subsection 7.2 discusses PA's approach to addressing the probabilities and consequences of inadvenenr 
human intrusion during the 10.M)O year period mandated by the regulations (i.e.. disturbed repository 
scenarios). Three inadvertent drilling scenarios are examined. Intrusion probability models are 
discussed, and direct releases to the surface considemi 

The base-case or undisturbed summary scenario, with which this subsection is concmed, 
describes the waste disposal system from the time of decommissioning and incorporates all expected. 
changes and uncertainties in the system for 10,000 years. Because of the stability of the natural system, 
all naturally-occurring events and processes are nondisruptive (Marietta et al., 1989; PA, 1992a). After 
the repository is filled with waste, the disposal rooms an? backillled and seals are emplaced in the shafts 
and access drifts. Because of the high lithostatic pressure at repository depth. closure due to salt creep is 
expected to consolidate crushed salt seals to the nearly impavious behavior of intact salt. 
Simultaneously. drums housing the as-received waste will collapse and their contents will compan to 
materials of reduced porosity and permeability. Closrae will occur in less than 100 years, unimpeded by 
brine inflow or gas generatios although these characteristics may affect subsequent repository behavior. 

Ihe Performance Assessment Deparlment of the Sandia National Laboratories has considered gas 
and brine migration from the repository in preliminary sensitivity analyses related primaxily to the no- 
migration requirements of 40 CR1 268.Na). 'Ihne cases of migration in the undisturbed repository 
(Subsection 6.3.2) were addressed in the two-dimensional simulations (PA [RCRA], 1992). Using a 
probabilistic approach for analyzing mxxtahty in the performafa and the BRAGFLO two-phase flow 
code (PA. 1992.2, Am. A), C8se 1 permitred only lateral gas and brine migration along MB 139 and 
anhydrite layers A and B by omitting shaft seals; vertical migration through the overlying halite does not 
occur. Cases 2 and 3 investigate gas and brine flow up the shaft as well as laterally. Case 2 analyzes 
migration from waste -aced from the shaft by a varying number of panel seals and then up a shaft 
sealed by four sections of crushed salt whose permeabilities demase to that of the intact salt. Case 3 
investigates the effect of a single 10-m-thick (33-ft-thick), high quality shaft seal, and ineffective panel 
seals, and expands gas storage area, by adding MB 138, the experimental area and the transition 
(depressurized) zone between the DRZ and intact halite. Howeva, void volume of the DRZ is not 
included in estimates of the h a l  waste porosity, and possible gas pressuredependent fracturing of 
anhyQite is not considered. Room porosities calculated are based on sampled volume fractions of 
mmodible metal and biodegradables, and they are the ones required to store all gases generated at 
lithosrnric pessure in a brine-h reposimy. 



Simulations predict high relative gas saturations in the waste so that. although gas generation 
takes place dominantly under humid rather than inundated conditions. all metal was corroded within - 
10.000 years. Lateral migration of the gas was generally very limited in all three cases because the room 
gas pressure did not rise high enough to force the gas-brine interface out through the interbeds. Gas flow 
up the shaft, driven by the pressure gradient between the disposal room and the Culebra Dolomite 
Member of *he Rustler Formation, proved to be the principal migration pathway. For Case 2, gas release 
to the Culebra was unlikely for a lower shaft seal with a permeability less than lO-'9 m2. and for Case 3, a 
permeability of less than 5 x m2 is required; both estimates ignore leakage around the seals. Finally. 
selected simulations show that brine which has been in contact with the waste has gpt migrated beyond 
the DRZ in 10.000 years (PA IRCRAJ, 1992, p. 1-6). 

The most recent model (PA, 1992, 1) accounts for creep closure of the waste disposal rooms by 
using results from the gmmechanical code SANCHO (PA. 1992, App. B) to estimate waste porosity as a 
function of pressure. Fully-coupled, three-phase (salt. brine, gas) models have not yet been implemented 
in the performance assessment nor has the timedependent behavior of the DRZ. As regards the latter, it 
was suggested in Subsection 5.5 thPt the DRZ might Self-Sd in lCl0 years, eocapsulating the waste in 
each room at a gas pressure near 1 MPa For this humid-environment, gas-generation model, gas pressure 
would build up until vented along rock bolts to anhydrite B. ~f'permeabilities and pore and threshold 
pressures permit sufficiently rapidmigration of the gas along these layas. and along thin clay layers 
exposed g~ the disposal rooms, then gas releases might be Wcien t  to maintain gas pressure in the room 
at or below the equilibrium lilhostatic pressure. So long as the VOC and radionuclide content of gas that 
might escape to the accessible environment remains below 40 CFR 268 and 40 CFR 191 limits. the 
repository poses no t h m  catainly, commhated brine would not mi- beyond the DRZ. 

-. 

'Ibis humid model assumes, with wasideroble expaimental basis. that the moistened uushed salt 
backfill will reconsolidate to a fractional density greater than 95% of intact salt. Much of the 50 m3 of 
brine flowing into the room in the 1Wyea  mod could thus be isolated in pores of lhe bacffi11, lowaing 
the gas pressure in the waste and disposal room still funha (Nowak et al.. 1988). 'Ihe model is in 
Leeping with the statement by Mendenhall et al. (1991, p. 3-14): "As we learn more about the host rock 
hydrologic properties and about coupling gcomechanical and fluid flow behavior, tk trend seems to 
indicate that vay low permePbillty host rock, defmming room boundaries, and gas presslmzation will 
inhibit brine flow into the repository and thus limit gas garmtion" 

7 SUMMARY OF DISNRBED RJiFOSlTORY SCENARIOS AND PERMIRMANa ASSESSMEHI 

7 . 1  Human Intmion Scenuios 

Ihe 40 CFR 191 AppeDdix B stntes that "... inndverteal prd imamittent human intrusion by 

191 currently concentrate on inndvatent human intrusion by exp1orPtory drilling (for fosdl fuels, water, 
injection disposal), which has been demonstrated to be the only event likely to lead to radionuclide 
releases near, or in excess of, regulatory limits W P  PA 1992, 1, c h  4). If the waste-disposal panels 
are penetrated by a borehole, then radionudides may reach thc accessible environment eitha dinctly as - 
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paniculate matter (e.g. cuttings) and brine in the circulating drilling fluid or indirectly through uanspon 
by groundwater flowing through overlying mansmissive strata. 

Figure 7-1 shows the logic diagram for WIPP perf0mme assessment; no temporal relationships 
between events and processes are implied by their Sequence across the top of the diagram. To date. only 
the base case and inadvertent drilling scenarios El. E2 and their series combination scenario. E I U ,  have 
been analyzed. 

TS - P O W  mining 
El - Intamiucnr cxpbnmmy drilluy into mom md presni2td brine poch in Cmtik Formmion 
EZ - ~nt~mincnt u p b r u ~ y  6illing inm mom 
E3 - Wimcinwd v d a  fm d k  w u a  

Figmrc 7-1. Potenthl sccpu& tor h e  WIPP Wponl Syrtcm (PA, 1-2). 

'Tbe summary scenario El  describes one or more exploratory boreholes that penetrate a waste- 
filled panel and a pressraized brine resavoir in the underlying Castile Formation (Figure 7-2). Scenario 
E2 describes events whatby one or more boreholes penetrate a waste-filled panel but do not penetrate 
pressurized brine below tbe repository horizon (Figure 7-3). For both El and E2 events, initial 
radionuclide releases result directly from the drill bit imasecting waste (cuttings, cavings, spalling). 
After drilling is complete, the holes are assumed to be plugged and abandoned, with drilling mud and 
plugs that degrade (except those above me Culebra) remaining in Uke borehole. ?be boreholes are 
assumed to remain propped open by fill, and a single plug above the Cutebra is assumed to remain intact, 
divaring any flow up the borehole into that trammissive pathway to thc accessible environment. Rate of 
flow depends on the hydrvlllc propatics of the borehole fill and hepd difference between the Culebra and 
injected brine (El) nnd that baween thc Cutebra and repositay (E2). 
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same panel, one having also peoetrwd pressrrrized brine below (Figure 7-4). However, the intact plug 
for El  (left-hand well in Figure 74) has becn ph#d  below the Salodo-Rustler contrt so as to maximize 
flow from the Castile presslnized W through the waste into the borehole to the Culebra. For this 
scenario, intact plug plrcemcnt is deical. Sequence of plsfunent is mt, bowmr, and therefore. analyses 
of scenario ElE2 assume that both boreholes arc drilled aealy simulfPIWWly. Scmaio ElEZ nvens 
essentially to E2 w l m  t& driving pessue of the mdalying brine is depleted. Howeva, brine pressure 
depletion is mt coasidaed in ntmnt PA mrlyses. (Beoubdm et IL, 1993) 

E2-typ intrusions are simulated explicitly using the BRAGFLO, SANCHO and PANEL 
computer codes (Table 2-1). El-type scenarios im mt simulwd explicitly. Consequences for El are 
assumed to be the same as for E2 inrmslons but the probability of the EZ-type is grater for most .- 
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realizations. ElE2-type innusions are m t  simulated explicitly because the axisymmeuic cylindrical 
geometry used for BRAGFLO carmot rudily accommodate two inrmsion boreholes. lhis scenario is 
simulated using a single borehole and the Pssumption thnt all in the waste-filled panel mixes with all 
Castile brine flowing up the borehole. Because the flow path baween the two boreholes is omitted, this 
simplification ovaestimnts botb the amount of waste dissolved and the rate of flow (WPP PA, 1992.2. 

Followiag the ocarmnct of an E2 or E1E2 insdvenent inuusion scenario, now of brine through 
a collapsed W J R  panel and up .a inausion borehole may result in imqQrI of dissolved radionuclides 
through transmissive mmbas of the Rustlex Formation. Radionuclide transport in the Culebra dolomite, 
identified as the most highly transmissive munber. has been described by thne rltanative conceptual 
models (Subsection 4.3). Ibe fracture-only (single porosity) modeldan~pon ttnoUgh unlined fractures 
only, with no pbysicrl or ckmical ret9rdrrtion-i~ regarded as unrealistic. 'Ihe dual-porosity, Kd = 0. 
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model (Figure 7-5) meats the Culebra as a dual-porosity medium with nanspon occurring along clay- 
lined fractures and diffusion occurring into the clay and dolomite matrix causing physical retardation: 
disnibution coefficients. Kds, are assumed to be zero, and no chemical retardation occurs. Available data 
from well tests support this mqdel. The dual-porosity. Kd # 0 conceptual model is identical. excepr that 
chemical retardation does take place both in the clay linings and the dolomite matrix. This model is 
preferred by the WIPP PA department but iris not yet fully supported by available data. 

7 2 3  Intrusion Probability, Release Modes, and Consequences 

Intrusion probability models are based on the assumption that intrusion events will follow either a 
time-independent ( &) or a time-dependent ( A )  Poisson process. On the basis of the jl, model and the 

-. intrusion density that must be considered for 10.000 years, 3O&n2 (U.S. EPA, 1985, p. 38089). the .-. 
largest number of intrusions for seventy realizations used in the 1992 analyses is ten. 

lhis number is reduced to four for the A model primarily because of the predicted efficacy of 
passive markers and because resource exploration and exploitation (especially for hydrocarbons) is likely 
to diminish and then end within 500 years as the resource potential is evaluated and the energy economy 
ends its reliance on hydrocarbons (Hora 1992). lie k model, scaled to reflect the fractional area of 
overlap of waste panels and underlying brine pockets, is the preferred PA model for 1992 PA calculations 
(WIPP PA, 1992.2, ch. 5). 

'Ihe 1992 PA considers direct releases to the surface by cuttings. cavings and borehole fluids 
associated with the drilling process and indirM releases to the accessible environment by subsurface 
uanspon up the borehole and through the Culebra dolomite. Because of UE radioactive decay history of 
the inventory, direct releases are more sensitive to the time of inrmsion during the first 1000 years than 
are indirect releases (because of long periods of subsurface nanspwt). Therefore, direct releases to the 
surface have been considered for intrusions at six different times after decommissioning (100, 175, 350. 
1,000, 3,000 and 7200 yean). whereas a single time (1,000 yean) is considered for subsurface releases. 
For comparison with EPA Contninment Requirement 40 CFR 191.13(a), Aeam are plotted as Summed 
Normalized Releases (SNR) against the Probability of Release O R )  on mean Complementary 
Cumulative Distribution Function (CCDF) diagrams (8 2). 

Uncertainties inaoduced into cuttings releases by choices of single or multiple intrusions and 
choice of inmion probability model are illustrated in Figure 7-6. Ihe larger munber of intrusions for 
the time-independent ( A )  cPse IePds to much higher prcibabilities of release than for the time-dependent 
A) model. A single intrusion at 1,000 yean for the model also results in appreciably hi* release 
probabilities than for but only slightly lower probabilities than for the multiple-inausion A model. 
For all thee cuttlngs release models, the CCDF curves show that expected releases fall two orders of 
magnitude or more below the EPA limit (19% PA, Volume 1, pg. 5-6) 

Subsurface releases resulting from an El=-type innusion at 1000 years, with contaminated brine 
transport up the borehole and through the Culebra by means of the three conceptual flow mechanisms, are 
as shown by the CCDF curves of F~gurc.~ 7-7 and 7-8. For the single-porosity, fracture-only flow model 
(Figure 7-7). subsurface releases clearly dominate cuttings releases (Figure 7-6, one intrusion) and, for 
the time-independent ( A )  model, they are less than one order of magnitude below the EPA limit at a 
probability of Changing to a dual porosity, Kd = 0 @hysicPI but no chemical raardation) transport 
model for ;lo intrusion reduces the CCDF to man than one or& of magnltucle below the limit at all 
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probabilities. Innoduction of a time-dependent intrusion ( h  ) model has a profound effect on release 
reduction, nearly independent of type of the Culebra flow model. The addition of chemical retardation 
(Kd # 0) resulrs in summed releases nearly three or more orders of magnitude below the EPA limit 
(Figure 7-8). lowermost CCDF); this conceptual model is believed to be the most realistic by the WPP 
Performance Assessment Department (PA, 1992, 1, ch. 5).  For the & # 0 model brine nanspon wough 
the Culebra results in subsurface releases sufficiently lower than those at the surface so thar the CCDF 
location is detennjned entirely by direct releases to the surface 

One final comment w n m  borehole inrmsioo into a waste disposal panel in which a humid 
environment has dominated throughout its history and each room has encapsulated its waste contents, 
connected only by PnhyUtite layer B. For this model, the only releases to the accessible environment of 
any consequence would be thrwgh Mtings a l e .  ?he E l l 3  scmaio is eliminated room contans ratha 
Urn -1 or repository coatems fo~m the source tam, and subsurface flow patsins to scmario El alone. 
This conceptual model has m t  been considered by PA (Bcauhcim et al.. 1993). 
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8.0 ISSUES AND RECOMMENDATIONS 

In  order to evaluate the technical adequacy of the WIPP Performance Assessment Program. 
identify any needed program changes, and make recommendations for carrying out these changes. 
the Performance Assessment Review Team performed a limited review of relevant PA and PA-related 
literature and the on-going performance assessment efforts. This review included discussions with 
appropriate WIPP Program Staff and COntraCtOrS. In performing its review, the PART has attempted 
to elucidate the specific issues associated with 

integrating the various types of information needed to justify and carry out the 
performance assessments that will provide the predicted quantitative results for 
comparison with the numerical compliance criteria of the regulations, and 

developing the reasonable expectation (or degree of certainty) through a process of 
documentation that provides the required assurance that this integration and these 
performance assessments are reliable and realistic and provide the right type of 
information on which to judge the efficacy of disposal. 

Demomating that there is a "reasonable expectation of compliance" as nquired by the draft 
RCD (DOE, 1992) is one of the most difficult issues for the DOE, since, as implied by the various 
statements in the regulations, sole reliance on numerical predictions may not be appropriate because 
of the substantial uncertainties. These numerical predictions, as a result. require support based on the 
record of evidence, and they also require supplementation with qualitative professional judgments 

Tk difficulty in providing reasonable assurance has been recognized for some time. 'Ihe 
Performance Assessment National Review Group (PANRG), in their review of performance 
assessments for high level radioactive waste disposal (Liebarnan et al., 1985). observed that scientists, 
regulators. and decision makers have been thrust into unfamiliar territory because of the long time 
frame and large scale of the integrated, interdisciplinary effon. Such an effm is needed to select a 
iite, develop a design, and conduct the experiments to identify and evaluate issues so that the disposal 
system protects the environmental quality and the health and safety of future generations. Also, as 
PANRG observed, the public now requires a level of professional documentation that has never been 
required before because of the magnitude of the real and perceived problems associated with nuclear 
waste disposal. As indicated by Ruckelshaus (1985). the major and controversial issues must be 
brought into the public aful technical, arena for open inspection, resolution, and consensus because 
"Risk management is not maely a set Of techniques for arriving at correct answers. I t  must include 
communication to the public about how we arrive at environmental protection decisions. The values 
and assumptions mnt underlie all such dedsions must be manifest. Transparency is the object of the 
whole pocess and public trust is the ultimate goal." 

Early in the review effon, the PART realized that, because of the small number of review team 
members and Mdr restricted technical breadth (e.g., m gas generation and geochemistry experts), it 
was not appropriate to perform only the limited technical review afforded by the time and budget. 
Various standing technical oversight groups are already in place (Subsection 1.2.7) and, through 
their continuing involvement with the WIPP effon, can provide a better in-depth evaluation of 
detailed technical issues. The PART believes that it is important to evaluate the process for 
developing (1) the base of supporting data and experimental evidence needed to perform the 



required compliance calculations. and (2) the adequate nail of documentation to provide the required 
"reasonable expectation of compliance." 

This section presents a summary of the various issues identified by the PART review and the 
recommendations for addressing them. Subsection 8.1 discusses the overall issues and 
recommendations for improvements associated with the performance assessment process (e.g., 
identification and resolution of issues) and the development of an appropriate documentation trail to 
provide the required degree of certainty in PA results. Subsection 8.2 presents the major technical 
issues and uncertainties: first, those related to the natural system (Salado Formation, Rustler 
Formation. and Castile Formation); then, those that arise because the system is disturbed as a result of 
the waste and repository emplacement; and finally, those related to the engineered barrier systems 
that are important to the repository design. Subsection 8.3 discusses the scenario-related issues and 
recommended changes identified and developed by PART, aad, finally. Subsection 8.4 summarizes 
the major PART findings and recommendations. 

8.1 PERFORMANCE ASSESSMENT PROCESSES AND DOCUMENTATION 

As discussed, the issues, assumphions, ControverSies, resolutions, and any other basis for 
judgments and deasions associated with siting and licensing must be well documented, since clarity 
and openness in this documentation trail are needed to build the required confidence in the PA on 
the part of decision makers. Since the actual PA document is the primary intepating Qcument in 
this total PA documentation trail. the PART, in this mbsection, examine.$ and makes specific 
recommendations regarding PA documentation and the integration issue and also provides more 
general comments and recornmeadations regarding total dDaunenUtion trail. - 

In this subsection, the PA process is viewed vay  broadly and includes more than just the 
computer calculations required for wmpPrison with the regulatory sundprds. 'Ihe PA includes the 
various processes for dnrrmining what the issues are and how to nsolve them: W'hat calculations? 
What supporting, compliance-based, experimental evidence is required and how should it be 

obtained? What are the appropriate param measunmenls? Wha! are the technical issues and which 
ones need to be resolved? Whpt is &e best mahod for resolving issues that rue resolvobk? The 
PART recognized that, because of the time frame of the test phase and the PA program at WIPP, it 
was just as important to examine the PA process for developing the nquirad evidence as it was to sift 
through the existing trail of evidence in search of specitic technical areas that need improvement. 
This realization was based on the reasoning that if the right process for developing the PA and 
preparing the associated documentation aail is in place, then the m a t e  PA and docurnemation 
mil  will be develop&; whaeas, if the process is m n g .  fhn the PART lccommendations will only be 
another se$ of review team midcoune comction recornmendPtions f a  the WIPP PA team. As a 
result, this subsection also cxamhs ad makes ~gPd ing  the PA p r ~ c e s ~ e s  for 

identifying and bringing major issues to the attention of the public and the scientific 
community, 

identifying unresolved issues aud the needed compliance-based approach for resolving 
them, and 
documenting which issues have been resolved and how they were resolved - 



8.11 Integration end Documentation 

In the course of the PARTS interviews with SNL and WID staff and during the PART'S limited 
review of both the base level documentation (Subsection 1.4.3) and pans of the nearly rwenry years 
of supporting technical record for WIPP, the team encountered cooperative and dedicated staff and 
generally solid, well documented technical work. However. there was no adequate framework for 
organizing and integrating all these very diverse details regarding various issues. assumptions, data. 
experiments. and preliminary calculations (which have been gathered and performed throughout the 
many years of investigation) into a logical, coherent, and digestible form. PART is not alone in this 
observation. EEG's second comment on the 1991 WIPP PA states: "We have mixed feelings about the 
organization of the Sandia reports (4 volumes of SAND 91-0893). The repon appears quite logical. 
but it still requires much effort to gather all the information . . . ". As discussed i n  Subsection 
3.2.1.1. the current PA (SAND92-0700/1-3, 1992) does not provide enough information on the 
assumptions, controversial issues. and the evolution of understanding that PART believes will be 
required for licensing. The current PA, for example, provides no coherent presentation of the 
plausible conceptual models for the supra-%lado hydrologic system, yet a coherent discussion of 
these plausible models is required in order to address the major interpretational issues discussed irr 
Subsection 3.2.1.1 and to properly discuss and document the Culebra conceptual model and justify 
the various asswiated assumptions. Clear identification and documentation of conceptual model 
issues and assumptions, as well as the way that they 'were resolved and justified through laboratory 
and field measurements, other experimental evidence. expen panel findings, or numaical studies, is 
critical to the attainment of that quality of a reasonable expectation (or degree of cmainty) required 
for compliance models. As a very minimum, the line of reasoning that integrates the available 
information and understanding in support of the current conceptual model needs to be outlined in 
the PA document. 

During the PART review (Subsection 3.2.1.1) a variety of important past issues were 
identified (e.g., syadepositional versus postdepositional dissolution, rate of advance of dissolutioning 
and karst topography), which according to the chronology of the literature. had been resolved. 
However, the status and resolution of Ulese issues w a e  never discovered, and many of these important 
past issues are never alluded to in the current PA documents. 'Ibe issue is not that these past issues 
have not been adequately resolved, but that there is less credibility when both the issue and its 
resolution or lack of resolution are not transparent. 'Ihe PA documentation, being the primary 
vehicle for conveying the record of evidence to thc decision malas, the regulators, and the public, 
must clearly identify and integrate a hierarchy of known issues, provide a brief synopsis of them, and 
briefly discuss their addressment status. The PA documentation must attempt to integrate these 
various issues by indicating, in an unbiased way, each issue's relative importance from a compliance- 
based perspective and provide a road map to the important litemlure (both favorable and unfavorable 
to the project's position). Discovery of this important howledge should not be left to chance, since it 
detracts from the reoda's confidence in the reported results. Furthermore, regulators and other 
decision makers should m t  be expected to perform the technical detective work (which the PART 
found necessary in many cases) to locate the appropriate supplementary material containing the 
detailed discussions needed to clarify these issues and assumptions, as well as to elucidate the 
conaoversies and the mabods used to resolve them. 
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A related information integration issue identified by the PART during the course of their 
review, i.e.. "corporate memory loss," was discussed with Dr. Wendell Wean, the SNL WIPP Project - 
Manager. Ihe "corporate memory loss" that Occurs on long-lived projects like WIPP is the loss of the 
integrative knowledge, due to employee amition, that relates all the specific investigations undertaken 
through time by the various principal investigators (PIS). While specific investigations may be well 
documented and the planning documents that have identified the needs for these specific 
investigations may exist, the knowledge that integrates this relationship and ties the results of these 
efforts to the problem or issue addressed. commonly is recorded only in the minds of project staff. 
W. Weart. who has been with the project since its inception, indicated that SNL is aware of this 
problem and is currently in the process of preparing a document to address the "corporate memory 
loss" issue. This document may provide the basis for developing an issue and assumption section that 
the PART believes should be an integral part of the WIPP PA. 

The basic documentation issue identified here is nearly the same as the one that prompted 
WPIO's ongoing evaluation of the performance assessment params used in the WIPP PA: i.e.. the data 
and params used in the W P  PA must be of the appropriate quality and the requisite pedigree in 
or& to avoid difficulties during regulatory review. For these very same reasons, it is important that 
the various issues (including any comroversies) and ~ssumptio& important to WIPP be identified and 
the validity of their resolution be documented and tracked by a change control process to assure the 
same level of quality as is required for the params. This is because these issues and assumptions are 
as fundamental and controversial, and can have as great an impact on both predicted PA results and 
the demrnstration of a "reasonable expectation of compliance." Some of the concerns and issues 
identified during the WPIO review of the PA params list may have become moot since the quality - 
assurance procedures (QAP 2-3 for Param Selection) were put into place in November, 1992 
(Rechard, Trauth, and Guzowski. 1992). Pe-rhaps a similar approach (i.e., development of a QA 
procedure) would also be appropriate for the documentation and uacking of important issues and 
their resolution and the development of the associated pedigree for this important information (i.e., 
tracking issue origin and the continuing refinement in definition and the method of addressment 
through time). 

A more specific documentation issue identified by the PART is related to the way that 
confidence in the acnral compliance models and the assumptions needed to support these compliance 
models is developed Thc PART, for example, performed many hand calculations in order tocheck 
the reasonableness of assumptions and believes that they provide a simple means for establishing 
confidence and should be presented in the PA when appropriate. ?be PART observed that, in 
general, the PA Qcumenu present only a brief description of the actual compliance models and that 
there is no contidence-building description of the progression of simple deterministic or stochastic 
modeling that is typically investigated as part of the process of examining and justifying the various 
conceptual model assumptions. 'Zhae is m dtscription of the progression of modeling analysis that 
must have been performed to demonstrate that the appropriate level of modeling had been selected 
for compliance analysis. This last step is especidly imponant when it appears to leave out imponant 
processes (see Subsection 5.1.5). 'Iht PART believes that this progression needs to be clearly 
documented in the PA. 
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Another specific documentation issue relates to compliance-based assessment. Since every 
outstanding issue cannot and need not be resolved to demonstrate compliance. it is imponant for the 
PA document to indicate clearly what must be known and resolved in order to reach compliance and 
at least to outline the reasoning (andlor present calculations or experimental evidence) that suppons 
this assessment. 

PART Recornmendorions: PA documentation must be considered to be the primary 
integrating document and. as such, the PA document should contain an evolutionary summary ( e g ,  
similar to the type found in SAND89-0462. 1989) of the major resolved and u~eS0lved issues. 
discuss their relevance to compliance analysis, and provide a guide to the literature (e.g.. issue 
resolution documents, as discussed below) that describes each issue in detail. Perhaps the document 
discussed by Weart, see above. could serve as a basis for this section. 

The PA must provide a clearer documentation of the line of reasoning that integrates 
available information and understanding in support of the current compliance conceptual models and 
indicate why only a certain level of (compliance-based) knowledge is needed. Interpretational and 
p a r a  scale (i.e., both spptial and temporal) issues need to be specifically addressed. 

The PA document should present hand calculations, when appropriate, and at least a brief 
documentation of the progression from the simpler modeling efforts used to justify assumptions and 
to help achieve those qualities of "reasonable degree of certainty" and "reasonable expectation." It is 
also important for the PA to justify and document the analyses that led to the model selected for 
compliance. 

As will be discussed in the next subsection, there is a need for a specific PA process for issue 
identification, resolution, and documentation. A format and style for these issue resolution 
documents needs to be prepared, and the past issues that have been identified in the "corporate 
memory loss" musr be Qcumented in this formal. 'Rwe issue resolution documents need to identify 
and define each issue: identify and summarize the chronology of litcramre. workshops, and 
important meetings; summarize the method of resolution; and document the consensus and any 
dissent. These documents should probably be prepared under s u i a  QA with appropriate 
documented external review by qualitied expats. 

As &scussed esrlia, the "PA process" in tk context of these discussions should be viewed 
very broadly and includes, for example, the various processes for determining and resolving issues 
and deciding what to measure and calculate. The PART has determined that there is no formal PA 
process or mechanism for dealing with issues (i.e., their identification, evaluation, resolution, and 
documentation) within the WPP PA program. In this regard an important area of concern identified 
by the PART is related to the flow of information among the DOE. tk PA staff, the PIS, and other 
partidpants, in orda  'to identify problems and issues and to develop means for the'u resolution. From 
the PART review it is not clear how DOE maaagement, PA personnel, aad Pls work together to 
determine and hod the modeling and expimental approaches Pnd to insure that these efforts are 
compliance-based, so that the experiments will lead to data of the Pppropriate spatial and temporal 
scales f a  compliaace PA. Questions of concan include the following: / '  



How does the ongoing PI modeling eventually integrate with PA modeling and how is this 
planned? 

Is the information flow between PIS and the PA team. especially across contractors. as 
smooth as it could be? 

What is the process for, and who is involved in, identifying where there is sufficient 
scientific understanding and data and where there is not? 

How is it determined which scientific issues are resolvable by further data gathering or 
experimentation and which ones cannot be SO resolved? 

What is the process for reevaluating the repository design to determine if difficult or 
unresolvable critical issues can be resolved by design changes that avoid the need for 
addressing them? 

Are estimates for compliancedriven data gathering and experimentation realistic in terms 
of what can actually be achieved (i.e.. Can science actually deliver and are the time frame 
and costs realistic?) and how is this detembed? 

Is there a process for evaluating proposed programs to defermine if they are realistic and 
likely to lead to the desired closure of is- relative to data and uodastanding? 

How are decisions made about what gets modeled and when, and what gets measured and 
when? 

Is there a process for weighing the vaous p m g e  for resolving technical issues against 
each other to detamine what gets funded and when? 

The PART believes that the WIPP PA program needs a formal documented method for 
dealing with the identification/aac~nglresolution of WIPP PA issues. One example that illustram this -, 

point arose during the PART discussions with EEG regarding the issue of the cuttings scenarios 
(Subsection 3.2.1). The PART was unable to detamine whetha the scenario identification and 
selection process would ever be revisited or what plmiU and types of cowem would cause it to be 
revisited. Another example that illustrates the need for a formal issues identification and resolution 
process (Subsection 3.2.1.2) relates to the oil and gas resource potential in the WIPP area and 
concerns raised by EEG regarding potash mining and MU@ frequencies. 'Ibe PART believes !hat 
there is a need to re-examine the natural resource issue as raised in 8191.14 (e) in order for DOE to 
determine and clearly state its position regarding the owgas and potash resouras in the vici.nity of 
WIPP. ?he PART can make a recommendation, but what process is in place to allow the concerns of 
other parties to be raised aud subsequermy evplupted, addressed aud documented? 

The formal documented method for dealing with WIPP PA issues must provide ways for 
identifying issues, evaluating them, making a deciSiOn on the approach for their resolution, tracking 
their eventual resolution, and documenting the whole process. 'Ibe approach must provide a method 
in which to present issua for subsequent evaluation and COnSidaation f a  Pddrcs~l~bcIU. An approach 
and decision methodology to guide this evaluation will be IE&U so that newly idmtified issues can 
be evaluated and either (1) the issue is closed, once the reasoning for Closun is forrmlly identified 
and documented, or (2) the issue is moved forward aud given a refiaed definition to save as the basis 
for development of an approach for nddrcssment. 

Once an issue has been identified and moved forward for addressment, the issue - 
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A means for the issues to be clearly identified and defined. 

A mechanism for each issue to be evaluated in terms of its relative importance to 
compliance analysis (including an evaluation of the effecrs of not resolving the issue). 

A mechanism for determining whether an issue can be resolved and, if it can. how it can 
be resolved. All the plausible alternatives (including engineering approaches to 
alternative design that avoids the issue) should be identified. along with complete time. 
cost, and probability of success estimates. This mechanism should first determine if the 
addressment of the issue is what Weinberg (1985) would describe as "rmns-scientific " or 
beyond the power of science to answer. It is important to realize that not every issue need 
or can be addressed. It is also important to separate the questions that are beyond our 
current ability to address and those that are beyond our means in terms of time or cost. 

A means to classify and rank the various issues so they can all be put into the proper 
perspective for the decision makers for prioritization and allocation of resources. 

A means to track the issue and its eventual resolution. 

In order to achieve those qualitative qualities of "reasonable degree 
of certainty" and "reasonable expectation," there is a need to document these issues and their status of 
resolution through a saies of issue resolution documents to aid both the licensing reviewers and any 
other interested parties (Subsection 4.2.1.1). 'Ihe PA should contain a brief summary of the major 
resolved and unresolved issues and provide a refaence to these issue resolution documents. and these 
documents should be prepared under strict QA with appropriate documented external review by 
qualified expens. 

8.1.3 Repository Deslga/FPdlity ContlprPtion Control 

Another impottaot area identified by the PART is related to repository design. The original 
WIPP repository design anQ repository level were established before the current regulations were 
promulgated and before much of the in sihl testing and measurements were completed. In their 
cursory review of the design. the PART identified the following issus and concern: 

Are the npository design and repository level fixed and why? 

If the repos iw design is m t  fixed, how bu the npository design changed in response to 
information from the site characterization and PA activities? 

Who is in charge of design configuration control to insure that design changes are 
compatible with otba components of repository operation and performance? 

Is l k r c  a formal process nnd procedure for revisiting the design to determine if it must be 
updated in response to improved undastanding of the subsurface and the waste disposal 
system? 

PART R q a r e  a d m e n t  containing the history of the design process 
and record (or develop) the p r o c e d m  that govern the design change conuol concern discussed 
above. 



8 . 2  REPOSITORY SYSTEM UNCERTAINTIES 

In addition to the general issues of process and information referenced above, PART has 
identified other imponant technical and management issues to be resolved. The significance of these 
issues cannot be properly assessed until a Complete System model of WIPP is available. The issues 
associated with the natural system are presented first. followed by a discussion of repository-related 
issues, and finally. those related to future events and processes. 

8.2.1 Salado Formation 

Uncertainty appears to center around far-field pore pressure and permeability of impure salt, 
relatively pure salt, and interbeds in this heterogeneous unit Particularly unsettling are questions 
concerning hydraulic (and possibly chemical) equilibrium Of the system. Pore pressures in the very 
low permeability salt are expected to be near lithostatic (15 MPa) a d  in equilibrium with those of the 
interbeds (12.5 m a ) .  but the highest pore pressure measured in the halite is 9.5 m a .  Careful 
investigations of the physical properties and chemical equilibria of pressurized core from 
"representative" halite members of the Salado Formationobtained from the repository horizon may 
provide fundamental information loward a solution to this problem and to that of whetha or not 
Darcy flow occurs in the un- salt. More important, howeva, is a thorough characterization 
of flow properties of the heterogeneous intabeds. 

PART: Obtain pressurized core from representative pure and impure halite 
and interbeds of the Salado Formation at .the repository horizon in the far-field for laboratory - 
assessments of -flow pmperties and processes. 

8.2.2 Rustier Formation 

Most recent work on the Rustla Formation has focused on mechanisms of contaminated 
brine transport through the Culebra dolomite following inadvertent borehole inrmsion into and 
through waste panels. Apparently, these imponant investigations arc being carried out to tbc 
exclusion of considerations of flow along other potential transmissive pathways in the Rustler, such as 
the Rustler-Salado contact. Ttaee specific models for brine flow through the Culebra have been 
employed in consequence modeling to dw. However, as shown by studies of cores obtained near 
walls of a shaft, the Culebra is so hetaogeneous, on the scale of ms, tba! results of the models may 
well be misleading. R d d  tracer tests arc essential for uadastanding flow and trampon through this 
wit, and perhaps otbas in the Rustler Formation, unless they can be excluded on otha grounds as 
potential migration pathways. A beaa understanding of potentiomerric surfaces associated with 
various units of the Rustler Formation may be imponnnt F d y ,  there is a U to carry out the 
column radionuclide sorption kt on the cores removed from the air intake shafI (Subsection 4.3.3.4 
and Figure 4-9). 

Continue column radionuclide sorption testing and conduct field 
tracer tests to determine large-scale flow propaties of the Culebra dolomite. 

/"" ; 



8.2.3 Castile Formation 

Continuing characterization of the nature and physical properties of the Cactile anhydrites 
and potential oil-bearing strata below is imponant only for purposes of inadvertent human intrusion 
scenarios. It appears now as if the Castile pressurized brine pockets, conservatively estimated to 
underlie ?pproximately 40% of the WIPP repository, have been isolated from each other and from 
recharge for a very long time. If so, restricted volumes of brine are available for contaminant 
transport to the surface and through the subsurface, should one or more of these pockets be 
penetrated. 

PART: Continue geophysical studies, using remote sensing methods. in an 
effon to define better the extent of the pockets and volumes of brine associated with them. 

8.2.4 Impact of the Repository and Waste Emplacement 

Excavation of the repository perturbs the thermal. chemical, hydrologic and mechanical fields 
of the Salado Formation. Ihe  most profound effem are to be found in the immediate vicinity of the 
opening and are manifested by formation of the disturbed rock zoie (DRZ). Microfracturing and 
faulting associated with high stresses and rapid mnsient creep closure lead to reduced pore pressure 
and greatly enhanced permeabilities. Brine inflow rates are high initially, falling off to steady-state 
rates as intergranular water is drained from the DRZ. Although it is not yet fully characterized the 
DRZ is pervasive from excavation surfaces to about 3 ms (9.8 feet) into the salt where it grades into a 
zone of diminished pore pressure but low permeability. Apparently, new DRZ may be created with 
time during creep closure. Eventually, closure slows and ceases and the DRZ is expected to self-heal 
when stress gradients are reduced by back-pressure. 

Sfrongly coupled with closure rates, the nature and extent of the DRZ, and the rates of brine 
inflow, are rates of generation of gas from biodegradation, corrosion, and radiolysis of the emplaced 
transuranic waste. The quantity of gas generated depends markedly on the quautity of brine available, 
and gas pressures depend on the volume of pore space available for storage. Within waste disposal 
rooms, the pore space available for gas storage diminishes with time during closure so that gas 
pressure increases at a rate determined by gas-generating mechanisms, permeabilities to gas, and gas 
storage space available beyond disposal room walls. 'Ihe DRZ not only provides some of the storage 
space required but, more important, provides the primqy link between the waste disposal room and 
the remainder of the repository. It appears now, from preliminary analysis of fully coupled three- 
phase (salt, brine, gas) models, that variable g a s - g e m o n  rates (dominantly humid environment) are 
most reasonable and that disposal room volume-pressure history may depend primarily on gas 
storage and transport in adjacent interbeds. With ongoing improvement in critical param 
characterization, fullyaupled three-phase fluid modeling will surely provide the best representations 
of disposal room dynamics and fluid flow for performance assessment. 

Gas genaation studies are ongoing; laboratory studies are expected to be augmented by the 
bin and alcove tern within the repository upon implementation of the Test F%ase Plan. Brine inflow 
rates continue to be monitored with improved measurement techniques. One key area that requires 
more intensive investigation is the microstructural nature and extent of the DRZ, its physical and 
mechanical propenies. and its rimedependent behavior. Detailed microstructural studies of cores 



through the DRZ combined with field and laboratory tests would characterize the micromechanjcal 
processes responsible for pore and grain boundary damage. Simultaneously, experimental - 
investigations of micromechanical processes giving rise to the transient mechanical response (in the 
dilatant field) could be carried out under simulated repository conditions (e.g., humid. gas- 
pressurized). Together. these investigations would surely lead to a much more thorough 
characterization of the DRZ. its transition into the depressurized zone, and its time-dependent 
behavior, including conditions required for self-healing. 

Finally, implementation of the Munson-Dawson model, modified to include a damage factor, 
is essential for realistic approximation of disposal room Cl0S~re that includes transient creep and 
associated pore and grain boundary damage. The current elastic-steady state model, that matches 
measured closure rates by reducing elastic moduli. fails to account for flow in the transient creep 
regime during which the DRZ is created. 'Ihe premise upon which the current model is based is 
physically unreasonable; the PA department is fully aware of this and is in the process of 
incorporating the much more complex modified M-D model. 

-: Conduct detailed studies of the nature and extent of the DRZ by 
means of miaosuuctutal analyses and by laboratory and field measurements of physical properties. 
Carry out a systematic experimental and micromechanical study of the time-dependent behavior of 
Salado salt deforming in tpe transient creep regime. in the dilatant field, under simulated repository 
conditions. Complete incorporation of the M-D model and use the model in coupled three-phase 
studies. 

8.23 Engineered Banien 

l'he four shafts are the most likely pathways for the transport of mixed waste to the accessible 
envuonment under undisturbed (no human i n d o n )  conditions. Ibe strategy for sealing the shafts 
1s to maximize the amount of consolidated, low permeable salt in the shaft bemeen the top of the 
Salado Formation and the repository level. Creep closure of the shaft opening is expected to 
consolidate the crushed salt in the lowa portion of the shafts to near-intact (95%) density within 100 
years after emplacement. Composite seals will be located above and below the crushed salt seals to 
prevent brine from safurating the crushed salt and inhibiting consolidation 

l'he upper shaft seal system in the Rustla Formation will be comprised of a sequence of water 
bearing seals made up of bentonite clay segments confined by adjacent concrete bulkheads. The 
purpose of the seals is to limit groundwPta flow from the formation into the lower portions of the 
shaft &c~ng  the consolidation phase oft& crushed salt seals. 'Ibe brim inflow rate must be reduced 
from 1000 m31year to 1 ~ n ~ / ~ e a r  in o rda  for the lowa 100 m (328 feet) of the shaft seal to reach 
95% fractional density in 100 yeprs. lk DRZ in the rock smrounding the shrifts may be removed or 
sealed wth grout to prevent groundwater from nowing around the plugs and into the underlying 
crushed salt seals. 

'Ihe panel and drift seals are designed to inhibit long-term migration of radionuclide- 
contaminated brine through the drifts to the base of the shafts and to isolate radionuclides dunng the 
operational phase of the repository. The seals are similar to the shafl seals and comprise both long- 
term aud short-tam senls. 'Ihe panel entryway seals are intended to return intavnls within the - 



repository to hydraulic propenies similar to the intrinsic conditions in the undisturbed host rock salt 
and provide substantial resistance to flow through the repository. as well as to separate volumes of 
waste from one another and from the shafts. The time for consolidation of the crushed salt portion 
of the seals is similar to that for the lower shafr seals. approximately 100 years after installation. 

The DRZ in the salt surrounding the seal locations is expected to heal eventually after the 
crushed salt reaches 95% fractional density and resists further creep closure of the opening. The 
damage zone around the concrete bulkheads is expected to heal much earlier, due to the back stresses 
that will be generated. The fracture system in MB 139 below the excavations appears to be extensive 
and possibly interconnected. Unlike the disturbed zone in the halite rock mass, the fractures in the 
interbeds are not expected to heal. Many of the fractures are thought to have existed prior to 
excavation. The existence of pre-excavation fractures suggests that. even if the fractures close as the 
local stresses return to lithostatic conditions, they are unlikely to "heal" and are therefore likely 
pathways for pressurized gas and brine transport. One option under consideration is the use of 
cement or crushed salt grouts to seal the interbeds, particularly around the panel seal locations. 
Effective grouting may be difficult to achieve because of difficulties in delivering the grout to the 
fracture system and the possibility of deformation of the interbed as the rooms close and the 
surrounding rock mass dilates. 

An additional pathway to anhydrite layer B is expected through the rock bolt holes that 
intersect the overiying interbeds. Therefore, the pathways for contaminant migration are likely to 
change during the first several hundred years after disposal. Immediately after closure, gas and brine 
will be able to flow through the DRZ into MB 139 and anhydrite B. As the DRZ heals, gas and brine 
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movement will be limited to anhydrite B. Because the storage and thickness of MB 139 are expected 
to be sighificantly greater than those of anhydrite B. the extent and pressure of any gas or brine in 
the interbeds will depend in part on the time MB 139 is hydraulically (pneumatically) connected to 
the waste panels. 

None of the conceptual models describing shaf~ and drifi seal behavior has been incorporated 
into the performance assessment analyses for preliminary comparison with 40 CFR 191 or 40 CFR 
268.6. This is one of the most serious deficiencies in the performance assessment program identified 
by this review. The primary reason g i v a  by SNL for not including engineered barriers is related to 
budget constraints and the need to address other aspects of the repository system that were assigned a 
higher priority. The imporlance of engineered barriers is now recognized by thescientific and 
management staff supporting WIPP, and these features will be incorporated in subsequent 
performance assessment analyses. 

PART: In situ tests are planned to measure the characteristics and behavior 
of the fractured interbeds, which should improve understanding of the potential for and extent of 
contaminant traospon. In addition to these studies, a large-scale field test should be considered to 
provide empirical information on the healing of the DRZ in the halite and plyhalite host rock. lXs 
might involve a rigid bulLhesd in the apaimental area of the WIPP facility. Atk characterizing the 
DRZ in the salt and intabeds, a bulkhead would be installed in the opening and changes in the DRZ 
properties monitored 'Ihe bulkhead would simulate DRZ healing af ta  the room closure is complete 
and the stress state returns to l i t h o d c  conditions. I h e  empirical data from such an experiment - would likely improve the confidence in our undastanding of the short-term behavior of the DRZ and 



its effect on other components and processes (e.g.. brine inflow). Experiments should continue on 
crushed salt reconsoIidation behavior under low pressure and pore fluid conditions up to saturation. 

The significance of the above issues and the adequacy Of the tests planned are difficulr to 
assess until the seal systems are incorporated in the System model for WIPP. While the subsystem 
models provide useful insight into the sensitivity of the seal performance to local conditions it is not 
possible to identify and prioritize additional studies without knowing the conuibution of the various 
features and processes to system performance. At a minim~m, simplified representations of the shaft 
and panel enuyway seals, DRZ, and interbeds should be incorporated in the system model in the next 
performance assessment iteration to determine the sensitivity of the repository performance to the 
params and processes involved. Until this is done, it is not possible to assess whether the WIPP is 
likely to meet the regulatory compliance standards. 

8.3  SCENARIOS 

8.3.1 Undishlrbcd Repository Scu~arios 

Numerical two-dimensional modeling of the base-case (undisturbed) scenario has 
concenuated on providing evaluations of the most sensitive params affecting repository behavior with 
no attempt to demonstrate compliance with the regulations. Gas and brine migration laterally 
through interbeds and vertically through shaft seals has been the primary focus of the simplified 
models to date. ?hree of the models do m t  parnit adjusnnent of void volume: the f o e  simulates 
c l o k  by estimating the reduction, with closure pressure and time, of void space in a disposal room. - 
In the models including the DRZ, fixed porosity and permeability are assigned: m provision is made 
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for time-dependent healing or additional fracturing of intabtds that may nsult from increased gas 
pressure. These models do not include representation of proposed engineered barriers but rather 
evaluate lengths and permeabilities required of the barriers (ignoring the DRZ) to become effective 
seals. The principal results me (I)  lateral gas rchsc is very limited vertical release, to the 
Culebra, is unlikely provided mot the lowa shafI seal hns a permeability less than 10-19m2 : and (2) 
brine that has been in con- with waste has mt  migrated beyond the DRZ in 10,000 years. 

PART: Replace the current elastic-steady-state model for excavation 
closure with the modified M-D model to obtain more realistic closure models that include transient 
creep and associated pore and grain boundary damage. Impl~meaI fully-coupI#l thrce-phase, (gas, 
brine, salt) flow in basecase scenaflo using brine and gas properties, reasonable inflow and 
generation rates, and mnlinear equivalent viscosities estimated from the M-D model of Salado salt 
flow. Incorporate in these modds t imdqmdent  behavior of the DRZ and of @meted barriers. 

Inadvertent and intamittent human innusion by exploratory drilling for nsoutces has been 
demonstrated to be the only event likely to release radionuclides in concentrations near regulatory 
limits. Of the AAeen possible combinations of four types of imwion events. only thrk have k e n  
modeled to date along with the bw-cpse (undisturbed) scenaio. 'Ibese three summary scenarios 
include (1) drilling through a waste-filled prnel and fnto a pressurized brine pocket below (El); (2) 
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drilling into a waste panel (E2); and (3) both types of drilling events occurring in the same panel 
(ElE2). From four to ten such inadvertent intrusion events may occur at WIPP in 10.000 years. For 
each type of event. contaminated particulate maner and brine reach the wellhead in the drilling fluid 
(direct), whereupon the hole is plugged and further flow (indirect) of contaminated brine to the 
accessible environment is assumed to be through the Culebra dolomite. 

Probabilities and consequences of total direct and indirect releases to the accessible 
environment for intrusions taking place at 1.000 years have been calculated for comparison with the 
EPA containment requirement. Probability-consequence curves, whose locations are shown relative 
to the EPA limit, depend primarily upon the number and type of intrusions and direct releases and 
the type of brine uanspon through the Culebra dolomite. For the most conservative combination of 
those processes modeled. releases still fall below the EPA limit. Some of the assumptions employed 
in this E1E2 scenario, in which indirect releases dominate, a& physically unreasonable; cenainly in 
this category are plug placement contrived to maximize releases and the 10,000-year integrity of 
intact borehole plugs. Of the conceptual models considaed to date, those regarded as most realistic 
by the Perform- Assessment Depamnent yield releases more than two ordm of magnitude below 
the EPA limit. This model, also ElE2, assumes time-dependent intrusions, direct releases, and 
indirect releases by subsurface flow through the Culebra with Kd + 0. Still smaller releases may be 
realized from the humid, isolated-room scenario W E 2  is eliminated) which requires no anificial 
restraints; this sc&ario has not yet been modeled. 

-: Replace the ElE2 scenario cumntly modeled with a similar one 
that permits variable placement and normal degradation of plugs. Both time and sequence of 
borehole penetrations will then become imponant factors in C O I W X ~ ~ ~ C ~  modeling and releases 
estimated will be much more realistic. 

8.4 PERFORMANCE ASSESSMENT INDICATORS 

Ihe WIPP Performance Assessment Department at SNL has developed a comprehensive and 
technically sound PA methodology. 'Ihe Un&rlying philosophy of the SNL approach appears to be 
the development of increasingly more realistic (complex) models which require increasingly more 
specialized and precise data Because of the level of modeling involved, this complex system has not 
been fully developed and implemented. For example, this modeling effon does not take into account 
coupled responses which will certainly occur in the repository. 

Although SNL has expended considerable effm in the development of these detailed models. 
they have not demonstrated or documented why this approach is necessary to reach a compliance 
decision. In shon, the approach being utilized by SNL may not be compatible with compliance- 
based performaace assessments. 

Considerable effon has been focused on modeling of natural barriers, significantly less effon 
has been concentrated on engineered barriers. Since compl~ance with the regulations cannot be 
achieved solely on the basis of the use of natural barriers, a complete program needs to be 
undertaken to develop models that include the performance of enginmed barriers. In addition. seal 
performance will be an important consideration for compliance with 40 CFR 268.6. 

f-.; - 



Finally, component sensitivity analyses utilizing these complex. yet incomplete models may 
lead to incorrect conclusions that affect programmatic decisions and compliance activities. 

PART: In order to develop a compliance-based approach to performance 
assessment. it is essential that WIPP develop a system model for the repository which includes 
engineered as well as natural banias. In addition. consideration should be given to the development 
of simplified models to provide direction for a compliance-based performance assessment program. 
These simplified models reduce the complexities in dealing with coupled effects and are generally 
very reliable when the params fall within a limited range. 

8.4 CONCLUSION 

All ixhvlduals contacted by the PART, recognized as experts in their respective disciplines. 
displayed the highest level of professionalism in this State-of-the-science WIPP effort. Although the 
review teams has made. suggestions on means of improving selected areas of the performance 
assessment activities, the ovaall program clearly has a solid foundation. 

In recapping major recommendations, technical issues requiring further investigation and 
incorporation into system models include: far-field hydraulic properties of Salado formation 
interbeds and halite and those of Rustler formation transmissive members; the transient creep 
behavior of the Salado salt and character, extent and behavior of the DRZ during creep closure; 
performance of engineered barriers togetha with the natural system in Limiting fluid migration from 
the fully coupled disposal system; and implementation of complete system models simulating releases 
for both undisturbed scenarios and physically reawnable disturbed scenarios that have resulted from 
inadvertent human intrusion. Rogrammatic decisions based on incomplete system analyses can lead - 
to incorrect decisions and allocation of resources. 

Documentation of PA activities, while comprehensive for short periods, must be related 
summarily to the evolution of the entire WIPP project in or& to make it easier for individuals, teams 
and agencies to track issue resolution status. '2be success of all integrated test programs and the 
entire performance assessment effon for WIPP will be determined by the final product - a 
compliance determination 



APPENDIX A 

Applicable Review Criferia 

?he Performance Assessment Review Team (PART) identified a subset of the criteria contained 

in the Regulatory Criteria Document for the Disposal ofDefense Trmsurmic Mired Waste in a Geologic 

Repository, Rev. 0 (RCD), as a parrial basis for the evaluation of the WIPP performance assessment (PA). 

Listed below are the generic criteria from the RCD and specific criteria developed by the PART for 

application to the WIPP PA program. Tables A-1 through A-4 contain the PART comments on each 

criterion. 

1.0 GENERAL COMPLIANCE CRITERIA 

RC1.OO1 RCD CRITERION: 
lXe DOE shall apply the following criteria in determining complian 
264, and 268 that apply to the disposal of defensegenerated TRU rar 
closure, and post-closure phases of the repository. 

Ice with applicable portions of 191.. 
lioactive waste, during the disposal, 

PC1.001 PART CRITERION: 
The PART reviewed the following criteria to establish if WIPP will comply with the applicable 
portions of 40 CFR 191,264, and 268 with regard to performance assessment. 

RC1.002 RCD CRITERION: 
Releases of concentrations of hazardous constituents and cumulative releases of radionuclides shall' be 
demonstrated not to exceed the quantitative limits in 40 CFR 191.13(a). 191.15. 191.16. and the health- 
based limits .or other acceptable criteria established pursuant to 264.601 and 268.6(a), with a reasonable 
expectation of compliance. 

PC1.002(~) PART CRITERION: 
The PA modeling activities utilize the quantitative radionuclide release limits of 40 CFR 
191.13(a), 191.15. ad 191.16 for the detaminationof compliance to 40CFR 191. 

pCl.002@) PART CRITERION: 
'Ru: PA Paivities utilize the hcolth-based limits, established pursuant to 264.601 and 268.6(a) for 
the derermination of compliance with RCRk 

RC1.003 RCD C-ON: 
lie demonstration shall predict relerses from all pathways, including groundwater, Mace water, soil, 
and air, at the boundary of the coml led  area of the repository. which shall be equivalent to the boundary 
of the lateral extent of the unit boundary established for the RCRA. 

P C I ~ ~ ( U  PART CRITERION: 
llle PA modeling addresses releases from all pathways, including groundwater. surface water. 
soil, and air, at the boundary of the COnaOl 'U2.a of the nposit~ry. 



PC1.003(8) PART CRITERION: 
The boundary of the conuol area of the repository is equivalent to the lateral extent of the unit 
boundary established for RCRA. 

RC1.004 RCD CRITERION: 
Compliance of the disposal system performance with 191.13. 264.601, and 268.6 shall be evaluated by 
performing predictions of contaminant migration (using quantitative computational models and 
qualitative analysis) that are supported by laboratory and field investigations as well as by expen 
judgment. 

PC1.004 PART CRITERION: 
The qualitative computational model and the quantitative analysis for disposal system 
performance are s u p p o d  by laborarory and field studies, as well 'as expert judgments. 

RC1.005 RCD CRITERION: 
'Ihe basis for demonstrating that the geologic disposal system complies with 191.13,264.601. and 268.6 
shall be documented. 

PC1.005 PART CRITERION: 
m e  SNL PA and the WID wmpliance staffs are documenting the basis for demonstrating that the 
geologic disposal system complies.with 191.13,264.601. and 268.6. 

RC1.006 RCD CRITERION: 
The record(s) shall include the quantitative and qualitative evidence that was used to develop the 
performance assessment models as well as supplementary information (e.g., natural analogues, evidence 
that supports the process models, parameter ranges, geometric conceptual model(s), hypotheses, and 
simplifying assumptions used). 

PCl.006 PART CRITERION: 
The records include the quantitative and qualitative evidence that was used to develop the 
performance assessment models as well as supplementary infonuaIion (e.g.. natural analogues, 
evidence that suppom the process models, parameter ranges, geomeDic conceptual model(s), 
hypomeses, and simplifying assumpions used). 

RC1.007 RCD CRITERION: 
New information relevaut to tk performance Of the disposal system shall be incorporated in the 
compliance analysis and the psscSsmalt of complirnce will be malusted until the npository is closed. 

PCl.007 PART CRITERION: 
The SNL PA and WID compli~nce staffs arc incorporating new informdon relevant to the 
pafomance of tk disposal system in tk compli.ace analysis. 

RC1.00S RCD CRITERION: 
Performance of the disposal system shall be evaluated baud on tk projected contributions of both natural 
and engineered barriers. It shall be demonstrated that the system controls, minimiw, or eliminates 



PCl.OOS(A) PART CRITERION: 
Performance of the disposal system is being evaluated based on the projected contributions of 
both natural and engineered barriers. 

PC1.008(B) PART CRITERION: 
It is being demomated that the barrier system controls, minimizes, or eliminates releases 

RC1.009 RCD CRITERION: 
All components of the geologic disposal System, including the characteristics and radionuclide content of 
the emplaced waste, shall be considered when predicting the system performance unless it can be 
demonsuated that a component makes a negligible contribution to the overall system performance. 

PCl.O09(A) PART CRITERION: 
All components of the geologic disposal system, including the characteristics and radionuclide 
content of the emplaced waste, are considered when predicting the system performance. 

PCl.OO!)@) PART CRITERION: 
Components which make a negligible contribution to the overall system perfo e are not 
considaed. 7:. S C  I 

Pathways for Mipation 

RC1.010 RCD CRITERION: 
In demonstrating compliance with the environmental performance standards, potential pathways for the 
migranon of radtonuclides and hazardous constitue-nts shall be identified and evaluated. All potenual 
pathways shall be considered, includtng groundwater. surface wata, soil, and air. 

m e  PA modeling addresses releases from all pathways, including groundwater, surface water, 
soil, and air, at the boundary of the conml area of the repository. 

RCl.011 RCD CRlTERION: 
l k  pathways evaluated shall be consistent for analyses performed to &monstr&te compliance with the 
environmental perfotmance standard Of 264.601, the no-migration standard of 268.6, the containment 
requirements of 191.13, and the individual protection requirements of 191.15. 

PCl.011 PART CRITERION: 
Ibe pathways evaluated by SNL for the analysis to the containment requirements of 191.1 3 and 
the idividual protecaion requirements of 191.15 are consistent with the pathways evaluated by 
WID for demonstrating compliance with the environmental performance suudard of 264.601 and 
the no-migration standard of 268.6. 

?he compliance analyses shall considex the likelihood and c o q u e n c e s  of events and processes that may 
disturb the disposal sysrcm (specifically including earthquakes, floods, sevae storm events, droughts, or 
otha nVural phenomena). 
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PC1.012 PART CRITERION: 
The compliance analyses consider the likelihood and consequences of events and processes that .- 

may disturb the disposal system. including earthquakes, floods, severe storm events. droughts. 
and other natural phenomena. 

RC1.013 RCD CRITERION: 
The compliance analyses need not consider processes and events that are estimated to have less than 1 
chance in 10.000 of occurring over 10,000 years. For events and processes with a probability of greater 
than 1 chance in 10.000 over 10.000 years, an evaluation shall be made of the potential impacts and 
consequences together with an evaluation of the ability of the disposal system to isolate wastes if the 
event or process occurs. 

PCl.O13(A) PART CRITERION: 
l k  PA staff developed a process to consider many potential processes and events. 

PClD13(B) PART CRITERION: 
A process assigns a probability to each ~ C S S  or event. 

PCl.O13(C) PART CRITERION: 
Processes or events with likelihood of less than 1 chance in 10,000 o v a  10,000 years are 
removed from funkr consideration. 

PC1.013@) PART CRITERION: 
For remaining processes or events, an evaluation of the ability of the disposal system to isolated 
wastes if the event orprocess occurs is being conducted 

PCl.O13(E) PART CRITERION: 
'The consequences of the occurrence of the process or event are evaluated. 

RC1.014 RCD C-ON: 
A reasonable expectation that nalural processes and evems shall not result in a release of radionuclides or 
hazardous constituents in excess of ppplicable standards shall be demonanted. 

PC1.01qA) RCD CRmmION: 

Nanu;ll processes and evems are being analyzed as pan of the performance assessment 

PClD14(B) PART -ON: 
It is being dcmonsuated with reasonable expeuation that natural processes and events do not 
nsult in a release of ndionucli&s or hrznrQus constituQItS in excess of sA,licable standards. 

RC1.015 RCD CRITERION: 
The likelihood of inadvertent human inausion shall be evaluated, considering that contzols will be 
imposed to make such inlrusions unlikely. The judgment of the liLelihood of human intrusion shall be 
based primarily on an evaluption of the expected effectiveness of p a m t  markers. 



PCl.OlS(A) PART CRITERION: 
Consideration is given to controls that will be imposed to make human inuusion unlikely 

PCl.OIS(B) PART CRITERION: 
An evaluation of the effectiveness of permanent markers is being conducted. 

PC~.OIS(C) PART CRmRION: 
The judgment of the likelihood of human intrusion is based primarily on the evaluation stated in 
PC1-015@). 

PCl.OIS(D) PART CRlTERION: 
The likelihood of human inuusion is being evaluated. 

u 
RC1.016 RCD CRITERION: 
The consequences of human intrusion events shall be evaluated and included in the record. Human 
inausion events shall be no more severe than inadvenent and intermittent innusion by exploratory drilling 
for resources (other than any resources provided by the disposal system itself). Each intrusion will be 
assumed to be an isolated occurrence, such that a particular intruder will inadvertently inmde only once. 
m e  assessments shall assume that systematic Or persistent exploitation within the conuolled area will not 
occur. 

pc1.016(~) PART CRITERION: 
Human intrusion events are considered to be no more severe than inadvertent and intermittent 
intrusion by exploratory drilling for resources (other than any resources provided by the disposal 
system itself). 

PC1.01qB) PART CRITERION: 
Each inmsion is assumed to be an isolated occurrence, such that a pYticular intruder intrudes 
only once. 

PCLO16(C) PART CRITERION: 
?he assessments assumed that systematic or pasistent exploitation within ?he controlled area do 
not occur. 

PC1.016(D) PART CRITERION: 
Ibe consequuws of human intrusion events are evaluated and included in tk record 

RC1.017 RCD CRITERION: 
Human intrusion events shall not be included in the quantitative modeling of total system performance of 
the repository. 

PC1.017 PART CIUTJIRION: 
Human intrusion events are not included in the quantitative modeling of total system 

prformPace of me repository. 



RC1.018 RCD CRlTERION: 
The compliance models for 191 and 268 shall simulate the expected behavior (processes and events) of - 
the repository, including the potential for migration of radionuclides and hazardous constituenuj from the 
time of emplacement to 10.000 years after closure. 

PC1.018 PART CRITERION: 
'Ihe compliance models for 191 and 268 simulate the expected behavior (processes and events) of 
the repository, including the potential for migration of radionuclides and hazardous constituents 
kom the time of emplacement to 10,000 years after closure. 

RC1.019 RCD CRITERION: 
The physical descriptions of the system for all models shall be identical. 

PC1.019 PART CRITERION: 
The physical descriptions of the system for all models for both 40 CFR 191 and RCRA are 
identical. 

RC1.W RCD CRITERION: 
The concepual models for the repository system, on which the mathematical and computational 

models are based, shall be comparable for all compliance analyses. 

PCl.020 PART CRITERION: 
?he conceptual models for the repository system. on which tk mathematical and computational 
models an based, are comparable for all compliance analyses. - 

RC1.021 RCD ClUTERION: 
The quantitative compliance models shall predict expected releases from a repository and shall 
demomaate that the expected cumulative releases of radionuclides or concentrations of hazardous 
constituents will not exceed applicable standards. 

PClMl(A) PART CRITERION: 
l[he quantitative compliance modcls @~ct cxpccld releases from tk repository 

PCl.O21(B) PART CRITERION: 
The quantitative compliance models demonstrate that the expected cumulative releases of 
radiormdida does not exceed Ppplicsble suadards. 

PClMl(C) PART CRITERION: 
?he quantitative compliance models (iummmc that the expected coll~mtrations of hazardous 
constituents do not ex& applicable standards. 

RC1.022 RCD CRITERION: 
To demonstrate compliance with 191, the results of pfafomarkx assessments shall be presented in a 
single CCDF that indicates the probability of exceeding various levels of cumulative release. 



PCl.O22(A) PART CRITERION: 
For 40 CFR 191 compliance, the results Of performance assessments are presented in a single 
CCDF. 

PCl.O22(B) PART CRITERION: 
The CCDF in PC1.022(a) indicates the probability of exceeding various levels of cumulative 
release. 

RC1.023 RCD CRITERION: 
The justification for the selection or generation of the single CCDF shall be documented 

PC1.023 PART CRITERION: 
Justification for the selection or generation of the single CCDF are cbcumented. 

RC1.024 RCD CRITERION: 
m e  performance assessment model(s) for 191.15 shall be used to estimate the annual dose equivalent 
from the disposal system to any member of the public in the accessible environment for the first 1,000 
years after disposal. Ihe assessments shall consider only undisturted performance and shall mt  consider 
water wells within the boundary of the controlled area. 

PCl.O24(A) PART -ON: 
Ihe performance assessment model(s) for 191.15 are used to estimate the aunual dose equivalent 
from the dimsal  svstem to any member of the cublic in the accessible environment for the first 
1,000 years Hfter di&ml. 

PCl.OZA(B) PART CRlTERION: 
?he assessments in FC1.024(a) consider only undisturbed performance 

PCl.O24(C) PART CRlTERION: 
The assessment in PC1.02qa) does not consider water wells within the boundary of the 
conaolled area. 

RC1.025 RCD CRZTERIOh' 
Compliance models for the 191 performance assessment and the 264 and 268 environmental performance 
standards sball be evaluated and documented 

PC1.025 PART CRITWON 
Compliance models for the 191 performance assessment and the 264 and 268 environmental 
pafamoacestnadardsarcQaunm 

RC1.026 RCD CRITWON: 
lbe evaluation and documentation of the model nsults shall include 

(1) the simplifying assumptions in the conceptual, matfiematical, and computational models; 
(2) me rPtionale for the selection of the hazardous constituents and radionuclides included in the 

model; 



(3) information demonstrating that the predictions of waste migration were calibrated for the specific 
site conditions, physical feanues, and waste emplaced at the repository; 

(4) a demonstration that the modeling results are ~0nsiStent with actual field measurements and that 
the modeling results are representative of the actual physical system; and 

(5) a comparison of the model results and an explanation of any differences. 

PC1.026 PART CRITERION: 
The evaluation and documentation of the model results include: 

(a) the simplifying assumptions in the conceptual. mathematical, and computational models; 
(b) the rationale for the selection of the hazardous constituents and radionuclides included in 

the model; 
(c) information demonstrating that the predictions of waste migration were calibrated for the 

s~ecific site conditions, ~hysical features, and waste emulaced at the rewsitory: . . 
(d) a damomation that the modeling results are con+stent with actual field meas&ements and 

that the modeling results are representative of the actual physical system; and 
(e) a comparison of the model results and an explanation of any differences. 

RC1.027 RCD CRITERION: 
Sensitivity and uncutainty analyses of the compliance modeling shall be conducted. The evaluation, 
shall include 

(1) the uncenainty in events and processes; 
(2) the likelihood and consequences of alrcrnative conceptual models; 
(3) the representation of model pammeas; 
(4) sensitivity studies of the models; and 
(5) an assessment of the accuracy of the model, including model vaification results. 

PC1.027 PART CRITERION: 
Sensitivity and uncatPinty analyses of the compliance modeling 8re being conducted. The 
evaluation include 

(a) the uncertainty in events aad pocesses; 
(b) the likelihood Pnd co- of alranative moceptunl models; 
(c) the representation of model psramuas; 
(d) sensitivity sadies of the models;. ad 
(e) an assessment of the accurscy of the model, including model vaifmtion results. 

2.0 REPOSITORY SITE CRITERIA 

RC2.001 RCD C-ON: 
For geologic repositories, the boundaries of the w~ol led   reg defined for 191, and the unit boundary, 
defined for 264, Subpart X, shall be coincident and shall be described in the documentation 
accompanying the compliance analyses. 

PCU)Ol(A) PART CRITERION: 
Ihc boundaries of the colltrolled area, dclined for 191, and the unit boundary, defined for 264, 

Subpan X, are coincident 



PC2.001(B) PART CRITERION: 
The boundaries are described in the documentation accompanying the compliance analyses, 

RCZ.002 RCD CRITERION: 
The conuolled area and unit boundary shall not extend more than 5 kilometers from the outmost  extent 
of emplaced waste and shall not exceed a total surface area of 100 square kilometers. The conuolled area 
and unit boundary shall extend downward from the surface to a depth and Configuration that is 
appropate to the repository sire. r"":. . 

PC2.002(~) PART CRITERION: 

The controlled area and the unit boundary are defined. 

PC2.002(B) PART CRlTERION: 
conaolled area and unit boundary are utilized as the point of compliance for 40 CFR 191 and 

RCRA. 

pc2.002(c) PART CRITERION: 
The conaolled area and unit boundary do not extend more than 5 kilometers from rhe outermost 
extent of the emplaced waste. 

PC2.002(D) PART CRITERION: 
The controlled area aQCI the unit boundary do not exceed a total area on ~JE surface of 100 square 
kilometers. 

PC2.002(E) PART CRITERION: 
The controlled area and unit boundary extend downward from the surface to a depth and 
configuration that is appropriate at the repository site. 

3.0 REPOSITORY OPERATIONS CRITERIA 

Since the scope of tk review was limited to puformance asstssment activities for postclosure 

RCRA and 40 CFR 191 Subpan B (disposal), the Repository Operation criteria were not revi'ewed. 

4.0 NATURAL SYSTEM CRITERIA 

RC4.001 RCD CRITERION: 
A comprehensive, detailed dgcription of the geology and &ace pod groundwata hydrology of the 
repository site and setttng shall be provided. The description shall include an analysis of the 
geochemistry of the system relevant to radionuclide or contaminant migration, including a 
charafterization of rock, soil, air and wata chemistry. 



PC4.001(A) PART CRITERION: 
An analysis of the geochemisuy of the system relevant to radionuclide or contaminant migration. +.... 

including a characterization of rock. soil. air and warer chemistry are being conducted. 

PC4.001(B) PART CRITERION: 
A comprehensive. detailed desaiptlon Of the geology and surface and groundwater hydrology of 
the repository sire and semng 1s provided 

SPECIAL SOURCES OF GROUNDWATER 

RC4.002 RCD CRITERION: 
An evaluation to determine whether special sources of groundwata exist within the controlled area or less 
than five kilomum beyond the conaolled area shall be condUcuQ 

PC4.002(A) PART CRITJIRION: 
An evaluation has been completed. has Started, or is being planued to determine whether special 
sources of groundwater exia within the controlled area or less than five kilometers beyond the 
conuolled area. 

PC4.002(B) PART CRITERION: 
If the evaluation has been complaeb special sources of grouadarata have not been found to exia 
within the controlled area or less thau five ti10me.tas beyond the conaolled am. 

5.0 WASTE CHARACTERIZATION CRITERIA 

Since the scope of the review was limited to performance assessment activities for postclosure 

RCRA and 40 CFR 191 Subpart B (disposal), the Waste Characterization criteria were not reviewed. 

6.0 ENGINEERED BARRIER SYSTEM CRITERIA 

RC6.001 RCD CRITERION 
The engi-ed bania  system shrill be designed to be physically and geochemically compatible with the 
natural bania  system so Ulat interrtions with the natural system do w t  compromise the ability of the 
repository to meet applicable nlesse limits. 

PC&OOl(A) PART -ON: 
Proposed engineend barria systems ace designed to be physically compatible with the natural 
barria system. 

PC&OOl(B) PART CRITERION: 
Roposed engineered barria systems are designed to be geochemically compatible with the 
natural bPr ia  system. 



RC6.002 RCD CRITERION: 
The analyses of engineered barriers shall be supported by analytical data developed to assess their 
adequacy. 

PC6.002(A) PART CRITERION: 
Analytical data are being collected to evaluate the engineered barriers. 

PC6.002(8) PART CRITERION: 
Criteria are established to determine the requirements of the barrier system. 

PC6.002(C) PART CRITERION: 
Requirements are established to assure that the engineered system will be adequate to allow the 
repository to meet the release limits. 

7.0 INSTITUTIONAL BARRIERS 

Since the scope of the review was limited to performance assessment activities for postclosure 

RCRA and 40 CFR 191 Subpart B (disposal), the Institutional Barrier criteria were not reviewed. 

8.0 ADMINISTRATIVE OPERATIONS 

.-. Since the scope of the review was limited to paformaace assessmek activities for postclosure 

RCRA and 40 CFR 191 Subpart B (disposal), the Adminimative Opaatlons criteria w a e  not reviewed. 

Although 40 CFR ParI 191 does w t  require quality control of the computu codes, it appears necessary 

for a certification of compliance. 



Table A-1 
1.0 GENERAL COMPLIANCE CRITERIA 

Crlterlon 
Number 
PC1.OO1 

PART Crlterlon 

h e  PART mvlewd the following criteria to establish if WlPP 
#ill conply wllh the applkebb pwtions 01 40 CFR 191.284. 
and 268 wllh regwd to perfomnce assesemenl. 

The PA modeling aclivilles MIHm lhe quantitative 
ndbnuclido rebow Ynb d 40 CFR 191.13(a). 191.15. end 
191.18 for the detwmlndbn d mmplbnce to 40 CFR 191. 

The PA scthriks uliiize the h e d h h s e d  limits, eaablished 
pursuant to 264.801 and 288.8(e) lor the delednatlon d 
codlance with RCRA. 
The PA rnod.llng eddre~O8 mbeses lmm ell pathways, 
lncludlng gmunhv.ter. surfwe water, wll, and ah. at the 
boundnry 01 the conlrd area of the mporitory. 

The boundary of the control wee of the repoekory I8 
equhrdent to the lateral ealent 01 the unR boundary 
edablbhod for RCRA. 

The quantllatlve conputatbnel d l  and the quelllative 
enaksb lor dhwre l  eWem performance ere supported by 

the bade lor demon8lretlng that the gedogk d*posd eyetem 
complke wllh 191.13.284.601, and 288.8. 
The records Include the quanllletlve and qualielive evidence 
(he1 w e  used to develop the pedormance assessment 
models as wall M supplementary lnformalion (e.g., natural 
analogues, evidence that supports the process modeb. 
parameter ranges, geometrk cpnceptual model(s). 
hypotheses, and sirrpliiylng assumpllons used). 
The SNL PA and WID carollance stalls are inCorporaIing new - 

Inlormation relevant to the performance of the diiposal 1 

Comment 

Since the pelformance assessment acliviies lot conylliance with 40 CFR 268.6 
have not been developed as completely as those for 40 CFR 191 compliance. 
comments In thb section are not approprlale for 40 CFR 268.6 activities unless 
specilkally slated. 
The current PA modeling does use the quantitative release limits in §191.13(a). 
However. §181.15 end §181.16 require predictions based on undisturbed 
performance 01 the repository. For the undisturbed repository. SNL predicts no 
releases. 
The lnlomtlon provided to L e  PART was not suHiiian1 lor the PART to draw a 

conclusion. 

WRhin the scope 01 the PART review, documented evidence was not found as to 
why wme wenarbs were not considered and why others were not further 
Investlamled. I f  a o m  sceneha were mvbwed and later dismissed, these 
aclhritks mn not substantiated In the documentation reviewed by the PART 
Cunenlk. the UnH Boundew delined in the WlPP No-Migration Determination lor 
the ~ e s i P h a ~ a  is defined dmerently then the conlrolled~rea. DOE and the 
Envhonmental Pmteclbn Agency are discussing the possibility of re-delining the 
unil boundary lor the deposal, cbsure and post-closure phases. 
Yes. conceptual models and qualiiative analysis are suppofled by some amount of 
laboratory and lk ld  mudks and expert ludgement, but in many cases the studies 
ere stl l Incomplete. 
Yes. but the documentatbn needs to be improved, especially the history of 
scenerb development. 

- 

Yes. but thk docurnenletion needs to be Improved 



Table A-1 
1.0 GENERAL COMPLIANCE CRITERIA 

Number 

PCl.W8(a) Performance of the dirpoul system is being waluated based 
on the projacIed contrbutbna d both natural and enginwred 

PC1.008(b) It is being damonstreled that the banier system controls. 
minknlzes, or elknlnates rdeases. 

I I AH conponents of the gaologk dhposal system, including the 
chamcIedstke and radionucll& content of the empleced 
waste. em considered when prndkling tha system 

I performance. 
PC1.M)Bibl I Comonents whkh meken nmHdMe contrbulbn to the overall . . 

I sy&m performance ere not ci&kbred. 
PC1 ,011 I The paIhmys evaluated by SNL lo, the analysis to the 

cordalnmani rnquiremanted 181.13 and the lndkldual 
p r o t d o n  qukemanIe d 181.15 am conslalent wHh the 
paIhmyr waluaIed by WID for demonstrating conpliance with 
the envhormental pefiomnca alendard of 264.601 and the no- 
migcalbn atanderd 01288.8. 

PC1.012 The c ~ ~ p H a n c e  snalyaes consider the likelihood and 
consequences d events and procerees that may disturb the 
digoral ye tem including emlhquakes. floods, swam storm 
wenb, droughts, and other natural phenomana. 

PC1.013(a) The PA anti developed a p roms to consider many potential 
processes and events. 

PC1.013(b) A process asslgne a probability to each procees or event. 

I 
PC1.013(c) Processes or events with likelihood of less than 1 chance in 

10.000 over 10.000 yearn are rernwed from further 

1 
. . 1 consideration. 

Comment 

None of the conceptual models describing shaft and dritt seal behavior have been 
incorporated into the performance assessment analyses for prelimina~y compari. 
aon with 40 CFR 191 or 40 CFR 268.6. The existing models used lor performance 
assessment an'alyses do not include a representation of the shaft, borehole or drit 
seals. The inportance of engineered barriers is recognized by the scientilic and 
manaclemen1 stdl su~~or t ino  WlPP and these features will reoortedlv be - . . - -, - -  

incorporated in subsequent (FY 94) performance assessment analyses. 
Simllar to the response for criterion PCt.0081a). it is not poss~ble to demonstrale . . 
the contribution of the barrier svstern at this time because the svstem model does 

~ ~ 

not include all of the engineered barrier and natural system corrponents. 
No. Some components of the reposito~v svstem have not been included in PA . . 
analysis to date. 

Not enough information was available to the PART to draw a conclusion. 

The analysis may have considered these events, but they were not substantiated 
in the documsntation reviewed by the PART. 

Yes, 

Yes, but the scenarios used lor construction of the CCDFs are defined dillerently 
than the scenarios in the scsnario selaction process. SNL uses a mathematical 
construction through sanpling to deline scenarios, which, in some scenarios. 
leads to a probabiliiy equal to the reciprocal ol the nuder  of cases. 
Documentation was not adequate to draw a conclusion. 



Table A- I  
1.0 GENERAL COMPLIANCE CRITERIA 

Number I I 
PC1.013(d) I For mmalnlng procrrur or wants, an walualkn d the 1 Documantation was not adeauate lo draw a conclusion. 

&My d lhe dbpo~l eystern to lroleted wastaa H the event 
or process occun b being conducted. 

PCl.O13(e) The con.eqwmw d the occuwence d the procem or event Yes. 
am waluated. 

PC1 .014(a) Nalurd pmmaea and w e t r  u e  b lna  analyzed ea  art of Yes. . . 

I the pedomyllce arurrment. 
- 

I 
PCl.Ol4lb) I I IE b lng  domondrated wllh muon& expectatbn that I This determinallon of 'reasonable ex~ectation' of com~liance is outside the scooe 

nduml phmaees end wmts do not raaul k e release d of the PART. 
ndlonuckbn or hazardous conrtltuonlr in excese of 
d k r b k  stmbrdo. 

PCl.OtS(a) Conaidafdbn h gken to conlrob th( will ba -sod to Yes. 
mk. h u m  hlrusbn unlikehr. 

PC1 .Ol b(b) An waluatbn of the effdveneaa d permanent markem is Yes. 
being conducted. 

PCl.OlS(c) The judgmnt of the HkelUtood of human Inlr~gbn is bawd Yes. 
primark# on the wduatbn dated In PC1415(b). 

PC1 .O1 EM) The kelhood d human lnlrudon b belng evaluated. Yes. 
PC1 .016(a) H- ln#ruebn wento ere conddered to be no more severe Yes. 

then kruksttent and htrrmkfen( Inl~slon by exploratory 
drilllng lor rasoumea (other than any resources provided by 



Table A-1 

1.0 GENERAL COMPLIANCE CRITERIA 

Crlterlon 1 PART Criterion I Comment 
Number 
PC1.018 The compliance modela for 181 and 288 almulate the No. The expected behavior of the repository was not simulated due to inadequate 

expoclod behavior (processes and events) of the repository, inlormatlon on shah and panel seals, unknown gas generation potential and rate, 
including the potential for migration of radbnuclides end inconplete retardation experiments, lack ol verilicetion of Cuiebra modeling. 
hazsrdow C O M ~ ~ U ~ ~ E  lm the t h e  d emplacsment to incomple(e informellon on coupled response and on lime dependent behavior of 
10.006yeam after closum. the DAZ and engineered barrkrs. 

ion wes provided to the PART. 



Table A-1 
1.0 GENERAL COMPLIANCE CRITERIA 

Crllerlon 1 PART Crlterbn 
Number I 
PCl.O24(c) I Th. 8WMment ln PC1.024(a) does not consldu water wells 

The waludon end documenIalbn of the modal n r u b  
includ.: 
(a) the abnpfilylng uaunplbna in the conceptual, 
mlhemelkal. and cow@ulaliorul d k  
@) lha ntbnek fw the adedon of the hatardous 
condllwnta and redlonuclkk. Included In the model: 
(c) Infonndbn demondmllng thal the predkliona of waste 
njgretlon were celhmled for the apacifk rke condlbna, 
phpkel f..tuns. and mr te  enpfacd at the repoallory; 
(d) a danondntbn that Ih. modrl!ag maule ere consMent 
rvllh .chul Meld m u u n m n b  and thal the modeling reruhs 
e n  rrpc...ntalfve of ih. d u a l  phyrkel system; and 
(e) a eonpariaon of the m d  m1M8 and an expbrution d 
anv dfflerencea. 
SInrllivlly and uncenalnty analps of tha'conplbnce 
m&Ung are k l n g  conductad. The wduallon inclUdo 
(0) lha uncertainty In rvrnta and pcoc.sae8; 
@) the RkeWhood endconuqusnces of ekematlve conceptua~ 
modelr; 
(c) the mpre8entatbn of modal panmeten; 
(d) wnrllivlly atudbs of the models; and 
(0) an asarumen1 of the accuracy of the modal, iwludlng 

1 model verlfkatlon maullr. 

" 

PC1 .02S 

Comment 1 
wHMn the bound.w of the contmled area. 
Complhca modoh for the 181 petfomnce a~essment end 
the 284 and 298 envlmmntal putomunca rtandsrda are 
documented. 

Insuffkient Inlormatlon was available to draw a conclusion. I 
No. Few il any of the conplience models have been documented at the "Class A" 
!oval. !%m most, U n d  aU, d the SNL models have been developed iwhouse. 
lhaae modeb must bn subiected to a rigorous review process lo be classnied as 
'cffl!#a A: 
This especl of the program is still being developed. AHhough there is evidence 
lhet thb crHerbn will evantuaHy be satisfied, these activities currently are not well 
documented. 

The renrl(lvilv anebb conducted to date have been utilized to investioate 1 - 
pammeler uncetialntba. no( conceptual model uncertainties. The use ol 
senrllhrlly dudes for the conceptual models would lead lo increased confidence I 
In the &dab. One arm In padkular where addiilonal sensitivity analyses would 
be uadul la In connecting the detailed determinlstk models developed by the 
prindpal lnvesllgators to the alnplilled probablllstk models used by perlorrnance 
assesamant. The sensllivlty and uncertainty analysis would be very uselul is 
epoclfy the llmiled range In whkh the alrnpliied models are valid. 



Table A-2 

2.0 REPOSITORY SITE CRITERIA 

Number I I 
PC2.00l(a) I The bounderlea of the controllad area, defined for 191, and I See comments on PC1.0031bl . , I the unk boundsly, &lined for 264. Subpart X, are coincident. I 
PC2.001 (b) I The boundaries a n  &ecrlbad in the documentation I yes 

1 accompanying the conplknce analyses. I 
PC2.002(a) I The controlled area end the u n l  boundary ere ddined. I The controlled area tor 40 CFR 191 is del~ned bv the WlPP boundan, in the WlPP 

Lend Wkhdrawal Act (P.L. 102-579). The RCRA unit boundary has been defined 
for the WlPP Tesl Phase in the No-Migration Determunation. 

PC2.002(b) The controlled area and unk boundary ere utilized as the point Yes 
d ronplbnce for 40 CFR 101 end RCRA. 

PC2.002(c) The controlled area and u n l  boundary do not extend more Yes 
I than 5 klbme(en from the outermost extent of the emplaced I 

waste. 
PC2.002(d) The conlmlled e n s  and the unh boundary do not exceed a Yes 

total en; on the uuface of 100 equere Mbmetan. 
PC2.002(e) The contmHed area and unY boundmy extend downward lrom No, currently the unk boundary defined by the WlPP No-Migration Determination 

the sudace to e depth and conflauratbn thal is appropriate at 



Table A-3 

NATURAL SYSTEM CRITERIA 

An anatysis of the geochemistry ol the system rebvanl to An anatysis Is being done, but the current modeling does not permit SNL to 

redbnuclids or contemlnant mlgretion, including a addresa chemistry. This aspect ol the analysis is just commencing. 
cheracterizcllion of rock. sol, air and water chemlary are 
being conductd. 
A comprehenllve, detailed descrlpllon of the geology end SNL has develol)ed a detailed description ol the local geology and hydrology for 

wdace and wundwalar hydmkgy of the reposilory site and the larga scab. On a small scale. this work is very diiicull. The groundwaler 
mlilng Is pmvlded. hydrology her the leael dateibd descrption. 
An waluallon hoe been mnpbled, has started, or le being [THIS CRITERION WAS 'NOT EVALUATED] 
planned to determine whelher rpecW swmw d groundwater 
exist wllhin the contmllsd m a  or i..r than lka kikmetera 
beyond the conlmlbd wee. 
H tha welualion h u  been conplald, lpacW eowces of This evaluation has not been completed. 
gmundrmat have not been found to exbt wilhln the 
wntmlbd uea or bee than Hvs k l t o ~ e r s  Wond  the 



) 

Table A-4 

ENGINEERED BARRIER SYSTEM CRITERIA 

PART Crlterlon 

Proposed engineered barrier systems are designed to be 
physically cornpalibla wlth the natural barrier system. 

Propowd engineered barrier system are designed to be 
geochemically conpetible with the natural banhr system. 

Anelylical date ere belng collscled to evaluetd the 
engineend barriers. 

... 

Criteria ere established to determine the requirements of the 
barrier system. 

Requirements are established to assure that the engineered 
system will be adequate to allow the repository to meat the 
release limits. 

Comment 

An analysis by Arguallo indicates that the stresses in the unreinforced concrete 
bulkheads in the panel and lower shalt seals may exceed the strength ot the 
concrete. The maximum stresses occur wilhin the first 5 years alter installation of 
Ihe seal. Based on these resuns, it appears the bulkheads will require some type 
of reinforcement to accommodate the tensile and compressive stresses 
generated during the conpaction period. 
The onlv loncr-termconvonent in the e an el and shah seals 1s crushed salt wh~ch is . - 
chemically conpetibla (stable) in the Salado Formation. The other components of 
the seals (bentonite end concrete) are unlikely to be significantly affected by the 
chemical conditions present over the time period they must function (hundreds of 
years). A salt water basedconcrete has been developed by SNL to minim~ze the 
chemical disequilibrium present. 

CementitLou8 grout is being considered as a sealant lor MB 139 below the panel 
seal areas to reduce the likelihood that the intetbed will serve as a bypass around 
the seals. The performance requirements associated with the material would 
presumably be relevant for bng time periods and the issue 01 tongevily and 
chemical conpatibilii bscomw irrportsnt. This issue has not been resoked. 
SNL has wrformed a series ol anaivses to invastiaete the sianilicance and - " 

reletionshlp between the processes and events that are likely to be present in the 
WlPP repository system endJhe engineered barrier system. The analyses have 
locused on the expected creep cbsure of the underground openings. 
consolidation of the crushed sell seal components, stresses in the concrete 
bulkheads, the influence brine inflow may have on consolidation, and the potential 
for gas and brine migration through the DAZ and anhydita interbeds. Additional 
anafyws are undetway to address some 01 these issues in greater detail and 
incorporate the most inportant ones in the performance assessment models. 
The required performance ol the engineered barrier system and its components 
can only be developed after they have been incorporated in the performance 
assessment system model. Because the seals have not been incorporated in 
existing performance assessment analyses, quantitative performance criteria 
cannot be assigned. 
See PC1 .OOB(e) and (b) 



BSEP 

CCDF 

CDF 
CEQ 
CFR 
CH 

DAM 
DNFSB 
DOE 
DRZ 

EEG 

EPA 
ERDA - 
FEIS 
FSAR 
FSEIS 

HSWA 

LWA 

NAS 
NEPA 
NIOSH 

NMD 
NMED 

NMYP 
NRC 

GLOSSARY OF ABBREVIATIONS AND ACRONYMS 

Brine Sampling and Evaluation 
Program 

Complemenrary cumulative 
distribution function 
Cumulative distribution function 
Council on Environmental Quality 
Code of Federal Regulations 
Contact-handled 

Design Analysis Model 
Defense Nuclear Facility Safety Board 
Depamnent of Energy 
Disturbed rock mne 

New Mexico's Environmental 
Evaluation Group 
lie Environmental Restoration and 
Waste-Management WIPP Project 
Management Division (of DOE) 
Environmental Protection A g q  
Energy Research and Development 
Adminimation 

Final Environmental Impact Statement 
Final Safety Analysis Repon 
Final Supplunental Environmental 
Impact Statement 

Hazardous and Solid Waste 
Amendments 

Laud Wimdrpwal Act 

Marker Bed 

~ational  ~cadcmy of Science 
National Environmental Policy Act 
National Indim of Occupational 
Safeq and Health 
No-migration daamination 
New Mexico Environmental 
DcpPmnent 
No-migration variance petition 
Nudear Regulatory Commission 

OSHA 
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