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The Waste Isolation Pilot Plant (lVIPP) is the first operational repository designed for the safe disposal of
transuranic(TRU) radioactive \vastefrom the defense programs of the U.S. Department of Energy (DOE). The U.S.
Environmental Protection Agency (EPA) is responsible for certifications and regulation of the WIPP facility for the
radioactive components of the waste. The EPA has promulgated general radioactive waste dk.posal standardsat 40
CFR Part 191. and WIPP-specific criteria to implement and interpret the generic disposal standardsat 40 CFR Part
194. In October 1996. the DOE submitted its Compliance Certification Application (CC.4) to the EP.4 to
demonstrate compliance \vith the disposal standards at Subparts B and C of 40 CFR Part 191. Tlis paper
summarizes the development of the overall legal framework for radioactive waste disposal at the WPP, the parallel
development of the WIPP performance assessment (PA), and how the EP.4 disposal standardsand implementing
criteria formed the basis for the CC.4 WIPP PA. The CCA resulted in a certification in May 1998 by the EPA of the
WIPP’S compliance \viththe EPA’s disposal standard,thus enabling the lVIPP to begin radioactive waste disposal.
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1 INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) is used for the disposal of transuranic(TRU) radioactive waste from defense

programs of the U.S. Department of Energy (DOE). The WIPP facility is located 20 miles (42 km) east of the town

of Carlsbad in southeasternNew Mexico. The repository is located in the northern Delaware Basin, 2,150 feet (655

meters) underground in the Permian-age Salado bedded salt formation.

The U.S. Environmental Protection Agency (EPA) is responsible for the regulatory oversight of the radioactive

waste disposal at the WIPP facility. The EPA’s role is defined by the WIPP Land Withdrawal Act (LWA), passed

initially by Congress in 1992 and amended in 19961’2. Specifically, the LWA delegated three sequential tasks to the

EPA. First, the EPA had to finalize general regulations (non-site specific) that it first published in 1985, for highly

radioactive waste disposa13. The final form was published in the Federal Register in 1993, located at 40 CFR Part

191, and limits the amount of radioactive material that may escape fi-om a disposal facility to the accessible

environment, and protects individuals and groundwater resources from radioactive contamiuation4. Second, the

EPA had to develop by rulemaking, criteria to implement and interpret the general 40 CFR Part 191 radioactive

waste disposal regulations specifically for the WIPP. The EPA issued its “WIPP Compliance Criteria”, at 40 CFR

Part 194, in 19965. These criteria described what information the DOE must submit in order to comply with the

disposaI standardsat SubpartsB and C of 40 CFR Part 191a, and clarified the basis on which the EPA’s compliance

determination will be made. Third, the EPA had to review information submitted by the DOE in response to 40

CFR Parts 191 and 194, and publish a determination of compliance.

In October 1996, the DOE submitted its Compliance Certification Application (CCA)G to the EPA to demonstrate

compliance with the EPA’s radioactive waste disposal standards. In May 1998, after a 19-month review process, the

EPA statedin its final certification decision thatthe WIPP will comply with the EPA’s disposal standards’.

In accordance with the EPA regulations and criteria, the CCA contained a series of calculations that assessed the

performance of the WIPP facility over the next 10,000 years in terms of radioactive releases and human safety. The

requirements of the CCA WIPP performance assessment (PA) were prescribed by the EPA regulations and criteria,

which specified: (1) the context of the PA within the overall decision-making process; (2) the assessment time

periods thatthe PA should cover; (3) the basis for the treatmentof uncertainty; (4) the requirements for peer review

(5) a basis for deciding what should be included and excluded from consideration in the PA and, in some cases, the

methodology for how specific features, events, and processes (FEPs) thatmay potentially impact the performance of

a SubpartA of the EPA’s 40 CFR Part 191 standardsapplies to management and storage operations and considers
operational safety rather than disposal. It is not implemented for the WIPP by 40 CFR Part 194, and is not
considered in this paper.

2



the repository should be treated; and (6) the requirements for documentation and quality assurance (QA) of the

model and software development and verification process, and the methodologyy and QA requirements for data

qualification and parameterization.

This paper summarizes the development of the legal framework for radioactive waste disposal at the WIPP (Sect. 2)

and the parallel development of the WIPP PA (Sect. 3). It then describes how the EPA disposal regulations and

criteria formed the basis for the CCA WIPP PA (Sect. 4). Companion papers in this volume describe the PA

development methodology and the mechanics of the CCA WIPP PA itself.

Only the EPA regulations and criteria thatdirectly affect the PA calculations are considered in this paper. However,

the EPA regulations also codifi good practice regarding documentation and quality assurance of activities that

support or affect the development of PA models and data, such as site characterization, waste characterization,

expert judgement, and assurancemeasures (Fig. 18). Regulations other than 40 CFR Parts 191 and 194 thatapply to

WIPP and thathave had little or no influence on the evolution of the WIPP PA, are not discussed in this paper.

2 EVOLUTION OF THE REGULATORY FRAMEWORK FOR THE WIPP

This section covers the key steps and legal acts that led to the establishment of the EPA as the regulatory authority

for radioactive waste disposal at the WIPP, and the development of the EPA’s general disposal standardsand WIPP-

specific criteria at40 CFR Part 191 and 194, respectively.

Systematic studies of radioactive waste disposal options began in the United States in 1955, when the Atomic

Energy Commission (AEC), the predecessor to the DOE, asked the National Academy of Sciences (NAS) to

examine the issue. In 1957, the NAS reported that, while various options and disposal sites were feasible, disposal

in salt beds was the most promising method9. From 1957 through the early 1970s, Oak Ridge National Laboratory

(ORNL) conducted research associated with the disposal of radioactive waste in salt, including a large-scale field

program in an abandoned salt mine near Lyons, Kansas. However, pre-existing human-induced features in an area

near the Lyons mine prompted the AEC to reject the mine as a potential repository site. In 1973, after a nationwide

search for a suitable site, ORNL and the United States Geological Survey selected the Delaware Basin in New

Mexico as a site that satisfied their selection guidelines. In 1975, after exploratory work, a potential site east of

Carlsbad was identified for fiuther site characterization*O.

The identified site was officially authorized by the U.S. Congress in 1979 through Public Law 96-164, entitled

“Department of Energy National Security and Military Applications of Nuclear Energy Authorization Act of
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1980”11. Public Law 96-164 appropriated funds for the WIPP activities and, at Paragraph (a) of Section 213,

defined the mission of the WIPP Project as having ”... the express purpose of providing a research and development

facility to demonstrate the safe disposal of radioactive waste resulting from the defense activities and programs of

the United States ...” . Public Law 96-164 also excluded the WIPP flom U.S. Nuclear Regulatory Commission

(NRC) licensing (Sections 210 and 213), and provided the basis for the Consultation and Cooperation Agreement

(C&C) reached by the DOE and the State of New Mexico in 198112. At this time, the DOE was self-regulating.

The 1982 Nuclear Waste Policy Act (NWPA) (Public Law 97-425) fwst established a role for the EPA with regard

to licensing of the WIPP13.The role of the EPA (the Administrator) is defined in the NWPA at Section 12l(a):

, ENVIRONMENTAL PROTECTION AGENCY STANDARDS. – Not later than 1 year after the

date of enactment of this Act, the Administrator, pursuant to authority under other provisions of

law, shall, by rule, promulgate generally applicable standards for protection of the general

environment fi-om offsite releases fi-omradioactive material in repositories.

In response, the EPA promulgated “40 CFR Part 191 - Environmental Radiation Protection Standards for the

Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes”, on September

19, 19853. Subpart B of the 1985 disposal standardscontained three long-term performance criteria for disposal,

expressed in terms of cumulative release of radionuclides over 10,000 years (Containment Requirements), dose over

1,000 years (Individual Protection Requirements), and radionuclide concentration in groundwater over 1,000 years

(Groundwater Protection Requirements). Subpart B also required six “assurance” measures to provide additional

cotildence thatthe Containment Requirements would be met.

In 1987, SubpartB of 40 CFR Part 191 was vacated and remanded to the EPA by a Federal Court of Appeals14. The

Court found that the EPA had neither reconciled the Individual Protection Requirements with Part C of the Safe

Drinking Water Act, nor explained the divergence between the two sets of criteria. Furthermore, the EPA had not

explained the basis for the 1,000-year performance criterion in the Individual Protection Requirements. The Court

also found that the Groundwater Protection Requirements were promulgated without proper notice and comment.

Following vacating 40 CFR Part 191, a modification to the 1981 C&C committed the WIPP Project to proceed with

compliance planning in line with the 1985 disposal standardsuntil the revised standardswere promulgated12.

The LWA of 19921reinstatedthe 1985 disposal standards,excluding the parts of the standardsthat were questioned

by the Court (40 CFR ~ 191.15, Individual Protection Requirements, and 40 CFR ~ 191.16, Ground Water

Protection Requirements). As outlined in Sect. 1, the LWA required the EPA to promulgate disposal standardsand
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specific criteria to apply these standardsto the WIPP, and to evaluate the WIPP compliance application. Thus, the

DOE ceased to be self-regulating.

On December 20, 1993, the EPA promulgated 40 CFR Part 191 disposal standards that corrected deficiencies

associated with the 1985 Individual and Groundwater Protection Requirements4. In this revised rule, the time period

for the Individual Protection Requirements performance criterion was increased to 10,000 years, consistent with the

timescale for the Containment Requirements. The Groundwater Protection Requirements were made consistent with

the Safe Drinking Water Act and moved fkom \ 191.16 of Subpart B to a new Subpart C entitled “Environmental

Standardsfor Ground-Water Protection”.

To develop the mandated criteria to apply the 40 CFR Part 191 disposal standardsto the WIPP, the EPA published

an Advanced Notice of Proposed Rulemaking (ANPR) in February 1993 (58 FR 8029), soliciting public comment

on the development of the 40 CFR Part 194 rule. The EPA undertook several fin-therrounds of public comment on

its proposed rule, including release of a preliminary draft in January 1994, and publication of a notice of the

proposed rule on January30, 1995 (60 FR 5766). The EPA published its Final Rule, “40 CFR 194- Criteria for the

Certification and Recertification of the Waste Isolation Pilot Plant’s Compliance with the 40 CFR Part 191 Disposal

Regulations”, on February 9, 19965. The EPA also published a Background Information Document 15and Response

to Comments Document]G that described how the EPA had arrived at the criteria in the rule and addressed the

comments it had received during the ndemaking process. In March 1996, the EPA issued Compliance Application

Guidance (CAG)]7 for 40 CFR Part 194 to assist the DOE in the preparation of the WIPP CCA, and to assist the

EPA in its compliance review.

Subpart A of 40 CFR Part 194 establishes general provisions related to the final rule, and Subpart B specifies the

requirements for the format and content of compliance applications. Subpart C of 40 CFR Part 194 establishes the

WIPP-specific criteria that apply to PAs and compliance assessments used to demonstrate compliance with the

numerical disposal standardsin 40 CFR Part 191. In addition, Subpart C implements the six assurance requirements

of 40 CFR ~ 191.14, and also establishes seven general criteria at $ 194.21 through Q 194.27 that apply to all

activities associated with the WIPP CCA.

3 HISTORICAL DEVELOPMENT OF THE WIPP PA

The DOE’s general framework for the WIPP PA had been developed prior to promulgation of the 40 CFR Part 194

criteria. This section summarizes the historical development of the WIPP PA; a more detailed description is given

in Ref 18.
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The first quantified assessment of the long-term performance of the WIPP site was performed for the Final

Environment Impact Statement19(FEIS), which was prepared to comply with the National Environmental Policy Act

of 1969. During the 1980s, much was learned about the WIPP site through site characterization, facility

construction, and underground testing activities. In 1990, the analyses in the FEIS were updated for the Final

Supplement Environment Impact Statemen@O(SEIS) . During the early 1990s, in anticipation of the promulgation

of the revised 40 CFR Part 191, an annual series of preliminary WIPP PAs was conducted21>22’23.These PAs were

based on the regulations contained in the 198540 CFR Part 191 disposal standards24>2j.The first WIPP PAs were

conducted before passage of the LWA and publication of 40 CFR Part 194. The promulgation of the 40 CFR Part

194 Final Rule and CAG publication occurred early in 1996, less than a year prior to DOE’s submission of the CCA.

The compliance criteria codified good practice for analysis, documentation, QA, and treatmentof uncertainty, and

established the PA approach in contentious areas (e.g., human intrusion), in order to help the EPA and the public

make a thorough evaluation of the CCA. The criteria attempted to avoid prescribing specific design choices and

technical decisions. Because the CCA PA represented the culmination of previous preliminary PAs, the DOE was

able to respond rapidly to the new site-specific criteria in 40 CFR Part 194.

4 EPA REQUIREMENT AND CRITERIA RELEVANT TO THE CCA WIPP PA
AND DOE COMPLIANCE APPROACH

This section outlines the roles of the EPA regulations and criteria as they relate to the WIPP CCA PA. First, the role

of the generally-applicable disposal standards in 40 CFR Part 191 is described. Sect. 4.1 describes the disposal

standards themselves and how they set the context for the PA. Sects. 4.2. and 4.3 describe how the disposal

standards and implementing criteria defined the assessment format and period of performance, respectively.

Second, the criteria of 40 CFR Part 194 are described in terms of the key types of criterion that had a bearing on the

CCA WIPP PA. Sect. 4.4 describes how the implementing criteria of 40 CFR 194 address the treatment of

uncertainty in order to meet the “reasonable expectation” requirement of the disposal standards. Sect. 4.5 describes

the role of the implementing criteria in defining the methodology for treating contentious issues, such as human

intrusion. Sect. 4.6 describes the criteria that dictate documentation and QA of the PA models and data.

Requirements for documentation and QA occur throughout 40 CFR 194 and underlie all other criteria; these

requirements are discussed last to avoid repetition between sections. Third, Sect. 4.7 documents those 40 CFR Part

194 criteria that required quantitative analysis, but that did not have a direct effect on the CCA WIPP PA. To

facilitate discussions of how different criteria were applied to different parts of the PA, a simplified flow chart of the

PA process is shown in Fig. 2.



4.1 Disposal Standards and PA Context

4.1.1 40 CFR Part 191 Disposal Standards

The numerical post-closure performance standardsthat must be addressed are set out in Subpart B of 40 CFR Part

191 as the Containment and Individual Protection Requirements and Subpart C of 40 CFR Part 191 as the Disposal

Standardsfor the Groundwater Protection Requirements:

$191.13 Containment Requirements.

(a) Disposal systems for spent nuclear fuel or high-level or transuranicradioactive wastes shall be

designed to provide a reasonable expectation, based upon performance assessments, that the

cumulative releases 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 10 of exceeding the quantities calculated according to Table

1 (Appendix A); and (2) Have a likelihood of less than one chance in 1,000 of exceeding ten times

the quantitiescalculated according to Table 1 (Appendix A)b.

(b) Performance assessments need not provide complete assurance that the requirements of

3191 .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 uncertainties in projecting disposal

system performance. Proof 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. Instea4 what is

required is a reasonable expectation, on the basis of the record before the implementing agency,

that compliance with $191. 13(a) will be achieved.

$191.15 Individual Protection Requirements.

(a) Disposal systems for waste and any associated radioactive material shall be designed to

provide a reasonable expectation that, for 10,000 years after disposal, undisturbed performance of

the disposal system shall not cause the annual committed effective dose, received through all

potential pathways from the disposal system, to any member of the public in the accessible

environment, to exceed 15 millirems (150 microsieverts).

$191.24 Disposal Standards.

(a) Disposal systems. (1) General. Disposal systems for waste and any associated radioactive

material shall be designed to provide a reasonable expectation that 10,000 years of undisturbed

performance after disposal shall not cause the Ievels of radioactivity in any underground source of

bReference is to Table 1 in Appendix A of Ref. 3.
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drinking water, in the accessible environment, to exceed the limits specified in 40 CFR part 141 as

they exist on January 19, 1994.

The accessible environment is defined ($ 191.12) to be”... (1) the atmosphere, (2) land surfaces, (3) surface waters,

(4) oceans, and (5) all of the lithosphere that is beyond the controlled area”. For the WIPP, the controlled area

consists of the 16-section (41.4-square-kilometer) land area overlying the repository that was placed under

jurisdiction of the DOE by the WIPP Land Withdrawal Act (as amended 1996). The requirements of ~ 191.15 and ~

191.24 apply only to undisturbed performance, which is defined by $191.12 as “... the predicted behavior of a

disposal system including consideration of the uncertainties in predicted behavior, if the disposal system is not

disrupted by human intrusion or the occurrence of unlikely natural events”. Conversely, disturbed performance

accounts for the possibility of unlikely natural events, human intrusion, and their consequences, and applies only to

~ 191.13.

40 CFR $191.14 contains six assurance requirements designed to provide additional cotildence that the disposal

system will comply with the Containment Requirements of 40 CFR ~ 191.13: (1) use of active institutionalcontrols;

(2) monitoring of performance after disposal; (3) implementation of passive institutional controls; (4) use of both

engineered and naturalbarriers; (5) avoidance of areas exploited for natural resources; and (6) feasibility of waste

retrieval for a reasonable period of time after disposal. Design features introduced at the WIPP in order to meet the

assurancerequirementshave had an effect on the conceptualization of the PA models. For example, the introduction

of MgO backfill helps the WIPP comply with $ 191.14(d), but also plays an important role in the PA. In addition,

the implementation of active and passive institutional controls in accordance with $ 191.14(a) and $ 191.14(c)

affects the likelihood of fiture human intrusion in the PA (see Sect. 4.5.5).

4.1.2 Performance Assessment and Compliance Assessment

40 CFR $ 191.12 defines a PA as “an analysis that: (1) identifies the processes and events that might affect the

disposal system; (2) examines the effects of these processes and events on the performance of the disposal system,

and (3) estimates the cumulative releases of radionuclides, considering the associated uncertainties, caused by all

significant processes and events. These estimates shaIl be incorporated into an overall probability distribution of

cumulative release to the extent practicable.”

40 CFR $ 194.2 defines a compliance assessment as meaning “... the analysis conducted to determine compliance

with $191.15, and part 191, subpartC . . .“. 40 CFR Part 194 makes a clear distinction between the PA conducted to

determine compliance with the Containment Requirements at $191.13 (disturbed petiormance), and the compliance

assessmentsconducted to determine compliance with the Individual and Groundwater Protection Requirements at ~
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191.15 and at $191.24 (undisturbed performance). In the CCAC, the disturbed performance PA and the undisturbed

performance compliance assessments were discussed in separate chapters. However, the CCA compliance

assessmentsmainly used a subset of the models and methodologies used for the CCA PA. Therefore, the remainder

of this section focuses on the CCA WIPP PA, except where the compliance assessments adopted a significantly

different approach.

4.1.3 Role of the PA in the Decision-M@ing Process

When combined with material to support reasonable PA models and data basis, PA results are a measure by which

the compliance of the WIPP with the EPA’s disposal standards in 40 CFR Part 191 is judged. PA is a means by

which a “reasonable expectation” of compliance with the EPA’s disposal standard is met. The concept of

reasonable expectation is not explicitly defined in 40 CFR Parts 191 or 194, although the required statistical and

probabilistic treatment of uncertainty is set out in 40 CFR Part 194. The following text from the EPA’s 1998

certification rulemaking on the WIPP7 indicates that the DOE’s approach of using a comprehensive and realistic

probabilistic PA model, and adopting conservative assumptions where necessary, was an appropriate means of

providing a reasonable expectation of compliance:

Based upon results of the CCA PA (as confirmed by the PAVT), EPA finds that the WIPP

complies with the containment requirements by a comfortable margin, even when using more

conservative parameter values that were changed significantly fi-om those in the CCA PA. This

modeling shows that the WIPP will contain waste safely under realistic scenarios, and even in

many extreme cases. . . ...

Many [stakeholderc] comments were based on a philosophy thatDOE should use an unrealistically

conservative approach to the PA. . . ... The Agent y found all of these suggestions to be

inappropriate, either because they were unrealistic or because they required additional analysis

when the change had already been demonstratedto have little or no impact on the PA results.

The Agency believes that the PA should be a reasonable assessment with some conservative

assumptions built in, rather than an assessment comprised entirely of unrealistic assumptions and

worst-case scenarios. The disposal regulations at 40 CFR Part 191 require the PA to show there is

a reasonable expectation that cumulative releases will meet the containment requirements. This

philosophy is reflected elsewhere in EPA’s requirements, such as in the requirement for the mean

[CCDFd] to comply with the containment requirement, ratherthan for every CCDF to comply. If

unrealistically conservative assumptions were used in the PA, then results of the PA would not

reflect reality and would not be a reasonable measure of the WIPP’s capability to contain waste.

c WIPP project stakeholders include interestedorganizations and members of the public.
dConceptual Cumulative Distribution Function
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4.2 Format of Assessment and Analytical Results

The required assessment results for comparison with the regulations are determined by the standardsin 40 CFR $

191.13(a), $ 191.15(a), and $ 191.24(a), as cumulative release, annual committed effective dose, and radionuclide

concenbation in groundwater, respectively. 40 CFR Part 194 provides additional criteria regarding the methodology

for calculation of these results, and the format in which they should be presented.

4.2.1 Format of Assessment Results

Table 1 in Appendix A of 40 CFR Part 191 applies to the Containment Requirements at 40 CFR $ 191.13(a), and

specifies release limits to the accessible environment in curies per 1,000 metric tons of heavy metal (MTHM) for

individual radionuclides. For a release to the accessible environment that involves a mix of radionuclides, the limits

in 40 CFR Part 191 are used to determine a normalized release (nR) of radionuclides for comparison with the

Containment Requirements:

d?=~i[f)(,xlo,:) (1)

where Qi is the cumulative release in curies (Ci) of radionuclide i into the accessible environment during the 10,000-

year period following closure of the repository, Li is the release limit in curies for radionuclide i given in 40 CFR

Part 191, and C is the total amount of curies of alpha-emitting transuranicradionuclides with half-lives greater than

20 years to be emplaced in the repository.

For the compliance assessment results, the EPA criteria specify several calculational assumptions. For the annual

committed effective dose, the protected individual shall be assumed to reside at the single geographic point on the

surface of the accessible environment where that individual would be expected to receive the highest dose from

radionuclide releases (tj 194.51). All potential exposure pathways from the disposal system to individuals shall be

considered and the individuals shall be assumed to consume two liters per day of drinking water from any

underground source of drinking water in the accessible environment ($ 194.52). Also, all underground sources of

drinking water in the accessible environment that are expected to be affected by the disposal system over the

regulatory time frame shall be considered ($ 191.53).
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Inpefiorting the CCAcompliance assessments, fie DOEapplied abowding-analysis approach using unrealistic

assumptions thatresulted in over-estimation of potential doses and contaminant concentrations: ( 1) 40 CFR f 191.15

Individual Dose. Only 9 out of 300 CCA undisturbed performance simulations led to non-zero (i.e., >1 x 10-18

curies/liter) calculated concentrations, all of which were still extremely low (from around 6 x 10-18up to a maximum

of around 6 x 10“12curies per liter), and all of which were in the anhydrite interbeds within the Salado at the site

boundary. All contaminants reaching the accessible environment were assumed to be directly available to a

receptor. Brine derived fi-om the anhydrite interbeds has total dissolved solids (TDS) concentrations of about

324,000 parts per millio~ this represents a concentration that could not be consumed by humans. For the bounding

analysis, the calculation included the dilution of this brine by a factor of 32.4 to a TDS concentration of 10,000 parts

per million, which is the upper limit for potable wate~ and (2)40 CFR f 191.24 Growzdwater Protection. The DOE

assumed the presence of an underground source of drinking water (USDWe) in close proximity to the WIPP land

withdrawal area boundary, even though available data indicate thatnone exists near the boundary.

The 40 CFR Part 194 criteria do not specify a format for the compliance assessment results for 40 CFR $ 191.15(a)

and ~ 191.24(a). However, 40 CFR $ 194.55(c) does require the calculation of several radiological measures using

random samples from the entire range of values of each probability distribution developed to generate a range of (1)

estimated committed effective doses received from all pathways pursuant to $ 194.51 and $ 194.52; (2) estimated

radionuclide concentrations in USDWS pursuant to ~194.53; and (3) estimated dose equivalent received from

USDWS pursuant to $ 194.52 and $ 194.53. As described above, the DOE used a set of conservative bounding

assumptions regarding exposure pathways to calculate maximum doses to individuals and maximum concentrations

in USDWS. Because they were orders of magnitude within the compliance limits, only the maximum doses and

concentrations were compared to the Individual and Groundwater Protection Requirements.

4.2.2 Format of Analytical Results

The format of the cumulative release results for 40 CFR $ 191.13(a) is specified in more detail at 40 CFR

$194.34(a), which requires the results to be assembled into “complementary, cumulative distribution functions”

(CCDFS) that represent the probability of exceeding various levels of cumulative releases caused by all significant

processes and events. The generation of multiple CCDFS is described in Ref. 26.

‘ An Underground Source of Dfinking Water is defined at 40 CFR j 191.22 as “... an aquifer or its portion which:
(1) Supplies any public water system, or (2) Contains a sufficient quantity of ground water to supply a public water
system; and (i) Currently supplies drinking water for human consumption; or (ii) Contains fewer than 10,000
milligrams of total dissolved solids per liter”.
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4.3 Period of Performance

The time period for both PA and compliance assessmentsis statedin 40 CFR Part 191 as 10,000 years. Comments

were raised by stakeholders on drafts of both 40 CFR Parts 191 and 194, that the PA should model performance for

100,000 years or more. However, the EPA has maintained thattimes beyond 10,000 years are important, but that a

disposal system capable of meeting the requirements for 10,000 years will continue to protect people and the

environment well beyond 10,000 yearss. The WIPP is sited in a stable geological area and the CCA6 demonstrated

that only negligible releases of radionuclides to the accessible environment might over 10,000 years. The four

naturalprocesses that have a progressive effect on the structureof the region and the hydrogeological properties of

the units in the vicinity of the WIPP are regional uplift and tectonics, erosion, salt deformation, and dissolution. The

rates of these processes are such that the WIPP repository is expected to maintain its integrity under undisturbed

performance conditions well beyond 100,000 years.

4.4 Treatment of Uncertainty

Three principal types of uncertainty, related to the three different stages in the PA development process shown in

Fig. 2, are important in PAs for radioactive waste disposal sites27:

1. Scenario uncertain~. A scenario is a broad-brush description of the fiture evolution of the disposal

system. Scenario uncertainty arises through different assumptions about the FEPs that may occur in the

future and, hence, which FEPs and FEP interactions are included in a particular scenario.

2. Conceptual model uncertain~. Conceptual models are a set of qualitative assumptions used to describe a

system or subsystem. At a minimum these assumptions concern the geometry and dimensionality of the

syste~ initial and boundary conditions, time dependence, and the nature of the relevant physical and

chemical processes. Conceptual model uncertainty arises because there may be more than one way of

describing a processor system within a particular context and in accordance with the datathatare available.

3. Parameter uncertain~. Mathematical models of events and processes comprise a number of parameters

and relationships, and solution of the mathematical model requires the assignment of particular values to

the parameters. Parameteruncertainty arises where single values cannot be defensively derived or defined

for these parameters.
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This section discusses how the 40 CFR Part 194 criteria address each of these types of uncertainty; see Refs. 26,28,

and 29 for additional discussion of the treatmentof uncertainty in the CCA WIPP PA. The criteria thatestablish the

statisticalrequirements for the comparison of the PA and compliance assessmentresultsto the disposal standardsare

then described, along with the use of sensitivity analyses and peer reviews to furtherevaluate and reduce uncertainty

in performance predictions.

4.4.1 Scenario Uncertainty

Although there are no specific references within 40 CFR Part 191 or 40 CFR Part 194 to scenario uncertainty, there

is an implicit acknowledgement of scenario uncertainty in 40 CFR $ 194.32(e) and 40 CFR $ 194.54(a), which

require documentation of which FEPs have been included in assessment calculations and the basis on which other

FEPs have been excluded.

The role of the EPA’s regulations in defining scenario uncertaintyby defiiing what and how FEPs are treatedin the

CCA WIPP PA is discussed in detail in Ref. 30. As stated earlier, 40 CFR $191. 13(a) requires PAs to consider “all

significant processes and events thatmay affect the disposal system”. 40 CFR ~ 194.32 fiu-therdefines the scope of

the PA:

$194.32 Scope of Performance Assessments.

(a) Performance assessments shall consider natural processes and events, mining, deep drilling,

and shallow drilling thatmay affect the disposal system during the regulatory time frame.

(b) Assessments of mining effects maybe limited to changes in the hydraulic conductivity of the

hydrogeologic units of the disposal system from excavation mining for naturalresources. Mining

shall be assumed to occur with a one in 100 probability in each century of the regulatory time

frame. Performance assessments shall assume that mineral deposits of those resources, similar in

quality and type to those resources currently extracted from the Delaware Basin, will be

completely removed from the controlled area during the century in which such mining is randomly

calculated to occur. Complete removal of such mineral resources shall be assumed to occur only

once during the regulatory time fi-ame.

(c) Performance assessments shall include an analysis of the effects on the disposal system of any

activities that occur in the vicinity of the disposal system prior to disposal and are expected to

occur in the vicinity of the disposal system soon after disposal. Such activities shall include, but

shall not be limited to, existing boreholes and the development of any existing leases that can be
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reasonably expected to be developed in the near future, including boreholes and leases thatmaybe

used for fluid injection activities.

(d) Performance assessments need not consider processes and events that have less than one

chance in 10,000 of occurring over 10,000 years.

(e) Any compliance application(s) shall include information which: (1) Identifies all potential

processes, events or sequences and combinations of processes and events that may occur during

the regulatory time frame and may affect the disposal system, (2) Identities the processes, events

or sequences and combinations of processes and events included in performance assessments; and

(3) Documents why any processes, events or sequences and combinations of processes and events

identified pursuant to paragraph (c)(1) of this section were not included in performance

assessmentresultsprovided in any compliance application.

Therefore, a comprehensive FEP list is required as a basis for the development of the WIPP PA (40 CFR $

194.32(e)(l)), but the only human activities that are required to be evaluated in developing scenarios are those

currently occurring in the vicinity of the WIPP. The criteria for the scope of the compliance assessments(40 CFR ~

194.54) are similar, but without the need to consider Mm-e drilling and mining other than thatconducted on existing

leases in the near future. The criteria and requirements for the treatment of future events and processes are also

relevant to defining the scope of the PA, and are discussed in Sect. 4.5.1.

40 CFR S 194.32(d) allows the elimination of FEPs from the PA on the basis of low probability. Natural events for

which there is no evidence of occurrence within the regional vicinity of the WIPP (the Delaware Basinf) were

eliminated from the WIPP PA on this basis, as were waste- and repository-induced FEPs for which no mechanisms

were identified thatcould result in their occurrence within the disposal system.

40 CFR tj 191.13(a) uses the term “significant” and, therefore, allows elimination of FEPs from PA calculations on

the basis of insignificant consequence. Consequence can refer to effects on the site or to radiological consequence.

On this basis, the DOE omitted FEPs from the CCA WIPP PA where there was a reasonable expectation that

cumulative releases, as representedby the calculated CCDFS, would not be significantly changed by such omissions.

In particular,the effects of some currentpractices as specified in 40 CFR $ 194.32(c), such as brine extraction, fluid

injection, and COZ disposal, were eliminated from PA calculations on the basis of low consequence31.

f To avoid inconsistent interpretation, 40 CFR Part 194 defines the Delaware Basin as “... those surface and
subsurface features which lie inside the boundary formed to the north, east and west of the disposal system by the
innermost edge of the Capitan Reef, and formed, to the south, by a straightline drawn fi-om the southeasternpoint of
the Davis Mountains to the most southwesternpoint of the Glass Mountains.”
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In accordance with 40 CFR $$194.32(e), the development of the WIPP FEP list, the elimination of FEPs, and the

listing of FEPs that were retained for inclusion in the WIPP PA were documented in Appendix SCR of the CCA.

FEPs that were eliminated were done so on the basis of their low, probability of occurrence, their insignificant

consequences, or as specified by the regulations (e.g., future states– the EPA specified that future human activities

be represented as they are today such that futuristic activities would not need to be considered in scenario

development).

4.4.2 Conceptual Model Uncertainty

There are no specific references within 40 CFR Part 191 or 40 CFR Part 194 to conceptual model uncertainty. The

DOE used several criteria to determine which conceptual model to use in assessment calculations where plausible

alternatives had been identified. These included the use of simplified models for computational efficiency where

use of a more complex model would not affect calculated results, use of a model that is more conservative or

accounts for a greater range of uncertainties, and use of established models where alternatives do not affect

calculated results. In some cases, conceptual model uncertainty was accounted for by probabilistically sampling a

flag to select one of two alternativemodels for each simulation (e.g., microbial degradation; see variable WMICFLG

in Table 1 of Ref. 29). A tabulation of the alternative conceptual models considered in the WIPP PA, and how they

were dealt with in the assessment, was submitted by the DOE to the EPA during review of the CCAS2. The

evaluation of the adequacy of the DOE’s conceptual models was largely conducted by peer review (see Sect. 4.4.7).

Further, as part of its rulernaking, the EPA required DOE to conduct a Performance Assessment Verification Test

(PAVT) that evaluated uncertaintiesidentified by the EPA in both conceptual models and parameter valuess3’34.

4.4.3 ParameterUncertainty

There are extensive references to parameter uncertainty in 40 CFR Part 194 and associated documents. It is

apparent from 40 CFR $ 194.34(b) that the EPA expects the PA to use probability density fimctions (PDFs) or

distributions to account for parameter uncertainty by stating that probability distributions for uncertain disposal

system parameter values shall be developed and documented in any compliance application. This requires the DOE

to use a probabilistic modeling technique, as set out at 40 CFR $ 194.34(c), which states that computational

techniques that draw random samples from across the entire range of the probability distributions shall be used in

generating CCDFS and shall be documented in any compliance application. As a result of the above criteria,

different types of parameter uncertaintyare accounted for separately in the PA calculations for compliance with the

Containment Requirements. A family of CCDFS allows a distinction to be made between stochastic uncertaint~,

which controls the shape of a single CCDF, and subjective uncertainfl, which results in a distribution of CCDFS.

15



Stochastic uizcertainq is associated with future events such as human activities. No amount of additional study can

provide additional quantitative information about this type of event, and these uncertainties must be defined using

expert judgement. Distributions for parameters associated with stochastic uncertainty are sampled multiple times to

generate a single CCDF. Subjective uncertain~ is associated with data from site characterization and laboratory

experiments. In theory, the acquisition of more data will reduce this type of uncertainty. Distributions for

parameters associated with subjective uncertainty are sampled once for each CCDF. However, there is no explicit

acknowledgement of this two-fold classification of uncertainty in the EPA’s regulations, criteria, or supporting

information. For more discussion of the classification, see Ref. 26.

4.4.4 Comparison of PA CCDFS to the ContainmentRequirements

The nature of the Containment Requirements in 40 CFR Part 191 makes a comparison between a single CCDF for

cumulative release and the release limits a simple task, because both can be plotted on the same axes. If the CCDF

lies to the left of the release limits, then the disposal system is in compliance. However, because the assessment

calculations yield a distribution of CCDFS, the criteria at 40 CFR $ 194.34(d) to (f) provide statistical tests for

comparison of this distribution of CCDFS with the disposal standards:

(d) The number of CCDFS generated shall be large enough such that, at cumulative releases of 1

and 10, the maximum CCDF generated exceeds the 99th percentile of the population of CCDFS

with at least a 0.95 probability. Values of cumulative release shall be calculated according to Note

6 of Table 1, Appendix A of Part 191 of this chapter.

(e) Any compliance application shall display the fill range of CCDFS generated.

(Q Any compliance application shall provide information which demonstrates thatthere is at least

a 95 percent level of statistical cotildence that the mean of the population of CCDFS meets the

containment requirements of$191. 13 of this chapter.

The criterion at 40 CFR ~ 194.34(d) is intended to ensure that sufficient samples are generated to cover the full

range of parameter values included in the PA, and hence thatthe calculated mean does represent a reliable estimate

of disposal system performance. In the CCA, the DOE argued that a randomly selected CCDF has a 0.99

probability of lying below the 99th percentile of the population at cumulative releases of 1 and 10, and that for n

randomly selected CCDFS, the probability of them all lying below the 99th percentile at cumulative releases of 1 and

10 is 0.99”. Conversely, the probability of at least one CCDF exceeding the 99th percentile at cumulative releases of

1 and 10 is ( 1-0.99”). In order to satisfy the criteria at 40 CFR $ 194.34(d), the number of CCDFS must be such that

(1-0.99”) 20.95, and hencen2298. The EPA accepted this analysis and agreed that the 300 CCDFS generated by

the DOE for the CCA were sufficient to satisfy the criterion.
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In its Response to Comments on 40 CFR Part 19416,the EPA explained the basis at 40 CFR $ 194.34(f) for requiring

the mean of the population of CCDFS to meet the Containment Requirements, rather than the median or a higher

percentile. The EPA believes that a measure of central tendency provides the best estimate of the disposal system’s

performance for the purpose of regulatory decision making. The EPA argued that the requirement for random

sampling across the full range of parameter distributions ensures that the distribution of CCDFS will encompass the

consequences of low-probability events or values. The use of the median, rather than the mean, would not take

account of the extent to which these low-probability events or values skew the distribution of CCDFS, and a higher

percentile would give them undue weight.

A determination of compliance should be based on a value determined horn the entire distribution of possible

CCDFS. However, the CCDFS presented in a PA are a subset of the infinite population of CCDFS that could be

calculated. Confidence limits around the mean of the sample can be used to establish statisticalcotildence for the

estimate of the mean of the entire population. The EPA requires the comparison with the Containment Requirements

using the 95ti percent level of statistical confidenc~ about the mean of the population, in order to provide the

necessary assurancethatthe disposal system complies with the Contaimnent Requirements

In the CCA, the DOE presented a plot of a mean CCDF with 95’XOconfidence limits. The derivation of these is

based on replicated sampling29’35.The use of Latin Hypercube Sampling (LHS), rather than random sampling, for

generating CCDFS precluded the use of parametric uncertainty bounds. The technique used three replicate analyses

(3 x 100 realizations) employing different LHS seeds. The required confidence limits were then determined from

the standarderror of the replicates and the appropriatepercentile of the t-distribution.

4.4.5 Comparison of Compliance Assessment Results with the Individual and Groundwater
Protection Requirements

Although no criteria are provided for the calculation or presentation of the compliance assessment results, the

criteria at $ 194.55 do specify the number of samples and the use of confidence limits for comparison with the

standards.

~ 194.55 Results of Compliance Assessments.

(d) The number of estimates generated pursuant to paragraph (c) of this section shall be large

enough such that the maximum estimates of doses and concentrations generated exceed the 99th

percentile of the population of estimateswith at least a 0.95 probability.
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(e) Any compliance application shall display: (1) The fill range of estimated radiation doses; and

(2) The full range of estimated radionuclide concentrations.

(f) Any compliance application shall document that there is at least a 95 percent level of statistical

confidence thatthe mean and the median of the range of estimated radiation doses and the range of

estimated radionuclide concentrations meet the requirements of $191.15 and part 191, subpartC of

this chapter, respectively.

The requirement for demonstrating that a sufficient number of samples has been used to calculate doses and

concentrations is similar to that for CCDFS at $ 194.34(d). For compliance assessments, the criterion at ~ 194.55(f)

differs from that at $ 194.34(f) for the PA by specifying the use of confidence limits for both the mean and the

median. There is no discussion by the EPA of the reasons for specifying both measures.

As stated in Sect. 4.2, the DOE used a set of conservative bounding assumptions regarding exposure pathways to

demonstratethat the maximum doses to individuals and concentrations in USDWS were orders of magnitude below

the Individual and Groundwater Protection Requirements. The DOE successfidly argued (Section 8.1.4 of Ref. 6)

that, if a conservatively calculated maximum complied with the disposal standards,the mean and median and their

upper 95°/0confidence limit would also complysb.

4.4.6 Sensitivity Analyses

The EPA criteria do not explicitly require sensitivity analyses for the results of the WIPP PA, although a sensitivity

analysis is required for the monitoring assurance criterion at ~ 194.42 (see Sect. 4.7.2). Under the criteria to

document the development of input parameters for the PA at $ 194.23(c)(4) and 194.34(b), the DOE did conduct a

sensitivity analysis of parametersused in the CCA WIPP PA37 (see also Appendix SA of Ref. 6). Furthermore, as

part of its ndemaking, the EPA conducted its own sensitivity analyses to evaluate the significance of uncertainty in

PA parametervalues3*.

4.4.7 Peer Review

Peer review is an important method of reducing qualitative uncertainty (Fig. 2). At 40 CFR ~ 194.27(a), the EPA

required the DOE to carry out peer reviews in three areas, the first of which related to the conceptual models used in

the CCA WIPP PA, and the second of which had a bearing on the PA modeling of waste-related FEPs:
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$194.27 Peer Review.

(a) Any compliance application shall include documentation of peer review that has been

conducted, in a manner required by this section, for: (1) Conceptual models selected and

developed by the Department; (2) Waste characterization analyses as required in $194.24(b); and

(3) Engineered barrier evaluation as required in $194.44.

The DOE conducted these peer reviews in 1996, with fin-ther resolution of outstanding issues in 199739’40’41.

Furthermore, the DOE conducted peer reviews of “Engineered Systems Data“42, “Waste Form and Disposal Room

Data’’43,and “Natural Barriers Data” 44to qualify “historical” data for use in the CCA WIPP PA. Historical data are

those data collected prior to implementation of the QA system required under 40 CFR Part 194, and the peer reviews

were undertakenaccording to the QA criterion at 40 CFR ~ 194.22(b):

(b) Any compliance application shall include information which demonstrates that data and

information collected prior to the implementation of the quality assurance program required

pursuant to paragraph (a)(1) of this section have been qualified in accordance with an alternate

methodology, approved by the Administrator or the Administrator’s authorized representative,that

employs one or more of the following methods: peer review, conducted in a manner that is

compatible with NUREG-1 297, “Peer Review for High-Level Nuclear Waste Repositories, ”

published February 1988 (incorporation by reference as specified in $194.5); corroborating data;

confmatory testing; or a quality assurance program thatis equivalent in effect to ASME NQA- 1-

1989 edition, ASME NQA-2a-1990 addenda, part 2.7, to ASME NQA-2-1989 edition, and ASME

NQA-3-1989 edition [excluding Section 2. l(b) and (c) and Section 17.1]. (Incorporation by

reference as specified in ~194.5).

4.5 Treatment of Future Events, Processes, and Human Intrusion Issues

This section discusses how criteria in 40 CFR Part 194 prescribe the PA treatmentof several contentious FEPs or

issues, including the human activities of drilling and mining. The numerical implementation of these issues are

described in Ref. 28. For the CCA WIPP PA, in terms of the PA process in Fig. 2, these criteria applied particularly

during the development of conceptual and mathematical models and the parameterization of the PA database.

4.5.1 Treatmentof FutureEvents and Processes
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The 40 CFR ~ 194.32 criteria defining the scope of the PA (Sect. 4.4.1) limit consideration of future human

activities to current drilling and Wing practices and are consistent with the fhture state assumptions set out in 40

CFR $194.25:

~194.25 FutureStateAssumptions.

(a) Unless otherwise specified in this part or in the disposal regulations, performance assessments

and compliance assessments conducted pursuant the provisions of this part to demonstrate

compliance with $191.13, ~191. 15 and part 191, subpart C shall assume that characteristics of the

fiture remain what they are at the time the compliance application is prepared, provided that such

characteristics are not related to hydrogeologic, geologic or climatic conditions.

(b) In considering fiture states pursuant to this section, the Department shall document in any

compliance application, to the extent practicable, effects of potential fiture hydrogeologic,

geologic and climatic conditions on the disposal system over the regulatory time frame. Such

documentation shall be part of the activities undertaken pursuant to $194.14, Content of

compliance certification application, ~194.32, Scope of performance assessments; and $194.54,

Scope of compliance assessments.

(1) In considering the effects of hydrogeologic conditions on the disposal systeq the Department

shall document in any compliance application, to the extent practicable, the effects of potential

changes to hydrogeologic conditions.

(2) In considering the effects of geologic conditions on the disposal systerq the Department shall

document in any compliance application, to the extent practicable, the effects of potential changes

to geologic conditions, including, but not limited to: dissolution; near surface geomorphic features

and processes; and related subsidence in the geologic units of the disposal system.

(3) In considering the effects of climatic conditions on the disposal syste~ the Department shall

document in any compliance application%to the extent practicable, the effects of potential changes

to fiture climate cycles of increased precipitation (as compared to present conditions).

The assumption of current practice (40 (2FR ~ 194.25(a)) is based on the EPA’s wish to limit speculation and

uncertainty in the PA. For example, in the SupplementaryInformation to 40 CFR Part 1945,the EPA statesthat:

The Agency recognizes the inherently conjectural nature of specifications on fiture states and

wishes to minimize such speculation in compliance applications. The Agency has found no

acceptable methodology that could make reliable predictions of the future stateof society, science,

languages or other characteristics of future mankind. The Agency does believe that established
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scientific methods could make plausible predictions regarding the fhture state of three classes of

naturalprocesses, namely geologic, hydrogeologic and climatic conditions.

To comply with 40 CFR $ 194.25(b)(l) and (2) regarding changes to hydrogeological and geological conditions, the

CCA WIPP PA probabilistically sampled fi-om 100 transmissivity fields generated for the Culebra Dolomite

overlying the repository (see variable CTRAN in Table 1 of Ref. 29). Other potential changes in geological

conditions were eliminated from PA calculations on the basis of either low probability or low consequence30.

The potential effects of climate change (40 CFR $ 194.25(c)) were also captured through the modeling of the

Culebra, by applying a probabilistically sampled recharge factor (the Climate Index) to scale up the transmissivity

fields by a factor between 1 and 2.25 (see variable CULCLIM in Table 1 of Ref 29). The maximum value for the

Climate Index was derived through an analysis of past and potential future climate change45and three-dimensional

hydrogeological modeling of its potential effects4c.

4.5.2 Treatmentof Mining

In the vicinity of the WIPP site, economically-viable mining of two potassium salts from the McNutt Potash Zone in

the Salado Formation is an ongoing activity47. 40 CFR $ 194.32(b) and (c) (see Section 4.4.1) define how the effects

of current and possible future mining should be treated in the PA. The EPA elaborates fi.n-theron”its conceptual

model for the effects of mining in the SupplementaryInformation to 40 CFR Part 1945. The EPA states:

Some natural resources in the vicinity of WIPP can be extracted by mining. These natural

resources lie within the geologic formations found at shallower depths than the tunnels and shafts

of the repository and do not lie vertically above the repository. Were mining of these resources to

occur, this could alter the hydrologic properties of overlying formations - including the most

transmissive layer in the disposal systew the Culebra dolomite - so as to either increase or

decrease groundwater travel times to the accessible environment. For the purposes of modeling

these hydrologic properties, this change can be well represented by making corresponding changes

in the values for the hydraulic conductivity. The Agency has conducted a review of the data and

scientific literature discussing the effects mining can induce in the hydrologic properties of a

formation. Based on its review of available information, the Agency expects that mining can, in

some instances, increase the hydraulic conductivity of overlying formations by as much as a factor

of 1,000, although smaller and even negligible changes can also be expected to occur. Thus, the

final rule requires DOE to consider the effects of mining in performance assessments. In order to

consider the effects of mining in performance assessments, the DOE may use the location-specific

values of hydraulic conductivity, established for the different spatial locations within the Culebra
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dolomite, and treat them as sampled parameters varying between unchanged and increased 1,000-

fold relative to the value thatwould exist in the absence of mining.

From this text, it is apparent that the EPA concluded that there are no minerals vertically above the reposito~

similar in quality and type to those currently being extracted elsewhere in the Delaware Basin. Furthermore, the

effects of mining in terms of changes in hydraulic conductivity can be modeled as occurring only in the Culebra.

Consistent with 40 CFR ~194.32(c), in the CCA WIPP PA, all economically mineable resources in the vicinity of

the disposal system outside the controlled area were assumed to be extracted in the near t%tnre.The extent of mining

assumed was based on an analysis of the map of existing leases, setbacks from existing boreholes, and the presence

of ore in the lease48.Consideration of fiture mining within the controlled area was limited to mining at the locations

of resources that are similar in quality and type to those currently extracted fi-om the Delaware Basin. An angle of

draw was used to translate the area mined in the Salado to the area affected in the overlying Culebra. In its

Background Information Document for 40 CFR Part 194*5,the EPA discussed the possible range in value of the

angle of draw. The DOE used an angle of draw of 45° to be consistent with the EPA’s discussions and calculations.

For the area in the Culebra affected by mining, the effects were incorporated in the PA by multiplying the location-

specific Culebra transmissivity values by a randomly sampled factor (mining multiplier) between 1 and 1,000 (see

variable CTRANSFM in Table 1 of Ref. 29). In accordance with 40 CFR $ 194.32(b), to determine whether mining

in the controlled area occurred in the future, the CCA WIPP PA used a Poisson model with a 104 probability of

mining occurring in any yea~g. In accordance with 40 CFR $ 194.32(b), the occurrence of mining was limited to

only once per 10,000 years, so multiple mining events were not modeled.

4.5.3 Treatmentof Drilling

Consistent with 40 CFR $ 194.32 (Sect. 4.4.1), the possible effects of drilling activities associated with the

extraction of economic resources in the vicinity of the disposal system were evaluated in developing the CCA WIPP

PA. Further criteria concerning the consideration of future deep and shallow drilling in the PA are provided at 40

CFR $194.33:

$194.33 Consideration of Drilling Events in Performance Assessments.

(a) Performance assessments shall examine deep drilling and shallow drilling that may potentially

affect the disposal system during the regulatory time frame.
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(b) The following assumptions and process shall be used in assessing the likelihood and

consequences of drilling events, and the results of such process shall be documented in any

compliance application

(1) Inadvertent and intermittent intrusion by drilling for resources (other than those resources

provided by the waste in the disposal system or engineered barriers designed to isolate such waste)

is the most severe human intrusion scenario.

(2) In performance assessments,drilling events shall be assumed to occur in the Delaware Basin at

random intervals in time and space during the regulatory time frame.

(3) The frequency of deep drilling shall be calculated in the following manner: (i) Identify deep

drilling that has occurred for each resource in the Delaware Basin over the past 100 years prior to

the time at which a compliance application is prepared. (ii) The total rate of deep drilling shall be

the sum of the rates of deep drilling for each resource.

(4) The frequency of shallow drilling shall be calculated in the following manner: (i) Identify

shallow drilling thathas occurred for each resource in the Delaware Basin over the past 100 years

prior to the time at which a compliance application is prepared. (ii) The total rate of shallow

drilling shall be the sum of the rates of shallow drilling for each resource. (iii) In considering the

historical rate of all shallow drilling, the Department may, if justified, consider only the historical

rate of shallow drilling for resources of similar type and quality to those in the controlled area.

(c) Performance assessmentsshall document that in analyzing the consequences of drilling events,

the Department assumed that: (1) Future drilling practices and technology will remain consistent

with practices in the Delaware Basin at the time a compliance application is prepared. Such t%ture

drilling practices shall include, but shall not be limited to: the types and amounts of drilling fluids;

borehole depths, diameters, and seals; and the ii-action of such boreholes that are sealed by

humans; and (2) Naturalprocesses will degrade or otherwise affect the capability of boreholes to

transmitfluids over the regulatory time fi-ame.

(d) With respect to future drilling events, performance assessmentsneed not analyze the effects of

techniques used for resource recovery subsequent to the drilling of the borehole.

40 CFR $ 194.33(a) allows human intrusion scenarios involving intentional intrusion into the WIPP excavation (e.g.,

to recover resources) to be eliminated from consideration in the PA. 40 CFR $ 194.33(b) dictates the probability

model to be used for drilling events. In accordance with 40 CFR ~ 194.33(b)(2), the CCA WIPP PA used a Poisson

model to represent future drilling events as random in time based on the historical drilling rate:
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(2)

where p is the probability that some number n, an integer, of drilling events will occur in a time interval At given a

drilling frequency A (see Ref. 28 for additional discussion). Oil and gas are the only known resources below the

WIPP horizon (655 meters) that have been exploited in the Delaware Basin. However, some potash and sulfur

exploration boreholes have been drilled in the Delaware Basin to depths in excess of 655 meters below the surface

relative to where the drilling occurred. Thus, consistent with 40 CFR $ 194.33(b)(3), the fbture rate of deep drilling

within the controlled area and throughout the Delaware Basin was based on the rates of historical drilling for oil,

gas, potash and sultir exploration, and oil and gas exploitation in the Delaware Basin (Appendix DEL of Ref. 6).

WIPP site investigation boreholes were excluded from the analysis.

Shallow drilling associated with exploration and extraction of water, potash, sulfur, oil, and gas has taken place in

the Delaware Basin over the past 100 years. However, of these resources, only water and potash are present at

shallow depths (less than 655 meters below the surface) within the controlled area. Thus, consistent with 40 CFR $

194.33(b)(4), the CCA WD?P PA used the historical record of shallow drilling associated with water and potash

exploitation in the Delaware Basin to determine the Mnre rate of shallow drilling (Appendix DEL of Ref. 6).

Consistent with 40 CFR $ 194.33(c), the modeling of future drilling practices in the CCA WIPP PA was based on

currentpractices associated with the activities described above. Drilling was modeled in the CCA as standardrotary

drilling with drilling muds. The drilling model parameters, such as drill bit diameter, were derived from surveys of

current practice in the Delaware Basin. Other drilling techniques, such as air drilling, were eliminated from PA

calculations because they are not current practice in the Delaware Basin49. Several stakeholders stated that air

drilling was current practice. However, in its mlemaking7, the EPA illustrates how the DOE had appropriately

applied the criterion at40 CFR $194.33:

Some commenters said that air drilling is already occurring in the Delaware Basin, and thus,

should be considered in the PA. . .. The Agency found that air drilling is not used more frequently

in the Delaware Basin as a whole than in the New Mexico portion of the Basin. At the 95°/0

statistical confidence level, EPA found that, at most, only 1.65°/0 of all wells in the Delaware

Basin may have been drilled with air. In those records examined, none of the wells were drilled

through the salt-bearing geologic formation, as would be required to penetrate the WIPP. . . . This

additional information contlrms the Agency’s conclusion . . . that air drilling is not a current

practice in the Delaware Basin. In particular, air drilling through the salt section (where the waste

is present) is not consistent with current drilling practices in the Delaware Basin. . . The EPA
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disagrees that the frequency of air drilling must be less than one in ten thousand wells in order for

DOE to leave it out of the PA. Section 194.33(c)(1) requires DOE to look at “drilling practices at

the time a compliance application is prepared.” This requirement refers to typical industry

practices in the Delaware Basin at the time a compliance application is prepared. . . . It was not

intended to apply to experimental procedures, emergency procedures, or conjectured future

practices. The Agency finds it unrealistic to consider a specific deep drilling method to be current

practice or typical of drilling in the Delaware Basin when it is used for only a small percentage of

all wells in the Basin.

On the basis of 40 CFR ~ 194.33(d), the WIPP PA did not account for the effects of techniques used for resource

extraction and recovery, such as pumping, secondary recovery or brine disposal thatmight be used subsequent to the

drilling of a borehole in the future.

4.5.4 Borehole Plugging

Consistent with 40 CFR $ 194.33(c), borehole plugging practices were accounted for in the WIPP PA based on a

survey of current drilling practices in the Delaware BasinjO. Six plug configurations were identified that were

potentially relevant to future borehole abandonment practice at the WIPP. These six configurations were

approximated in the CCA WIPP PA by three conceptual plugging patterns: a continuous concrete plug; a two-plug

model; and a three-plug modelzs. The degradation of the borehole plugs by naturalprocesses was also analyzed. In

the two-plug and three-plug models, the steel casing that isolates water-bearing and brine-bearing units above the

Salado was assumed to begin to degrade within decades after abandonment and to fail completely after 200 years.

The concrete plug above the Salado was also assumed to fail after 200 years, as a result of chemical degradation by

brine following failure of the casing. After the plug and casing have failed, the PA assumed that the borehole was

filled by a silty-sand-like material containing degraded concrete, corrosion products, and material that sloughs into

the hole from the waKs. For the continuous plug model and for the concrete plugs below the WIPP horizon in the

two-plug and three-plug models, where the chemical environment is less aggressive than above the Salado, the plug

properties were kept constant for 10,000 years50.

4.5.5 InstitutionalControls

The criteria implementing the assurance requirements related to active and passive institutional controls (AICS and

PICS; 40 CFR $ 194.41 and $ 194.43, respectively) are prescriptive in the manner in which the controls can

influence the CCA WIPP PA:

$194.41 Active InstitutionalControls.
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(b) Performance assessmentsshall not consider any contributions from active institutional controls

for more than 100 years after disposal.

$194.43 Passive InstitutionalControls.

(c) The Administrator may allow the Department to assume passive institutional control credit, in

the form of reduced likelihood of human intrusion, if the Department demonstrates in the

compliance application that such credit is justified because the passive institutional controls are

expected to endure and be understood by potential intruders for the time period approved by the

Administrator. Such credit, or a smaller credit as determined by the Administrator, cannot be used

for more than several hundred years and may decrease over time. In no case, however, shall

passive institutionalcontrols be assumed to eliminate the likelihood of human intrusion entirely.

40 CFR Part 194 requires any credit taken for AICS and PICS in the WIPP PA to be justified by a fidl description of

the controls ($ 194.41(a) and $ 194.43(a)) and an evaluation of their longevity and effectiveness ($ 194.41(a) and $

194.43(b)).

The EPA’s expectation with regard to PICS is set out in the Supplementary Information to 40 CFR Part 1945:

In adopting the assurancerequirements in 40 CFR 191, EPA expressly limited the credit for active

institutional controls. EPA prohibited performance assessments from considering any

contributions from active institutionalcontrols for more than 100 years after disposal. See 40 CFR

191.14(a). EPA declined to similarly limit the effect of PICS in reducing the likelihood of human

intrusion. 50 Fed. Reg. 38080. By contrast, EPA contemplated that PICS may discourage the

likelihood of human intrusion for some period of time longer than active institutional controls.

However, EPA indicated that it generally believed it was inappropriate to rely on PICS for

extended periods of time. See 50 Fed. Reg. 38080. Based on the public comments and consistent

with EPA’s general view that it is inappropriate to rely on PICS for very long periods of time, EPA

is constraining in the final rule the length of time thatEPA could consider granting credit for PICS

to several hundred years. EPA’s decision about the actual ei%cacy of PICs proposed for the WIPP

will be based on DOE’s compliance application but may not exceed this limit.

Further,the degree to which PICS might reduce the fimu-e drilling rate can be reliably determined

only through informed judgment. The Agency agrees with the NACEPTg Committee that no

rigorous and non-speculative method is available to determine the appropriate amount of credit for

PICS. Thus, DOE’s proposed reduction in the likelihood of human intrusion due to PICS would

probably be conducted through an expert judgment process that considers the specific PICS to be

gNational Advisory Council for Environmental Policy and Technology
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implemented at the WIPP by DOE. The expert judgment performed specifically to determine the

effect of PICSmust satisfy the requirements of section 26 of today’s action, on expert judgment.

The CCA WIPP PA took credit for 100°i6 effectiveness of AICS for 100 years, i.e., no human intrusions were

modeled for the fust 100 years after closure. On the basis of an evaluation of the longevity and effectiveness of

PICS51,the CCA WIPP PA assumed a 99~0 effectiveness of PICS for the period between 100 and 700 years. This

had the effect of reducing the likelihood of fhtnre human intrusion in the period 100-700 years after closure to one

hundredthof its vaIue after 700 years. However, the credit taken for PICSin the CCA was rejected by the EPA in its

rulemaking’, because “... DOE did not use an expert judgment elicitation to derive the credit, as explicitly

envisioned by the Agency.” This rejection did not affect the compliance of the WIPP with the disposal standards,as

furtherPA calculations conducted without taking credit for PICS showed little effect on the calculated releases7’33’34.

4.5.6 Waste Loading

The distribution of different waste types in the repository is potentially significant when calculating releases due to

intrusion of the repository by a drill string. At 40 CFR $194.24(d), the criterion prescribes that, in the absence of a

waste-loading scheme, the PA assumes random emplacement of waste in the repository:

~194.24 Waste characterization.

(d) The Department shall include a waste loading scheme in any compliance application, or else

performance assessments conducted pursuant to ~194.32 and compliance assessments conducted

pursuantto $194.54 shall assume random placement of waste in the disposal system.

For undisturbed performance calculations in the CCA WIYP PA, the waste inventory was assumed to be

homogeneously distributed throughout the repository. For disturbed performance calculations, random sampling

based on the repository design was used to determine if the drill bit intersected contact-handled (CH-TRU) or

remote-handled (RH-TRU) waste28. For intersection of CH-TRU waste, the drill bit was assumed to penetratethree

containers coming from three randomly-selected waste streams. Specifically, the waste streams penetrated were

randomly sampled according to the proportion of the total waste inventory from each waste stream. For intersection

of RH-TRU waste, the materialremoved by the drill bit was assumed to have the activity of a volume-averaged RH-

TRU waste stream.

4.6 Documentation
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In addition to the documentation required as part of the PA development process, as indicated in the criteria

discussed in Sects. 4.2 to 4.5, criteria at\ 194.22 and $194.23 of 40 CFR Part 194 explicitly require documentation

and QA of the models and data used in the PA. These criteria are summarized in Table 1 and the QA process is

described in Ref. 52. In themselves, the criteria do not influence the conduct of the PA, but they do help to ensure

traceability and consistency. All 40 CFR Part 194 documentation requirements were met in the CCA and in

additional information submittedby the DOE at the request of the EPA. Note thatthe expert judgement process was

not employed during development of the CCA WIPP PA and, therefore, the criteria concerning the documentation

of expert judgement at $194.26 were not implemented by the DOE.

4.7 Use of PA Models to Satisfy Other 40 CFR Part 194 Criteria

The above sections have described the role of the PA and compliance assessments in demonstrating compliance with

the EPA regulations, and the requirements placed on the PA by the regulations and criteria. In addition, quantitative

assessment of disposal system perfon-nance is required to satisfy other criteria, including criteria for waste

characterization at 40 CFR $ 194.24, for monitoring at $ 194.42, and for engineered barriers at $ 194.44, as

discussed below. However, in these cases, a fill PA is not generally required and the requirements on the CCA

WIPP PA discussed in Sects. 4.1 to 4.6 do not necessarily apply.

4.7.1 Waste Characterization

The criteria at 40 CFR ~ 194.24(b) require an analysis of the influence of various waste characteristics and

corresponding components on disposal system performance. 40 CFR $ 194.24(c) goes on to require the setting of

limits for significant waste components, and a demonstration thatthe WIPP complies with the disposal standardson

the basis of these limits. A list of waste characteristics and components to be included in the analysis is given in the

EPA criteria, and this list may have been influenced by preliminary WIPP PAs that showed such characteristics and

components to be of potential significance to the predicted performance of the disposal system21’22’23. The

prelimina~ PAs were not solely developed to measure WIPP’S performance, but also to provide a development and

refinement process for the PA as an adequate predictive tool for the WIPP. The CCA WIPP PA accounted for all of

the waste characteristics specified in the regulations. The CCA specified waste acceptance criteria to meet upper or

lower limits for metals, cellulosics, free water content in waste forms, and total curie content (for remote handled

waste) in the repository. These limits are necessary to ensure that certain model assumptions and parameter values

used in the CCA WIPP PA are valid and, therefore, thatthe results of the PA remain applicable.

4.7.2 Monitoring
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A sensitivity analysis to determine significant disposal system parameters as candidates for monitoring is required as

part of the implementation of the assurance requirements at 40 CFR $194.42. The DOE developed monitoring

plans according to whether: (1) they addressed significant disposal system parameters; (2) they addressed important

disposal system concerns; (3) meaningful data could obtained in a short time period; (4) they could be conducted

while preserving disposal system integrity and (5) they are complementary with RCRA programs. On the basis of

these criteria, ten monitoring parameters that may have a bearing on the WIPP PA calculations were identified

(Section 7.2 of Ref. 6). To evaluate the first criterion of addressing significant disposal system parameters, the DOE

compiled a list of parameters fi-om the WIPP PA that: (1) represented one or more important aspects of a chemical

or physical process or model; (2) represented subjective uncertainty; (3) represented stochastic uncertainty; or (4)

proved to be moderately to highly sensitive in terms of modeling results in previous preliminary performance

assessments. Each parameter in the list was assigned high, medium, and low significance values based on a

sensitivity analysis of their potential effects on calculated releases (Appendix MON of Ref. 6).

4.7.3 EngineeredBarriers

In the assurance requirements related to engineered barriers (40 CFR $ 194.14(d) and 40 CFR ~ 194.44), a cost-

benefit analysis is required. In preparation for the CCA, an Engineered Alternatives Cost/Benefit Study was

conducted53. After identification and screening, 18 engineered alternatives (EAs) were identified for fiu-ther

analysis. Each EA was evaluated against factors given at 40 CFR $ 194.44(c) using quantifiable performance

measures that were identified for each factor. While some factors were characterized by a single performance

measure, others required several performance measures to adequately describe the results. The performance

measures were then organized and condensed to defiie a multi-element “impact vector” describing the complete

analysis results for each EA for all factors. This analysis led to the selection of MgO backill as an engineered

barrier thatcould be beneficially introduced to improve long-term repository performance.

5 CONCLUSIONS

The EPA’s general radioactive waste disposal standardsat 40 CFR Part 191 establish the requirements for PA and

compliance assessment, specify the assessment endpoints and timescales, and provide the basis for the use of PA

results as a key measure by which the compliance is judged. In developing the compliance criteria at 40 CFR Part

194 to implement the generic 40 CFR Part 191 regulations specifically for the WIPP, the EPA created three key

types of criterion in relation to the PA:

● Criteria that require or set the basis for rigorous analysis, documentation, and QA (e.g., $ 194.22, $

194.23, ~ 194.32(e), $ 194.54(a)). These criteria essentially ensure or codify good practice and promote
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traceability, thereby assisting the EPA and the public to evaluate the CCA. The criteria are not necessarily

specific to the WIPP PA, and the DOE had already established a fm foundation in these areas prior to

promulgation of 40 CFR Part 194.

● Criteria to document and treat uncertainty (e.g., $ 194.27, $ 194.34, $ 194.55). These criteria are a

particular subset of the first criteria type described above, and are again not necessarily specific to the

WIPP PA. However, they are highlighted here as a separatetype because they specifically apply to helping

provide a reasonable expectation of compliance. The DOE approached the demand of reasonable

expectation by developing and using a comprehensive and realistic probabilistic PA model. Conservative

assumptions were also adopted where necessary; however, the intentwas to avoid conservatism and include

realism wherever possible.

● Criteria for establishing the PA approach in contentious areas (e.g., ~ 194.32(b), $194.33, ~ 194.41(b), ~

194.43(c)). These criteria are mostly site-specific in that they deal with technical issues related to the

performance of the WIPP site and prescribe approaches thatare pmticular to the characteristics of the WIPP

site. In developing 40 CFR Part 194, considerable public consultation was undertaken concerning the

issues covered by these criteria (e.g., mining, drilling, climate change). By deciding on what was

reasonable and appropriate on the basis of this debate and by including the decision in the form of a

required approach in 40 CFR Part 194, the EPA established a clear basis for reaching a decision on

compliance, and accelerated the compliance determination process by resolving several contentious issues

ahead of the DOE’s preparation of the CCA.

Finally, the WIPP PA has a continuing role in meeting the requirements that will be demanded in future regulation

of the WIPP, as part both of the modification and the recertification processes. The modification process covers

requests by the DOE for significant changes to the CCA basis, while the recertification process covers the

requirement at Section 8(Q( 1) of the LWA]>2necessitating a recertification application to be submitted to the EPA at

least once every five years during the operational lifetime of the WIPP. The DOE may request changes (operational

efficiencies and enhancements) to the disposal system described in the CCA over the operational period of the

WIPP. These planned changes may result from a number of initiatives, such as waste characterization process

improvements. Furthermore, unplanned changes may arise, for example as a result of analysis of the WIPP

monitoring programs. Changes will only receive regulatory approval after an impact assessment shows that the

change will not lead to an unacceptable consequence. The DOE and its scientific advisor, Sandia National

Laboratories, are committed to the continuing development of the technical basis underlying the WIPP PA, so as to

ensure that the WIPP PA remains a defensible and credible tool for under-pinning such impact assessments.
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Continued use of the developing PA to evaluate performance of the WIPP will aIso provide further assurance and

public cotildence in the WIPP’S compliance with the EPA’s disposal standards.
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Table 1: Documentation requirements for PA models and data at ~ 194.22 and $194.23 in SubpartC of 40 CFR

Part 194. Documentation requirements in criteria at ~ 194.25, $194.27, ~ 194.32,$194.33, $194.34,

~ 194.41, $194.43, $194.54, and $194.55, have already been discussed in Sections 4.2 to 4.5 and are

not included.

~. ..—-
n--:. --:-i: ~~-. . X--. -,.. -... . ..i . -.. ./..,._—_ —--dmsxmw@_ydLIw.mes,rement.—-=.—=-=.=*.7-=.=.. =+-.=+ “.=. =.-.-.....-.,”--..-- .-..—.. ..... ....-=.4.—.,= .... ...-—. nxA cmter]on..-.-. &

QA for computations, computer codes, models and methods used to “40 CFR $ 194.22(a) ‘“”
. .... .

demonstrate compliance. QA for the collection of data and
information used to support the compliance application.
Quality characteristics of data. 40 CFR $ 194.22(c)
Qualification of data for use in the demonstration of compliance. 40 CFR ~ 194.22(d)
Documentation thati “Conceptual models reasonably represent 40 CFR $ 194.23(a)
possible fhture states of the disposal system Mathematical models
incorporate equations and boundary conditions which reasonably
represent the mathematical formulation of the conceptual models;
Numerical models provide numerical schemes which enable the
mathematical models to obtain stable solutions; Computer models
accurately implement the numerical models; Conceptual models
have undergone peer review.”
Computer codes used to support any compliance application, to 40 CFR $ 194.23(b)
comply with the requirements of ASME NQA-2a- 1990 addenda,
part 2.7, to ASME NQA-2-I 989 edition.
All models and computer codes included as part of any compliance 40 CFR ~ 194.23(c)
application performance assessment calculation. “Documentation
shall include, but shall not be limited to: (1) Descriptions of the
theoretical backgrounds of each model and the method of analysis
or assessment; (2) General descriptions of the models; discussions
of the limits of applicability of each modefi detailed instructions for
executing the computer codes, including hardware and software
requirements, input and output formats with explanations of each
input and output variable and parameter (e.g., parameter name and
units); listings of input and output files from a sample computer run;
and reports on code verification, benchmarking, validation, and
quality assurance procedures; (3) Detailed descriptions of the
structure of computer codes and complete listings of the source
codes; (4) Detailed descriptions of data collection procedures,
sources of data, data reduction and analysis, and code input
parameter development; (5) Any necessary licenses; and (6) An
explanation of the manner in which models and computer codes
incorporate the effects of parametercorrelation.” .
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