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EXECUTIVE SUMMARY

This Economic Impact Assessment (EIA) demonstrates that DOE's strategy for development and

design of a possible repository at Yucca Mountain has evolved so that the EPA's 40 CFR Part

197 standards will have no impact on costs of the repository or the repository development

program. It also shows that the EPA's generic 40 CFR Part 191 standards, as well as the 40 CFR

Part 197 site-specific standards, did not influence evolution of the DOE program or the

repository design.

The EIA analysis uses three major, converging perspectives to support the conclusion that the

EPA standard for Yucca Mountain does not impose additional costs on the DOE program:

An historical perspective in Chapter 3 traces the evolution of the repository design
from principal reliance foi safety performance on natural features to principal
reliance on engineered features and the factors that influenced it. This discussion
concludes that the inversion of performance roles of the natural and engineered
features of the disposal system has evolved as a result of site characterization
findings, guidance from external reviews such as those of the Nuclear Waste
Technical Review Board, and evolution of strategy for dealing with uncertainties.
This discussion demonstrates that evolution of the repository design has been
independent of the EPA standards, the major components of which have
remained essentially unchanged since the 1985 promulgation of the generic
40 CFR Part 191 standards for geologic disposaL

* A performance assessment perspective in Chapter 4 traces the evolution of
strategy to achieve performance, the evolution of identification and
characterization of factors that contribute to performance, and the approach to
identifying and reducing uncertainties that are important to demonstration of
compliance with standards. The discussion includes DOE estimates of
performance for the current repository design which show that, under
nominal conditions, there till be no radionuclide releases and no potential
for radiation doses for more than 10,000 years after repository closure.

The new repository design was not developed to respond to any provisions of the
EPA standard, but rather to reduce or eliminate uncertainties in the very
conservative performance assessments of the previous design. Relative to the
"reasonable expectation" approach to implementation that is included in the
standard (described in more detail in this document), the previous assessments of
the older design are considered to illustrate the impact of reasonable expectation
on repository design and performance assessments.

* An information-needs perspective assesses the data and analyses needed to
address the IPS, GWS, and HIS components of the EPA standard, with emphasis
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on whether resources beyond those needed to address the individual-protection
standard, which is fundamental to radiation protection, are needed to address the
GWS and HIS standards. This EIA demonstrates that the data and analysis
requirements for assessing compliance with the ground water protection and
human-intrusion standards are the same as those required for assessing
compliance with the fundamental and essential Individual-protection
standard. The ground water protection standard and the human-intrusion
standard, therefore, impose no Incremental cost impacts.

Comparative Impacts ofAlternative Dose Limits for the Individual-Protection Standard

A contentious issue in developing the individual-protection standard has been comparative

impacts of alternative dose limits, e.g., 15 mrernyr versus 25 mrem/yr. Figure ES-1, which

shows the performance projections for the newest repository design (EDA 1I), under conditions

of expected performance, provides an important perspective on the dose limit issue. Doses in the

period less than 10,000 years are entirely the result of a very low probability (the mean annual

probability is 1.6x10') potential igneous disruption of the disposal facility. A very small

downward shift in estimates of probability would eliminate this scenario from consideration

altogether. In addition, the consequences associated with potential releases from igneous activity

appears to be treated in an extremely conservative manner. Alternative assumptions are possible

that would eliminate releases associated with igneous activity entirely, even in the unlikely event

that such activity occurs.

The nominal scenario represents an assessment of the function of the repository when only

gradual degradation processes occur. This scenario does not lead to any releases in the first

10,000 years, despite a significant level of conservatism built into the model. The current model

of the current repository design shows lower consequences at longer times than did earlier

iterations of the TSPA. Significantly, even these earlier iterations (e.g. TSPA-VA), which

contained extremely conservative assumptions about juvenile failures of waste containers, were

able to comfortably comply with either of the alternative individual-protection standards.

As seen in Figure ES-1, the EDA II repository design demonstrates performance such that

projected doses are significantly less than either the 15 mrem/yr or the 25 mrem/yr dose limit.

Furthermore, for nominal behavior of the repository, there are no projected doses during the first

10,000 years. It is therefore evident that selection of a 15 mrem/yr dose limit rather than a

25mrem/yr limit will not impose any additional cost impacts on the repository. This is a highly

significant finding in that the 15 mrem/yr CEDE dose limit is consistent with the

recommendations of the National Academy of Sciences and regulatory precedents.
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Figure ES-I. Comparison of Proposed Radiation Protection Standards
with Expected Values of TSPA-SR Calculations for a Repository at Yucca
Mountain for Nominal and Igneous Scenarios.

Conclusions

The information presented in this EIA has demonstrated that the design of a repository for

disposal of radioactive wastes at Yucca Mountain has evolved without having been affected by

the EPA standards. The standards have been demonstrated to have no impact on repository

program costs, and nominal performance for the current repository design would result in no

radiation doses for more than 10,000 years. Additionally, the difference between a 25 mrem/yr

dose standard and a 15 mrem/yr standard is insignificant to program costs and performance

evaluations.
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1.0 EVOLUTION OF REGULATORY REQUIREMENTS

This chapter describes the basis for this rulemaking andprovides a brief history of EPA Is
regulatory authority and prior rulemaking actions concerning disposal of radioactive wastes.
It demonstrates that this rulemaking is derivedfrom provisions of the Energy Policy Act oJ
1992. Standards for individualprotection and human intrusion are based on
recommendations made by the National Academy of Sciences, and ground water protection
standards are based on the Safe Drinking Water Act and regulatoryprecedents.

1.1 EPA Proposed Action and Authority

The U.S. Environmental Protection Agency (EPA), pursuant to Section 801 of the Energy Policy

Act of 1992 (EnPA) is proposing a rule, 40 CFR Part 197, which contains standards for the

protection of the public from releases of radioactive materials stored or disposed of in a

repository at the Yucca Mountain site in Nevada. This document was prepared to evaluate the

economic impact of this rule.

The proposed rule contains three principal component standards: Individual-Protection Standard

(IPS), Human-Intrusion Standard (HIS), and Ground Water Protection Standards (GWS). Details

of the evolution of the rule and these proposed standards are described in Section 3 of this

document.

1.2 Role of this Document

This document describes, in detail, the basis for, and results of, the assessment of economic

impacts of the proposed standards on the costs of storage and disposal of radioactive wastes at

Yucca Mountain.

The document traces the history of evolution of the Yucca Mountain repository design, from the

early use of a small, thin-walled canister, and repository features that were expected to dominate

safety performance reflecting ground water travel times of tens of thousands of years (circa

1988), to the current design, in which engineered features (consisting of drip shields and large,

multi-walled waste packages) dominate performance, and are expected to maintain radionuclides

in isolation for at least 10,000 years (TRWOO). The document also discusses the evolution of

performance assessments and the inversion of roles of engineered and natural baniers, the EPA's

"Reasonable Expectation" approach to performance projections and compliance decisions, and

the overall impact of the proposed standards on Yucca Mountain costs.
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This document will demonstrate that the repository design evolved not in response to the

expected provisions of the standard, but in response to improved understanding of the natural and

engineered barrier interactions and performance expectations, as a result of 12 years of site

characterization, performance assessment and design activities performed by the DOE. The

uncertainties identified by DOE's efforts over this period could be addressed by either

developing enhanced engineering design alternatives to reduce or eliminate the uncertainties, or

by investing time and resources in more extensive characterization and testing studies. DOE has

leaned toward enhanced engineering, at least in part because inherently some uncertainties about

the characteristics and behavior of the natural system may not be amenable to unequivocal

reduction or elimination even with extensive field and laboratory testing.

1.3 40 CFR Part 197

The remainder of this chapter describes the evolution of the proposed 40 CFR Part 197

regulation and the rationale underlying its development. The U.S. Environmental Protection

Agency (EPA) is responsible for developing and issuing environmental standards and criteria to

ensure that public health and the environment are adequately protected from potential radiation

impacts. The EPA is proposing in the 40 CFR Part 197 site-specific environmental standards to

protect public health from releases from radioactive materials disposed of or stored in the

potential repositoryto, be .constructed at Yucca Mountainn Nevada'1 These standards provi de

the basic framework to control the long-term storage and disposal of radioactive wastes at Yucca

Mountain.

Other radioactive materials that could be disposed of in the Yucca Mountain repository include

highly radioactive low-level waste, known as greater-than-Class-C waste, and excess plutonium

resulting from the dismantlement of nuclear weapons.

Emphasis in this document is on the major components of the Yucca Mountain standard, namely

the Individual-Protection Standard (IPS), the Human-Intrusion Standard (HIS), and the Ground

Water Protection Standard (GWS). In reviewing the development of the current standard

attention will be devoted primarily to these components.

'No decision has been made regarding the acceptability of Yucca Mountain for storage or disposal. In this

document, the characterization of the Yucca Mountain repository as "potential" is often omitted but always
intended.
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1.4 Legislative History

EPA has the authority to set generally applicable environmental standards for radioactive releases

under the Atomic Energy Act (AEA) of 1954, as amended (AEA54), and the EPA

Reorganization Plan No. 3 of 1970 (NDX70). The basic authority under the AEA, as transferred

to the EPA by Reorganization Plan No 3, includes the mandate of:

-..establishing generally applicable environmental standards for the
protection of the general environment from radioactive materials. As used
herein, standards mean limits on radiation exposures or levels, or
concentrations or quantities of radioactive material, in the general
environment outside the boundaries of locations under the control oj
persons possessing or using radioactive materials (AEA54).

In 1982, the Nuclear Waste Policy Act (NWPA) (Public Law 97-425) established formal

procedures regarding the evaluation and selection of sites for geologic repositories, including

procedures for the interaction of state and Federal Governments. The Act assigned the U.S.

Department of Energy (DOE) the responsibility of siting, building, and operating an underground

geologic repository for the disposal of these wastes, established provisions for the selection of at

least two independent repository sites, and limited the quantity of wastes to be disposed of in the

initial repository to 70,000 metric tons of heavy metal (MTHM).2 The NWPA also reiterated the

existing responsibilities of the Federal agencies involved in the national program (see AEA

authority above) and provided a timetable for several key milestones to be met by the Federal

agencies. The NWPA also directed that EPA, pursuant to its authorities under other provisions

of law, was required to:

by rule, promulgate generally applicable standardsfor the protection oj
the general environment from off-site releases from radioactive material
in repositories (NWP83).

The basic authority for EPA to establish environmental standards for the repository effort

originates from these sources.

In September 1985, EPA published 40 CFR Part 191, "Environmental Standards for the

Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive

Wastes" (EPA85). These standards were generic and intended to apply to all sites for the deep

geologic disposal of high-level radioactive waste. In 1987, the U.S. Court of Appeals for the

2 is is a measure of the uranium content of the spent nuclear fuel to be emplaced in the repository.
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First Circuit responded to a legal challenge by remanding Subpart B of the 1985 standards (the

disposal standards) to the Agency for further consideration. This regulation, which is of

considerable importance to the development of 40 CFR Part 197, will be discussed further in the

next section.

~~~~~~~~. . .. .. .. .. ..... .... . . . . .. . ... . - - -

In December 1987, Congress enacted the Nuclear Waste Policy Amendments Act (NWPAA).

The 1987 Amendments Act redirected the nation's nuclear waste program to evaluate the

suitability of only the Yucca Mountain site as the location for the first high-level waste and spent

nuclear fuel repository (NWP87). An important program change instituted by the amendments

act was establishment of the Nuclear Waste Technical Review Board (NWTRB). The NWTRB

was charged with providing independent technical and scientific review of the OCRWM

program. It consists of experts in various disciplines (about 10, but limited to 22) and has a

small support staff. Members of the NWTRB are appointed by the President of the United

States. The opinions and recommendations of the NWTRB have played a significant role in the

development of the repository design, as will be pointed out in other sections of this document.

The NWPAA, while dramatically changing the scope and focus of the repository effort, did not

affect or alter EPA's role, i.e., to develop -the environmental standard for deep geological

disposal.

In October 1992, the Waste Isolation Pilot Plant Land Withdrawal Act (WIPP LWA, Public Law

102-579) was enacted. While reinstating certain sections of the Agency's 1985 disposal

standards, the Act exempted the Yucca Mountain site from these generic disposal standards

(W1P92). In its stead, the Energy Policy Act (EnPA) of 1992 was enacted (Public Law 102-

482), which established EPA's authority to develop standards for environmental releases specific

to Yucca Mountain.

Section 801 of the EnPA directed EPA to promulgate standards to ensure protection of public

health from releases of radioactive material from a deep geologic repository to be built at Yucca

Mountain (EnP92). EPA must set standards to ensure protection of the health of the public. The

EnPA also required EPA to contract with the National Academy of Sciences (NAS) to advise the

Agency on the technical bases for the Yucca Mountain standards. These EPA standards will

apply only to the Yucca Mountain site and are to be developed based upon and consistent with

the findings and recommendations of the NAS:

* .. the Administrator shall, based upon and consistent with the findings and
recommendations of the National Academy of Sciences, promulgate, by rule,
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public health and safety standards for protection of the public from releases from
radioactive materials stored or disposed of in the repository at the Yucca
Mountain site. Such standards shallprescribe the maximum annual effective dose
equivalent to individual members of the publicfrom releases to the accessible
environmentfrom radioactive materials stored or disposed of in the repository
(EnP92).

1.5 40 CFR Part 191

The 1985 EPA standards for the management and disposal of spent nuclear fuel and high-level

and transuranic waste were divided into two main sections, Subparts A and B (EPA85).

Subpart A, which addressed the management and storage of waste, limited radiation exposure to

any member of the general public to 25 millirem (mrem) to the whole body and 75 mrem to any

critical organ for disposal facilities operated by the Department of Energy, but not regulated by

the NRC or an Agreement State. For facilities regulated by the NRC or an Agreement State, the

standards endorsed the annual dose limits given in the environmental standards for the uranium

fuel cycle (40 CFR Part 190): 25 mrem to the whole body, 75 mrem to the thyroid, and 25 mrem

to any critical organ (EPA77). The 25 mrem dose limit was based on a dosimetiy system dating

from the 1977 International Commission on Radiation Protection recommendations (CR77),

which are now outdated. The ICRP dose limit has since been revised to be consistent with

current dosimetry, so that the 15 mrem/yr CEDE dose limit in the proposed 40 CFR Part 197 rule

is essentially the same as the 25 mrem/yr limit for the 1977 dosimetry.

Subpart B imposed limits associated with the release of radioactive materials into the

environment following closure of the repository. The key provisions of Subpart B (EPA85)

were:

* Limits on cumulative releases of radioactive materials into the environment
during the 10,000 years following disposal (§191.13)

* Assurance requirements to compensate for uncertainties in achieving the desired
level of protection (§ 191.14)

* Individual exposure limits based on the consumption of ground water and
any other potential exposure pathways for 1,000 years after disposal
(§191.15)

* Ground water protection requirements in terms of allowable radionuclide
concentrations and associated doses for 1,000 years after disposal
(§191.16)

1-5



* Consideration of inadvertent human intrusion into the repository (Appendix B)

Under §191.15 and §191.16 of Subpart B, the annual dose to any member of the general public

was limited to 25 mrem to the whole body and 75 mrem to any critical organ (under the outdated

dosimetry system). The ground water concentration for beta or gamma emitters was limited to

the equivalent yearly whole body or organ dose of 4 rnrem. The allowable water concentration

for alpha emitters (including radium-226 and radium-228, but excluding radon) was

15 picocuries/liter (pCiIL). For radium-226 and radium-228 alone, the concentration limit was

5 pqCiIL. Appendix A of the standards provided acceptable radionuclide-specific cumulative

release limits.

In March 1986, five environmental groups led by the Natural Resources Defense Council and

four States filed petitions for a-review-of 40- CFRPart-1-91 {USC87)w These-suits-were - - - -

consolidated and argued in the U.S. Court of Appeals for the First Circuit in Boston. The main

challenges concerned:

* Violation of the Safe Drinking Water Act (SDWA) underground injection section

* Inadequate notice and comment opportunity on the ground water protection
requirements

* Arbitrary standards, not supported in the record, or not adequately explained

In July 1987, the Court rendered its opinion and noted three findings against the Agency and two

favorable judgments. The Court's action resulted in the remand of Subpart B, the disposal

standards. The Court began by looking at the definition of "underground injection." In the view

of the Court, the method envisioned by DOE for disposal of radioactive waste in underground

repositories would "...likely constitute an underground injection under the SDWA."

. . . _.. ..... _ .......... . . . . . . .. ... . .. ... _ . . . ... . . .... . . . . .....

Under the SDWA, the Agency is required to assure that underground sources of drinking water

will not be endangered by any underground injection. With regard to such potential

endangerment, the Court supported part, but not all, of the Agency's approach. Inside the

controlled area, the Court ruled that Congress-through the-EPA-had allowed endangerment of

ground water. However, the Court accepted EPA's approach of using the geological formation as

part of the containment. This aspect of the Court's opinion is important in that it recognizes that

a portion of the area around the footprint of the geologic repository could be considered to be an

integral part of the repository system and could be dedicated to that use. This area was

designated as a controlled area in the rule and was limited to an area of 100 sq. km.
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Outside the controlled area, the Court found that §191.15 would allow endangerment of drinking

water supplies. In the context of the SDWA, "endangerment" was considered when doses higher
than those allowed by the Primary Drinking Water Regulations could occur. In § 191.15, an

annual dose of 25 mrem to the whole body and 75 mrem to any critical organ from all pathways

is permitted, whereas existing EPA regulations promulgated under the SDWA allowed an annual

dose of 4 mrem from drinking water. Although the Court recognized that an exposure level less

than 4 mrem could result from the ground water pathway, it rejected this possibility because the

Agency stated that radioactivity could eventually be released into the ground water system near
the repository and that substantially higher doses could result. Therefore, the Court decided that
a large fraction of the 25 mrem limit could be received through the ground water exposure
pathway. Accordingly, the Court found that the Part 191 standards should either have been
consistent with the SDWA or the Agency should have justified the adoption of a different

standard.

The Court stated that the Agency was not necessarily incorrect in promulgating the proposed

standards. However, it noted that the Agency never acknowledged the interrelationship of the
SDWA and the Part 191 standards nor did it present a reasonable explanation for the divergence

between them. The Court also supported the petitioner's argument that the Agency had not

properly explained the selection of the 1,Q00-year limit for individual-protection requirements
(§ 191.15). The Court indicated that the 1,000-year criterion was not inherently flawed, but rather
that the administrative record and the Agency's explanations did not adequately support this

choice. The criterion was remanded for reconsideration, and the Agency was directed to provide
a more thorough explanation for its basis.

Finally, the Court found that the Agency did not provide sufficient opportunity for notice and

comment on §191.16 (Ground Water Protection Requirements), which was added to Subpart B
after the standards were proposed. This section was remanded for a second round of notice and
comment. There were, however, no rulings about §191.16 issued on technical grounds.

In August 1987, the Department of Justice petitioned the First Circuit Court to reinstate all of 40

CFR Part 191 except for §191.15 and §191.16, which were originally found defective. The
Natural Resources Defense Council filed an opposing opinion. The Court then issued an
Amended Decree that reinstated Subpart A, but continued the remand of Subpart B.

In 1992, the WIPP LWA reinstated Subpart B of 40 CFR Part 191, except § 191.15 and §191.16,
and required the Administrator to issue final disposal standards no later than six months after
enactment. On December 20, 1993, EPA issued amendments to 40 CFR Part 191 which
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eliminated § 191.16 of the original rule; altered the individual-protection requirements; and added

Subpart C on ground water protection (EPA93).

The revised Part 191 standard finalized in 1993 retained the waste containment and assurance

requirements in the original 1985 standard. However, an important change was made for the

individual-protection requirements: the protection dose limit was recalculated according to the

newer Committed Effective Dose Equivalent (CEDE) methodology. This approach gave a dose

limit of 15 mrem/yr. This new methodology considers the weighted relative importance of organ

doses and the accumulation of dose potential over time. The original dose limit of 25 mrem/yr in

the old methodology is equivalent to the 15 mrem/yr limit in the new system.

The revised Part 191 standard finalized itt 1993 also moved the guidance on the treatment of

human intrusion into a new Appendix C dealing with implementation of the rule's numerical

standards. This guidance was subsequently supplanted by recommendations from the National

Academy of Sciences in their report on the technical basis for Yucca Mountain standards

(NAS95; see discussion below). With regard to the ground water protection standards, the

revised Part 191 rule retained the requirements for specific radionuclides that were in the 1985

standards, but the compliance period was changed from 1,000 to 10,000 years to be consistent

with the individual-protection requirement.

The WIPP LWA also exempted Yucca Mountain from the generic disposal standards set forth

under 40 CFR Part 191, Subpart B. Pursuant to specific provisions in the EnPA, EPA was

charged with setting site-specific environmental radiation standards for Yucca Mountain. The

40 CFR Part 197 standard is responsive to this mandate.

1.6 The National Academy of Sciences Recommendations

In the EnPA, the Congress directed the Academy to address three issues in particular:

* Whether a health-based standard based upon doses to individual members
of the publiefrom releases to the accessible environment willprovide a
reasonable standardfor protection of the health and safety of the general
public;

* ~Whether it is reasonable to assume that a system for post-closure
oversight of the repository can be developed, based upon active
institutional controls, that willprevent an unreasonable risk of breaching
the repository's engineered or geologic barriers or increasing exposure oj
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individual members of the public to radiation beyond allowable limits;
and

Whether it will be possible to make scientifically supportable predictions
of the probability that the repository's engineered or geologic barriers will
be breached as a result of human intrusion over a period of 10, 000 years
(EnP92).

The NAS recommendations in these three areas had direct bearing on the approach used by EPA

in developing its proposed site-specific IPS, HIS, and GWS Yucca Mountain standards.

To address these questions, the Academy assembled a committee of 15 members representing a

range of scientific expertise and perspectives. The committee conducted a series of five technical

meetings at which more than 50 nationally and internationally known scientists and engineers

were invited to participate. In addition, the committee received information from the Nuclear

Regulatory Commission (NRC), the Department of Energy (DOE), EPA, Nevada State and

county agencies, and private organizations, such as the Electric Power Research Institute.

The committee's conclusions and recommendations are contained in its final report, entitled

Technical Bases for Yucca Mountain Standards, which was issued on August 1, 1995 (NAS95).

In tiis report, the committee offered the Agency several general recommendations as to the

approach EPA should take in developing 40 CFR Part 197. Specifically, the NAS recommended

(NAS95, p.2):

* The use of a standard that sets a limit on the risk to individuals of adverse
health effects from releases from the repository. 40 CFR Part 191
contains an individual-dose standard, and it continues to rely on a
containment requirement that limits the releases of radionuclides to the
accessible environment. The stated goal of the containment requirement
was to limit the number of health effects to the global population to 1,000
incrementalfatalities over 10,000years. We do not recommend that a
release limit be adopted.

* That compliance with the standard be measured at the time ofpeak risk,
whenever it occurs. (Within the limits imposed by the long-term stability
of the geologic environment, which is on the order of one million years.)
The standard in 40 CFR Part 191 applies for a period of 1O, 000 years.
Based on performance assessment calculations provided to us, it appears
that peak risks might occur tens or hundreds of thousands ofyears or even
farther into thefuture.

* Against a risk-based calculation of the adverse effect of human intrusion
into the repository. Under 40 CFR Part 191, an assessment must be made
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of thefrequency and consequences of human intrusion for purposes of
demonstrating compliance with containment requirements. In contrast,
we conclude that it is not possible to assess the frequency of intrusion far
into the future. We do recommend that the consequences of an intrusion
be calculated to assess the resilience of the repository to intrusion.

The NAS committee also recommended that policy issues be resolved through a rulemaking

process that allows opportunity for wide-ranging input from all interested parties (NAS95).

The committee also addressed each of the specific questions posed to it by the Congress in the

EnPA. With regard to the first issue, protecting human health, the NAS committee

recommended (NAS95, pp. 4-7):

* ... the use of a standard that sets a limit on the risk to individuals of
adverse health effectsfrom releasesfrom the repository.

... the critical-group approach be used in the Yucca Mountain standards.

* ... compliance assessment be conducted for the time when the greatest risk
occurs, within the limits imposed by long-term stability of the geologic
environment.

The NAS also concluded that an individual-risk standard would protect public health, given the

particular characteristics of the site, provided that policy makers and the public are prepared to

accept that very low radiation doses pose a negligibly small risk. A necessarily important

component in the development of a standard for Yucca Mountain is the means of assessing

compliance. The NAS-committee -concluded -as follows (NAS95, p. 9): ------ -

* ... physical and geologic processes are sufficiently quantifiable and the
related uncertainties sufficiently boundable that the performance can be
assessed over time fames during which the geologic system is relatively
stable or varies in a boundable manner. The geologic record suggests
that this time frame is on the order of 10!years. The Committee further
concluded that the probabilities and consequences of modifications by
climate change, seismic activity, and volcanic eruptions at Yucca
Mountain are sufficiently boundable that these factors can be included in
performance assessments that extend over this time frame.

* ... it is not possible to predict on the basis of scientific analyses the societal
factors requzredfor an exposure scenario. Specifying exposure scenarios
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therefore requires a policy decision that is appropriately made in a
rulemaking process conducted by EPA.

With respect to the second and third questions posed by the Congress in Section 801 of the

EnPA, the NAS Committee concluded (NAS95, p. 11):

... it is not reasonable to assume that a system for post-closure oversight of
the repository can be developed, based on active institutional controls,
that will prevent an unreasonable risk of breaching the repository 's
en..neered barriers or increasing the exposure to individual members oj
the public to radiation beyond allowable limits.

* ... it is not possible to make scientifically supportable predictions of the
probability that a repository's engineered or geologic barriers Will be
breached as a result of human Intrusion over a period of IO,000 years.

1.7 40 CFR Part 197 - Environmental Radiation Protection Standards for Yucca
Mountain, Nevada

Three key elements of the 40 CFR Part 197 standard are the individual-protection standard

(§197.20), the human-intrusion standard (§ 197.25), and the ground water protection standards

(§197.35). These are discussed below and compared with the 40 CFR 191 generic disposal

standards and the NAS recommendations. The basis for certain site-specific aspects of the

regulation are also presented.

In developing a site-specific standard for the Yucca Mountain site, the generic requirements in
... ... . . . . . .. ... . . .

Part 191 serve as a starting point for the process. The generic requirements in Part 191 were

examined in terms of whether their components are relevant to the Yucca Mountain geologic

setting; if they are determined to be relevant, the next issue is how they can be framed

appropriately for that setting..

In contrast to the individual, human intrusion, and ground water protection standards, Part 191

also contained a containment requirement that was not carried into the Yucca Mountain standard.

The containment requirement in Part 191 was intended to address a situation where releases from

a poorly performing geologic repository could enter into large surface water bodies, such as

rivers, lakes, or the ocean, where the contamination would be greatly diluted and the dose

distributed to a potentially large population. The containment requirement was intended to limit
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such situations. For the Yucca Mountain setting, this scenario is not plausible since no large

surface water bodies exist in the and desert environment in the site vicinity. The text below

discusses how the individual, human intrusion, and ground water protection standards were

framed for the Yucca Mountain setting.

1.7.1 Individual-Protection Standard

An individual-protection standard is a relevant and fundamental regulatory requirement for any

repository setting and therefore must be incorporated into any site-specific standard.

The individual-protection standard in Part 197 requires DOE to demonstrate

... usingperformance assessment, that there is a reasonable expectation thatfor
10, 000years following disposal the reasonably maximally exposed individual
receives no more than an annual committed dose equivalent of 150 microsieverts
(15 mrem)from releases firm the undisturbed Yucca Mountain disposal system.
The DOE's analysis must include all potentialpathways of radionuclide transport
and exposure (EPA99).

By way of comparison, the individual-protection standard in the 40 CFR Part 191 generic

disposal standard also specifies, at § 191.15, an annual committed effective dose equivalent

(CEDE) of 15 mrem. The use of an individual-protection standard rather than a release limit is

consistent with recommendations of the NAS as discussed in 1.3 above. Further, the NAS noted

that a risk range of 10- to 104 per year was a reasonable starting point for EPA's rule making

(NAS95, p. 5). Thus selection of a CEDE of 15 mnrem for 40 CFR Part 197, which is equivalent

to an annual risk of 7xl04, is also consistent with the NAS recommendations.

Total release limits in the generic Part 191 regulation were developed to protect the general

population from repository releases via all pathways. The NAS concluded that protecting public

health by establishing an individual-protection exposure limit is also an adequate means of

assuring the general population is protected. For the Yucca Mountain site, the overwhelmingly

dominant exposure pathway involves releases into the ground water system beneath the

repository, followed by transport of contaminants to downgradient individual receptors. An all-

pathways standard for an individual would therefore include the most important exposure

pathways.
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1.7.2 Human-Intrusion Standard

Inadvertent intrusion is an unanticipated event that could have consequences ranging from minor
to highly significant depending on the geologic setting. An HIS was included in the generic Part
191 standard because of this potential range of consequences, and to enable the consequences to
be examined for any specific repository site. For the Yucca Mountain setting, site
characterization work has shown that potable water is the only recognized potential resource at
and near the repository location. Recognizing the relatively low probability of intrusion into the

repository for resource exploration, the NAS recommended that human intrusion be considered
only as a stylized test of repository resiliency, separate and distinct from the evaluations of

expected repository performance. The NAS did not find that consideration of human intrusion
was inappropriate for the Yucca Mountain site. They made recommendations on framing the
stylized scenario which were the basis for EPA's standard.

As discussed in Section 1.3 above, the NAS Committee on the Technical Bases for Yucca
Mountain Standards concluded that active institutional controls would not be a reliable long-term
deterrent to human intrusion into a repository. Consistent with this finding, EPA has proposed
two alternative approaches for consideration as the human-intrusion standard under 40 CFR Part
197. Under Alternative 1 for § 197.25, DOE would be required to demonstrate that

... there is a reasonable expectation thatfor 10,000 yearsfollowing disposal the
reasonably maximally exposed individual receives no more than an annual
committed effective dose equivalent of 150 microsieverts (15 mrem) as a result oJ
human intrusion. The DOE's analysis of human intrusion must include all
potential environmentalpathways of radionuclide transport and exposure
(EPA99).

Under this alternative NRC would determine the range of time during which intrusion occurs

based on EPA guidance provided in §197.26.
Under Alternative 2 the DOE would be required to determine:

...the earliest time after disposal that the waste would degrade sufficiently that a
human intrusion ... could occur withaut recognition by the drillers (EPA99).

In the final rule, DOE must project the time at which waste packages have degraded sufficiently
that penetration of a waste package by a drilling intrusion could occur without being noticed by
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the drillers. A connection between the repository and the underlying saturated zone below the
repository is established by the intruding borehole penetration, and doses from the single

breached waste package are to be projected in the same manner as for the individual protection

standard compliance calculations. The same dose limit is applied, as used for the individual
protection standard, but the calculation is a separate performance scenario independently
calculated and evaluated against the 15 millirem/yr limit. If exposures occur before the end of

the regulatory period, the calculations assessments are evaluated against the 15 milliremlyr limit.

If exposures occur after the regulatory period, the assessments are included in the repository

Environmental impact Statement. ..

In each case a single vertical borehole is assumed to penetrate the degraded waste package and
continue down to the saturated zone. Similar to 40 CFR Part 191, intrusion is limited to

inadvertent exploratory drilling for resources. However, the frequency of intrusion is different in
the two regulations. The Appendix C Guidance to the generic disposal standards specifies that

the drilling not exceed 30 boreholes per square kilometer per 10,000 years for repositories near

sedimentary rocks and 3 boreholes per square kilometer per 10,000 years for repositories in other

geologic formations. This Appendix C Guidance was refined for the Waste Isolation Pilot Plant
in 40 CFR Part 194 (Criteria for the Certification and Re-Certification of the Waste Isolation

Pilot Plant's Compliance with the 40 CFR Part 191 Disposal Regulations). In § 194.33 drilling
frequency is based on the frequency of drilling for resources for the past 100 years within a
particular geographic area (i.e., the Delaware Basin) surrounding the WIPP Site. This

requirement is appropriate for an area where extensive drilling for a variety of resources had

occurred. Since the Yucca Mountain area has not been subject to extensive exploration drilling,
the Agency chose the approach very similar to that recommended by the NAS, namely a "stylized
intrusion scenario consisting of one borehole of a specified diameter drilled from the surface

through a canister of waste to the underlying aquifer" (NAS95, p. 111).

1.7.3 Ground Water Protection Standards

Ground water protection standards were included in the generic Part 191 standards and in the
WIPP certification effort. Inclusion of ground water protection standards in the Yucca Mountain

standard can be considered relevant for several reasons. The repository site is located in the

unsaturated zone (UZ) directly above potable water sources; any contaminant releases into the
UZ will move downward into these aquifers, which supply water to the population downgradient

of the site. Also, protection of ground waters is well established national policy. From a purely
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technical perspective, the NAS chose not to consider the question of ground water standards,
noting that an all-pathways exposure limit would include doses from ground water use.

However, it is Agency policy, as well as national policy, to protect ground water resources.

Throughout the NAS report the text acknowledged that EPA may elect to take approaches other
than a narrow interpretation of the committee's recommendations for reasons other than specified

in the report. In this way, the broader role of the Agency in applying policy factors as well as
technical rationale was acknowledged.

The Safe Drinking Water Act (SDWA) was enacted to assure safe drinking water supplies and to
protect against endangerment of underground sources of drinking waters (USDWs). Under the

authority of the SDWA, the EPA issued interim regulations (40 CFR Part 141, Subpart B)

covering the permissible levels of radium, gross alpha, man-made beta, and photon-emitting
contaminants in community water supply systems (EPA76). Similar to hazardous chemical
substances, limits for radionuclides in drinking water are expressed as Maximum Contaminant

Levels (MCLs). The current MCL for radium-226 and radium-228 combined is 5 pCi/I, and the
MCL for gross alpha particle activity (including radium-226, but excluding radon and uranium)

is 15 pCi/l. For man-made beta particle- and photon-emitting radionuclides (except tritium and
strontium-90), individually or in combination, the MCL is set at an annual dose limit of 4
millirem to the.total body or any inte-nmal organ. -For tritium and strontium-90, the MCLs are

20,000 pCi/I and 8 pCi/l, respectively.

In 1991, the EPA issued a Notice of Proposed Rulemaking (NPRM) under 40 CFR Parts 141 and
142 to update the 1976 interim regulations for radionuclide water pollution control (EPA91).
The NPRM, under the SDWA, proposed the establishment of Maximum Contaminant Level

Goals (MCLGs) and Maximum Contaminant Levels (MCLs). The MCLGs and MCLs target

radium-226, radium-228, natural uranium, radon, gross alpha, gross beta, and photon emitters.
As proposed, MCLGs are not enforceable health goals. In contrast, MCLs are enforceable

standards. The EPA concluded that radionuclide MCLGs should be set at zero to avert known or
anticipated adverse health effects while providing an adequate margin of safety. In setting the

MCLs, the EPA also committed itself to evaluating the feasibility, costs, and availability of water

treatment technologies, as well as other practical considerations. The proposed regulations state

the following MCLs: radium-226, 20 pCi/I; radium-228, 20 pCi/I; radon-222, 300 pCi/I;
uranium, 20 micro g/l; adjusted gross alpha, 15 pCill; and beta and photon emitters, 4 mrem
ede/yr. If the revised MCLs are promulgated prior to finalizing the 40 CFR Part 197 regulation,
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then these revised values will be included in Table 1. Otherwise, the MCLs will remain
unchanged for the Yucca Mountain licensing process.

The generic disposal standards at 40 CFR Part 191 also incorporate the 40 CFR 141 Subpart B
ground water protection requirements. EPA believes that it is prudent and appropriate to impose

requirements for waste disposal that are protective of water resources for future generations,
without imposing a burden of water treatment and cleanup on those future generations.

In the Yucca Mountain standard, DOE is required under §197.30 to provide,in its license
application to NRC,

* ...a reasonable expectation that, for I 0,000 years, of undisturbed
performance after disposal, releases of radionuclidesfrom radioactive
materials in the Yucca Mountain disposal system will not cause the level
of radioactivity in the representative volume of ground water at the point
of compliance to exceed the limits in Table I... (EPA99).

Table 1 limits combined Ra-226 and Ra-228 to five picocuries per liter (pCi/I) including natural
background and gross alpha activity (including Ra-226 but excluding radon and uranium) to

15 pCi/i including natural background. Combined beta and photon emitting radionuclides are
limited to levels where the annual dose (excluding natural background) to the whole body or any

organ will not exceed 40 microsieverts (4 mrem). These limits are the same as the maximum
contaminant levels (MCLs) established by the Agency under the Safe Drinking Water Act

(SWDA).

1.7.4 Site Specific Regulatory Requirements

While many elements of the 40 CFR Part 197 rule are either similar to other EPA regulations

such as 40 CFR 191 and 40 CFR Part 141 or based on recommendations of the NAS, certain
elements are based on site-specific considerations. These include the definition of the
reasonably maximally exposed individual (RMEI), the location of the point of compliance, and
the representative volume of water for measuring compliance with the ground water protection
standard. Each of these site specific elements are discussed below.
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Reasonably Maximally Exposed Individual (RMEI)

For DOE to determine whether the Yucca Mountain disposal system complies with the

individual-protection standard, they must calculate the dose to an individual or group of

individuals and compare that dose with the requirements contained in §197.20 (i.e., a maximum

annual CEDE of 15 mrem). The regulation must specify those characteristics, habits, age, life-

style, etc. which describe the individual or group of individuals. For this purpose EPA has

chosen to use, as the basis for comparison with individual-protection standard, the dose received

by the reasonably maximally exposed individual.

The RMEI is defined in § 197.21 as a hypothetical person who

* (a) lives in the accessible environment above the point of the highest
concentration of radionuclides in the plume of contamination;
(b) Has a diet and living style representative of the people who are now residing
in the Town ofAmargosa Valley, Nevada. The DOE must use the most accurate
projections available, which might be based upon surveys of the people residing
in the Town of Amargosa Valley, Nevada, to determine their current diets and
living styles and use the mean values of these factors in the assessments
conductedfor § 197.20 and 197.25; and
(c) Drinks two liters of water per day from wells drilled into the ground water at
the location where the RMEI lives.

The NAS recommended that the risk to the average member of the critical group be used as the

basis of comparison with the risk limit of the standard. The NAS Committee proposed two
alternatives - a probabilistic critical group approach and a subsistence farmer critical group.
After considering these possibilities, the Agency decided to use the RMEI concept which is

consistent with other EPA programs and is believed by the Agency to provide a level of

protection substantially equivalent to that provided by the critical group concept for small

populations. The RMEI concept involves estimating high-end doses which are in excess of the

90h percentile of the range of doses for the exposed population. The goal is to calculate doses

which are not the most extreme but are well above the average for the exposed population.

EPA considered four possible scenarios to define the RMEI including (EPA99):
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* A subsistence farmer residing 30 to 40 km downgradient at a location where the
water table is near the surface, who obtains all food and water from contaminated
sources

* A commercial fanner subject to the same exposure pathways as the subsistence
fanner.

* A community located near the repository site that obtains its water for domestic
use from an underground source of drinking water.

* A rural-residential RMEI exposed to the same pathways as the subsistence farmer.
However, the rural-residential RMEI does personal gardening but does not work
as a full-time farmer.

The fourth scenario was chosen as the basis for developing the specific requirements under

§197.2 1. This scenario is believed to be representative of most of the current residents of the

Amargosa Valley.

Representative Volume of Ground Water

In accord with Agency policy of protecting ground water resources, the Representative Volume

(RV) concept was developed in response to consideration of the actual resource to be protected at

the site. The RV is based on current land uses involving ground water, i.e, the resource to be

protected, and the fundamental assumption is that future lifestyles and water uses will be the

same as those of the present. This assumption is necessary to avoid making judgments based on

speculation. The RV is intended to be a volume of water used annually that provides the basis for

calculating radionuclide concentrations resulting from repository releases. Resulting

concentrations would be compared to Maximum Contaminant Levels established in the Safe

Drinking Water Act.

The representative volume is the volume of water needed to supply the demands of a defined

RMEI that could exist in the future at the point of compliance for the ground water protection

standards (see discussion below for details on point of compliance). To meet such demands, the

water must contain less than 10,000 milligrams of total dissolved solids per liter (i.e., potable).

The proposed Part 197 standards proposed a number of possible RVs based on current land uses

south of Yucca Mountain. One proposed'alternative was 1,285 acre-feet/yr. This RV is the sum
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of the water requirements for alfalfa farming and domestic use. It is based on a small farming

community of 25 people with 255 acres of alfalfa under cultivation (the average current size of

these farms in the area) which is the current economic base for the Amargosa Valley. Alfalfa

farming requires about 5 acre-feet of water per acre (255 acres x 5 acre-feet per acre = 1,275

acre-feet for irrigation). The average annual water demand for a non-farming family of four with

a garden is 10 acre-feet. This is also the lower bound for the amount of water used through 15

connections from public water supply serving at least 25 people (as defined in the SWDA). The

representative volume is, therefore, the sum of the water requirements for alfalfa farming and

domestic use. ..

Another alternative RV proposed is 120 acre-feet/yr. This value corresponds to the water use for

a small municipal community of approximately 150 individuals who use the water for domestic

and municipal purposes.

For the final rule, a representative volume of 3,000 acre-ftlyr was defined. This representative

volume, as described in the preamble to the final rule, represents a composite of the water

demands for downgradient users of the ground water resource. The composite water use estimate

includes current use for alfalfa cultivation (the largest consumer of water for agricultural

purposes), and projected increases for population and commercial/industrial uses in the Lathrop

Wells area northward to the boundary of the Nevada Test Site.

Section 197.31 describes the RV and includes specific concepts concerning how the RV could be

incorporated into the radionuclide transport modeling that will be included in analyses to support

demonstration of compliance during the licenping process.

Point of Compliance

In the proposed rule, two mechanisms were proposed for compliance determinations, specifically

to identify where ground-water contamination and individual radiation exposures are to be

projected for comparison against the limits contained in the standard. One alternative was a

controlled area concept, similar in intent to the concept as originally used in Part 191. The

controlled area denotes a bounded geographic area within which the standards would not be

applied. The standard's limits would be applied at the boundary of the controlled area, which

serves as the beginning of the defined "accessible environment". The land within the boundary

of the controlled area is considered part of the natural barrier of the disposal system, and as such
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is dedicated to the sole purpose of isolating the radioactive wastes from the accessible

environment. The second proposed alternative was the use of a compliance point, which serves
the same purpose as the border of the controlled area - it identifies the point at which ground

water contaminant concentrations and individual exposures are calculated for comparison against
the standard's limits. The point of compliance is to be located at a specific distance from the

repository and over the point at which calculated releases from the repository are projected to be

at their highest levels in the ground water beneath this point.

In the proposed rule EPA has included four compliance measure alternatives for consideration,
two of which incorporated a controlled area and two of which incorporated a compliance point.
These alternatives include downgradient distances of 5, 18, 20, and 30 km. At the present time
there is no one residing 5 km downgradient 3 from the repository, since it is within the boundaries

of the Nevada Test Site (NTS); there are about 10 people residing between 18 km (the NTS
boundary) and 20 km downgradient, and hundreds of persons around 30 man downgradient.
Future population increases are expected at the 20- and 30-kin downgradient locations (EPA99).
In addition, the depth to ground water decreases from about 300 meters near the repository
location to about 50 tol5 meters within that portion of the Town of Amargosa where most of the

population reside and commercial agriculture is the basis for the local economy.

In the final rule, the Agency has incorporated a controlled area concept as a compliance

mechanism, as defined in Section 197.12 of the final rule. The controlled area concept comports

more directly with the direction of the EnPA, which explicitly mentions the "accessible
environment" and refers to its definition from Part 191 which incorporates the controlled area

concept. The controlled area concept also more clearly delineates the extent of the natural barrier
around the repository than the simpler point of compliance approach. Neither the point of

compliance, or the controlled area, approach imposes any significant cost impacts on the
repository development program, because the site characterization efforts to define the magnitude
and direction of potential releases are the same for either approach.

3 This is the same compliance point as specified in 40 CFR Part 1 91, the generic disposal standard.
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2.0 OVERVIEW OF RADIOACTIVE WASTE DISPOSAL AT YUCCA MOUNTAIN

This chapter briefly describes the Yucca Mountain site and the wastes that would he stored
and disposed there if the site is approved for disposal A summary of current estimates of
repositoryprogram costs, which total approximately $57.6 billion, is included

2.1 Yucca Mountain as a Disposal Site

The Nuclear Waste Policy Amendments Act of 1987 (which amended the Nuclear Waste Policy

Act (NWPA) of 1982) designated the Yucca Mountain site in Nevada as the only location to be

evaluated as a possible place for disposal of spent nuclear fuel and high-level radioactive wastes.

The Yucca Mountain site is located about 90 miles north of Las Vegas, Nevada, and is situated

on the boundary of the Nevada Test Site. The climate is semi-arid, and the location was

originally selected as a candidate location for disposal because it was expected that there would

be limited potential for water to enter the repository and then to transport radionuclides to distant

locations.

2.2 Sources and Characteristics of Radioactive Wastes to Be Disposed

A repository at Yucca Mountain would dispose of spent fuel from nuclear power reactors and

high-level wastes from reprocessing of spent fuel. The sources of spent fuel would be

commercial nuclear power reactors, naval reactors, and reactors used in DOE and research

programs. High-level wastes are the result of defense operations in the states of Washington,

Idaho, and South Carolina where fuel from production reactors was processed to obtain the

uranium and plutonium used in nuclear weapons. They will consist of solidified fission product

waste separated from the recovered uranium and plutonium.

The NWPA limited the amount of wastes- to be disposed at Yucca Mountain to 70,000 metric

tons equivalent of uranium (MTU). The DOE has interpreted this to correspond to disposal of

63,000 metric tonnes of spent fuel and the equivalent of 7,000 MTU of high-level wastes. The

70,000 MTJU limit remains in force today, but is subject to change by future Congressional

action.

The wastes would come to Yucca Mountain for disposal from commercial nuclear power sites

and DOE operations sites throughout the country, as shown in Figure 2-1. At present, the spent
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* Commercial Nuclear Reactors
X DOE Sites
+ Mon-Power Reactor Sites (Approx. 40)
& Commercial High Level Radioactive Waste Storage
N Shutdown Reactors with Spent Fuel
* Yucca Mountain Repository

Figure 2-1. Sources of Radioactive Wastes for the Yucca Mountain Repository
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fuel from commercial power reactors is primarily stored at the sites where the fuel was used in
the reactors. The amount currently in storage totals about 40,000 MTU. Such spent fuel

continues to be discharged from the commercial reactors at a total annual rate of about

2,200 MTU. If all reactors operate to the end of their current licenses, the total amount of spent

nuclear fuel discharged will be about 87,000 MTU.

The DOE spent fuel, which comes primarily from research and test reactors, and spent fuel from
naval nuclear reactors, is presently stored at various DOE sites. The current total amount of this

spent fuel isless. than 3,000 .MTU, and the, amount will not increase significantly . - _

High-level wastes were generated by defense production operations at DOE's Savannah River,
Idaho, and Hanford, Washington sites. In the as-generated form, these wastes are liquid and have
a total amount of tens of millions of gallons. The wastes will be solidified, and the amount sent

to Yucca Mountain, in terms of number of cans of waste to be disposed, will depend on the

solidification process used. The draft Environmental Impact Statement for the proposed

repository at Yucca Mountain, issued by DOE in August 1999, estimated that the 7,000 MTU of
HLW would be contained in about 14,000 waste canisters (DOE99).

2.3 Overview of the Repository for Disposal

The basic concepts for disposal of highly radioactive wastes into geological formations were set

forth by the National Academy of Sciences in the 1950's and have been embodied in repository
design concepts and regulatory concepts ever since then. The wastes are to be emplaced in deep
geological formations which isolate them from the human environment, and-a system of
engineered and natural barriers is to be used in combination to maintain the wastes in isolation

and to prevent release of radionuclides. The Yucca Mountain site, and other sites that had been
under consideration, would use a combination of engineered and natural barriers appropriate to
the site to maintain the wastes in isolation and to demonstrate compliance with regulatory
standards for radionulides that were released from the repository.

At Yucca Mountain, the repository would be excavated in the unsaturated zone, i.e., in a geologic

formation in which the pores and fractures in the geologic medium are not filled with water. The

Yucca Mountain site, in comparison with other candidate sites, was unique in having capability
for this type of emplacement. It was expected that the lack of ability for water to reach the
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wastes and transport them to the environment would dominate the safety performance of the

repository and enable easy demonstration of compliance with regulatory standards.

2.4 DOE Estimate of the Repository Program Cost

DOE documented estimated repository program costs in the Viability Assessment (VA)

documents (DOE98). The principal cost elements were identified as follows:

Historical costs - S 5.9 billion
Costs to complete work to the License Application - 1.1
Respository costs from licensing to closure - 18.7

Total for the repository program - $ 25.7 billion

Estimates of costs for design options (options to the VA design) were provided in Volume 5 of

the VA document. One of the options considered was use of drip shields and backfill, as is now

planned for the current design, EDA II (see Section 3.6). The estimated cost of this option was

$0.8 billion. However, this estimate did not consider the long-term total cost of these

modifications.

DOE has released an updated "Total System Life Cycle Cost" (TSLCC) estimate (DOEO1a),

which gives a total cost for the repository of $57.6 billion, which includes historic costs. This

higher cost includes cost elements not included in the VA estimate, and is a more accurate

estimate of total program costs.
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3.0 EVOLUTION OF THE YUCCA MOUNTAIN REPOSITORY DESIGN
- - - -- -- I .- - . .. . .. ..I . .. ...... - _ . . --

This chapter describes the evolution of design concepts for a repository at Yucca Mountain
that has occurred as a result of site characterizationfindings, performance assessment results,
external reviews, and strategyfor dealing with uncertainties. The discussion demonstrates
thatEPA's standards have not affected thedesign evolution.--- -

This section describes how the design of a repository for the Yucca Mountain site has evolved

since the Site Characterization Plan (SCP; DOE88) was published in 1988. The SCP reference

design concept-involved vertical emplacement of small, thin-walled canisters, with a design
lifetime on the order of 300-1,000 years, into the floor of tunnels excavated in Yucca Mountain.

The current design concept calls for horizontal emplacement of large, double-walled waste

packages, with a design lifetime of more than 100,000 years (TRWOO), into drifts excavated in

Yucca Mountain with a tunnel boring machine.

The design evolution has been driven principally by acquisition of site characterization data

which showed that the performance of the natural features of the repository system during the

regulatory period would be less effective than anticipated when the SCP was issued and data

were sparse. It was originally expected that water would flow very slowly, and in limited
amounts, through the unsaturated geohydrologic regime, that radionuclides released from the

repository and transported by water would be trapped on rock surfaces and pores along the.

flowpath, and that water would travel relatively slowly through the saturated zone. In contrast to
this expectation, site characterization data have demonstrated that water from precipitation

infiltrates into the mountain at rates much higher than originally expected; that there are paths for
rapid transport of water from the surface to the repository horizon and possibly to greater depths;
and that flow in the saturated regime is expected to occur primarily in fractures and with limited
dilution of radionuclide concentrations. Potential for radiation doses during the regulatory period
is dominated by soluble radionuclides that are mobile and move with the water. The natural

features will constrain transport of radionuclides that are insoluble and sorbed onto rock surfaces.

The design evolution also was guided by results of a series of analyses of expected repository
performance known as Total System Performance Assessments (TSPA); by DOE/NRC technical

exchanges and NRC documents which indicate NRC expectations for licensing reviews; and by

external reviews of program documents and status by parties such as the Nuclear Waste
Technical Review Board (NWTRB), the NRC staff, and the TSPA Peer Review Panel. A series
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of formal Expert Elicitations on key performance topics such as waste package degradation also

played a significant role in design evolution.

Several stages of design evolution can be identified and associated with the SCP and a

subsequent series of TSPA reports. The SCP in 1988 was followed by a series of TSPA

evaluations in 1991, 1993, 1995, 1998, and 2000. These evaluations were aimed at providing

guidance for site characterization activities and priorities and at exploring the effects of

engineered design options on performance. In the 1996-1997 time frame, site characterization

data and results of expert elicitations became available and provided the basis for the TSPA

evaluations included in the Yucca mountain Viability Assessment (i.e., the TSPA-VA), which

was issued in 1998 in response to a mandate by the U.S. Congress. The TSPA-VA was the first

performance evaluation for a potential repository design at Yucca Mountain. This assessment

has been replaced by the TSPA for Site Recommendation (TSPA-SR), which focuses on the

latest repository design. This design was developed as a consequence of findings of the TSPA-

VA, as described here.

External and DOE-internal reviews of the TSPA-VA revealed that there were highly significant

uncertainties and technical issues associated with the repository design that were the basis for the

TSPA-VA. In response to the critiques and suggestions, DOE subsequently developed and

adopted the Enhanced Design Alternative (EDA) concept, in which several improved repository

designs were evaluated. The selected alternative, known as EDA II, subsequently became the

design basis for the most recent TSPA iteration, known as the TSPA for Site Recommendation

(I SPA-SR).

Discussion of the design and associated TSPA evolution process is provided below. The current

design concept, EDA II, is described in Section 3.4. Discussion of TSPA methodology and

results is provided in Section 4. The discussion here shows how the repository design was

shaped by the evolving understanding of the site's natural features and the uncertainties involved

in projecting repository performance.

3.1 The 1988 Site Characterization Plan

The Nuclear Waste Policy Act of 1982 (NWPA) required each candidate repository site to

prepare a comprehensive site characterization plan describing how information would be

obtained to determine the site's suitability for disposal of highly radioactive wastes. After
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enactment of the Nuclear Waste Policy Amendments Act of 1987, which designated Yucca

Mountain as the only candidate site to move forward with evaluation of suitability for disposal,

DOE issued the SCP for the site in 1988. The document received comprehensive, in-depth

review by NRC staff, whose comments, based on the Commission's 10 CFR Part 60 regulations

for high-level waste disposal, helped shape the path of site characterization and design.

At the time of publication of the SCP, the site characterization data base was highly limited.

Expectations of repository performance were based largely on assumptions concerning site

features and characteristics. The plans for site characterization activities were designed to obtain

data sufficient to assess compliance with existing regulatory standards in the 40 CFR Part 191

and 10 CFR Part 60 regulations. Repository development was subsequently driven by NRC

requirements.

3.1.1 RegulatoryFrameworkfortheSCP

Under provisions of the NWPA (NWP83), the EPA is to promulgate, for high-level radioactive

waste disposal, generally applicable environmental standards for protection of the environment

and human health. The NRC is to promulgate regulations to implement the EPA standards and

to review the License Application from DOE in order to evaluate compliance with the standards.

The EPA regulations were promulgated in 1985 and codified at 40 CFR Part 191; the

implementing NRC regulations were codified at 10 CFR Part 60. When the SCP was published

in 1988, Part B of the EPA regulations had been remanded by a Federal District court to the

Agency for reconsideration. Part B specifies limits on cumulative, long-term radioactivity

release from a repository, and also characterizes use of performance assessment to evaluate

releases. Although Part B of the 40 CFR Part 191 regulations was being reconsidered by the

Agency at the time the SCP was issued, DOE treated the Part B requirements as an operative part

of the regulatory framework. Implementation was guided by the Issues Hierarchy (DOE86),

which had at the top of the hierarchy, as the overarching issues, the NRC's 10 CFR Part 60

subsystem performance requirements.

The NRC's implementing 10 CFR Part 60 regulations, in addition to adopting the EPA

requirements, set performance objectives for specific parts of the repository system. These

subsystem performance requirements included:
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* Containment of waste within the waste packages must be "substantially complete"
for a period of 300 to 1,000 years

* The rate of radionuclide release (with certain exceptions) from the Engineered
Barrier System (EBS) following the containment period must not exceed one part
in 100,000 per year of the inventory at 1,000 years following repository closure

. ... .. .................... ... ... ......................... .... .. . .. .... ...... .

* The pre-waste-emplacement ground water travel time along "the fastest path of
likely radionuclide travel" from the disturbed zone to the accessible environment
must be at least 1,000 years. The boundary of the accessible environment was
defined by the EPA regulations to be located 5 km from the boundary of the
repository and covering no more than 100 km2 in area.

These subsystem performance requirements drove the repository system design, e.g., selection of

a waste canister design with an expected lifetime of 300-1,000 years. As previously noted, the
.. . . . _ . . . ... . . . .. .. . . . . ....._.. ............... ..__

natural features of the repository system (low and slow water flow; radionuclide holdup) were

expected to be the dominant contributors to safety performance.

3.1.2 Principal SCP Repository Design and Natural System Features

The SCP repository design was based on emplacement of 70,000 MTHM of spent fuel and high-

level waste in an array of vertical boreholes drilled into the floor of drifts in the Topopah Spring

Member of the Paintbrush Tuff Formation. (The 70,000 MTHM limit was set in the NWPA and

remains unchanged.) The areal power density for the repository was set at 57 kW/acre, and the

reference design was based on emplacement of 10-year-old spent fuel.

The SCP repository layout is shown in Figure 3-1 (DOE88a). Three main drifts traverse the

length of the repository and the emplacement panels are accessed by side drifts from the mains.

Entrance into the repository is through ramps located at the North end.

As previously noted, the site characterization data base was quite sparse when the SCP was

issued. It was expected that the water that could infiltrate the mountain and cause corrosion,

waste form dissolution, and radionuclide release was "...limited to very small amounts"

(DOE88). Based on annual precipitation of 15 cm, only about 0.1-0.5 mm/yr was expected to

percolate from the surface to the deep rock units where the repository would be located. Travel

times to the boundary of the accessible environment were expected to be on the order of tens of
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thousands of years because flow through the unsaturated zone was expected to occur in the rock

matrix.

Characterization of Yucca Mountain for the repository project began in 1978. It involved

extensive drilling of boreholes and measurement of hydrologic properties such as hydraulic

conductivity and transmissivity. Because of the complexity of the geohydrologic regime, the data

base at the time the SCP was issued was still characterized as "...scanty and incomplete". The

basic model for the unsaturated zone was one of flow dominated by the partially saturated matrix.

The saturated zone model was based on Darcian flow and a dual-porosity (fractures and matrix)

concept.

The available models and data were used to estimate hydrologic parameters important to

repository performance. The average annual precipitation was estimated to be about 150 mm/yr.

Because of the thickness and heterogeneity of the unsaturated zone above the repository horizon,

temporal and spatial variations of infiltration were not expected to be the same at depth as at the

surface.

Various estimates of the infiltration rate were made; all of them showed low rates. One estimate

found that the infiltration rate at the repository horizon would be no more than 0.2 mm/yr, and

the surface rate would be no more than 0.5 mm/yr. Another studyestimated that the net

infiltration rate would range from about 0.5 to no more than 4.5 mm/yr. Yet another study

estimated the range at 0.015 to no more than 4.5 mm/yr. Modeling studies after the SCP was

published generally used infiltration rates of 1.0 mm/yr or less. As discussed below, these types

of values prevailed as a basis for unsaturated zone performance until the 1996-1997 time frame.

Because of the 10 CFR Part 60 subsystem performance requirements, estimates were made of

ground water velocities and travel times. The SCP quotes findings by Sinnock et al. that the

unsaturated zone travel time, for an infiltration rate of 0.5 mm/yr, would be a minimum of 9,345

years, a mean of 43,265 years, and a maximum of 80,095 years. If the infiltration rate was

doubled to 1 mm/yr, the minimum travel time was decreased to 3,700 years, "...still greater than

the amount of time required to satisfy the [regulations]". It was stated that "...the modeling effort

has attempted to use the best available daia , and it is believed the results obtained are realistic."

As indicated by this statement, at the time the SCP was developed (and for a considerable period
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of time thereafter) the travel time through the UZ was believed to be sufficient to meet the
10,000-year requirement in the EPA standard.

Estimates of travel time in the saturated zone, which were based on Darcian flow and travel paths
parallel to the hydraulic gradient and nearly horizontal, showed travel times of 30 years in the 3-
kan path in tuffacious beds of the Calico Hills formation and 140 years in the 2-km path for the

Topopah Springs member, for a total of 170 years to the 5-km boundary of the Accessible
Environment. It was noted that other factors such as dispersion, the existence of faults or
impermeable zones, or vertical movement of water could affect the saturated zone travel times.
It was also noted that "...at this time it is uncertain whether some or all of this mechanisms exist
along the travel path". However, page 3-220 of the SCP states that more realistic data give an SZ
travel time to the 5-km Accessible Environment boundary of 1,700 years (SCP88). In contrast,

recent SZ travel time estimates presented to the NWTRB (EDD01) estimated travel times to a
distance of 20 km downgradient to be between 640 years (median parameter values) to 900 years
(mean parameter values). A "refined conceptual approach," equivalent to the SCP estimate using
more realistic data at that time, gave a travel time of 1300 years to the 20 km distance.

The SCP concluded that "...based on an upper-bound flux of 0.5 mm/yr, ground water travel time
within the unsaturated zone from the proposed repository to the water table is estimated to range

from about 9,000 to 80,000 yr," and "... the minimum ground water travel time from the edge of
the repository to the accessible environment [5 kcm] under present conditions is approximately
9,200 years, well in excess of the 1,000 year limits required by 10 CFR Part 60.113(a)(2)."

With these expectations of high performance for the natural features of the repository system, the
engineered barrier system could be the minimum required to meet regulatory requirements, as
discussed below.

3.1.3 The SCP Engineered Barrier System

In accord with NRC's subsystem performance requirements, the waste package for the SCP
design consisted of Type 304L stainless steel containers 4.76 m long and 0.66 m in diameter,
with a wall thickness of 0.95 cm. Most of the commercial spent fuel was expected to be

consolidated, but disposal of intact assemblies was planned for fuael assemblies with damaged
rods. The HLW containers were similar to those for spent fuel but shorter.
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The containers were to be backfilled with argon and welded shut. Fully loaded waste packages

would weigh 2.7 to 6.4 metric tons, would have a power output of about 3.3 kW at the time of
emplacement, and would have a surface gamma dose rate of about 50,000 rads per hour.

The waste packages were to be emplaced in 76-cm diameter holes bored into the floor of drifts in
the underground workings. The boreholes were to be metal-lined and had a metal support plate

at the bottom on which the waste package rested. A metal plug would be placed on the top of the
emplaced package, the upper portion of the borehole would be filled with crushed tuff, and a
metal cover would be placed on the floor of the drift. Eventually, the drifts would be backfilled

with crushed tuff.

An important concept included in the SCP design was use of heat emitted by the waste packages
to drive water in the rocks away from the emplacement cavities, thereby effectively drying out
the repository host rock The concept was seen to make a good repository setting (the
unsaturated zone in a semi-arid environment), even better by delaying the eventual contact of

water with the waste containers. The technical difficulties in characterizing performance under
high thermal load conditions were recognized in the SCP and was preserved as a significant
technical issue in commentary, in 1999, on the Total System Performance Assessment for the
Viability Assessment from external parties such as the TSPA Peer Review Panel (PRP99). This
uncertainty played a significant role in DOE's decision to adopt the highly engineered EDA II

repository design (described in Section 3.4 of this document).

The engineered barrier system (EBS) design, including the waste package design, was intended
to comply with the subsystem performance requirements of 10 CFR Part 60, including ability for
retrieval after 50 years. The package was intended to provide substantially complete containment
of waste for a period of not less than 300 years, but no more than 1,000 years would be required.
Thereafter the package was to limit the rate of radionuclide release from the EBS as required by

the NRC subsystem performance objectives. With the anticipated high performance of the
natural system barriers, the relatively modest performance expectation for the engineered barrier
system was expected to be sufficient to meet the assumed (from 40 CFR Part 191) standard for

cumulative releases.

The evolution of performance assessments, and the associated changing repository design, are
described in the following sections, along with the progressively improved understanding of the
natural barrier characteristics.
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3.2 Design Options in the Total System Performance Assessments of 1991, 1993, and

1995

As previously noted, the TSPA evaluations reported in 1991, 1993, and 1995 were intended to

guide site characterization activities and priorities, and to explore the effect of design alternatives

on repository system performance. DOE carefully noted that none of the design concepts was

intended to represent an actual repository design, and none of the results were intended to be a

test of compliance with regulatory standards. However, to have a basis for assessing study

results, outputs of the evaluations were compared to the total system performance standards in

Subpart B of EPA's 40 CFR 191 regulations that had been adopted by NRC's 10 CFR Part 60

regulations.

Throughout this period, results of the site characterization work and other data acquisition

programs were, as they became available, incorporated into the studies and used to improve the

performance assessment models. Because the Part 191 EPA regulations set limits on

radionuclide releases to the Accessible Environment boundary at 5 km, the site characterization

work was focused on and near the repository footprint. The surface-based data acquisition
program included activities such as drilling numerous boreholes, geologic mapping of trenches,

characterization of surface expression of faults, and daily acquisition of meteorological data.

Excavation of the Exploratory Studies Facility (ESF), primarily during 1995 and 1996, enabled

data acquisition activities at the repository horizon to proceed in accord with excavation progress
and in parallel with the surface-based studies.

Highlights of the 1991, 1993, and 1995 TSPA analyses are presented below with focus on design
options considered. As can be seen, the options considered ranged from the simple waste

canisters in the SCP reference design to precursors of the VA design and the current design, EDA

11. During the time period through 1995, clear evidence of limitations on the performance of the
natural features of the repository was not yet available; the shift of emphasis to large, highly-

robust packages was driven by logistics considerations (far fewer packages to handle), the

decision to excavate the repository using a tunnel boring machine, and growing indications that

very conservative assumptions and analyses would be expected by the licensing authority during

licensing reviews.
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3.2.1 TSPA-1991

The TSPA-1991 studies were the initial attempt to demonstrate TSPA concepts and
methodology. The design concept for TSPA-1991 was that of the SCP: PWR fuel with an
average burnup of 33,000 MWd/MTHM and BWR fuel with an average burnup of 27,500
MWd/MTHM would be consolidated into vertically emplaced stainless steel waste packages.

The waste package performance evaluations were based on several assumptions not supported by
detailed modeling studies. The waste package was expected to be initially dry due to heating

produced by radioactive decay; this dry period would last from 300 to 1,300 years. After wetting,
the container was expected to have a lifetime range of 9,500 years "to reflect the great uncertainty

in containerperformance" (BER92). A total of 33,300 containers was included in the repository
design.

3.2.2 TSPA-1993

Two separate but parallel performance assessments were conducted in 1993 - one by the DOE
M&O Contractor (DOE94) and one by Sandia National Laboratories (Wil94). These parallel
assessments are designated as the "M&O Approach" and the "SNL Approach" in the following

discussion. The EBS designs used in these assessments resemble the design used in the TSPA-
VA and the newer EDA II design, and represent the first attempt to examine designs that were
developed to reflect anticipated repository conditions at Yucca Mountain.

3.2.2.1 M&O Version of TSPA-93

The M&O's TSPA-93 studies considered three areal power loadings -- 28.5, 57 and 114
kW/acre. Waste packages using a thick, outer corrosion allowance material (CAM) and a

thinner, corrosion resistant material (CMNT) as the inner package wall were horizontally emplaced
in drifts in the Topopah Spring Member of the Paintbrush Formation. The commercial reactor

spent fuel loading was 63,000 MTHM contained in thirty-year old fuel with an average burnup of
36,437 MWdMTTHM (DOE94, p. 2-3). In addition, 7,000 MTHM in HLW from the defense

programs was included. The commercial spent fuel was contained in 6,468 waste packages and
the defense HLW was contained in 3,829 waste packages (DOE95, p. 8-15). (Note that this

design concept reduced the number of waste packages required for commercial spent fuel by
about a factor of 5 in comparison with the SCP design.)
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The waste packages were comprised of an outer, mild steel corrosion allowance material and an
inner, nickel-base corrosion resistant material, Alloy 825. Three thicknesses were considered for
the outer layer: 10, 20, and 45 cm. The inner layer was either 0.95 or 3.5 cm thick. The

packages were assumed to be placed horizontally on crushed tuff on the floor of the drifts.

.. . .. . . . . . . ... . . . . .. . . . . . . ............... ........ ....... ..... ..... ... .

The M&O TSPA-93 assumed an ambient percolation flux with an exponential distribution and
an expected value of 0.5 mm/y. Two-thirds of the flux values were less than the expected value
and one-third were greater. These low flux values reflected SCP expectations; results of site
characterization studies had not yet had an impact.

Radionuclide sorption and decay were included in modeling of the unsaturated zone (UJZ) but

diffusion was not. Six layers were used to represent stratigraphy in the UZ below the repository.
Nine vertical columns were modeled to represent UZ variability in thickness and stratigraphy
over the repository area. Temperature profiles, Darcy fluxes, and liquid saturations, were
developed for each stratigraphic layer for each thermal load as function of time. These
determined dry out extent and duration in the near field. No far-field thermal perturbation was

assumed.

Climate change was incorporated by assuming that the infiltration rate would vary from 1 to 5

times the base value with an averagge value of 2.5. Transition to a full glacial climate would

occur linearly over 100,000 years then return to baseline overthe next 100,000 years. This cycle
was repeated over the one million year simulation time frame.

Retardation factors, developed for each nuclide for each stratigraphic unit, were similar to those
used in TSPA-1991. Sorption and decay were included in saturated zone (SZ) modeling but not
diffusion. The SZ flux was assumed to have average value of 2 m/yr with a wide range from 4.7
x 10 im/yrto 390 m/yr. Only the longitudinal component of dispersion was considered in
modeling of SZ radionuclide transport. A single porosity medium was assumed for the SZ.

3.2.2.2 SNL Version of TSPA-93

The SNL TSPA-93 studies considered both vertical (in borehole) and horizontal (in-drift)

emplacement of waste packages and areal thermal loadings of 57 and 114 kW/acre. Alternative
waste package designs were also considered. Details are presented in Table 3-1 (WIL94).
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Table 3-1. RepositoryDesigns Evaluated bySNL in TSPA-1993

Vertical
In-borehole

57 Thin-wall, corrosion
resistant high-Ni alloy

2 4.61 1,139 5.6

Vertical 114 Thin-wall, corrosion 2 3.14' 777 2.8
In-borehole resistant high-Ni alloy

Horizontal 57 Mild-steel CAM over 8 4.63 1,144 23.2
In-drift ithin-wall high-Ni CRM

Horizontal 114 Mild-steel CAM over 8 2.33 575 11.6
In-drift I _ I thin-wall high-Ni CRM .__ ______ _ ____

a -2.33 km? (577 acres) for spent fuel and 0.81 Uon (200 acres) for HLW.

The waste package for vertical, in-borehole emplacement was a thin-wall cylinder of a high-

nickel alloy such as Alloy 825. The waste package had a outside diameter of 0.71 m, a wall

thickness of 0.95 cm and a length of 4.76 m. The package could handle about 2 metric tons of

spent fuel (e.g. 3 PWR and 4 BWR fuel assemblies) and weighed about 5 metric tons when

loaded. The waste package for horizontal, in-drift emplacement was substantially larger with the

ability to contain 21 PWR or 40 BWR fuel assemblies. The waste package was comprised of an

Alloy 825 inner barrier 0.95 cm thick surrounded by an outer barrier of mild steel 10 cm thick.

The two barriers were separated by a 0.6 cm gap. This waste package was 4.91 m long, had an

outside diameter of 1.75 m and weighed more than 50 metric tons when loaded with spent fuel.

This multiwall container was too massive to permit it to be tilted and moved for vertical

emplacement and retrieval. Additional details on the two types of waste packages are

summarized in Table 3-2.

3.2.3 TSPA-1995

At the time TSPA-1995 was prepared, the regulatory framework was still in a state of flux. The

National Academy of Sciences Committee on Technical Bases for Yucca Mountain Standards

issued its report in August 1995 (NAS95), but EPA had not promulgated the environmental

regulations specific to Yucca Mountain. Given this situation, DOE chose in TSPA-95 to

3-12



Table 3-2. Spent Fuel Waste Package Inventory for TSPA-1993

Borehole Emplacement

BWR 22,248 35.3 26.3 31,550 1,215
1 1 128,057

PWR 40,749 64.7 25.5 40,461 _ 2,750

Totals 62,996 100 -_- 32,022

In-Drift Emplacement

BWR 22,183 35.3 26.4 31,533 3,109

PWR 40,646 64.7 25.5 40,433 . 4,531

Totals 62,829 100 _ - 7:640

For vertical borehole emplacement, an additional 13,957 canisters would be required for vitrified HLW.

evaluate cumulative releases of radioactivity to the accessible environment based on cumulative

normalized release limits included in Table 1 of 40 CFR Part 191 and maximum doses to

individuals using ground water from a well in the tuff aquifer at the boundary of the accessible
environment In each case, the boundary of the accessible environment was assumed to be five

kilometers down the saturated zone hydraulic gradient from the edge of the repository (DOE95).
Evaluations were also made against subsystem requirements in 10 CFR Part 60.

Repository design concepts investigated in TSPA-95 were based on 63,000 MTU of spent
nuclear fuel and 7,000 MTU of defense HLW emplaced in horizontal waste packages (the same
as TSPA-93). Two areal mass loading were considered- 25 MTU/acre and 83 MTU/acre. Both
backfill and no-backfill options were analyzed as repository closure strategies. The use of
backfill was expected to act as a capillary barrier to water and as a thermal management tool. Its
use would increase waste package temperatures; evaluations of the temperature impacts of the
backfill were included in the studies.

Commercial spent fuel was assumed to be 30 years old with a weighted average burnup of

36,666 Mwd/MTU. The same number of waste packages were assumed as in the TSPA-93
analyses performed by the M&O contractor (DOE95, p. 8-15).
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"Low" (ca. 0.02 nmm/y) and "high" (ca. 1.2 mm/y) infiltration rates were considered. These rates.

are in the range expected under the SCP; results of site characterization studies which showed

that infiltration rates are actually in the range 1-10 mmlyr, and currently average about 8 mm/yr,

were not yet available for TSPA-95.

The waste package design concept for TSPA-95 was similar to that considered in TSPA-93; i.e.,

it consisted of a outer mild steel corrosion-allowance material (CAM) over an inner corrosion-

resistant material (CAM) of Alloy 825. The waste container for either 21 PWR assemblies or 44

BWR assemblies was about 5.7 m long and about 1.8 m in diameter. The CAM thickness was

100 mm while the CRM thickness was 20 mm. A 21 PWR waste package would weigh about 66

tons and produce an average of 10 kW of heat at the time of emplacement. The waste package

was assumed to rest on a gravel invert covering the bottom of a circular cross-section drift with a

diameter of 5m.

In summary, the TSPA exercises and reports of 1991, 1993, and 1995 served several important

purposes in the evolution of the Yucca Mountain repository design. In brief, TSPA-91 provided

a baseline by introducing the TSPA concept and applying it to the SCP design. The subsequent

TSPA-93 and TSPA-95 efforts explored the potential ranges of contributions of engineered and

natural barriers to repository system performance. Key factors considered included the

following:

* In the 1993-1995 time frame, DOE knew, as a result of enactment of the Energy
Policy Act of 1992, that revised dose standards and requirements for
demonstration of compliance would be forthcoming, so alternative dose standards
and receptor locations were considered. Consequently, EBS designs more
reflective of changing site characterization information were beginning to be
assessed.

* As stated in TSPA-95, the SCP conceptual engineered design "... has been revised
to take into account the possibility of alternative areal mass loads, as well as the
decision to use a tunnel boring machine for the excavation of the emplacement
drifts." In addition, the large multi-purpose canister design was adopted. These
design considerations led to investigation of the performance characteristics of
large, horizontally emplaced waste packages with alternative design details, such
as the type and thickness of wall materials.

* Site characterization data were being incorporated into the TSPA-95 models and
information base as they became available, but it was becoming increasingly
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apparent that there was a high degree of inherent variability in natural system
parameters, that performance of the natural barriers might not meet expectations
expressed in the SCP, and that performance of the natural barriers might be
difficult to demonstrate with confidence in licensing reviews.

As a result of a limited data base (limited in part by the fact that the high
variability of natural features would require an extensive data base for reliable
characterization), potential bounds of the performance of the natural features were
explored, using models not well founded. For example, TSPA-95 recognized that
the principal contribution of the saturated zone to performance would be dilution,
and the TSPA-95 developed and used models which predicted overall SZ dilution
factors, for an infiltration rate of 1.25 mm/yr, of 4,500 at 5 km and 31,000 at 30
kan. Subsequent expert elicitations confined the expected SZ dilution factor range
to 1 - 100.

Collectively, these exploratory studies and their results laid the foundation for the Viability
Assessment reference design and the TSPA-VA performance evaluations discussed below.

3.3 Design Features for the Viability Assessment - 1998

The Energy and Water Development Appropriations Act of 1997 specified that DOE prepare a
viability assessment of the Yucca Mountain repository, thereby providing a status report on the
project and identifying critical issues that must be addressed before the Secretary of Energy can

make a recommendation concerning suitability of the Yucca Mountain site for disposal. The

Viability Assessment report, which included a Total System Performance Assessment - Viability
Assessment (TSPA-VA), was published in December 1998 (DOE98). Although the EPA
standards had not been developed, DOE based its analyses on annual radiation doses to the
individual members of the general public. DOE assumed a radiation dose limit of 25 mrem/yr.

Releases from the ground water to the biosphere were evaluated at a point 20 km downgradient
from the repository. Multiple exposure pathways were included in calculating doses to humans.
Time histories to one million years were considered.

As previously noted, DOE considers that the TSPA-VA evaluations are the first that address a
potential repository at the site. The major features of the repository design were similar to those
in TSPA-95. However, in response to recommendations from the expert elicitation on waste
package degradation, the waste package inner wall was Alloy 22 to provide enhanced corrosion

resistance. The drifts were assumed to be concrete lined. Backfill was not included in the

3-15



reference design but was examined as a design option. Use of ceramic coatings and drip shields

were also briefly investigated as options.

The areal mass loading in the reference design was 85 MTU per acre with an initial heat output

of about 100 kW/acre. This is based only on 63,000 MTU of commercial spent fuel which will

be emplaced in about 7,650 waste packages (DOE98, p. 3-30). According to the Draft

Environmental impact Statement (DEIS) (DOE99), the 7,000 MTU of DOE spent fuel and HLW

waste also to be emplaced in the repository will require a total of about 22,000 waste packages.

UZ flow modeling for the TSPA-VA included climate, infiltration, mountain-scale flow and

seepage into emplacement drifts. Climates modeled included the present day dry climate with an

average annual rainfall of 170 mm/y, a long-term average climate with a rainfall of 300 mm/y

and a superpluvial climate with an average rainfall of 450 mm/y. About 90% of the one million-

year modeling period is spent under long-term average climate conditions.

The net infiltration rate in the TSPA-VA was assumed to be about 8 mm/yr (DOE98, p. 3-10) for

the current dry climate. This value is substantially higher than the value of about 1 mm/yr used

in TSPA-93 and TSPA-95, and it reflects the results of site characterization studies. The

increased flow includes rapid travel through fast-path fractures which was not apparent from the

earlier equivalent continuum models where fracture and matrix flows were closely coupled. The

TSPA-VA used a dual permeability model to represent the full range of possible fracture-matrix

coupling possibilities. Specifically, UZ transport was modeled using a three-dimensional, dual

permeability finite element code (FEWM).

As noted above, Alloy 825 in the TSPA-95 was replaced with Alloy 22 (a highly corrosion-

resistant nickel alloy) for the CRM in the VA waste packages. The drifts were lined with

concrete. The waste packages were placed on carbon steel supports which in turn rest on a

concrete invert to create level floors in the drifts. A typical 21 PWR waste package was 4.89 m

long (without lifting extensions) and 1.65 m in diameter. The inner barrier of Alloy 22 was 2 cm

thick while the outer barrier of A516 carbon steel was 10 cm thick (DOE98a).

The TSPA -VA was the first performance assessment in which the importance of fuel element

cladding as a long-term barrier to radionuclide release was considered.
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The TSPA-VA base case assumed that one waste package would fail by some unspecified
juvenile failure mechanism at 1,000 years after repository closure (DOE98a). The probabilistic

base case assumed 0 to 10 waste package failures at 1,000 years based on a log-uniform

distribution.

The base-case expected-value TSPA-VA evaluations projected dose rates to the average

individual withdrawing water from a well 20 km downgradient from the repository (based on

conservative scenarios and modeling) as follows (DOE98, Figure 4-12):

* 0.04 mrem/yr at 10,000 years
* 5 mrem/yr at 100,000 years
* 50 mrem/yr at one million years

Results of more elaborate probability-weighted dose assessments (DOE98, Figure 4-26) show
mean and median values for the peak dose at 10,000 years of 0.1 and 0.002 mrem/yr,
respectively. Hence, all applicable dose values were found to be well below the proposed 15

mrem/yr individual protection limit. As discussed in Section 4, these results were developed _

using highly conservative, and in some cases unrealistically conservative, assumptions
concerning performance factors and models for framing the performance scenarios analyzed.

The analysesfound that the most importantradionuclides-contributing to individual dose for the.
first 10,000 years are Tc-99 and 1-129; for the first 100,000 years they are Tc-99 and Np-237, and

for one million years they are Np-237 and Pu-242.

The most important factors contributing to uncertainty in the peak dose rate over the first 10,000
years (in decreasing order of importance) were determined to be the fraction of waste packages

contacted by seepage water, the mean corrosion rate of the waste package Alloy 22 inner barrier

(a contributing uncertainty is the effect on corrosion rates of carbonate dominated ground waters

resulting from contact with the drift lining), the number of juvenile waste package failures, and

the saturated zone dilution factor (DOE98, Figure 4-34). These uncertainties were to be
addressed by the design alternatives examined and selected for the new repository design (EDA

... .. ... ..........

The TSPA-VA assessment results showed that calculated doses within 10,000 years were

dominated by very conservative release assumptions. These assumptions, in turn, were
associated with arbitrary and non-mechanistic assumed juvenile failures of the waste packages.
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As a consequence, subsequent attention focused on improved approaches for evaluating such
juvenile failures.

3.4 Enhanced Design Alternatives - 1999

As stated in the VA documentation, the design concept used for the VA and the TSPA-VA

evaluations was intended to be a step in design evolution to the design that will eventually be

used for the license application. Even though the site characterization data indicating infiltration

rates that were-much highertihan previously-expected.were availablefor-te YA, otherdata(e.g.,.
concerning corrosion of waste package materials) were still limited, and the VA made extensive

use of the results of seven expert elicitations that had been conducted during 1996 and 1997.

Subsequent to publication of the VA, DOE began to develop an improved repository design. The
basis for the design development effort was a group of Enhanced Design Alternatives (EDA).

Six EDA designs were evaluated and the EDA II design (described below) was recommended by

the M&O contractor to DOE as the preferred approach. This recommendation was accepted by

DOE management in September 1999. Design features for the EDA II design are discussed in

Section 3.4.2.

In parallel with DOE's EDA design development effort, substantive action to revise the

regulatory frame work was occurring for the first time since the original NRC and EPA

regulations for Yucca Mountain were promulgated in the 1980's. On February 22, 1999, the

NRC published their proposed 10 CFR Part 63 regulations which set a dose limit of 25 mrem/yr

and-eliminated the subsystem performance objectives included in 10 CFR Part 60. In August
1999, EPA issued for comment the proposed 40 CFR Part 197 environmental protection

standards for Yucca Mountain (EPA99). These standards would require DOE to demonstrate a
reasonable expectation for 10,000 years after disposal that the annual committed effective dose
equivalent to the reasonably maximally exposed individual is no more than 15 mrem (CEDE).

The draft standard also imposed ground water protection requirements. The EPA's proposed rule

had not been published at the time the EDAs were being evaluated, but the individual dose

standard is the same as that incorporated in the generic standard (40 CFR Part 191) an used in the

WIPP certification process.
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3.4.1 Basis for the Current Design

Reviews of the repository design concept and performance assessment results for the Viability

Assessment by parties such as the Nuclear Waste Technical Review Board, the NRC, and the
Performance Assessment Peer Review Panel determined that some of the engineered features of
the VA repository contributed significantly to uncertainty in the Total System Performance

Assessment (TSPA) results. Major design factors contributing to performance uncertainty
included:

The high areal mass (thermal) loading, 85 MTU/acre, and resulting high
temperatures in the rocks surrounding the repository caused significant
uncertainties concerning thermal, hydrological, chemical, and mechanical
coupling effects. It also caused uncertainties concerning the behavior of rock
structure and ground water surrounding the drifts during repository temperature
variations with time.

The use of concrete lining.in the drifts caused concerns about the effect of
materials in the concrete on the chemical constituents in ground water that
contacts waste packages and the effect of those constituents on the corrosiveness
of the water.

The use of carbon steel as the Corrosion Allowance Material and the outer wall of
the waste packages, and use of Alloy 22 as the Corrosion Resistant Material and
the inner wall of the waste packages, caused concern that the carbon steel could
create potential for crevice corrosion of the Alloy 22, thereby increasing the rate
of penetration of the Alloy 22 by about a factor of 25 and consequently greatly
reducing the waste package lifetime.

* The waste packages were not protected from the potential that ground water at the
repository horizon could, at times relatively soon after emplacement, drip onto the
packages and thereby produce aqueous corrosion, enter the package interior,
contact the waste form, leach out radionuclides, and transport the radionuclides to
the environment.

The DOE's development and selection of an improved repository design was directed at being

responsive to these concerns.
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3.4.2 Selection of the Repository Design for the Site Recommendation

DOE used the License Application Design Selection (LADS) process to select the engineered
design for the Site Recommendation. Six Enhanced Design Alternatives (EDA) were defined

and comparatively evaluated. They were identified as EDA options I, A, Ila, Mb, IV, and V.
Options Ma and 11Tb differed in the choice of waste package materials but were otherwise the

same.

In defining the EDA options, specific design features were used to address the important
performance uncertainties. All EDA options use a drip shield of corrosion-Tesistant material to

divert water from the waste packages and to control the waste package environment; all EDA
options also use a corrosion-resistant material as the outer wall of the waste package and limit the

use of cementitious material in the repository. The options differ in their use of high or low
thermal loading, emplacement configurations and waste package energy densities, and backfill.

Use of evaluation criteria and a comparison methodology produced the results of analyses of the
EDA options shown in Table 3-3. These results produced a recommendation by the DOE's
Management & Operations contractor that the EDA 1 option be selected for the Site

Recommendation (SR). DOE endorsed the contractor's recommendation in September 1999,
and this design is now being used as the basis for development of the SR

3.4.3 Comparison of the EDA Il and Viability Assessment Designs

The principal EDA I and VA engineered.design features are compared in Table 34. DOE
estimated that the net present value for development, construction, operation, and closure of the
VA repository would be about $10.1 billion; the estimated net present value for the EDA 11
repository is about $11.0 billion (r'able 3-3). The cost difference for the two designs is
minimized by the assumption that the drip shields and backfill for the EDA II design would be
installed at the time of repository closure, i.e., 50 years or more after the end of emplacement
operations.

The EDA II and VA designs are compared qualitatively with respect to the performance

uncertainties discussed in Section 3.4.1 in Table 3-5. As shown in this table, the EDA II design,
in comparison with the VA design, has a significantly reduced areal mass loading, no concrete
liner, a waste package design which has the corrosion resistant material on the outside rather than
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Table 3-3. Principal Results of EDA Analysis
(Source: K.J. Coppersmith, TRB99a)

c Ffomiance Pactors Margin 2,500 3,550 1,500 180,000 1,250

Time to 25mrem 290,000 years 310,000 years 290,000/310,000 years 100,000 years 300,000 years

Peak Annmal Dose 85 mremn 85 nrem 215/100 mrem 1,200 mrem 200 nner

*censmg Rock Temperatures Always below 96°C >960 C several m's into >96°C across most of >960 C across most of >960C across
bability/Safety drift for hundreds of yrs. repository repository essentially all of

aclors repository
Waste Package Corrosion Does not enter Does not enter aggressive Some WPs in Humid air corrosion of Some WPs in

aggressive corrosion corrosion range aggressive corrosion WPs begins as early as aggressive corrosion
range range for l,OOOs of 100 years range >10,000 years

years

struction, NumberofWaste 15,903. 10,039 * 10,213 10,213 10,039
orations, and Packages

Maintenance Factors Length of Emplacement 132 km 54 km 55km 60 kmn 54 km

Drifts

Key Construction, Operational impacts of Blending; emplacement Fabrication of dual Fabrication, vnlding, Blending
Operations, and mom packages and orbackfill coTrosion-resistant and handling thick
Maintenance Issues longer drifts: blending material package in 1b WPs; emppL ofbackfrll

Flcxibility Factors Iinplacement area for 1,400 acres 1,050 acres 740 acres 740 acres 420 acres
70,000 ]NMTM

Ability to Change to N/A Requires longer Requires changes in High temp. integral to Requires changes in
Lower Temperature ventilation drift spacing WP perfonnance drift spacing

Ability to Change to Requires development Requires development of N/A N/A N/A
Higher Temperature of larger packages and coupled modcls for PA

coupled models for PA

cost Repository Life Cycle S25.1 billion S20.6 billion $20.1 billion/ $21.7 billion $20.0 billion
Cost _ $213 billion

NctPrcsentValuc T$13.4billion $1l.Obillion $10.7billion/ $11.3billion $10.8billion
II$11.4 billion I I_
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Table 3-4. EDA I1/VA Design Comparison (Source: M.C. Tynan, TRB99a)

Areal Mass Loading 60 MTU/acre 85 MTU/acre

Drift Spacing 81 m 28m

Drift Diameter 5.5m 5.5 m

Total Length of Emplacement Drifls 54 km 107 km

Ground Support Steel Concrete lining

Invert Steel with sand or gravel ballast Concrete

Number of Waste Packages 10,039 10,500

Waste Package Matenal z cm Alloy 22 over 1U cm carbon steel over
5 cm stainless steel 316L 2 cm Alloy 22

Maximum Waste Package Capacity 21 PWR assemblies 21 PWR assemblies

Peak Waste Package Power (blending) 20% above average PWR waste 95% above average PWR
. package power waste package power

Drip Shield 2 cm Ti-7 none

Backfill Yes none

Preclosure Period 50 years 50 years

Preclosure Ventilation Rate 2 to 10 cubic m/s 0.1 cubic m/s

Table 3-5. Impact of EDA II Design Features on Performance Uncertainties

II.7 BJIrI.W W*JN;.;J294wt -

Areal Mass Loading 85 MTU/acre 60 MTU/acre Reduce thermal coupling issues

Drift Spacing 28 meters 81 meters No temperature rise above boiling point
in rock between drifts; reduces overall

._ performance uncertainty

Drift Liner and Concrete - Steel Eliminate effect of concrete constituents
Invert Material on water chemistry; reduce corrosion

rates and radionuclide release rates;
increases package lifetime

Waste Package 10 cm carbon steel 2 cm Alloy 22 over Eliminate crevice corrosion potential;
Materials over 2 cm Alloy 22 5 cm 316L stainless reduce Alloy 22 corrosion rate by factor

of 25 or more; increases package life

Peak Waste 95% Above 20% Above Average Reduce thermal gradients; less driving
Package Power Average by Blending force for water movement and

Assemblies degradation processes

Drip Shield None 2 cm Titanium 7 Protect waste packages; defer contact by
water and eliminate juvenile failure

._ potential

Backfill None Yes Divert water from waste packages;
vrotect against rockfall

3-22



on the inside, and use of drip shields and backfill to help reduce and defer contact of water with

the waste packages. Each of these designr features is responsive to concerns for performance

uncertainties in the VA design; each helps to mitigate performance uncertainties and to improve

expected repository system performance with respect to timing and quantities of radionuclide

release. Improvement is obtained either by delaying penetration of the waste package walls or by

changing the expected physical/chemical conditions to reduce the amount of radionuclides that

could be transported out of the EBS by migrating ground water that moves through the

repository.

3.5 Evolution of the Comparative Contributions of Engineered and Natural Barriers to
Repository System Performance

As previously noted, the evolution of repository design and performance has been characterized

by greatly augmented contribution of engineered barriers to performance and greatly diminished
contributions of the natural barriers. The natural barriers of principal significance are the rate of

infiltration of water into the mountain; the water percolation flux at the repository horizon; the
rate of seepage of water into the drifts and onto the waste packages; travel times in the
unsaturated and saturated zones; radionuclide holdup on rock formations as a result of sorption;

and dilution of radionuclide concentrations as a result of dispersion and mixing of contaminated
and uncontaminated water. Acquisition of data to characterize these performance factors has

been underway since inception of the Yucca Mountain project, is continuing today, and will
continue through the post-emplacement performance confirmation period if a repository is built

at the site.

The diminished role of natural barriers in repository performance expectations occurred relatively

abruptly in the 1996-1997 time framne, and was first made evident in the TSPA-VA evaluations
(which, as previously noted, were the first TSPA evaluations for a potential "actual" repository at
the site). In comparison with the prior TSPA studies, the TSPA-VA evaluations used greatly

increased infiltration values and greatly reduced dilution factors for the saturated zone. For

example, the SCP and all TSPA studies prior to the TSPA-VA assumed infiltration rates on the

order of one mm/yr or less; in contrast, the TSPA-VA used a current-climate average infiltration

rate of 7.7 mm/yr and a long-term climate average infiltration rate of 42 mm/yr. Models and

analyses in TSPA-95 projected overall dilution factors for the saturated zone on the order of

1,000 to 100,000; TSPA-VA used a dilution factor range of 1-100 with a median value of 10.
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These changes were brought about principally by the following:

* In 1996, Flint et al. (FLI96) reported analysis of accumulated site characterization
data which demonstrated that the infiltration rate is on the order of 1-10 mm/yr
and is highly variable over the area of the repository footprint

* In 1997, D'Agnese et. al reported a regional scale model of the Death Valley
hydrologic regime in Nevada and California (DAG97)

* In 1997, an Expert Elicitation on unsaturated zone flow was conducted; based on
available data, the experts estimated-the mean infiltration rates to range from 3..9
mm/yr to 12.7 mm/yr (DOE97)

* Data showing that CI-36 from nuclear weapon tests had traveled to the repository
horizon in 50 years or less were interpreted to show that there are fast paths for
flow through the unsaturated zone, the infiltration rate had to be at least about 2
mm/yr, and the fast flow apparently took place in the fracture zones (Fab98).

* An improved model for flow and transport in the unsaturated zone, based on
integrat4ionof hydrologic, mineralogic, structural, hydrochemical and geochemical
site characterization data, was reported and made available in 1997 for the TSPA-
VA (BOD97)

* An Expert Elicitation on flow and radionuclide transport in the saturated zone was
conducted (GE098). The-experts rejected the models used in TSPA-95 which
showed very large dilution factors, and they emphasized the limitations of
processes that would cause dilution of contaminant concentrations. The experts
also took note of the extreme lack of data to characterize the geohydrologic
regime in the saturated zone beyond the 5-km boundary of the accessible
environment (the result of prior focus on the requirements of the EPA's 40 CFR
Part 191 regulations). The experts expressed their belief that radionuclide
transport would be by movement in vertically thin plumes through flow tubes
beneath the repository; they also recommended that the overall dilution factor be

...... ..... consained-totherange of.l.to.1.0.01with.amedian value-of 10.

The results of these activities and findings were incorporated into the basis for the models and

performance parameter values used in the TSPA-VA. For example, the Expert Elicitation

recommendations concerning dilution in the saturated zone were adopted directly, and a new

one-dimensional stream tube model for radionuclide transport in the saturated zone was

developed in response to the experts' opinions concerning flow in the saturated zone.
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Overall, the models and assumptions adopted for the TSPA-VA analyses resulted in essentially
no contribution to performance from transit and holdup in the unsaturated zone, and dilution of
radionuclide concentrations during transit of the saturated zone to a location 20 km from the

repository occurred by only a factor of 10 in the base case. Dilution during pumping by the dose

receptor was assumed not to occur.

Despite minimization of the role of natural barriers in the TSPA-VA analyses, the TSPA Peer
Review Panel (PRP99) stated, "The current treatment of saturated zone (SZ) flow and transport

at Yucca Mountain is far from satisfactory." The Panel noted three main areas of weakness in
the TSPA-VA treatment:

* The lack of data for some important parameters
* The incomplete nature of site characterization
* Continuing questions regarding the adequacy of the numerical models

The basic remedy for these weaknesses, which could permit increased and justified reliance on
performance of the natural barriers, is to significantly expand the data base of site characteristics
and by so doing increase understanding of the functioning of the natural barrier. To do so would,

however, be costly and time-consuming, and may not be necessary given the extreme reliance on
engineered barriers that has been developed to reduce the importance of uncertainties in natural
barrier performance (see the description of the current repository design in Section 3.4.2).

Indeed, in 1996 the Nuclear Waste Technical Review Board noted that "...there are no data to
support a realistic estimate of dilution...[and it is not clear] whether further characterization can

provide the data for reducing the uncertainty ...further studies of the saturated zone beyond those

now planned or under way... may not be cost-effective" (TRB96). These considerations indicate
that the DOE move to a more highly engineered repository design was directed by a realization of
the limitations of further characterization efforts on the complex flow system in and around the
site, and the recommendations of external parties to move in the direction of enhanced design to
lower the uncertainties.

At present, Nye County, in cooperation with DOE, is conducting a drilling and testing program

using boreholes drilled approximately along a radius 20 km from the proposed repository
location. These data will expand knowledge of the characteristics of the saturated zone in the
valley-fill alluvium. Data available to date indicate that the geologic formations are highly
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complex, and that flow may occur principally in channels within the alluvium (NYEOO). The
results of these and other tests planned by DOE may serve only to confirm that significant
contributions to performance from features of the saturated zone are not to be expected.

In contrast to the situation for the saturated zone, ongoing experiments in the unsaturated zone at
the repository horizon may provide a basis for increased reliance on, or confidence in,
performance of natural features in the unsaturated zone in future TSPA evaluations. Experiments
concerning seepage into drifts (which has been consistently shown by TSPA evaluations to be
one of the, most importan~t performance parameters) areshopwing that seepageis highl y imited.
and no natural seepage into drifts excavated to date has yet occurred. A world-wide investigation

of natural analogs has also shown that seepage dripping into underground openings like those
that would be characteristic of the repository is highly limited or non-existent because of
capillary forces (TRBOOa). The most recent report on the seepage work (TRBOOb) indicated that

the current seepage model matches the limited available data reasonably well, and that the model
predicts a seepage threshold of 200 mm/yr for the rock formations at the repository horizon.

Seepage was incorporated into TSPA modeling for the first time in the TSPA-VA. The TSPA
Peer Review Panel found the modeling approach to be "...both novel and informative" (PRP99).

The modeling approach assumed steady-state flow in a fracture continuum, in which seepage
starts where conditions exist for the drift surface to become fully saturated. The percolation flux

~~~~~~~. . . ..... ..... ... . .... .. ... .....I.. ... .. . . . ... .. ... .I ------- I... ....
threshold was estimated to be in the range 2-3 mm/yr, i.e., approximately the same as the current
infiltration rate.

As -noted above, experiments to date are indicating that the seepage threshold is actually on the
order of 200 mmlyr. (This value corresponds to the high end of the values used in the TSPA-VA
for the superpluvial glacial period in the VA climate model.) Available data are, however,
limited, and the threshold will be highly sensitive to geometric and wetting conditions on the
drift wall. In addition, seepage patterns and rates may change as a result of thermomechanical

and thermochemical effects, and rock fall as a result of seismic events. The Peer Review Panel
recommended further testing, which is currently underway (TRBOOb).

DOE has recently adopted a technique termed "neutralization analysis" to characterize the
contribution of individual performance factors to overall repository system performance
(TRWOO). The technique is being applied to the EDA 1I design; its use, and the relative roles of
the engineered and natural barriers for the EDA II design, are discussed in Section 4.6. In
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general, the natural barriers play even less of a role in the current EDA II repository design than
in the VA design because of further augmentation of engineered barriers in the EDA II design.

3.6 Summary of Factors Affecting Evolution of the Repository Design

As described above, the evolution of the design of the Yucca Mountain repository and its
engineered barrier system has been an iterative process occurring, to date, over an eleven-year

period from 1988, when the SCP was issued, until 1999, when the EDA II design was selected to
be the basis for the Site Recommendation scheduled to be made in 2001. The evolutionary
process has been driven principally by the following factors:

Findings, from site characterization data, that performance of the natural barrier
system will be significantly less than was expected when the SCP was issued.
Specifically, infiltration rates are much higher than had been expected, water
travel times in the UZ are faster than had been expected, and dilution of
radionuclide concentrations will be much less than had been modeled as recently
as 1995.

* Findings, from TSPA evaluations of design options and natural barrier
performance models, that the SCP engineered barrier design concepts resulted in a
high degree of uncertainty of ability to achieve compliance with EPA's 40 CFR
Part 191 total system release standards and NRC's 10 CFR Part 60 subsystem
performance requirements.

* As a result of DOE/NRC Technical Exchanges, development of NRC's Issue
Resolution Status Reports, and external reviews, development of understanding of
the rigor, depth, and limits on uncertainty that must be addressed in order to
prepare a safety case adequate for licensing reviews.

* Results of external reviews such as those by the NWTRB, the TSPA Review
Panel, and NRC staff, and understanding of the sources and magnitudes of
uncertainties and technical issues in data, performance models, and performance
assumptions that are significant to the adequacy and defensibility of the safety
case.

In summary, the engineered design of the repository has evolved as a result of progress along a

learning curve involving understanding of what the engineered and natural barriers can and
cannot do in the Yucca Mountain setting, understanding of the essential elements of a safety case
that is adequate for licensing reviews, and understanding of the needs for design approaches and
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data to bring uncertainties to acceptable levels. Identification of "acceptable levels" of

uncertainties is related to EPA's concept of "reasonable expectation" and NRC's concept of
"reasonable assurance", discussed in Section 5. The EPA standards have included, since

promulgation of 40 CFR Part 191 in 1985, andthrough revised Part 191 in 1993, Part 194, and
proposed Part 197, individual-protection standards of 15 mrein/yr CEDE (or equivalent), human-
intrusion standards of 15 mrem/yr CEDE (or equivalent), and ground water protection standards

derived from the Safe Drinking Water Act.

Jtisnoteworthylthat the-designevolution-has-not-been-drivenby- EPAs s40 CFR Part 191
standards concerning radionuclide releases or by anticipated EPA dose standards. Examination
of the DOE performance evaluations to date show that there are many alternative means to
reduce uncertainties in performance projections, even with limited contributions of natural

barriers to repository system performance. What is necessary is to build a solid foundation,
through use of data, reasonable performance models, and reasonable assumptions, to demonstrate
that the safety case is a reasonable and appropriate representation of expected repository

performance.

3.7 EDA II Design and the TSPA-SR

As discussed in Section 3., DOE has evolved the repository design over a number of years from
one emphasizing the natural barriers of the site to one with much greater reliance on engineered

barriers. Among the reasons for this shift in emphasis was an increasing realization that
collecting data to resolve residual uncertainties in the behavior of the natural system would be
more costly than to develop and use engineered barriers that would eliminate the concern over
those uncertainties. Following the Enhanced Design Alternatives program in 1999 (Section 3.4),
the program focused on the EDA II design as the basis for the next iteration of the TSPA, known
at the TSPA for Site Recommendation (TSPA-SR).

The TSPA-SR is intended as an update and improvement of the TSPA for Viability Assessment

(TSPA-VA) (DOE98a), and as technical support for the Site Recommendation. Changes made
to the TSPA models were intended to address criticisms of the TSPA-VA modeling approaches,

to evaluate the system with more elaborate and soundly based modeling approaches. In addition,
greater emphasis was placed on quantification of uncertainties that were not addressed in the

TSPA-VA. In particular, in TSPA-SR greater emphasis was placed on the potential for igneous
disruption of the repository, on waste package degradation mechanisms potentially leading to
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early failures, and on potential human intrusion events. Considerably more attention was focused
on evaluating the robustness of model assumptions and the influence of various engineered
barriers than had been done previously.

The TSPA-SR supports the mandated site recommendation process in Sections 112 and 114 of
the Nuclear Waste Policy Act (NWP83, NWP87). The site recommendation is an advanced
stage of development of a recommendation by the Secretary of Energy to the President regarding
the suitability of the proposed site for development. Since it is an integral part of the legal
process for determination of the suitability of the repository to proceed toward a key decision

step, the intent is for the TSPA-SR to be a strongly defensible analysis, and to form the

foundation for the TSPA to be used in a license application.

3.7.1 New Approaches In the TSPA-SR

The primary scenarios evaluated in TSPA-SR are (1) a nominal scenario, (2) an igneous scenario,

and (3) a human intrusion scenario. In addition, assessments were conducted that evaluate the
robustness of the analysis to extreme assumptions regarding system behavior, such as very early
failure of engineered barriers. These assessments were conducted as part of a series of analyses
intended to investigate "barrier neutralization," "uncertainty importance," sensitivity, and
robustness of the TSPA. As such, they are regarded as parallel and supporting lines of argument

in the Repository Safety Strategy, but are not central to TSPA-SR conclusions regarding
regulatory compliance.

3.7. 1.1 The Nominal Scenario

The "nominal scenario" is intended to represent the "sequence of anticipated conditions"
(TRWOOa). This is contrasted with "discrete, unanticipated events that disrupt the nominal case
system (TRWOOa)." That is, the sequence of external events and processes influencing the

system in the nominal scenario represent only gradual degradation processes, with discrete, rapid
degradation processes characterized as "disruptive events." The intent of the TSPA is both to

show "how the system is thought to behave, but also to provide information on how much

uncertainty is associated with each total system performance assessment component..."
(TRWOOa). To that end, the analyses In the nominal scenario are intentionally biased
toward conservatism in assumptions and choices of parameters . Consequently, despite using
scenarios that represent "anticipated conditions," the expected values of the consequences of the
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nominal scenario should not be interpreted as the expected consequences of the repository.

Instead, the "expected values" are a mathematical expression of a conservative representation of

reality. This approach is generally acknowledged to be an appropriate approach to developing

defensible TSPA analyses for repositories. Nevertheless, while a conservative approach to

defining performance scenarios is typically used in TSPAs, proper interpretation of the results

and subsequent decision making must be done with an understanding of the nature and extent of

the conservatism embedded in the TSPA results. These points are key to understanding the

TSPA-SR results in the context of reasonable expectation (described in Section 5) of compliance.

There appears to be consensus among DOE and EPRI commentators that the assumptions in the

nominal case of the TSPA-SR are defensible and conservative, and in some cases very

conservative. EPRI (EPROO) provided a long list of "departures from reality" in assumptions in

the TSPA-SR. Essentially all potentially non-conservative assumptions listed were offset by an

associated conservative assumption. However, there were numerous conservative assumptions

that were not offset by any balancing approach. Among the most important conservative

assumptions in the TSPA-SR are (EPR0O):

The model for hydrogen absorption on the titanium drip shield can be considered very
conservative since it assumes that all the hydrogen absorbed during general corrosion will
remain in the residual wall thickness and is available to induce hydrogen-induced
cracking (HIC). This constitutes a very conservative assumption for the materials in the
EDA II design. Without hydrogen absorption, dripshield lifetimes would be extended to
greater than 30,000 years (EPROO). The primary effect of modifying this assumption
would be to displace the dose curve out further in time, lowering doses calculated in the
first 100,000 years by perhaps two orders of magnitude.

* The model for crevice propagation, if it were to initiate, is conservative. The crevice
propagation is assumed to progress in a conservative non-mechanistic manner that may
allow moisture ingress into the waste package. However, EPRI (EPROO), in comparing
the potential effects of crevice corrosion on the failure time of the waste packages, found
that it had only moderate effects (about 1,000-2,000 years) on the failure time.

* The initiation of stress corrosion cracking in the annealed final closure weld is a
conservative assumption. EPRI argued that the material properties and the stress-state the
waste package will experience imply that the probability of initiation of stress corrosion
cracking is negligible, approaching zero. Eliminating this mechanism from the model
may delay the onset of releases for several ten of thousands of years (EPROO, Figure 5-
17).
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* The cladding is assumed to be in an extremely aggressive environment, representing
severe conditions for corrosion (DOE01). It is assumed that fluoride enters the waste
package and comes in contact with only the cladding. The model does not account for
buffering the fluoride by the basket internals. Accounting for this buffering would tend to
provide a competitive mechanism for reaction of the fluoride, in turn providing a much
less aggressive environment for the cladding. In addition, for fluoride to enter the waste
package, significant water would need to flow through the crack, diluting the
concentration of the fluoride and lessening the impact. It is unclear whether these
concentrations might be decreased enough to eliminate fluoride corrosion initiation
entirely. If fluoride effects are eliminated, one would expect the onset of releases to be
significantly delayed,. since the reaction f dadding-iithfluofideisthe primaryinitiation
reaction in the DOE model. The TSPA-SR also assumes that the fluoride contacts the
cladding in a limited area, which is argued by EPRI (EPRO0) to be extremely
conservative. In presenting an alternative model for cladding corrosion, in which
corrosion was treated as general in nature (not specifically driven by contact with
fluoride), EPRI calculated the median time to cladding failure as between 25,000 and
70,000 years, for dripping and dry conditions, respectively. This results contrasts with the
barrier sensitivity analysis presented by DOE01 (DOE0l, Figure 4-214), which shows
little difference between the base case analysis and one in which virtually no credit is
given for cladding corrosion.

In addition, it is noted that the flow model at the repository level includes an assumption that

seepage initiates when a percolation threshold of 10 rm/yr is reached. Research on this effect

suggests that a threshold value of 200 mm/yr is needed to overcome capillary effects (TRBOOb).

Notably, the only extant measurements associated with the threshold value indicate 200 mm/yr in

the middle nonlithophysal unit of the Topopah Spring Tuff (DOE0l, pg 4-92). This value is

treated as an extreme end of a probability distribution in the TSPA-SR Consequently, this

assumption represents-a-significant level-of conservatism,-and particularly overestimates the

effects of wet-climate states. Applying a higher threshold value would imply that the

emplacement drifts would experience dry conditions for a considerably longer time.

A key change to the TSPA-SR compared with the earlier TSPA-VA was the treatment of

manufacturing defects in the waste package. In the TSPA-VA, an assumed number of defects

were assumed to lead to almost instantaneous releases from the repository. These early failures

dominated the dose consequences in the period less than 10,000 years. However, these assumed

early failures were somewhat arbitrary and not based on any known mechanism. For the TSPA-

SR, the initiation of early failures was evaluated based on established engineering approaches for

evaluating the likelihood of manufacturing defects, which are subsequently not identified during

inspections. This approach, which is far more reasonable than the TSPA-VA approach, is
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nonetheless coupled with conservative models and parameters for corrosion initiation and

propagation. The resulting approach, while still conservative, has shown the early failures used

in the TSPA-VA to be non-mechanistic and implausible (DOEOI).

Despite the apparent level of conservatism of the nominal scenario, there are no significant doses

to the RMEI in the time period over which the performance objectives apply. The conservatism

of the nominal scenario leads to releases and subsequent doses to the RMEI during the period

10,000 to 100,000 years. Less conservative assumptions could well delay the releases until after

. . . ...Q years.

3.7.1.2 Igneous Scenarios

The igneous scenario is subdivided into two scenarios: eruption and intrusion. The eruption

scenario refers to penetration of the repository, leading to total disruption of waste packages and

drip shields encountered by the magma, bringing waste to the surface. Doses result from ash

eruption, with downwind transport, redistribution of ash at the surface, and subsequent human

exposures. The intrusion scenario refers to penetration of the repository by magma, leading to

total disruption of waste packages and drip shields encountered by the magma, but without

further movement of radionuclides. However, since the engineered barriers are assumed to be

totally destroyed, this scenario functions as equivalent to assessing juvenile failures of waste

packages. Releases for the magma intrusion scenarios are via releases to ground water from the

disrupted waste packages.

DOEO1 has described -the process -by which the probability of occurrence of the igneous scenarios

was derived. A panel of ten experts representing a wide range of expertise was assembled to

interpret the volcanic hazard. The panel evaluated existing data, tested alternative models and

hypotheses, and produced an integrated assessment of the volcanic hazard. The use of this

procedure may have elicited slightly overstated probability of occurrence. The panel was

concerned that some past basaltic activity in the area may have been eroded or buried by younger

sediments. Consequently, the panel formally recognized this possibility by including these

undetected volcanos into their estimates of the number that have occurred. DOEOOa stated that

most common multiplier for hidden events was 1.1 to 1.2 of the known volcanic events, despite

the fact that there is no known episode of magmatic intrusion in the Yucca Mountain region that

has not been accompanied by a surface expression.
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The mean estimated annual frequency of intersection of the repository by a dike is 1.6x1 04 . The
5h and 951 percentiles of the annual probability are 7.6x101̀  and 5.Oxl0-', respectively. Shifting
even selected probability values by 10-20 percent is unlikely to reduce the mean annual
probability below the scenario cutoff value of 104. Furthermore, DOEOOa cites a series of
estimates for the probability of intersection of the proposed repository at Yucca Mountain
published during 1982-1999. These values cluster between 1-3x10', with a few values as high as
i0' for very conservative assumptions, and other values as low as 10.10 for less conservative
assumptions. Regardless, a series of investigators have suggested that a probability in slight
above 10' is credible. Hence, while the probability may be slightly overstated by the TSPA-SR
analysis, it is unlikely that the igneous scenario can be eliminated solely by arguments related to

the probability of occurrence.

By contrast, the consequence analysis conducted for the TSPA-SR appears to be very strongly
biased toward conservatism. All eruptions are assumed to be violent strombolian for their entire
duration. The justification for this assumption is that this is a conservative approach, and that it

is consistent with the capabilities of an existing NRC computer code, ASHPLUME. EPRI
(EPROO) strongly criticized this assumption, and concluded that strombolian eruptions are both
rare in extensional environments like Yucca Mountain, and are not consistent with existing

basaltic deposits associated with past events in the region. EPRI (EPROO) suggested that the
Pu'u O'o eruption of Kilauea Volcano, Hawaii would be a better model for the type of eruption

that may occur in the Yucca Mountain region. This type of eruption would have much less
severe consequences than would a violent strombolian eruption. NRC (NRC99a) notes that such

"...low-energy, low-dispersivity eruptions have limited potential to disperse HLW to critical
group locations."

In the TSPA-SR it is assumed that the magma destroys all waste packages and drips shields that
it contacts, making the full inventory of those packages available for transport. The justification
for this assumption is that it is conservative, and that other assumptions would be difficult to

support (TRWOOa). The TSPA-SR is based on a very high temperature (1200 C) in the dike. It
has been noted (EPROO) that literature information is available that would indicate that dikes of

similar size to the drifts would solidifiy in 10 to 20 days, and that the expected contact
temperature between the magma and the containers would be substantially (as much as 40

percent) lower than the value used by DOE. Taking these effects into account would drastically

reduce release rates associated with this scenario, since the containers would likely survive intact
at lower temperatures. EPRI (EPROO) also notes the existence of natural analogues for this
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effect, in which cars, telephone poles, and other objects in the magma path are embedded in the
magma rather than consumed by it. In the supporting documentation for the TSPA-SR, DOE
(DOEOO) acknowledges these temperature effects, conducts modeling of the thermal interactions

of waste packages and magma, and presents a conceptual model in which the waste packages are
primarily intact after interactions with magma. This conceptual model was not used in the TSPA-

SR.

These two assumptions (waste package destruction and type of eruption), if modified, have
thie pktential by themselves to lead to minimal or zero releases from the waste packages in
the case of Igneous activity.

A number of additional assumptions in the TSPA-SR igneous models are also conservative
(EPROO), but would-tend to-have-less profound impacts on-the results:---.------ ------- ---

* Effects associated with magma viscosity and velocity are conservative. It is assumed that
sufficient magma enters the emplacement drift to contact between 6 to 18 waste packages
and move them around, contributing to waste package-failure. Assumptions of less
violent behavior would tend to decrease releases directly in proportion to the number of
damaged containers.

* The assumed waste form particle size after disruption is conservative. When the waste
form is exposed to the erupting magma it is assumed that the spent fuel is pulverized into
very fine particles. The shearing forces involved in magma eruption are unlikely to be
able to cause enough grinding of the ceramic fuel to pulverize the majority of the fuel into
a fine powder. This is conservative for the eruption scenario because a fine powder is
more easily dispersed over long distances. This assumption is inconsistent with the
conceptual model of dike-waste package interactions presented by DOEOO. In that report,
waste packages were described as-being substantially intact following interactions with a
dike. If the waste is not pulverized during the eruption, the eruption scenario, which
relies entirely on an airborne pathway, would likely be inconsequential.

* The fuel particles are assumed to be on or near the top of all of the magma and eruptive
material as it falls back to earth. This assumption is conservative since the majority of the
dose from the eruptive scenario is via the inhalation pathway. Waste buried deeper within
the fallen ash is less likely to be resuspended by the wind. The particle size assumption
discussed above would make this assumption even more conservative.

* IThe wind is conservatively assumed to always blow toward Amargosa Valley, thereby
ensuring the ash fall lands on the greatest local population. The SCP Chapter 5
(DOE88a) shows that no more than about 15 percent of the surface winds are from the
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north, and at higher elevations winds are generally from the east or southeast.
Consequently, this assumption likely represents a conservatism of on the order of a factor
of 2-3 in the probability-weighted dose.

A magma conduit is always assumed to be centered on a drif. This will tend to be
conservative since a conduit not centered on a drift should intersect less waste containers.
Based on the ratio of the area of the drifts to the area of the repository, this assumption is
likely to be conservative by less than an order of magnitude.

* The major faults on either side of the repository have the potential to divert any magma
around the repository. This has been conservatively ignored. The effect of accounting for
such diversion around the repository would be to lower the probability of its occurrence.
Given that the mean probability of occurrence of the scenario is only marginally above
the value that should be considered in the TSPA, altering this assumption may eliminate
the igneous scenario from further consideration.

3.7.1.3 Human Intrusion Scenario

The human-intrusion scenario is a hypothetical analysis of the potential effects of a drilling event

at the site. In this analysis, a stylized drill hole is assumed to penetrate a waste package and

continue to the saturated zone. The scenario therefore serves both to disrupt a waste package

prematurely, and to provide a reasonably enhanced pathway to the saturated zone.

DOE developed the human intrusion scenario for the TSPA-SR to be consistent with existing

guidance in the draft 40 CFR 197 (EPA99), the proposed version of 10 CFR 63 (NRC99), and

the proposed version of 10 CFR 963 (DOE99a). The implementation of the regulatory

requirements was conducted in the TSPA-SR as shown in Table 3-6 (TRWOOa). The central

feature for treatment of these requirements was to be consistent with the more conservative of the

proposed requirements from the draft regulations. Most notably, the intrusion is assumed to

occur at 100 years, consistent with the proposed NRC requirement (NRC99). Intrusion at later

times, when (consistent with EPA99) a waste package might reasonably be more degraded to

allow an unrecognized drilling penetration, was treated as a sensitivity case study.

As illustrated in Table 3-6, similarities between the proposed 40 CFR Part 197 and the proposed

10 CFR 63 consist of

E the intrusion event is a single borqhole that penetrates a waste container and continues to
the saturated zone,
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Table 3-6 Implementation of regulatory requirements in the TSPA-SR for regulatory
requirements (Table adapted from TRWO'Oa). Key differences between the NRC and EPA -- -
assumptions are indicated as underlined text.

EPA Additional andlor
NRC Base Assumptions (from Conflicting Assumptions (from

Proposed 10 CFR Part 63) Proposed 40 CFR Part 197) ConceptualFiatlon for TSPA-SR

Assumed intrusion is a drilling Assumed intrusion is an acute and Inadvertent drilling event
event. inadvertent drilling event

Drilling result is a single, nearly Borehole penetrates a degrade Single vertical borehole from
vertical borehole that penetrates a waste packag and extends to the surface through a single waste
waste package and extends down to SZ. package to the SZ.
the SZ.

Intrusion occurs 100 years after Intrusion time should take into Intrusion occurs at 100 years (a
closure account the earliest time after 10,000 year intrusion time is

disposal that a waste package could examined in a sensitivity
degrade sufficiently that current simulation).
drilling techniques could lead to
waste package penetration without
recognition by the drillers.

Borehole properties (diameter, Borehole results from exploratory Borehole diameter consistent with
drilling fluids) are based on current drilling fr groundwate. Borehole an exploration groundwater well.
practices for resource exploration. properties are consistent with

current practices.

Borehole is not adequately sealed to Natural degradation processes Infiltration and transport through the
prevent infiltrating water. gradually modify the borehole, the borehole assumes a degraded,

result is no more severe than the uncased borehole, with properties
creation of a groundwater flow path similar to a fault pathway.
from the crest of Yucca Mountain
through the potential repository and
to the water table.

Hazards to the drillers or to the Only consider releases through the Groundwater is only pathway
public from material brought to the borehole to the SZ; consider considered.
surface by the assumed intrusion releases occur gradually through air
should not be considered. and water pathways, not suddenly as

with direct removal.

A separate consequence analysis is Unlikely natural processes and Intrusion borehole is applied to
required, identical to the events are not included, but analysis nominal case; effects of volcanism
performance assessment, except for could include disturbances by other are not included.
the occurrence of the specified processes or events that are likely to
human intrusion scenario. occur. Separate consequence-only

analysis.

Peak dose is not to exceed 25 Peak dose is not to exceedj1 Does not affect simulations.
mrem/yr. in the first 10,000 years. InremL3.T In the first 10,000 years.
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* doses to the driller are not considered,
* doses are evaluated only for gradual processes occurring at the repository, and
* borehole properties are consistent with current technical practices.

The primary differences between the two proposed regulations are

* different dose criteria (15 vs. 25 mrem/yr), and
* the time of intrusion (100 years vs. a credible time for unrecognized penetration).

The DOE approach presented in Table 3-6 was to be consistent with the proposed regulations

where they are consistent, and to consider both proposed regulations where they differ.

The approaches used in TSPA-SR for evaluating these conditions are shown in Table 3-7. The
analyses are based on a representation of an exploratory drilling intrusion, which leads to

disruption of a waste package and an enhanced pathway through the unsaturated zone. The

saturated zone and biosphere analysis are the same as in the nominal scenario.

3.7.2 Results of the TSPA-SR

The results of the TSPA-SR show the following characteristics. The results are composed of the

- -- - - -- - - -. . . . . . .. . . . . . . . . . . . . . . . . . ....

combination of the nominal scenario and two igneous scenarios. The dose curves from these
scenarios are weighted by their probabilities so they can be combined, as shown in Figure 3-2.

These curves are then intended to be compared with proposed dose criteria, which are also shown
in Figure 3-2. Human intrusion is treated as a separate scenario, which is not combined with the
results from the nominal and igneous scenarios.

The nominal scenario produces nil dose values during the compliance period (<10,000 years).
The only significant doses associated with the nominal scenario occur in the post-compliance
period (>1 0,000 years). This is the result of complete containment of the waste by the design-
basis engineered barrier system during the first 10,000 years.

TRW (TRWOOa) states that doses in the first 2000 years after closure are dominated by the

eruption scenario. From 2000 years until after 10,000 years, the doses are dominated by igneous
intrusion followed by releases to ground water from the magma-disrupted waste packages. After
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Table 3-7 Technical Assumptions Implemented in the Human Intrusion Scenario in TSPA-SR
(Table excerpted from TRWOOa).

Key Component
Issue Affected TSPA-SR Implementation

Borehole diameter Infiltration Typical water well borehole has a diameter of 20.3 cm (8
Borehole Transport in.)

Infiltration into borehole Infiltration Assumed infiltration rate distribution is based on modeled
infiltration in the Yucca Mountain region for the glacial
transition climate. Values at the high end of the
distribution inherently include the possibility of surface
water collection basin focusing.

Seepage into penetrated Infiltration Volumetric flux is equivalent to infiltration rate times
waste package Wase Mobilization borehole area. Volume of drilling fluid is ignored.

Type of waste package Waste Mobilization Sampled from CSNF and co-disposed waste packages.
penetrated Co-disposed packages contain both DSNF and HLW

glass.

Thermal and geochemical Waste Mobilization Assume temperature and in-package chemistry as
conditions in waste package calculated in nominal scenario. This assumes Well J-13

water and ignores any chemical effects of the drilling
fluid.

Waste form degradation Waste Mobilization Waste in penetrated package is assumed to have
perforated cladding from drilling disturbance.

Solubilization of Waste Mobilization Infiltrating water can mix with waste in entire waste
radionuclides in water package. Solubility is based on temperature and in-

package chemistry as in nominal scenario.

Borehole flow and transport Infiltration Volurnetric flux consistent with seepage into the waste
properties package. Transport properties consistent with a UZ fault

Borehole Transport pathway.

Borehole location Infiltration Random over the footprint ofthe potential repository.
SZ Transport Uncertainty in location is captured in infiltration rate and

location that radionuclides enter the SZ.

Borehole length Borehole Transport Borehole length from the potential repository to SZ
conservatively assumes water level consistent with glacial
transition climate.

SZ SZ Transport Assume SZ flow and transport properties identical to
nominal scenario.

Biosphere processes Biosphere Assume exposure pathways and receptor characteristics
identical to nominal scenario.
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Figure 3-2 Comparison of Proposed Radiation Protection Standards with
Expected Values of TSPA-SR Calculations for a Repository at Yucca
Mountain for Nominal and Igneous Scenarios (Figure adapted from
TRWOOa).

10,000 years, the doses curves are a more complicated function of the probability weighted doses

from each of the three scenarios (nominal, eruption, and intrusion).

In all cases the mean dose rate from the combined scenarios is substantially less than the

regulatory standards over 10,000 years. In addition, analyses presented in the TSPA-SR
(TRWOOa) show that none of the TSPA realizations exceeded any of the proposed regulatory
criteria during the 10,000-year compliance period. As discussed in Section 3.7.1 above, the
results within 10,000 years are likely to be extremely conservative because of the conservative
treatment of igneous activity. Modified assumptions for repository behavior during interaction
with magma have the potential to eliminate all calculated doses in the first 10,000 years.

It is interesting to contrast these results with earlier TSPA results presented in the TSPA-VA

(DOE98). In the TSPA-VA, doses in the period less than 10,000 years were dominated by

artificially introduced juvenile failures of the waste containers from manufacturing defects.

These early doses have been eliminated in the TSPA-SR through a combination of an improved
waste package design, and improved, more realistic modeling of juvenile failures associated with
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the new design. However, in the assessments of doses within 10,000 years these juvenile failures
from manufacturing defects have been replaced in the TSPA-SR by juvenile failures associated
with the igneous scenarios, with their associated assumptions about early complete destruction of
the waste containers, and very conservative assumptions for eruption characteristics.

Mean dose-rate results from the human-intrusion scenario are presented in Figure 3-3. As

discussed in Section 3.7.1, the base case represents a conservative assumption of intrusion at 100
years, in keeping with NRC guidance (NRC99). Mean dose-rate results from a sensitivity case
are also shown on the figure, in which the intrusion occurs at 10,000 years in keeping with EPA
guidance (EPA99). The mean dose rate is not significantly higher at 100 years than at 10,0000

years. The mean dose rate is well below proposed regulatory standards at all times.
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3.8 DOE's Current Program Costs

The cost figures in Table 3-7 reflect DOE's most recent estimates (DOEOla) for both historical
costs for the repository program to the year 2006, and projected costs through the closure and

decommissioning phases. These cost estimates are adjusted to a common basis of constant
dollars at year 2000. Table 3-7 retains DOE's cost estimates that were presented in the Viability

Assessment documents (DOE 98) for site characterization work, since comparable detail for
these expenditures were not given in the newest cost estimates.

.. . . .. . . . . . .. . . . .... . .. . . . _ . . . . . .. _ . ............................... ........ - - - - - - - - - -

Cost figures indicate that the combined cost of the EDA II design waste package and drip shield

fabrication is estimated at $13.2 Billion. Emplacement costs for the waste package and drip
shields is estimated at an additional $8.2 Billion (DOEOla, pg3-10), giving a total cost of
implementing this component of the EDA II design of $21.4 Billion. This sum is considerably
higher than the cost of planned additional site characterization investigations and reflects DOE's
choice to use enhanced engineering to reduce or eliminate uncertainties in the behavior of the

natural barrier.

As discussed in Chapters 4 and 5 of this document, overly conservative assumptions included in

performance assessment scenarios produce dose projections that will be considerably higher, by

orders of magnitude, than what should be.expected for more realistic assessments. Typically,
,. . . . . . . . . . . . . . . . ............ .............. .... ...... ...... ....

performance assessment analyses are deliberately framed with conservative assumptions. This is

done to provide a measure of confidence that the assessments represent a conservative, and

perhaps "worst case" analysis so that the acceptability of the disposal system's projected
performance can be. evaluated with a greater public acceptance and a fundamentally conservative
performance case for the licensing process. Counterbalancing this conservative assessment bias
must be a recognition that excessive conservatism in framing performance scenarios can lead to
design choices which may be significantly more "robust" than necessary to provide a reasonable
expectation of satisfactoryperformance. Greatly increased costs can result if the conservative
bias in framing performance scenarios is taken to excess. Chapters 4 and 5 of this document
discuss the evolution of DOE's performance assessment approaches for the Yucca Mountain
repository, and the conservatism incorporated in them, as well as the contrast between these
performance scenario assumptions and the "reasonable expectation" approach inherent in the

Agency's standard.
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Table 3-7. Estimates of Costs for the Yucca Mountain Program4

1. Historical Total, Mined Repository FY 1983-2000 (DOE01a TSLCC, pg. 1-2): $8.2 B

2. Complete Work to License Application (DOEOa TSLCC, pg. 1-3): 0.8

3. Details of Completion Work, FY 1999-2002 (DOE98, Vol.4, Table 6-2)
Site Investigations (total) $189.2 million

Nye County $15.6 million
SZ data analysis 3.4

. SZ-modeling.. 2.2
Repository Design 296.5
Performance Assessment 63.6

Finalize analyses 8.3 -

EIS 64.1
Site Recommendation 2.9
Licensing 76.6
Field Operations 106.1
Other Support 277.3
Financial Assistance 61.8

1138.1

4. Repository (2003-2119) (DOE01a, pg. 3-8) 36.3
Licensing (2003-2006) $1.3 billion
Pre-Emplacement Construction (2006-2010) 4.4
Emplacement Operations (2010-2041) 19.7
Monitoring (2041-2110) 6.0
Closure and Decommissioning (2110-2119) 4.0

36.3

5. Design Options to the VA Repository 13.2
Drip Shields and Backfill Fabrication (DOE01a, pg. 13-2)

6. Total Program Cost (2001-2119) (DOE01a, pg. 3-8), billions: S36.3

7. Total Repository Cost (DOE01, pg. 1-2) $49.3 B + Historical Costs $8.2 B $57.6B

At present, as shown in Table 6-2 of Volume 4 of the VA report, the planned costs associated

with the SZ for work up to the License Application are as follows:

4 Costs from the Total System Life Cycle Cost Estimate (DOEO la) are in constant year 2000 dollars.
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4.0 EVOLUTION OF PERFORMANCE ASSESSMENT AND BARRIER ROLES

This chapter summarizes and evaluates the repository system performance assessments that
have been conducted by the Yucca Mountain program. Results of recentperformance
assessments demonstrate that the current repository design is able to meet, by a large margin,
a 15 mrem CEDE individual-protection standard and the ground waterprotection and
human-intrusion standards.

This section presents and discusses performance assessment results that have been conducted by
DOE for Yucca Mountain. It also discusses conservatism in the models and assumptions that led
to the assessment results, and alternative results that might be obtained through selection of

alternative dose receptors or repository designs. The sub-sections of this chapter examine DOE's

performance assessments to date and the use of conservatism in the definition of the performance

scenarios- and their analysis. -

There will always be uncertainties inherent in modeling the interaction of the natural and

engineered components of the repository system over the long time frames involved in projecting
the repository's performance, and the performance projections are always subject to these

uncertainties. Uncertainties should not always be assumed to mean the repository performance
will be worse than quantitative estimates indicate, but it is always desirable to reduce

uncertainties to the extent possible and practical. To reduce uncertainties, the DOE repository
effort could elect to enhance the repository engineered components to reduce or eliminate the
potential effects of the uncertainties, or expend additional effort to characterize and model the

interaction between the natural and engineered systems more realistically to remove overly
conservative. assumptions used in prior assessments. The results of the assessments described

here indicate that the repository design evolution was not driven by the components of the EPA
standard, but rather by the uncertainties in the interaction of the natural and engineered systems

at the repository site, as well as the very conservative approach taken in framing the performance
scenarios in the DOE performance assessments.

4.1 Performance in Comparison with the Proposed Individual-Protection Standard

The TSPA-SR included a comprehensive TSPA effort, and was intended to be a complete

demonstration of the ability of the system to meet proposed technical requirements. The TSPA-
SR performance evaluations used a complex system of linked computer codes to model the
performance factors; and used a suite of highly conservative assumptions concerning
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performance of the engineered features of the repository as the basis for the performance models.
Most notably, the TSPA-SR assumed violent disruption of the repository by strombolian igneous
intrusion, leading to complete destruction of waste packages contacted by the magma. As
discussed in Section 3.7, both the existence of strombolian activity at Yucca Mountain and the

subsequent behavior of the magma in contact with waste packages are questionable, and are
likely to be extremely conservative. Modification of any of the key assumptions associated with

the igneous scenarios would likely lead to negligible releases from the repository in the 10,000-
year performance period.

The TSPA-SR represents the latest step in an evolution of the TSPA of Yucca Mountain.
The earlier TSPA-VA methodology and assumptions were used to produce the performance
assessment results presented in the DEIS for a repository at Yucca Mountain (DOE99). A key
point is that the TSPA-VA analyses of the anticipated conditions (nominal scenario) were
generally more conservative than those in the TSPA-SR. Despite this additional conservatism,
the TSPA-VA was able to meet all applicable and proposed standards for Yucca Mountain.

Consequently, TSPA-VA results for the nominal scenario continue to be relevant as a
conservatively biased representation of Yucca Mountain performance relative to current
understanding and the current EDA II design. Furthermore, this means that conclusions made in

the DEIS regarding the ability of Yucca Mountain to meet performance objectives are still

correct and appropriate.

Minor modifications to the TSPA-VA models were made for the DEIS evaluations in order to
accommodate the DEIS options that were considered (e.g., alternative areal mass loadings and
alternative waste quantities disposed), but the intent for the DEIS performance evaluations was to
use the same basis used for the TSPA-VA evaluations. The DEIS included estimates of
radionuclide concentrations in ground water that can be compared with EPA's ground water
protection standards, discussed in Section 4.2.

The uncertainties in performance of the EDA II repository are also significantly less than those
for the VA repository; as previously discussed, and as illustrated in Table 3-5, the EDA II design
features were selected specifically to reduce performance uncertainties as well as to improve the

margin between expected performance and the regulatory standard.
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In summary, it is evident that the expected performance in TSPA-SR is significantly better than

that of the VA repository; this is the result of design features specifically selected to improve

expected performance and to reduce uncertainties in expected performance. Furthermore,
improved model rigor and supporting data have eliminated consideration of juvenile failure
mechanisms that led to early releases in TSPA-VA. Currently, the only credible mechanisms for
release from the repository in the performance period are associated with igneous activity. As

discussed earlier, this scenario is treated with extreme conservatism. A more reasonable
treatment of igneous activity would likely lead to negligible releases from this scenario.

The proposed EPA individual-protection standard of 15 mrem/yr at 10,000 years and 20 km

therefore is not controlling or forcing DOE's approach to repository design. As discussed in
Section 3, the evolution of the repository design, performance assessment methodology, and

performance assumptions has been driven by factors other than the EPA IPS standards.

4.2 Performance in Comparison with the Proposed Ground Water Protection Standard

In the DEIS for Yucca Mountain, DOE calculated and reported ground water concentrations of

radionuclides released from a repository at Yucca Mountain. The evaluations used the VA
design and modeling methods and were, therefore, as previously noted, highly conservative, i.e.,
they overstate the expected concentration by several orders of magnitude. Furthermore, they

overstate expected concentrations with respect to the current EDA II design and the TSPA-SR

results.

The results of the DEIS concentration evaluations for the radionuclides released during periods
up to 10,000 years and transported to locations at 5, 20, and 30 km downstream from the

repository are summarized and compared to the current (1976) Maximum Concentration Limits
(MCLs) in Table 4-2. The DEIS concentration values are strongly influenced by the assumed
juvenile waste package failure at 1,000 years and by assumptions of limited dilution during
transport. As a result of the assumptions that maximize the amount of release from the

repository and minimize dilution during transport, the radionuclide concentrations shown in
Table 4-2 are much higher than would reasonably be expected with more realistic assumptions

for the performance scenarios.
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Table 4-2. Comparison of DEIS Ground Water Radionuclide Concentrations With MCLs

Tc-99 900 45
30
10

390
84

130**

17
7.3
4.5

1.9
14
6.3

1-129 1 0.13 0.57 0.10 0.40
0.07 0.12 0.50 0.15
0.04 0.20 0.02 0.0

C-14 2,000 2.1 8.2 1.6 5.6
1.1 1.8 0.79 5.9

0.64 3.1 0.40 0.21

* The 85 MTU/acre thermal loading is the VA design value. The DEIS Proposed Action corresponds to the VA
design, but the DEIS also considered options of 60 and 25 MTU/acre.

** The apparent inversions 6f concentrations with distance are a consequence of the modeling methods used for
the DEIS performance evaluations.

As can be seen in Table 4-2, the concentrations reported in the DEIS for the TSPA-VA
repository are well below the current MCL values despite the conservative assumptions and

design that are the basis for the performance calculations.

As shown above in Section 3.7, no radionuclide releases from the EDA II repository would be
expected during 10,000 years unless it is violently disrupted by volcanic activity. The results for

the EDA It design from the TSPA-SR for comparison with the ground water protection MCLs
are shown in Figures 4-1 and 4-2. The ground-water protection analyses assumed a
representative water volume of 1285 acre-feet/yr centered on the highest concentration in the

plume in the saturated zone. It was recognized in the TSPA-SR (TRWOOa) that the regulatory
time period for ground-water protection is 10,000 years. However, the analyses were carried out

to 100,000 years to ensure that no significant degradation of the performance occurs after 10,000
years.
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The performance of the repository in the TSPA-SR is shown to be significantly improved

compared to the performance presented in Table 4-2 for the TSPA-VA over 10,000 years. This
dramatic improvement in calculated performance is the result of improved design and more

credible treatment of the failure of waste packages.

Sequential analyses on several designs and using several TSPAs have been analyzed for

comparison with current groundwater MCLs. These have included comparisons in the DEIS,
TSPA-VA, and TSPA-SR. In the TSPA-VA the MCLs were met by a substantial margin, despite

signifi- eoyelsoQf cnrvltnsmibult into model.assim.ptionsw-hich would increase the
compliance margin to orders of magnitude if more realistic scenario and model assumptions were

used. In the DEIS, the MCLs were met despite even more conservatism applied to the analysis.
In the TSPA-SR, ground-water concentrations are projected to be zero for the first 10,000 years.
The current ground water protection MCLs therefore are not expected to affect the repository

design or costs.

4.3 Conservatism in the TSPA-VA, TSPA-DEIS, AND TSPA-SR Evaluations

As previously noted, DOE exercised considerable conservatism in the modeling methods and
assumptions for the TSPA-SR dose projections. These assumptions were more realistic and less
conservative than the earlier TSPA-VA approaches for the nominal scenario, but still retain a

significant conservative bias. Both TSPA-SR and TSPA-VA reports, and their supporting

technical basis documents, provide a comprehensive description of the modeling methods and

assumptions. The DEIS states that the TSPA-VA methods and assumptions were used to
produce the TSPA-DEIS results, except for minor modifications to accommodate the waste
inventory and thermal loading options considered in the DEIS but not considered in the VA.

Since the TSPA-VA has been shown to be more conservative than the TSPA-SR for the nominal
scenario, the results and conclusions of the DEIS remain appropriate.

The strategic approach used by DOE for TSPA-VA, DEIS, and TSPA-SR modeling and
assumptions can be summarized as follows:

Values and distributions for natural system performance parameters such as water
infiltration rates were as realistic as possible on the basis of data available at the
time of the analyses. Uncertainties in these performance factors were so high that
it would be difficult to identify and characterize conservatism for them; values for
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many of these parameters,-such as dilution during transit of the saturated zone,
were based, as necessary, on the results of expert elicitations.

* Biosphere dose-conversion factors were as realistic as possible on the basis of
standard pathway parameters and local data on current human locations and
activities such as farming.

* Some performance factors that could contribute significantly to deferral of
radionuclide release from the repository, to reduction of release quantities, and to
reduction of radionuclide concentrations in the biosphere were simply omitted
from the performance model system if parameter values and distributions of
values could not readily be established and defended. Such factors include
dilution of radionuclide concentrations in water within a failed package, delays in
radionuclide release from a failed package as a result of low water entry rates, and
dilution of ground water concentrations at the dose receptor location as a result of
pumping. Each of these factors will tend to either delay doses to later times, or to
lower the peak dose.

* Conservatism was exercised for engineered barrier system performance
parameters, for which a data and/or experience base exists and enables a
characterization of conservatism. This implementation of conservatism is
discussed below for specific performance factors: juvenile failures, crevice
corrosion, water flow into the package interior, exposed waste form area, and in-
package dilution and transport delays

4.3.1 Assessment of Juvenile Failure

In the TSPA-YA, doses prior to 10,000 years were dominated by juvenile failures, specifically by

the potential for weld failures associated with defects at emplacement despite rigorous inspection
procedures. The potential for juvenile failures is inevitable, owing to the possibility for human

errors in manufacturing, inspection, and emplacement. In the absence of such effects, the design
basis lifetime for the waste package in the TSPA-VA was very long, and precluded releases
during the first 10,000 years, with early corrosion failures limited to less than 20 waste packages
out of a population of about 10,000 within 10,000 years (DOE98a, Volume 3, Fig. 4-13). In the
TSPA-VA, therefore, the potential for these problems was treated using a conservative screening

approach. The subsequent results therefore constituted a real-world worst case scenario.

Penetration of a single waste package was assumed in the TSPA-VA base case to occur at 1,000

years as the result of a phenomenon such as failure of a bad weld. The TSPA-VA assumed entry
and exit holes form at the same time. Seepage was assumed to enter the package, since the entire
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waste package was assumed to be wetted, These assumptions provided essentially an

instantaneous high release rate, which is an unrealistic and very conservative treatment of weld-
failure effects. The penetration was assumed to result in immediate release of radioactivity from

1.25% of the cladding. This single package failure assumption contributed about 50% of the

base-case 10,000-year dose rate of 0.04 mrem/yr. For this juvenile failure to occur, water would

have to drip directly onto a bad weld. Absent this juvenile failure assumption, penetration of a

waste package wall was not be expected to occur sooner than about 4,000 years, and penetration

at that time would occur only if crevice corrosion occurs.
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Figure 4-3 Estimates of the Consequence of an Artificial Juvenile
Failure.

This mode of failure was determined to lack credibility for the design used in TSPA-SR. Instead,

juvenile failures were evaluated using a more elaborate model of the corrosion of the EDA II

design system accounting for the likelihood of technical, administrative, and inspection failures

and their distribution at the waste package surface. As discussed in Section 3.7, the resultant

treatment of corrosion remains quite conservative in its treatment of the details of the corrosion

mechanisms (e.g. hydrogen absorption, stress corrosion cracking, crevice propagation).

In addition, sensitivity analyses were conducted to assess introduction of an artificial juvenile
failure (TRWOO) at 100 years for the EDA HI design. This assessment is not based on any known
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mechanism, and is not considered to be a credible occurrence. It was evaluated solely for the

purpose of evaluating extreme behavior in the system and investigating the role of the waste

package in system performance. In addition, the release mechanisms associated with this

juvenile failure were, as discussed above, treated in a very conservative manner leading to rapid

releases from the waste package. Hence, this analysis represents a comparable approach to the

manner in which waste package failure was treated in the TSPA-VA. Results of this juvenile

failure are shown in Figure 4-4. Even in these extreme conditions of unrealistic failure behavior

at very early times, the resulting doses are not large.
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Figure 4-4. 10,000-Year Dost Rates for Alternative Areal Mass Loadings
(compiled from DOE 99)

4.3.2 Local Crevice Corrosion of Alloy 22

Early penetration of the corrosion-resistant Alloy 22 waste package was assumed in the TSPA-

SR to occur as a result of crevice corrosion, which produces a local pit-type penetration. The

Alloy 22 is assumed to be potentially vulnerable to crevice corrosion as a result of water dripping
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directly on it from a point in a failed drip shield. The electrochemical conditions for crevice
corrosion are not expected to occur in the repository (TRWOOa). This is a significant

modification from the TSPA-VA design and analysis, in which crevice corrosion initiated as a

result of its being under a carbon steel outer wall. As a result of this design modification, crevice
corrosion of this type no longer plays a significant role in early waste package failures.
Consequently, in the TSPA-SR the waste packages fail either as a result of manufacturing defects

or by general corrosion. The net effect of this change in mechanism is a significantly longer
expected lifetime for the containers, with juvenile failure becoming far less important than in the

TSPA-VA.

4.3.3 Water Flow Into the Package Interior

The amount of water that enters the interior of a penetrated package and can contact the exposed
waste form depends on the precipitation rate onto the top of the mountain, the fraction of the

precipitation that infiltrates into the mountain, the fraction of the infiltration flow that arrives at

the repository horizon as percolation flux, the fraction of the percolation flux that seeps into the

drifts, the extent to which the surface of a waste package contacted by seepage flow is wetted,
and the fraction of the waste package surface area that is open, as a result of corrosion, to permit

seepage water to enter the interior.

Key elements of the TSPA modeling of these performance factors included the following:

* Precipitation and infiltration as a function of location in the repository footprint
were characterized, for current climate conditions, using available site
characterization data.

* After 600 years, the climate is assumed to change to what was termed long-term
average conditions, under 'which the precipitation and infiltration rates are
approximately five times greater than for current climate conditions. This is a
modification from the TSPA-VA, in which the change was assumed to occur
5,000 years in the future. The estimate of a 600-year initiation of this wetter
climate state is argued in the TSPA-SR to be representative of past climatological
cycles. However, EPRI (EPROO) has suggested that this assumption does not
adequately account for greenhouse effects on climate over the next few hundred
years. They argue that greenhouse effects may well lead to a drier climate over a
significant length of time.
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* The total percolation flow at the repository horizon is assumed to be the same as
the infiltration flow, i.e., there was no holdup or lateral diversion during flow
through the unsaturated zone above the repository horizon. Current data do not
appear adequate to justify alternatives to this assumption.

* The portion of the percolation flow that was in fractures is assumed to be
available to seep into drifts.

* The surfaces of waste packages contacted by seepage flow into the drifts are
assumed to be totally wetted. This assumption may well be overly conservative at
low flow rates.

* Seepage water that contacts and wets a waste package was assumed to enter the
package interior in proportion to the fraction of the waste package surface area
that is open as a result of corrosion.

* A seepage flow model was developed in which, under current climate conditions,
about 5% of the waste package inventory would be contacted by seeps into the
drifts, and the seepage flow contacting each package would be on the order of 10-
20 liters per year. Under long-term average climate conditions, about 25% of the
waste packages would be contacted, and the seepage flow onto each waste
package would be on the order of 100-200 liters per year. It was stated in the
TSPA-VA that there "...is a great deal of uncertainty about seepage, particularly in
the fraction of waste packages contacted by seepage." In addition, as discussed
previously, there is recent evidence that the threshold for seepage maybe much
higher (200 mm/yr) than the threshold used in the TSPA-SR. Indeed, while the
value of 200 mm/yr is treated as an extreme minimum value in the TSPA-SR
analysis, this value was obtained in field data for the middle nonlithophysal unit
of the Topopah Spring Tuff (DOEOI, pg 4-92). Applying a higher threshold value
would significantly increase the amount of time before the packages are wetted.

Within this modeling framework, the assumptions concerning infiltration, percolation, and

seepage rates constitute conservative conditions based on currently available information. These

assumptions are likely to more strongly influence the timing of the release than the potential
peak. However, by delaying the release sufficiently, doses in the first 100,000 years may be
dramatically decreased using alternative assumptions.

The assumption that the entire surface of a waste package that is dripped on by seepage water is

wetted and therefore susceptible to aqueous corrosion is highly conservative. It is reasonably to
be expected that only water that drips onto a narrow band of the top of the package (e.g., at most
a 20-degree arc of the 1 80-degree arc of the top half of the package) has real potential to initiate
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aqueous corrosion. To totally wet the package surface, such drips, (which could occur, according
to the seepage model, at a maximum rate of 10-20 liters per year under current climate

conditions), would have to spread uniformly over the package surface, which has a total area of

about 40 square meters. This situation would produce a water film only about 0.2 millimeters
thick, which is an unrealistic condition to produce and sustain the Alloy 22 corrosion that is
presumed to be the mechanism for waste package failure.

4.3.4 Exposed Waste Form Area

For commercial spent nuclear fuel (CSNF) waste packages, which are the dominant (by two
orders of magnitude) source of radionuclide releases in the TSPA-VA analyses, the exposed
waste form area that can be a source of released radionuclides is related directly to the status and

performance of the CSNF cladding as a barrier. The TSPA-SR analyses assumed that 8% of the
cladding will be failed at the time of emplacement owing to creep failure and stress corrosion

cracking. The TSPA-SR noted that "this mean percentage is very conservative and likely above
the amount of creep and SCC that the NRC will tolerate of operators of dry storage facilities."
The stainless-steel-clad rods were assumed to be distributed among the waste packages, and the
entire CSNF area in any failed rod was assumed to be exposed for contact with water. Zircaloy

cladding degradation by general corrosion and other means such as crushing by rockfall was
assumed to be a long-term phenomenon of no significance to 10,000-year dose estimates.

The assumptions concerning CSNF exposed area are highly conservative. Specifically:

* Stainless-steel-clad fuel rods will not be distributed throughout the waste
packages except as a result of deliberate effort. Less than 1% of the CSNF
assemblies have fuel rods with stainless-steel cladding, and they probably would
actually be disposed together in less than 1% of the total waste package inventory,
in order to reduce personnel exposures and operating costs.

* The estimate that 8% of the Zircaloy-clad fuel rods are failed at the time of
emplacement is very conservative in comparison with available data. The
observed historical incidence of failure is less than 0.05%, is perhaps as low as
0.0 1%, and is confined to fuel manufactured in the early days of nuclear power or
subjected to external failure factors such as debris in the reactor coolant. Fuel yet
to be discharged from operating reactors (about 50% of the ultimate repository
inventory) can be expected to have no failures, so the incidence of at-
emplacement rod failure in the final repository inventory will be significantly less
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than the historical incidence to date and significantly less than the incidence
assumed for the TSPA analyses.

In over 90% of the cases, "failure" of Zircaloy cladding has been found, in post-
service examinations, to consist of pinhole penetrations or hairline cracks.
Therefore, only a very small fraction of the fuel contained in a failed rod will be
exposed as a source of released radionuclides if contacted by water. In contrast,
the TSPA evaluations assumed that the entire spent fuel area in a fuel rod would
be exposed for contact with water and release of radionuclides. This assumption
overstates the exposed area, based on available data, by about three orders of
magnitude.

* Many potential modes of Zircaloy cladding degradation, such as hydride
formation and creep failure, have been identified and characterized because
cladding integrity is so important in its reactor service conditions. EPA has
performed and documented a comprehensive review and analysis of available
information and has concluded that degradation of cladding by any of the failure
mechanisms is not expected to occur under repository conditions after
emplacement for disposal. The exposed waste form area will therefore be that
which exists at emplacement for disposal until very long-term failures, such as
package crushing by a rockftll, occur (SCA99).

Collectively, the TSPA-SR assumptions concerning exposed waste form area overstate the area

available for'nuclide release by about four orders of magnitude (i.e., three orders of magnitude on

the exposed area per failed rod, and a factor of ten on the number of failed rods). They also

overstate the potential for long-term degradation of the cladding. If realistic assumptions

concerning performance of the EDA II repository are used, water would not contact the cladding

for more than 100,000 years, and cladding performance would be irrelevant to dose potential

before that time. Cladding performance will, however, be important to estimation of long-term

peak doses. In comparison with the preliminary estimate of peak dose of 85 mrem/yr at 650,000

years for the EDA II repository (Table 4-1), a realistic estimate of cladding performance and

exposed waste form area would decrease the peak dose estimate by several orders of magnitude.

It is important to note that assumptions concerning cladding performance as a barrier and the

amount of waste form area exposed for radionuclide release are essentially independent of

assumptions concerning performance of engineered features of the EDA II design. The link

between the EDA II design features and cladding performance is the design temperature limit for

the cladding. This limit is the same, 350 degrees C, for both the VA and EDA II designs, and the
expected actual maximum cladding temperature in both designs is about 250 degrees C. The 8
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percent failure rate used in the TSPA-SR was acknowledged to be very conservative. It
represents a mean value for failure rates at low (177-227 C) temperature. However, DOE also
report the mode of this distribution as about 2 percent. Hence the mean appears to be skewed to

a high value by a few outlier high values (the maximum value is 19.4 percent). With "blending"
of subassembly allocations to the waste packages in order to reduce thermal gradients,
confidence in assumptions concerning cladding performance that are less conservative than those

used for the TSPA evaluations would be increased.

In summary, the TSPA evaluations are highly conservative regarding cladding performance in
comparison with reasonable interpretations of the available information base. Assumptions of

exposed waste form area exposed for nuclide release for each failed fuel rod exceed actual
exposed areas by about three orders of magnitude; assumptions concerning the number of

Zircaloy-clad failed rods exceed the actual number by about a factor of 10. A realistic approach

to these assumptions based on principles of Reasonable Expectation is described in Section 5.
Nonetheless, despite these highly conservative assumptions, releases from the waste packages do

not occur within 10,000 years according to the TSPA-SR. Modification of these assumptions
may, however, improve long-term dose estimates for times greater than 10,000 years.

4.3.5 In-Package Dilution and Transport Delays

If water enters a penetrated waste package at the seepage rate or some fraction thereof, significant
delay could occur before the water contacts exposed CSNF and initiates radionuclide release.
For example, if the package interior fills slowly from the bottom up (as a result of trickle-down
from a small hole in the top and needs first to corrode through basket materials), and if the
exposed CSNF area(s) are in a subassembly near the top, thousands of years could pass before
contact between the water and the exposed waste form occurs.

Subsequent to water/waste contact, released radionuclides that are mobile must be transported to
the point of exit from the package interior by advective and/or diffusional processes. By the time

release and transport occur, temperature gradients will be too low to drive significant advective
transport processes, and temperature levels will be too low for inside-to outside wall corrosion to

occur and to create an exit path at the bottom of the package. Consequently, radionuclide

transport rates will be low, the package interior will have to fill with water in order to enable
radionuclides to exit through the same penetration that provides water ingress, and the volume of

water to fill the package interior will be available to dilute the radionuclide concentrations.
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The void volume of the interior of a 21-assembly PWR waste package is about 3,000 liters. If
water enters and exits the packages at rates in the range 6 to 400 liters per year, which
corresponds to the seepage rate range for the TSPA-SR long-term-average climate conditions, at
steady state and with complete in-package mixing, the in-package dilution factor would be in the
range 3,000/400 - 7 to 3,000/6 = 500. Additional dilution would then occur during transit of the
near-field, the unsaturated zone, and the SZ by the contaminated water that exits the package.

Such dilution mechanisms may be particularly important for radionuclides not limited by theor
elemental solubilities, such as I-129.

These in-package delay and dilution possibilities were considered and analyzed in the studies

described in the TSPA-VA Technical Basis Document (DOE98a). They were not, however,
included in the base-case performance assessment models for TSPA-VA and TSPA-SR because
of uncertainties, and an inability to justify the assumptions. If included in the models, they could

have reduced the predicted TSPA-VA 10,000-year dose by one to two orders of magnitude,
depending on how probabilities for the relevant performance factors are taken into account.

To incorporate these performance factors into the TSPA models, it would have been necessary to
develop probability distributions for factors such as time elapsed between water entry to the
package interior and time of wafer contact with the exposed waste form. DOE chose to develop
probability distributions many of the performance factors external to the packages, but chose to

omit the in-package performance factors and associated probability distributions, from the TSPA
models. It is worth noting that the in-package performance factors are potentially as important to
the TSPA results as climate change and seepage rate. It is reasonable, for example, to expect, at

a minimum, some degree of dilution of contaminant concentrations in water exiting a waste
package as a result of mixing with nearby water in the near field and the UZ.

As for the role of exposed waste form area in performance of the EDA II repository, the in-
package performance factors will not be important to evaluation of 10,000-year doses if realistic

assumptions concerning performance of the EDA H drip shields and waste packages are used,

such as has been done in TSPA-SR. The in-package performance factors could, however, help to

show that long-term peak doses will be low in the period after 10,000 years. Specifically,
penetration of the EDA II waste packages will occur so far into the future that there will be
virtually no thermal driving force for radionuclide release and transport in the waste package
interior. Mixing and homogenization of concentrations within the waste package would have to
be driven by diffuisional processes.
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4.4 Radiation Doses to Alternative Receptors

To date, eleven alternative dose receptors have been identified by DOE, the NAS, NRC, EPRI,

and EPA as the potential basis for evaluating compliance with individual-protection standards for

Yucca Mountain. The options include alternatively-characterized individuals and critical groups.
Each has, to some degree, taken cognizance of site-specific conditions and each has, to some

degree, utilized ICRP principles for designating a group or individual receptor, e.g., to base
assumption of the future receptor's habits on present-day habits. Each also seeks to identify and

characterize the receptor with the highest dose potential, without being extreme, in order to

assure protection of other individuals.

DOE's TSPA-VA, DEIS, and TSPA- SR used the so-called "average resident" as the dose

receptor. This individual was located 20 km from the repository, and had habits corresponding to
those of current residents, as determined in a survey performed by DOE. The TSPA-VA states
that this person consumes part of his food from local sources and consumes 1.8 liters per day of

drinking water contaminated with radionuclides released from the repository, at the maximum
contaminant plume concentration. The DEIS, which was stated to use the same TSPA evaluation
methodology as the VA, states that the average resident receptor consumes 2.0 liters of

contaminated water per day. The TSPA-SR states that the average-resident receptor in Amargosa

Valley consumes slightly more than 2.0 liters of water per day (753 IUyr), and this value is used
in the assessment. With this water consumption rate, the DOE's average-resident is essentially

equivalent EPA's proposed "rural residential" RMEI dose receptor.

Results of the DOE's average-resident dose evaluations at 10,000 years, based on the
assumptions and methods described above in Section 3.7, can be summarized as follows:

TSPA-SR mean all-pathways dose (using probabilistic evaluations) is 0.10
rnrem/yr. This value is the same as the mean value at 10,000 years for the TSPA-
VA. However, this agreement is fortuitous, as entirely different scenarios are
associated with the dose. For the TSPA-VA, the dose was associated with
juvenile failures of waste packages that were unrealistic and gave high releases.
The TSPA-SR treats these juvenile failures more realistically, and these failures
do not affect pre-10,000 year doses int he TSPA-SR By contrast, in the TSPA-
SR the dose at 10,000 years is associated with igneous intrusion, with subsequent
releases to ground water. This scenario appears to be highly conservative, giving
unrealistically high releases as well.

4-16



* VA base-case dose using an evaluation with all parameters set at their expected
values: 0.04 mrem/yr. A similar result is not reported for TSPA-SR. Instead, the
range of doses at 10,000 years is about 104_10° mrem/yr (5' to 95' percentiles),
with the mean about 10-1 mrem/yr and the median about 102 mrem/yr.

* DEIS mean all-pathways dose for the Proposed Action, which corresponds to the
VA repository: 0.22 rnrem/yr ( this result presumably differs from the VA result
of 0.10 mrem/yr because of modeling adjustments made for the DEIS evaluations
in order to be able to address the DEIS options concerning waste inventories and
thermal loadings).

Since the DOE's average resident corresponds to EPA's proposed rural residential RMEI, these

results are representative of the results that would be obtained using the EPA's rural-residential
RMEI at 18 km as the receptor and the TSPA-SR methodology and assumptions. As previously

noted, and discussed in Section 3.7, these results overstate the dose to be expected as a result of
the conservative assumptions used in the evaluations.

The DEIS also evaluated doses to the average resident at alternative locations and for the
alternative areal mass loadings considered. Results are shown graphically in Figure 44;

corresponding Tc-99 concentrations in ground water, and assumed saturated-zone dilution factors
at each distance, are shown in Figure 4-5. Variations of 1-129 concentration with location and
areal mass loading are similar to those for Tc-99, but 1-129 concentration levels are about two
orders of magnitude less than those of Tc-99.
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Figure 4-5. Tc-99 Concentrations for Alternative Mass Loadings
(compiled from DOE99)

The reason for dose variation with areal mass loading is not evident from available
documentation. For example, repository temperatures, which would affect corrosion rates, are
virtually identical for the 85 and 60 MTU/acre loadings during the period from 1,000 to
10,000 years, while the repository temperatures for the 25 MTU/acre loading are about
40 degrees C less (DOE99). Similarity of results for the 85 and 60 MTU/acre cases might
therefore be expected; Figures 4-3 and 4-4 show, however, that the results for 60 and 25
MTU/acre are most similar. Also, Figure 4-4 does not show any correlation between SZ dilution
factors and distance from the repository.

The variations of dose with areal mass loading may be the result of differences in repository
areas and attendant differences in transport and dilution in the unsaturated zone. The 85, 60, and
25 MTU/acre repositories, for the reference inventory of 70,000 MTU of wastes, occupy 740,
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1050, and 2,520 acres, respectively. The 60 MTU/acre repository occupies two emplacement

blocks and the 25 MTU/acre repository is spread over several emplacement blocks.

Transport and dilution in the UZ may therefore have been modeled differently for the three

loading options.

While the DEIS evaluated doses for the same receptor at alternative locations and for alternative

repositories, the VA characterized doses for alternative receptors. The VA reported dose

evaluation results for only the average resident as receptor, but it also characterized doses for a
subsistence farmer receptor and a so-called residential farmer receptor. All food and water
ingested by the subsistence farmer was assumed to be contaminated; only part of the food
consumed by the residential farmer was assumed to be contaminated. DOE's surveys found no

current residents who correspond to either of these receptors. The characterizations determined,
however, that the Np-237 biosphere dose conversion factor (BCDF) for the residential farmer

would be three times greater than that for-the average resident, and the BCDF for the subsistence

fanner would be about six times greater. The 1-129 BCDF for the subsistence farmer was stated
to be about 10 times greater than that for the average resident. The VA also stated that the most
important factor for doses due to 1-129 and Tc-99, which are the only radionuclides of

significance released in the 10,000-year time frame, is leafy vegetable consumption, and that
direct consumption of contaminated ground water contributes about 50% of the dose.

In addition to these earlier treatments, the critical group receptors evaluated in the TSPA-SR are
subject to exposures to contaminated ash in the eruption scenario.

The NRC defines a critical group as the dose receptor in the proposed 10 CFR Part 63 regulations
for Yucca Mountain. The critical group is described as residing within a farming community
located approximately 20 km south of Yucca Mountain. Members of the group would have
characteristics that are consistent with current conditions and that result in the highest expected

annual doses. The group would be a farming community of up to 100 individuals residing on 15
to 25 farms. The behaviors and characteristics of the average member of the critical group would

be based on the mean value of the group's variability range.

The average member of the NRC's critical group would be predicted to incur less dose than
either the DOE average resident or the EPA's rural residential RMEI, and this choice of dose
receptor would therefore be less protective of the general population. Less dose would be
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predicted for two principal reasons: the dose conversion factors for the NRC critical group would
be based on mean values of the dose factors, whereas the EPA's RMEI uses maximum values for
one or more of the dose factors (e.g., drinking water rate); and the members of the farming
critical group would be so spread out that only a fraction of the group would use contaminated

water at the maximum concentration. The current average size of an alfalfa farm, which is the
dominant farming activity, is about 255 acres; in the most compact configuration, a square, 25
farms of current average size would occupy an area more than three miles long on each side. The
VA shows (p.3-137 of Volume 3) that the contaminant plume width is only about 1 mile at 20
km distance from the repository. Many of the members of the NRC's critical group would
therefore in reality receive no dose or significantly less than the maximum dose, so that the

average would be unrealistically low. Groundwater flow systems dominated by fractured rock
hydrology would be expected to produce narrow contamination plumes (see the BID for
descriptions of the fracture-flow dominated hydrological system at the Yucca Mountain site.)

If 25 average-size alfalfa farms are located 20 km from the repository (e.g., at Lathrop Wells), the
number of farms that intercept the plume at that distance will depend on how the farms are
located relative to each other. If the farms are in an east-west line, only one farm would intercept
the plume; If the farms are adjacent to each other in a square, at most five farms would intercept
the plume. If the farms are in a north-south line, some of the farms would extend beyond 30 km
from the repository, i.e., beyond the current Amargosa Farms area (SCAOO, Yucca Mountain

Docket No. A-015-12, V-B-3).

In summary, the dose receptors considered in DOE's TSPA-VA and TSPA-SR are similar to the
EPA's EMEI as described in the rule, and may actually be somewhat more conservative. For

instance, the TSPA-SR assumes slightly more than the 2 liters/day drinking water consumption
specified in the rule. Dose estimates in both of these TSPAs are well below the 15 mnrem/yr
individual protection limit, despite the use of very conservative assessment scenarios and models.
Based on these considerations, the EPA's choice of an RMEI rather than a critical group for the
dose receptor does not have any impact on repository development costs or progress. As
described above, the proposed farming community critical group potentially makes assessment
defensability more difficult and subject to challenge, owing to the requirement for arbitrary

assumptions on the size and location of farms. These may not necessarily be consistent with

current and projected land use in the area, so as to ensure that all members of the critical group

receive some level of exposure.
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4.5 Alternative Means to Reduce Uncertainties and Doses

As noted in Section 3.4.1, principal objectives in selecting the EDA II design as the basis for the

Site Recommendation were to improve the real performance potential of the repository and to

reduce uncertainties in projections of performance. The benefits of the EDA fl design are

illustrated in the differences between dose projections in the TSPA-VA and the TSPA-SR, which

shows that projected doses for the EDA II repository up to 10,000 years are substantially less

than those for the VA repository. Indeed, the EDA II design only produces doses in the first

10,000 years as a result of potential igneous activity. In terms of performance for the nominal

behavior of the system, the improvement in performance over 10,000 years is extremely

dramatic. As shown in Figure 3-2, the nominal case for the EDA It analysis exhibits no releases

over 10,000 years.

Overall, it can be said that the objective of the EDA II design is to defer and reduce the potential

for, and uncertainties in, thermally driven degradation processes such as corrosion and advective

radionuclide transport. Alternatives to the EDA H design that address this objective are

illustrated by the EDA options considered, from which the EDA II option was selected for the

TSPA-SR (Table 3-3). Comparison of these options shows that they reflect widely different

strategies for meeting the objective. For example, the EDA I option takes a direct approach by

reducing the area mass loading and repository temperatures. The EDA V design takes the

opposite approach: it drives the temperatures to high levels in order to greatly defer the time at

which water can enter the repository and initiate high-rate degradation processes.

Other advanced repository designs which'incrementally improve the VA design might have been
identified and evaluated. For example, the waste package design with the Alloy 22 on the

outside could have been adopted with all other EDA II parameters except use of drip shields and

backfill. This choice would have considerably increased waste package performance by

eliminating the crevice corrosion process that greatly accelerated package failures in the VA

design (17 packages failed by this mechanism within 10,000 years), thereby extending expected

waste package lifetimes beyond 10,000 years. Another incremental design feature that could be

added would be to tilt the packages along the axis at emplacement in order to have drips run off

the surface, or to use weld shields rather than drip shields that cover the entire package. These

are simple, inexpensive design features that could reduce the potential for juvenile failure and

subsequent releases.
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With respect to the impact of juvenile waste package failures, their treatment in the TSPA-VA
was extremely conservative and consequently releases from wsuch failures dominated doses
within the 10,000 year period. In the TSPA-VA, an exit hole in a waste package was assumed to
exist as soon as an entry hole was created. Under this assumption a juvenile failure from a
manufacturing defect (weld failure) resulted in immediate releases into the waste package
surroundings. In the TSPA-SR, a more realistic treatment of juvenile failures was incorporated,

eliminating the extreme conservatism of the TSPA-VA treatment. These modeling changes,
along with the move to an improved waste package design that eliminated the potential for

accelerated failure associated with crevice corrosion, were sufficient to greatly improve the
projected performance. Improving performance projections and reducing uncertainties could be

done in a variety of ways, with cost impacts that vary according to the extent and nature of
changes in the repository and waste package design, and according to increases in data needs for

the assessment of performance.

Analysis results for the EDA options that are presented in Table 3-3 show that the options meet
the objective to varying degrees and with different costs. In examining the performance factor
results in Table 3-3, it is important to remember that these results were produced using the same

performance models and conservative assumptions that were used to produce the TSPA-VA
results. More realistic evaluations, using reasonable parameter values, models, and assumptions,

would produce peak annual doses at least several orders of magnitude less than those shown in
the Table. Realistic evaluations and assumptions that would lead to lower doses are discussed in
Section 5, which addresses Reasonable Expectation.

To paint a realistic picture of repository performance potential, it is important to acknowledge the
benefits of the design features in the models and assumptions used to make performance

predictions. For example, the backfill/drip shield/waste package design features of the EDA II
repository completely eliminate the real potential for juvenile waste package failures or
corrosion-related radionuclide releases for 10,000 years and more. Similarly, assessments of
long-term peak dose potential that use reasonably-expected parameter values and assumptions
will show dose levels that are orders of magnitude less than those that have been reported to date,

even without including performance factors such as in-package dilution that have been omitted
from the model hierarchy to date.

In summary, the EDA II repository design, which is the basis for the TSPA-SR, is a highly
conservative design with extensive redundancies that assure no radionuclide releases in the
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nominal scenario during 10,000 years. The design has enabled modifications to the TSPA

models and assumptions that reflect the benefits of the design to repository system performance.

The use of this robust design has allowed DOE to use a number of very conservative assumptions

in its assessment Modification of these assumptions to more reasonable, yet still credible,

approaches would result in very significant delays in releases from the repository, there is the

potential that modified assumptions would produce no significant calculated doses in the first

100,000 years.

4.6 Current Repository Design and Safety Strategy

As part of its program evolution to the TSPA-SR, DOE has recently revised its Repository Safety

Strategy previously described in 1998 (DOE98d). The most recent description of the revised
strategy and plans for its implementation is provided in TRW00.

The TRWOO Rev 3 strategy updates the previous version of the strategy (DOE98) which was the

basis for the VA. It reflects the EDA II design (Section 3 of this document), which is the current

stage of evolution of the repository design. The revised strategy also reflects recent additions to
the program data base; response to the regulatory framework; and internal and external

comments on the VA design and TSPA-VA methodology, and the eventual implementation as

TSPA-SR. Under this strategy, the postclosure safety case is based on developments and

evaluations in five principal areas: performance assessment; safety margin and defense-in-depth;

consideration of potentially disruptive processes and events; insights from natural analogs; and

long-term performance confirmation.

The design evolution (from the VA to EDA II) and the safety strategy evolution are intended to
be responsive to the concerns about uncertainties and technical issues associated with the TSPA

methodology and assumptions as it evolved from TSPA-VA to TSPA-SR. The approach will
reduce potential difficulties during licensing reviews by reducing or eliminating the TSPA

uncertainties and issues that would create difficulties in licensing reviews.

The EDA II design and the Rev 4 safety strategy are the latest step in evolution of the repository

concept. Over time, as shown in Table 4-3, the relative contributions of the engineered and

natural system features of the repository to overall performance have inverted: site

characterization has shown that the natural features will not contribute nearly as well to

performance as was expected in the SCP, and the performance of the engineered barriers has
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Table 4-3. Change Over Time of the Roles of Natural and
Engineered Barriers.in Repository System Performance

SCP (1988) 1 mm/yr max 9K - 80K yrs 300 - 1,000 yrs Tbin-walled can,
vertical in floor

Early TSPAs 1 mm/yr max 9K - 80K yrs Various designs, Horizontal, robust
(1991-1995) 300 - 10,000 yrs WP considered

Viability 840 mm/yr now, As short as 50 yrs for Less than 20 Horizontal WP used
Assessment 200 in superpluvial fast paths in the UZ packages fail within steel over Alloy 22
(1998) 10,000 years;

20,000 years for
general corrosion

TSPA-SR (2001) 0.4-12 mmlyr now Mean delay in UZ is expect no radio- Alloy 22 on outside
4.7-20 in monsoon 1,000 years and mean nuclide release for of WP; add drip
climate delay in SZ is 1,300 10,000 + years shields

GWTT = Ground Water Travel Time to the Accessible Environment
me WP - Waste Package

been increased dramatically to compensate for the lesser natural barrier performance
expectations, and to respond to licensing requirements for defense in depth and minimization of
uncertainties and technical issues.

Another facet of the Safety Strategy has been an extensive evaluation of parameter uncertainty
and sensitivity. The TSPA-SR (TRWOOa) reported three kinds of evaluations of parameter
uncertainty and sensitivity: Uncertainty Importance Analysis, Sensitivity Analysis, and
Robustness Anaiysis. Uncertainty Importance Analysis refers to the use of regression analyses to
determine the most important parameter contributors to the spread of output results, and

classification-tree analyses to determine the parameters leading to extreme outcomes in the
distributions. Sensltivify Analysis refers to single-parameter sensitivity analyses, in which one

parameter is varied while the others are held at particular values. Robustness Analysis (also

referred to as Degraded Barrier Analysis in the TSPA-SR) refers to a focused approach to
examining parameters associated with extreme degradation behavior of individual barriers,

keeping intact the remaining analysis of the system.
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Uncertainty importance analyses were performed beginning with stepwise linear rank regression

analysis. The results of this analysis were evaluated using classification and regression tree

analysis to determine decision rules that determine whether a particular realization would

produce doses at the upper or lower end of the output distribution. These approaches were used

to evaluate the spread in doses at a particular time and the spread of times needed to produce a

particular dose. Particular attention was also focused on the extreme high end of the output

distribution, to determine which parameters lead to the extremes of the output.

The uncertainty importance analyses showed that the waste package and saturated zone processes

are the most important factors in the nominal scenario, whereas the probability of the occurrence

of igneous disruption of the repository is the most important factor for igneous scenarios. As

discussed in the TSPA-SR, the assessment that these are the "most important" in this uncertainty

importance analysis reflects two factors: the change in variance of dose rate with variance of the

parameter, and the change of the dose rate itself with changes in the parameter. If either of these

two derivatives is small, the techniques used in the TSPA-SR will tend to show the parameter to

be unimportant.

Sensitivity analysis, as used in the TSPA-SR, refers to a single parameter variation method. This

is considered to be a complementary technique to the uncertainty importance analysis. In this

approach, a single parameter was ranged between its 5th and 95th percentiles, and other

parameters were fixed at particular values.

Robustness analysis was conducted by setting a suite of parameters associated with a particular

barrier at their 5th or 95th percentile, whichever tends to maximize the dose rate over the time

period of interest. For the sake of completeness, the results are also shown compared to results

from the same suite of parameters set at the opposite end of the behavior (i.e., values which tend

to minimize dose consequences). The intent of these robustness analyses is to present the

behavior of the system as a whole if any part of the system degrades quickly, and functions

according to its extreme behavior. Robustness analyses were conducted on nine facets of system

behavior (TRWOOa):

UZ. This barrier represents the function of the UZ above the potential repository in
limiting the amount of water that reaches the potential repository. This barrier includes
the climatic conditions at Yucca Mountain, the processes at and near the surface that lead
to infiltration, and flow through the UZ above the potential repository. Parameters treated
in the robustness analysis were the seepage-uncertainty factor and the flow-focusing
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factor. Degraded conditions for these parameters resulted in a small increase in dose rate
over the base case.

Seepage into emplacement drifts. This barrier represents the function of the drifts
themselves as a capillary barrier that limits the amount of water that enters the drifts.
Both infiltration and seepage parameters were set to their degraded behavior for this
analysis. Degraded conditions for these parameters resulted only in about a factor of 5
increase in dose rate over the base case.

Drip shield. The first of the engineered barriers, the drip shield limits the amount of water
that reaches the waste package. In the robustness analysis, the general corrosion rate
parameters were set to their extreme values. While the drip-shield lifetime is
significantly degraded in this analysis, there is almost no change in the dose rate. This
results reflects the fact that the waste package degradation model is independent of the
drip shield function. This appears to be an example where the high degree of
conservatism in one model masks the importance of a different function, as discussed in
TRWOOa.

* Waste package. The primary engineered barrier, the waste package limits the amount of
water that reaches the waste form and limits radionuclide transport out of the EBS.
Degradation parameters considered in the robustness analysis were: residual hoop-stress
state and stress intensity factor at the closure-lid welds, Number of manufacturing defects
at the closure-lid welds per waste package, Alloy-22 general corrosion rate, microbially-
induced corrosion enhancement factor for general corrosion, and enhancement factor for
Alloy-22 general corrosion from aging and phase stability. The enhanced case (optimistic
parameters) led to no releases from the waste package for the first 100,000 years. The
degraded parameters show a somewhat earlier failure profile, with first failure occurring
at 7,000 years compared to 12,000 years for the base case. For the degraded case there is
50 percent probability that 1 percent of waste packages fail at about 10,000 years and 10
percent of waste packages fail at about 12,000 years. For the base case it is about 25,000
years for the 1 percent failure and about 50,000 years for the 10 percent failure.
Accordingly, the predicted mean dose starts earlier (about 8,200 years versus about
15,000 for the base case), and the predicted mean dose rates are much higher.

* CSNF cladding. The Zircaloy cladding is an engineered barrier that is part of the waste
form. It limits the amount of water that reaches the CSNF portion of the waste and limits
radionuclide transport out of the CSNF waste form. (CSNF is planned to be
approximately 90 percent of the mass of waste in the potential repository.) Four of the
five parameters in the cladding degradation model were evaluated in the robustness
analysis: the number of rods initially perforated in a CSNF waste package, the uncertainty
in localized corrosion rate, the uncertainty of the CSNF degradation rate, and the
uncertainty in the unzipping velocity of the cladding. It was concluded that these
parameters are unimportant for performance in the first 100,000 years, but that they
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contribute to the spread of doses during the period 100,000-1,000,000 years. The effect
of these parameters on dose rate in the robustness analysis is not reported by TRWOOa.

Concentration limits. This barrier represents the function of environmental conditions and
radionuclide solubility limits in limiting radionuclide transport out of the EBS. The
primary dose contributor in the first 30,000 years is technetium-99. The solubility of Tc-
99 is assumed to be large (1 M), and is not treated as uncertain. The primary
radioelements for the period after 30,000 years are neptunium, americium, and uranium.
The solubilities of each of these is controlled by pH in the TSPA-SR model. The pH, in
turn, is assumed to not vary widely in the invert. This limits the variability of the dose
rate as a fimction of any other factors in the near-field model. In particular, TRWOOa
notes that most of the releases'are by a diffusive mechanism, hence controlled by
diffusion-related parameters. This too appears to be an area in which a strong structural
conservatism of the model (in this case the assumed diffusional releases) tend to mask the
importance of other effects.

EBS transport. This barrier represents the function of environmental conditions and
diffusion in the drift invert in limiting radionuclide transport out of the EBS. In this case
of the robustness analysis, the combined effects of degraded concentration limits and high
diffusion cases. The results are reported as a decrease in the time to early-arrival doses
(defined as time to 10i mrem/yr) of several thousand years, and an increase in the peak
dose rate of about a factor of 5.

UZ transport. This barrier represents the function of the UZ below the potential repository
in delaying radionuclide transport to the biosphere. An extensive set of robustness
analyses were presented for this function. The degraded cases showed between a factor
of 5-10 higher dose rates than the base case, whereas the enhanced cases showed
significantly improved behavior (many orders of magnitude) over the base case. That is,
since the base case is little different than the degraded case but vary different than the
enhanced case, this means that the base case is strongly biased toward the conservative
end of the spectrum of behaviors.

* SZ. This barrier represents the function of the SZ in delaying radionuclide transport to the
biosphere. The robustness analysis was used to investigate parameters associated with
travel time in the saturated zone: sorption, and flow rate. The difference between
degraded and enhanced performance in these analyses is between one to two orders of
magnitude, with the base case very close to the upper end of this variability. Again, this
indicates a strong bias toward conservatism in the base case.

The TSPA-SR explicitly acknowledges that the results of these analyses are dependent upon the

scenarios and conceptual models implemented in the TSPA-SR. They note that the conservatism

of parameter values and assumptions may tend to mask the importance of some of these to the
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results, or may mask the importance of others. Two of these situations were noted above in the
discussion of robustness analysis: the conservatism of the drip shield treatment masks the

importance of the waste package behavior, and the assumption that diffusion dominates releases

together with an assumption of high solubilities tends to mask the importance of other

phenomena in the waste package. These assumptions therefore compound the conservatism of

the analysis, since they are, by themselves, conservative, and they also minimize the functional

importance of other barriers.

The strong reliance on evaluations of parameter sensitivity and uncertainty analyses skews the
evaluation of the TSPA-SR results. Instead, the model is in some cases so structurally biased
toward conservatism that appropriate conclusions cannot be drawn. For instance, one conclusion

of the TSPA-SR is that the primary factor influencing the consequences of the igneous scenarios
is its probability of occurrence. All other parameters investigated in the sensitivity analysis were

found to have relatively minor influence on the dose from igneous disruption. However, as

discussed previously, such a conclusion ignores the heavy conservative bias of the consequence

modeling assumptions. Given the extremely conservative basic assumptions of the consequence
model, one would not expect parameter variations to significantly affect the results. By contrast,
changes in the basic assumptions about interaction of magma and waste containers could

decrease releases and their associated doses by orders of magnitude, or eliminate them altogether.

Similarly, the use of a model for release from the waste package in the nominal scenario that

assumes diffusion in the absence of significant amounts of water near the package, results in a
significant conservative bias. This assumption and associated model masks the importance and

utility of the presence of the drip shield. The lack of significance of the drip shield in the TSPA-

SR nominal case is therefore seen to be an artifact of the conservative bias of the waste package
release model, rather than a fundamental property of the repository.

The reliance on evaluations of parameter uncertainty illustrates (potentially deceptively) small
uncertainties in relatively high consequences associated with the repository. Uncertainties in

parameters, as shown by the robustness analyses, lead to at most about an order of magnitude
increase in dose rate under unfavorable conditions. Application of favorable sets of parameters

were shown to potentially decrease the dose rate by several orders of magnitude in some cases,

and to push the doses out to much longer times, in some cases past 100,000 years. By contrast,

uncertainties in assumptions (conceptual model uncertainty) have the potential to lead to

dramatic improvements in consequence analyses. Alternative conceptual models for the igneous

scenarios have the potential to lead to minimal or zero releases from these effects, thus
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eliminating the consequences associated with igneous activity. Alternative conceptual models
for the waste package in the nominal scenario would likely show early releases at much later
times, perhaps with minimal release in the first 100,000 years. In addition, the use of less
extreme assumptions may lead to a better understanding of the effects of design features such as
the drip shields. Consideration of these less conservative, yet defensible and physically realistic,
models is consistent with the principles of Reasonable Expectation (see Chapter 5), as well as
with the concept and intent of Importance Analysis (KOZ97).
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5.0 EPA'S "REASONABLE EXPECTATION" APPROACH TO REPOSITORY

PERFORMANCE PROJECTIONS

This chapter discusses the reasonable expectation and reasonable assurance as concepts to be
used in implementing the standards. We believe the reasonable expectation approach is more
appropriate for repository compliance determinations and provides a more realistic link
between design and an ticiatedperformance in the iterative process of developing a repository
design for licensing.

5.1 Overview of Reasonable Expectation

The impact of the EPA standards on repository design and data collection is complicated by the
fact that NRC will adopt and implement the standards, as mandated by the NWPA. The NRC is

therefore the agency that determines what is needed to comply with the EPA standards. The
method of implementation of the standards then becomes a deciding factor in evaluation of
compliance. This chapter discusses the issue of compliance methodology, i.e., reasonable

expectation versus reasonable assurance.

The proposed EPA standards call for use of "reasonable expectation", rather than "reasonable

assurance" as a basis for assuring compliance with the EPA standards. Reasonable expectation
and reasonable assurance are both compliance assessment approaches and can be distinguished as

discussed below. In brief, the intent of reasonable expectation is to recognize the inherent
uncertainties involved in repository safety performance evaluations, and to encourage realistic
treatment of the uncertainties in performance assessments and evaluations of compliance with the
disposal standards. Reasonable expectation takes what might be termed a realistic or best-value
approach to dealing with uncertainty in performance projections when compliance issues are
complicated by uncertainties imposed by extrapolations of data and projections of performance
over long time periods. Reasonable assurance is a concept used in the licensing of facilities

which involve only short term extrapolations of performance.

In developing a repository design, there is an iterative process between design and performance
assessment that evolves over time to a final design and compliance calculations that are

presented for licensing. A process that recognizes and deals realistically with inherent
uncertainties would offer an efficient approach to optimizing design and performance.
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The proposed 40 CFR Part 197 standards require that DOE demonstrate compliance with the
individual-protection, human-intrusion, and ground water protection standards under principles
of "reasonable expectation." The proposed standard states, at §197.14, that reasonable

expectation requires less than absolute proof, because absolute proof is impossible to attain for
disposal due to the inherent uncertainty in projections of long-term performance. The proposed
rule also states that Reasonable Expectation (RE) focuses performance assessments and analyses

upon the full range of defensible and reasonable parameter distributions rather than only upon

extreme physical situations and parameter values.

The Preamble to the proposed 40 CFR Part 197 describes RE and its use as follows:

* In canrying outperformance assessments under a "reasonable
expectation " approach, all parameters that significantly affect
performance would be identified and included in the assessments.
The distribution of valuesyor these parameters would be made to
the limits of confidencepossible for the expected conditions in the
natural and engineered barriers and the inherent uncertainties
involved in estimating those values. Selecting parameter values
for quantitative performance assessments wouldfocus upon the full
range of defensible and reasonable parameter distributions rather
than focusing only upon the tails of the distributions as is more
commonly done under the "reasonable assurance" approach. The
"reasonable expectation approach also would not exclude
important parameters from the assessments because they are
difficult to quantify to a high degree of confidence.

5.2 Prior Consideration and Use of Reasonable Expectation

Reasonable expectation is the basis for evaluation of compliance with the Subpart B and C
standards in EPA's 40 CFR Part 191 (amended at 58 FR 66414, Dec. 20, 1993), and is
implemented in 40 CFR Part 194, the criteria for certification of WIPP (61 FR 5224, February 9,

1996). Use of the concept was upheld by the U.S. Court of Appeals, First Circuit, in its decision
concerning the suits brought against the EPA for the 40 CFR Part 191 standards issued in 1985.

The Court stated, in its decision:

* Given that absolute proof of compliance is impossible to predict
because of the inherent uncertainties, wefind that the Agency's
decision to require "reasonable expectation" of compliance is a
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rational one. It would be irrationalfor the Agency to require
proof which is scientifically impossible to obtain. Any such
purported absolute proof would be of questionable veracity, and
thus of little value to the implementing agencies. Nor can we say
that this provision is arbitrary and capricious because it will
afford the implementing agencies a degree of discretion, since such
imprecision is unavoidable given the current state of scientific
knowledge. Thus we are again faced with a decision that is within
the Agency's area of expertise and on thefrontiers of science, and,
as such, we refuse to substitute our judgmentfor that of the
Agency. (824 F.2d 1258 (1i Cir. 1987, at page 1293)).

The use of reasonable expectation is the same in 40 CFR Part 191 and 197. Part 191 states, at

§ 191.15, Individual-Protection Requirements,

Disposal systems for waste and any associated radioactive
material shall be designed to provide a reasonable expectation
that, for 1 0,000 years after disposal, undisturbedperformance o1
the disposal system shall not cause the annual committed effective
dose, through all potentialpathways from the disposal system to
any member of the public in the accessible environment to exceed
15 millirems (ISO microsieverts).

The proposed individual-protection standard for Yucca Mountain is stated, in § 197.20, as

* The DOE must demonstrate, using performance assessment, that
there is a reasonable expectation thatfor 10,000yearsfollowing
disposal the reasonably maximally exposed individual receives no
more than an annual committed effective dose equivalent of 150
microsieverts (15 mrem) from releases from the undisturbed Yucca
Mountain disposal system. The DOE's analysis must include all
potentialpathways of radionuclide transport and exposure.

5.3 Comparison of Reasonable Expectation and Reasonable Assurance

Reasonable expectation can be compared-to reasonable assurance, used by the NRC in licensing

of nuclear power reactors and other engineered fuel cycle facilities. In engineered facilities

licensed by the NRC, parameter values usually lie within a narrow range around an expected
value which is well known as a result of testing and experience, and the range itself will be based
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on actual testing and experience. For example, testing multiple samples of an alloy to measure
the brittle fracture strength will result in a mean value with a small range of variability.

For reactors, the projected performance of engineered components of the facilities can be verified
during their in-service lifetimes, which are only a few decades long. Consequently, the
extrapolation of laboratory testing results over the relatively short reactor operating lifetime
allows confirmation of the projections. This "real time" verification has been a part of the

licensing experience for power reactors. Extrapolation of important natural processes in reactor

licensing is limited to predictions of seismic hazards which in practice is done only for short

periods of decades.

In contrast, repository performance projections involve the extrapolation of natural processes and

events, and laboratory performance testing of engineered materials over time periods of
10,000 years and beyond. Such extrapolations have to date been applied onlyto WIPP in EPA's
certification of that disposal facility.

All engineered elements of a reactor are subject to performance verification, integrity of welds

can be confirmed, quality of construction can be verified, and training of personnel can be
confirmed. The NRC can, therefore, establish a measured pedigree for every factor important to
system performance and can expect and require, to a very high degree of assurance, that the
facility will operate as intended and expected. Principles and methods of reasonable assurance

were developed to serve these circumstances. Transferring reactor licensing experience and

expectations unaltered into regulatory decision making for deep geological disposal is not an

appropriate adoption of reasonable assurance used for licensing of reactors and other fuel cycle
facilities. In adapting the reactor-based reasonable assurance to the geologic repository
application, NRC has adopted a weightedprobabilistic approach to evaluate performance
projections. This approach moves significantly toward a recognition of the inherent differences

between reactor licensing and deep geological disposal (e.g., the difficulty in verifying long time
frame performance projections). However, a probabilistic approach does not, by itself,
unequivocally guarantee that repository performance projections will appropriately incorporate
the inherent uncertainties in these projections in a way that is not excessively conservative.

In contrast to reasonable assurance, reasonable expectation takes into account, for long-term,

deep geologic disposal, the fact that many relevant performance parameters cannot be clearly
characterized as can those for an engineered facility with a forty-year lifetime. Specifically,
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many natural features important to repository performance cannot be extensively characterized,
and many exhibit a high degree of inherent variability. In addition, performance characteristics

of engineered features of the repository must be extrapolated well beyond the time period for
which measurements can be made.

For example, groundwater flow in the volcanic rocks in the vicinity of Yucca Mountain will

occur primarily in fractures which have highly variable physical characteristics such as width,
length, and connections to other fractures. Tests can establish characteristics of fractures for
locations where the testing was done, but testing at various locations will produce different
results, which can vary widely. (Reflecting these variations, yield from water supply wells
located in fractured rocks can vary widely over short distances.) In addition, the hydrological

behavior of a fractured rock system can change over time, as tectonic processes and seismic
activity readjust the stress state in the area. Fracture networks could be enlarged, and their
connectivity and flow behavior could be gradually altered either favorably or unfavorably over

long time periods. In aggregate, thorough test results will produce a picture of what is a

reasonable interpretation of the range of results, and this would be the basis for implementation
of the concept of reasonable expectation. It would not be reasonable to base performance
assessment models and parameter values only on results which show limited fractures and
limited flow, or on results which show extensive fracturing and high flow rates.

A specific example for Yucca Mountain is the case of so-called bomb-pulse CI-36 detected at the
repository horizon in the Exploratory Studies Facility (ESF) (FAB98). These data indicate that

there are pathways in the rock formations above the proposed repository horizon that can rapidly
transmit infiltration water to the repository horizon in about 50 years; the pathways may extend
to greater depths. However, the data showed that the bomb-pulse Cl-36 was present in only a
small fraction of samples taken at the repository horizon, and these results could be correlated
with well-known fractures (FAB98).

These results demonstrate that it would be reasonable to expect that some relatively small
fraction of the entire UZ flow will occur via fast paths, and that modeling of UZ flow should take
this into account. It would not be reasonable, however, to base the evaluation of UZ performance
on fast paths alone. The reasonable expectation is that most of the UZ flow and radionuclide

transport will occur in accord with the bulk characteristics of the UZ geohydrologic regime.
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In comparison with the reasonable assurance concept, reasonable expectation accommodates the

necessity for performance assessment results for a geologic repository to recognize the inherent

uncertainties and limitations of characterizing the natural system. Performance models can be

defined with as much mathematical sophistication as they are for reactors, and the analyses can

be as analytically complex as they are for reactors, but some of the models and parameters used

in repository performance analyses will inherently be less well defined than those used for

reactors. This can lead to particularly difficult problems if parameters are expected to be

measured to too high a degree of confidence, accuracy, or precision; in such a case, excessive

conservatism may be applied in an attempt to offset the inability to meet these unrealistic data

objectives.

The analyses should be based on reasonable models and reasonable parameter values, not biased

toward extremes by unrealistically conservative assumptions and parameter value selections.
This approach recognizes that uncertainty encompasses the high-end aspects of performance
potential, as well as the worst-case potential.

5.4 Use of Reasonable Expectation for Yucca Mountain

Given the long time frame of the regulatory period for geologic disposal, the possibility that

changes in the repository system will occur over time, and the fact that, unlike reactors,
prediction with certainty of such changes and ability to remedy them is not possible, assumptions

concerning the agents and means of change are necessary. Similarly, assumptions are needed

concerning performance factors that are difficult or impossible to characterize reliably, such as
the extent to which dripping water will wet the surface of a waste package. Reasonable

expectation requires that assumptions are reasonable, rather than purely biased toward

conservatism, and that performance factors that can be identified and potentially have a

significant impact on performance be reasonably valued and not omitted from the models and
evaluations simply because they are difficult to characterize. Consistent selection of

conservative parameter values, and omission of beneficial aspects of performance, because
accurate characterization is difficult, would result in unduly conservative performance

assessments that represent situations of very low probability. Decision-making using such
analyses would be unavoidably biased.

It is reasonable to expect, for example, that climate conditions in the future can be estimated and
bounded on the basis of evidence of past and present climate conditions. It would be
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unreasonable, however, to assume that future climate conditions will be extreme in comparison

with the past. Also, in implementing the NAS finding that future performance of geologic
features can be bounded for periods up to one million years (NAS95), it would be reasonable to

base the assumptions on reasonable, not extreme, interpretations of past processes and events.

Similarly, it is not reasonable to assume that long-term changes will always be in the direction of

worsening performance, and to exclude positive aspects of such changes.

One of the most important aspects of reasonable expectation is to make reasonable assumptions

concerning performance factors that are difficult to quantify with confidence. There are
numerous performance parameters that can contribute significantly to system performance, but

are difficult to quantify accurately, such as the area of a waste package wetted by dripping water
and the area of spent fuel exposed in a breached fuel rod. To establish a realistic characterization

of the performance capability of the engineered barrier system, it is necessary to make reasonable
estimates for these factors and to include them in the performance models. As discussed in
Section 4.3, DOE used highly conservative assumptions for such factors in the TSPA-VA

evaluations or omitted them from the models because they were difficult to quantify. Our studies
have convinced us that the TSPA-VA results were consequently highly conservative and
understated the performance potential of the disposal system by several orders of magnitude.

The effects of some of the TSPA-VA conservative assumptions on results of the TSPA-VA
evaluations can be estimated as follows:

Assumption that the waste package is as wide as the drift: conservative by a factor
of three, since the package diameter is about one-third that of the drift.

* Assumption that the Alloy 22 is penetrated rapidly as a result of crevice corrosion:
conservative by a factor of 25, since the crevice corrosion rate was assumed to be
25 times higher than the general corrosion rate. This assumption was
subsequently modified to reflect the updated EDA II design, and this mode of
degradation was eliminated from TSPA-SR.

* Assumption that stainless-steel clad fuel rods are distributed among all packages
and fail immediately when the package is penetrated by water: conservative by
about a factor of about 10, since these rods can be packaged together in about 1%
of the total number of packages, and radionuclide releases were assumed to occur
from Zircaloy-clad fuel rods as well as the stainless-steel clad rods.
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* Assumption that 0.1 % of the Zircaloy-clad rods are failed at the time of
emplacement: conservative by a factor of 5-10, since an extensive data base shows
that 0.05%-0.01% are failed.

* Assumption that the entire waste form area in a failed fuel rod is exposed and
leaches radionuclides when contacted by water factor of 100 to 1,000; data show
breaches of cladding are primarily small hairline cracks, and all evidence shows
that no significant deterioration of cladding is expected after disposal.

Overall, many of the assumptions used in the TSPA-VA analyses can be shown, as illustrated
above, to have understated the reasonably expected performance of the repository by at least
three to four orders of magnitude. These arguments apply to the TSPA-VA, as a mechanism for
illustrating the concept of reasonable expectation.

Consideration of reasonable expectation in the TSPA-SR evaluations for the EDA II repository
design included the following:

* Use of a base case that is based on expected performance of the drip shields and
the waste package. As shown in the TSPA-SR, under these conditions, no
radionuclide releases would be expected for more than 10,000 years. Early waste
package failures were treated as possible, but their likelihood evaluated
probabilistically and shown to be unimportant in 10,000 years.

* Realistic estimates of seepage rates, the fraction of seeps that drip onto the drip
shields and subsequently onto waste packages, and the fraction of waste package
surfaces that is wetted. Realistic estimates can be based on emerging data which
show that the seepage threshold may be as high as 200 mm/yr, i.e., 20 times
higher than the estimate of current infiltration rates. These were not used in the
TSPA-SR (a mean threshold of only 10 mm/yr was used), but may be included in
future iterations of the TSPA.

* Realistic estimates of the rate and mechanisms of penetration of the waste
package wall by corrosion. A rapidly growing data base for corrosion of the wall
materials replaced the assumed values used in the TSPA-VA that were based on
expert elicitation results.

* Improved estimates of the rate at which water can enter the waste package interior
through wall penetrations were not used in TSPA-SR, but could be adopted for
future iterations. Models of penetration blockage that were recognized for the
TSPA-VA and TSPA-SR evaluations but not included in the models can be
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adopted. Modified assumptions for these effects would likely results in releases
occurring at significantly later times than found in the current model.

Realistic estimates of the time required to achieve contact between water that
enters a waste package and the exposed waste form. As a result of low seepage
rates and limited entry pathways, the elapsed time to fill the package interior and
achieve water/waste contact can be tens of thousands of years.

Realistic estimates of the duration and means for radionuclides mobilized from
the waste form to transport within, and exit, the interior of the waste package. As
discussed in Section 6.3, release of radionuclides from the package interior would
be expected to be controlled by extremely slow diffusional processes. By
contrast, the diffusional model included in the TSPA-SR is highly conservative, to
the extent that the majority of the releases are by diffusion. Modification of these
assumptions would lead to a qualitatively different type of release rate, in which
significant releases would not occur until substantial breaching of the waste
container would permit advective flow to dominate. Accommodating these
alternative assumptions would likely delay releases from the facility for lOs of
thousands of years.

* Realistic estimates of radionuclide transit times and concentrations for migration
from the repository to the dose receptor location. The expanding data base for the
UZ and SZ regimes should enable data-based estimates of UZ and SZ flow and
transport.

* Realistic estimates of radionuclide concentration dilution associated with
pumping by the dose receptor. As previously noted, this performance factor was
omitted from the TSPA-VA and TSPA-SR evaluations. Realistic studies
including those done by the NRC staff for the Issue Resolution Status Reports,
indicate that the dilution factor for this performance factor could be in the range
10-50.

* Realistic estimates of the type of igneous activity expected in the Yucca Mountain
region rather than extreme strombolian events could be incorporated in future
TSPAs. Changing this assumption, by itself, may eliminate or greatly reduce the
consequences of an entire scenario (eruption) from the dose results of the first
10,000 years, although not necessarily eliminating the occurrence of the igneous
event .

* Realistic models of the contact between magma and waste packages, which
account for temperature decreases, may eliminate all consequences from igneous
scenarios. By accounting for these effects, the potential exists for the repository
to be a zero-release facility during 10,000 years.
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Implementation of these applications of reasonable expectation would be expected to predict that
no radionuclide releases will occur until more than 10,000 years after disposal. In addition, long-

term dose rates would occur at much later times, and be significantly lower than those published

in the TSPA-SR.

In TSPA-SR, as discussed in Chapter 4, DOE has introduced a variety of "uncertainty
importance" analyses, intended to investigate the extreme ends of output distributions. These
analyses include regression analysis and classification tree analysis (TRWOOa). Regression

analysis involves conducting stepwise linear rank regression between total dose and all input
parameters, to determine the strength of the relationship between parameters and the output they

produce. Classification tree analysis is a method for determining which variables or groups of

variables produce a particular category of results. In particular, this approach is used to look at

extremes in the output range, and to categorize which input parameters are associated with those

extremes.

Since these uncertainty importance analysis techniques are focused purely on parameter

uncertainty, the degree to which they are consistent with the concept of reasonable expectation

depends on the conservatism of the underlying models and scenarios expressed by the

parameterizations they represent. For scenario and model representations that are reasonable
representations of the expected phenomena, it may well be appropriate to investigate and act

upon the boundaries of the output distributions. However, if the scenario and model descriptions

themselves are highly conservative, then making decisions based on the extrema of the parameter

distributions compounds the conservatism, and is not consistent with reasonable expectation. As

discussed in Chapter 4, several examples of models in the TSPA-SR appear to be so conservative
that they fall outside of the realm of expected system behavior, and the tails of the parameter
distributions appear to compound these conservatisms.

The igneous scenarios in the TSPA-SR appear to be an example of compounding conservatisms.
The annual probability of occurrence is highly uncertain, and one must look to the high end of

the possible values for the probability to consider the scenario at all, based on NRC guidance on

probability of scenarios (NRC99). The scenario description itself is for an extreme type of

volcanic event in a location in which such events are highly unlikely. The model for magmatic

interaction with the waste packages also takes extremely conservative assumptions, so that waste
packages are entirely destroyed, and the radionuclides are mobilized as an extreme finely ground-
up, easily dispersed powder. Despite these extreme assumptions, the central tendency of the
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output distribution associated with parameter uncertainty provides a probability-weighted mean

dose of around 102 mrern/yr (see Figure 3-3 above). However, the distribution that produces
this value includes a few realizations of very low probability with substantial doses. Figure 6.1-2

of TRWOOa illustrates that a few realizations produce doses in excess of 10 mrem/yr in the first
10,000 years. The potential exists to use uncertainty importance analysis methods to identify
conditions (input parameters) that lead to these high doses, and to use that information in

decision making: for example, to seek design modifications to the repository to mitigate them.

However, the concept of Reasonable Expectation would recognize that it is inappropriate to use
the results of extreme values of parameters applied in an extremely conservative model in an

extremely conservative scenario for prudent decision making. Similar, though less extreme,
examples are possible to elaborate for the nominal scenario of TSPA-SR as well.

5.5 Impact of Implementation of Reasonable Expectation for Yucca Mountain

The concept of Reasonable Expectation was developed by EPA to recognize that "absolute
proof' of repository performance projections can not be obtained in the commonly understood
meaning of the term, because of the long time frames and inherent uncertainties of the
extrapolations involved in projecting repository performance. The approach, however, is

intended to encourage realistic assumptions and assessments of repository performance, which
recognize these inherent limitations. "Bounding" approaches that exclude important processes

which will affect performance because these processes are not readily quantified with high
precision and accuracy, or that frame performance scenarios unrealistically, have the danger of
disguising important aspects of the site performance. The effect of overly conservative analyses

can be to drive repository design efforts to unnecessary extremes or to set performance
expectations beyond what can be reasonably demonstrated with conservative but reasonable

analyses.

As discussed above, the EPA standards for Yucca Mountain were developed under the concept of

reasonable expectation. In examining the conservative basis for the TSPA-SR results, a

reasonable expectation approach to framing the performance scenarios and assumptions indicates
that expected performance would be orders of magnitude better than the TSPA-SR results. This
difference would be more than enough to compensate for the uncertainties in the assessments.

5-11



We believe the reasonable expectation approach is more appropriate for repository compliance

evaluations and provides a more realistic link between design and anticipated performance in the

iterative process of developing a repository design for licensing.
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6.0 COST IMPACTS OF THE STANDARDS IN THE RULE

Preceding sections of this EIA have provided perspectives on the evolution of engineered design

features for a repository at Yucca Mountain; the evolution of understanding of the performance

potential for natural features of the Yucca Mountain site; the relationship between engineered

and natural barrier contributions to repository system performance; and the series of repository

system performance assessments that have provided insights leading to the current repository

design concept.

This section discusses the impact of the EPA's individual-protection standard, human-intrusion

standard, and ground water protection standard on the costs of the Yucca Mountain program and

the costs of the repository. Section 6.1 underscores the fact that individual-protection standards

are fundamental to radiation protection, and that the costs for the Yucca Mountain program and

repository design have evolved independent of the EPA IPS. Section 6.2 notes that the HIS is the

same as the IPS, and that it imposes no incremental costs. Section 6.3 demonstrates that the

GWS also imposes no incremental cost impacts.

In sum, the data and analysis requirements are the same for evaluating compliance with the IPS,

HIS, and GWS standards, and the Yucca Mountain program, repository design, and costs have

evolved without having been driven by the EPA standards.

6.1 The Indivdual-Protection Standard

As previously noted, the need for an individual-protection standard is fundamental to radiation

protection in general and to protection of health and safety for deep geologic disposal of

radioactive wastes. The issue here is not whether or not to have a standard; the issues are, What

level of protection should be required, and is there a cost impact of a standard that is more

stringent than an alternative? The choices under consideration are the 15 mrem/yr (CEDE)

standard proposed by EPA and the 25 mrem/yr standard advocated by the NRC.

The issue concerning incremental cost for the more stringent standard can be addressed by

determining if there are any data collection requirements or design improvements imposed by the

more stringent standard. For Yucca Mountain, the basis for assessing the need for incremental

cost is provided by considering the information presented above in Sections 3 through 5

concerning the design features and projected performance for the EDA HI design. As discussed in
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Sections 3 and 4, the TSPA-SR shows mean doses two orders of magnitude less than the 15

mrem/yr standard for the reference individual at 10,000 years and 20 km, and the reference

individual corresponds to the EPA's proposed RMEI. In addition, these doses are only realized

for a highly catastrophic and unlikely volcanic event.

The assessment results are based on highly conservative assumptions, to the point that some of

them are highly unrealistic. Despite the conservatism, the results still showed potential to

demonstrate compliance with EPA's proposed individual-protection standard. If the EPA's

approach of "reasonable expectation" was used to frame the igneous scenario and assumptions,

the projected dose results may have been negligible during the first 10,000 years.

The spread of the dose curves associated with parameter uncertainty shows that uncertainty in the

peak dose covers at least 5 orders of magnitude during the first 10,000 years (see Fig. 6.1-2 of

TRWOOa). A very few of the realizations appear to have extreme consequences, to the extent

that mean value is strongly biased by the high dose results. Indeed, for a portion of the curve this

bias is so strong that the mean value exceeds the 95' percentile of the dose curves. This suggests

that the mean dose curve is strongly influenced (perhaps unduly influenced) by a few realizations

representing the extreme tails of the distributions. In viewing these results, it must also be kept

in mind that the curves are themselves the result of the scenario and model assumptions

discussed above. Modification of these assumptions to reflect more reasonable system behavior

would likely decrease all of the output dose curves to negligible values in the first 10,000 years.

Demonstration of compliance with individual-protection standards for Yucca Mountain requires

detailed, in-depth characterization of engineered and natural barriers and analysis of performance

potential that assures a high degree of confidence in results presented for licensing reviews, and

results that indicate that the predicted performance is substantially better than the required

performance. As demonstrated clearly by Figure 3-2, current estimates of performance are

significantly better than either the 25 mrnem/yr standard or the 15 mrem/yr standard, and there is

no need for increased costs for design improvements or data acquisition to demonstrate

compliance with the 15 mrem/yr standard in comparison with the 25 mrem/yr standard. Indeed,

it can be argued that adoption of the EDA II design, with an incremental cost of only SO.8 billion

out of a total forward cost of nearly $22 billion (Section 3.8), is an effective time and cost saving

strategy. It reduces the uncertainties and issues that were of concern for the VA design, and it

improves the expected performance of the repository by several orders of magnitude, without

facing the costs and time involved in trying to reduce uncertainties in the performance of the
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natural barriers, perhaps without definitive results. It can also be argued that more realistic

treatment ofjuvenile waste package failures in the TSPA-VA, together with a relatively minor

design change to switch the corrosion-resistant layer to the outside of the package, would by

themselves have sufficiently improved performance. By this line of argument, the full change to
the EDA II design may have been unnecessary, so that even a simply modified VA design may

have been able to meet the IPS standards by orders of magnitude. In contrast to the several orders

of magnitude improvement in performance for the EDA II design as shown in the TSPA-SR, the

proposed NRC and EPA individual-protection standards differ by less than a factor of two. The

practical implication of this observation is that the proposed design can be expected to protect the

public far better than is required by either of the slightly different standards.

6.2 Cost Impacts of the HIS Requirements

The proposed standards for human intrusion, a performance standard unique to long-term

geologic disposal, are the same as those for the IPS. All parties to evaluation of factors important

to this demonstration of compliance concur with the NAS finding that a stylized scenario of

intrusion and its consequences is needed because circumstances of intrusion cannot be predicted

on the basis of scientific evidence. Therefore, the issues to be addressed in licensing reviews and
compliance evaluations are

* whether the intrusion scenario considered for licensing is reasonable, and
* what are the dose consequences of the appropriate scenario.

The EPA's proposed standard for individual exposure limits for human intrusion (15 mrem/yr) is
no different from the individual exposure limits applicable to gradual processes that will

eventually degrade the repository's functional capability. Protection of human health is
independent of the means by which it might be threatened. It is therefore appropriate and
necessary for the EPA to prescribe that the standard for human intrusion be no different than that

for the RMEI under undisturbed performance of the repository. The EPA is concerned only with

the fact that individuals potentially affected by human intrusion be protected to the same extent

as others. Details of the stylized intrusion scenario given in the rule are based on the

recommendations of the NAS to EPA for the rulemaking (NAS95). EPA has adopted those

recommendations it agrees with, to make clear to DOE and NRC the intent of the standard.
However, EPA has not prescribed the scenario in excessive detail, thus allowing DOE and NRC
to exercise their appropriate roles as applicant and regulator in implementing the EPA standard.
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Considerable flexibility has been left in the standard to explore the effects of alternative
processes associated with releases from the repository and transport through natural barriers.

As discussed above, it is apparent that the proposed HIS requirements have no impact on the

costs of the DOE program for Yucca Mountain because, in fact, they are no different than the IPS
requirements, as should be the case (i.e. , protection is independent of the circumstances that
require protection). Program schedules and costs for DOE have been established basically on the

basis that demonstration of compliance with the basic IPS is needed and crucial; demonstration

of compliance with HIS requirements can be developed independently through the intrusion
scenario characteristics accepted for the basis for licensing reviews. Parameter values needed for
the HIS analyses are available either from the parameters used in the IPS analyses, or may be

based on straightforward assumptions without the need to collect additional field or laboratory

data, as shown in Table 6-1.

The key point is that the proposed EPA standard is designed to assure that future populations are
afforded the same protection as present populations. DOE programs and projected costs have

been developed on the basis of the Department's expectations with regard to licensing review
requirements for demonstration of compliance with EPA's proposed standard. They have not

been based on an assessment of the impact of EPA standards on compliance with regulatory
standards.

TSPA-SR estimates of the impact of inadvertent human intrusion to be about 3 orders of

magnitude below the proposed standard, as shown in Figure 3-3. Differences are negligible

between the proposed NRC approach to assume intrusion at 100 years, and the reasonable

expectation approach, which would suggest that the waste package will be identifiable for much
longer times. It can be concluded that neither the HIS requirement nor its timing have any
impact on repository cost.

Data and analysis requirements for assessing compliance with the human-intrusion standard,
which fall within the framework of requirements for assessing compliance with the individual
protection standard, are summarized in Table 6-1. From this table, it is apparent that parameters
and data necessary to analyze exposures are either defined in the rule or are already available

from the IPS assessments. Consequently, no additional demands for data collection are imposed

by the HIS. As a result, no additional significant program costs are imposed by the HIS

requirements.

6-4



Table 6-1. Data and Analysis Requirements for Assessing Compliance With
the Human-Intrusion Standard

31aIAMMMMW S I tlgr~la
he intrusion to be modeled Defined in the standard. waste package penetration by water

well drilling with current technology; connection to the
saturated zone

gature of t

Probability of the intrusion Defined as unity (1.0) in the standard

rime frame for the intrusion Derived from corrosion modeling done for the IPS assessments

.Wechanism for release of radionuclides from the Assumptions for the analysis; no testing required
penetrated waste package:

* direct fall down borehole
* leaking package or diffusion release

Transport of radionuclides through the saturated Required to use the same methods as for the IPS assessments
zone to the compliance point

Doses to the receptor. Same definition and analyses as for the IPS assessments
* definition of the receptor
• path through the biosphere

6.3 Cost Impact of the GWS Requirements

The Ground Water Protection Standards do not impose any additional costs on the program. The

information required to evaluate compliance with the GWS is radionuclide concentration in the

ground water as a function of distance from the repository. This is the same information as is

required for assessment of compliance with the IPS, and no incremental costs or effort to assess

ground water concentrations with a higher degree of certainty for the GWS in comparison with

the IPS is appropriate or necessary. As shown in Figure 3-2, the GWS is of the same order of

magnitude as the IPS, and the characteristics of the data base that are needed for licensing

reviews are the same for the GWS and the IPS.

As shown in Figures 4-1 and 4-2, the TSPA-SR analysis indicates no potential for impact of the

GWS within the performance period, as there are no releases in the nominal scenario during this

period. As noted in Section 4.2, concentrations were calculated in the period out to 100,000

years to demonstrate that no significant degradation occurs even after the 10,000-year time period

is ended.
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Data and analysis requirements for assessing compliance with the ground water protection

standards are summarized in Table 6-2.

Table 6-2. Data and Analysis Requirements for Assessing Compliance With
the Ground Water Protection Standard

Water flux through the unsaturated zone above and into Characterization data, models, and analyses for the IPS
the repository (precipitation, infiltration, seepage into compliance evaluations
drifts, etc.)

Source term for radionuclide releases from the Engineered barrier system characterization, testing and
repository (container failure profiles, exposed waste modeling as required for the IPS compliance
form areas, radionuclide leach rates, solubilities, etc. evaluations

Characterization of saturated zone flow and Characterization data, flow and transport models, and
radionuclide transport (hydroponic conditions down- analysis of the type required by the IPS compliance
gradient to the compliance point; only average values evaluations, but GWS requires less detail
are required by the GWS )

Methods for calculating radionuclide concentrations in Methods defined in the standard; no further effort
the Representative Volume required
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7.0 SUMMARY DEMONSTRATION THAT THE
EPA STANDARDS HAVE NO COST IMPACTS

ON THE YUCCA MOUNTAIN PROGRAM AND REPOSITORY

7.1 Principal Bases for Findings of No Cost Impacts

This Economic Impact Assessment (EIA) has demonstrated that DOE's strategy for development

and design of a possible repository at Yucca Mountain has evolved to the point that EPA's

40 CFR Part 197 standards will have no impact on the total life cycle costs of the repository.

This has been demonstrated through an examination of the factors that influenced evolution of

repository design and a review and analysis of DOE's performance assessments. The principal

factors that provide the basis for a finding of no cost impact of the standards are:

The DOE plans for repository design strategy, data acquisition, and budget
allocations and requirements have been established independent of the proposed
EPA standards. DOE's plans and cost estimates reflect, as suggested above,
expenditures and activities not needed as a direct consequence of the EPA
standards.

* Earlier performance assessment results (TSPA-VA), which are based on highly
conservative assumptions that would not be used under principles of Reasonable
Expectation, suggest expectation of compliance with EPA's IPS, HIS and GWS
limits. More recent performance assessment results (TSPA-SR) show even
greater margins for compliance with the proposed EPA standards than the TSPA-
VA results. The newer design (EDA II) is augmented to produce improved
expected performance for the nominal case, and design features have been
selected to reduce the potential for significant issues during licensing reviews.
Figure 3-2 demonstrates dramatically the assertion that EPA's standards have no
impact on Yucca Mountain program costs. Under the nominal scenario there is no
release during the time period over which the IPS, HIS, and GWS would apply.
Releases may only expected to occur if violent volcanic activity occurs at the site,
and this is unlikely considering the volcanic history of the site. The magnitude of
releases associated with volcanic activity are very conservatively estimated in the
TSPA-SR in comparison to reasonably expected conditions.

* The data and analysis requirements for assessing compliance with the ground
water protection and human-intrusion standards are the same as those required for
assessing compliance with. the fundamental and essential individual-protection
standard. The ground water protection standard and the human-intrusion standard
therefore impose no incremental costs.
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These factors are discussed in more detail in Sections 7.1.1 through 7.1.3. Section 7.2 discusses
alternative standards and their relationship to repository performance, and Section 7.3 provides

an overall summary and conclusions.

7.1.1 Evolution of the Repository Design and Roles of Natural and Engineered Features

The initial repository design concept, described in the Site Characterization Plan (SCP) issued in

1988, anticipated that natural features of the repository system, such as very low rates of water

movement in the unsaturated zone (UZ), would dominate repository performance. Engineered
features would be the minimum necessary to meet the subsystem performance requirements of

the Nuclear Regulatory Commission's (NRC) 10 CFR Part 60 standards, such as substantially
complete containment of radionuclides within the waste package for 300-1,000 years.

In contrast to SCP expectations, acquisition and analysis of subsequent site characterization data

revealed that the SCP's performance expectations for the natural system would not be achieved,
e.g., there are paths for rapid movement of water through the UZ and rates of ground water

infiltration were higher than earlier thought. Consequently, the performance capabilities of the

engineered features of the system have been revised from the SCP concept to one in which the
engineered features play the dominant role in disposal system performance during the regulatory

period: more specifically, the use of highly corrosion resistant waste package wall materials and
drip shields to defer contact of the waste packages by water that drips into the repository. The

design features are intended to provide defense-in-depth for performance and to minimize
uncertainties and technical issues associated site performance that could become contentious
issues during the licensing process.

The inversion of performance roles of the natural and engineered features of the repository

system has evolved as a result of site characterization findings, guidance from external reviews

such as those of the Nuclear Waste Technical Review Board, and interactions with NRC staff

which provide guidance on licensing requirements. The evolution has been independent of the
EPA standards, the major components of which have remained essentially unchanged since
the 1985 promulgation of the generic 40 CFR Part 191 standards for geologic disposal.
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7.1.2 DOE's Use of Performance Evaluations

The Department has used a series of Total System Performance Assessments (TSPA) to guide

selection and prioritization of site characterization activities, to guide selection of engineered

features and parameters, and to make projections of repository safety performance. TSPA

models and methodology have evolved in parallel with the evolution of the site data base and

engineered design concepts.

The TSPA for the Viability Assessment in 1998 (TSPA-VA) was the first TSPA for a potential

repository system at the Yucca Mountain site. Despite use of conservative models and

assumptions, TSPA-VA results for the base case using average parameter values showed dose

rates at 10,000 years, for a dose receptor at 20 km distance from the repository and with

characteristics comparable to EPA's proposed Reasonably Maximally Exposed Individual
(RMEI), that were two orders of magnitude lower than the EPA's individual-protection standard

of 15 inrem/yr CEDE. More reasonable assumptions in framing these scenarios and the

associated conceptual models would show lower projected doses of at least several orders of

magnitude.

In response to reviews of the TSPA-VA which found that there were uncertainties in the models

and results that could produce significant technical issues for licensing reviews, DOE

subsequently adopted the current engineered design, EDA HI, which has as principal features use

of titanium drip shields and a highly corrosion resistant waste package outer wall. This

engineered barrier design concept is significantly augmented in comparison with the VA design.

TSPA-SR estimates of performance for this design indicate that, under expected conditions,
there will be no radionuclide releases and no potential for radiation doses for more than 10,000

years after repository closure, unless the repository is disrupted by volcanic activity. Even in that

extreme occurrence, the repository is shown in the TSPA-SR not to exceed the exposure limits.

The performance scenarios and conceptual models in the TSPA-SR were also developed using

conservative assumptions, although more realistically than the TSPA-VA approaches. Expected

releases would be considerably lower for even more realistic assessments.

All of the above actions were completed or underway by the time NRC put forth its

proposed 10 CFR Part 63 regulations in February 1999 and EPA put forth its proposed 40

CFR Part 197 standards in August 1999. In particular, DOE program plans, repository
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design concepts, and program cost estimates had all been documented before EPA's

proposed standards were issued for public comment.

7.1.3 Impact of the EPA Standards on Data and Analysis Requirements

The third perspective included in this EIA is an examination of the data and analysis

requirements imposed by the individual-protection, ground water protection, and human-

intrusion standards. Each of these components of the standard requires a quantitative evaluation

of projected repository performance, and a data base of performance parameters for the

repository's natural and engineered features, for compliance assessment. This EIA demonstrates

that the data and analysis requirements for assessing compliance with the ground water

protection and human-intrusion standards are the same as those required for assessing

compliance with the fundamental and essential individual-protection standard. The ground-

water-protection and human-intrusion provisions therefore impose no incremental cost

impacts.

7.2 Comparative Impacts of Alternative Dose Limits for the Individual-Protection

Standard

An important issue in developing the individual-protection standard has been comparative

impacts of alternative dose limits, e.g., 15 mrem/yr versus 25 mrem/yr. Figure 3-2 (which is the

same as Figure ES-1) shows the performance projections EDA II designs given in TSPA-SR.

As seen in Figure 3-2, the EDA II repository design demonstrates performance such that

projected doses are significantly less than either the 15 mrem/yr or the 25 mremlyr dose limit.

Indeed, the only doses that occur in the first 10,000 years are the result of potential volcanic

activity scenarios that are very conservative. It is therefore evident that selection of a 15 mrem/yr

dose limit rather than a 25 mrem/yr limit will not impose any additional cost impacts on the

repository. This is a highly significant finding in that the 15 mrem/yr CEDE dose limit is

consistent with the recommendations of the National Academy of Sciences and regulatory

precedents for deep geologic disposal applications (WIPP).

As noted in Section 4 of this document, the TSPA-VA evaluations of potential VA-repository

performance used highly conservative models and assumptions, such that the actual expected

performance of a VA repository would be at least several orders of magnitude better than was
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reported in the TSPA-VA results. Similarly, with the enhanced engineered barrier system design
for EDA II, the performance as evaluated in the TSPA-SR is significantly better than that

projected for the VA. No radionuclide releases are expected to occur for more than 10,000 years,

and even if highly-improbable violent stombolian eruption occurs, the repository design easily

meets either the 15 mrem/yr or the 25 mrem/yr limit. Performance scenarios in the TSPA-SR
analyses and the models used to evaluate them, although different in many respects from the

TSPA-VA, are still very conservative. Analyses using more realistic, yet still defensible,
assumptions would show performance results considerably better than the one presented in the

TSPA-SR.

The projections of repository performance for the EDA II design are shown in Figures 3-2 and 3-

3 compared to the proposed EPA and NRC regulations. As can be seen in this figure, and as

noted above in the discussion of the alternative dose limits, performance in all cases considered
is significantly better than required by the standards. The highly conservative igneous intrusion

and eruptions considered in the TSPA-SR show dose estimates one to two orders of magnitude

below the limits imposed by the standards; the expected performance (nominal scenario,
excluding volcanic events) within the regulatory time period for the EDA II repository shows no

releases relevant to the proposed standards.

As discussed in Section 3.4, the EDA II design and the refinement of repository strategy serve
primarily to ease concerns for uncertainties and technical issues that were associated with the

TSPA-VA methodology that could be difficult to resolve in licensing reviews, and to add to the

performance margin with use of drip shields to implement defense-in-depth concepts. The new
design was not driven by requirements in the EPA rule, but rather as a means to compensate for

uncertainties in performance projections.

7.3 Summary and Conclusions

The need to demonstrate compliance with the individual-protection standard is fundamental to

assurance of protection of public health and safety for deep geologic disposal. There is also

need, for geologic disposal, to provide protection in the event of inadvertent future human

intrusion and there is need to protect ground water resources for future generations. Imposition

of, and compliance with, the HIS and GWS standards is essential for consistent and
comprehensive application of EPA policy concerning ground water protection and for
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appropriate application of generic principles set forth in 40 CFR Part 191 to the Yucca Mountain

setting.

As shown in this document, the evolving understanding of the Yucca Mountain site

characteristics, and the resulting information base needed to provide defense-in-depth and to

reduce uncertainties during licensing reviews has driven the Yucca Mountain program data

acquisition program and evolution of design concepts. Because of site-specific conditions,

DOE's strategy for development and design of a possible repository at Yucca Mountain has

evolved so that EPA's 40 CFR Part 197 standards will have no impact on the costs of the

repository program. This document has also shown that EPA's generic 40 CFR Part 191

standards did not influence evolution of the Yucca Mountain program or the repository design.

Moreover, as illustrated by Figures 3-2 and 3-3, expected performance for the current repository

design is significantly better than is required by the EPA standards for HIS, GWS, and IPS.

The information base required for demonstrating compliance with the HIS and GWS standards is

the same as that required for demonstrating compliance with the individual-protection standard.

Costs and effort above those needed to evaluate compliance with the IPS therefore do not have to

be incurred to evaluate compliance with the MS and GWS standards.
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Summary

This Summary presents the key results of the international peer review of the US

Department of Energy (USDOE) Total System Performance Assessment supporting

the site recommendation process (TSPA-SR) issued in December 2000 for the Yucca

Mountain site. The review was carried out at the request of the USDOE Yucca

Mountain Project (YMP) and was jointly organised by the Nuclear Energy Agency

(NEA) of the Organisation for Economic Co-operation and Development (OECD), and

the International Atomic Energy Agency (LAEA) of the United Nations. The primary

intended audience for this review is USDOE higher level management and relevant

technical staff. However, it is hoped that this review will also be of value to the

regulators, various ongoing review groups and other stakeholders including the public.

This review is the outcome of the work of an international review team of ten

members, over a period of about four months. The main focus of the review is the

TSPA-SR document, with partial review of some supporting documents. Given the

limited time available, the IRT was primarily concerned with the higher level features

of the methodology rather than with details of individual sub-models that are subject to

change and that are undergoing detailed peer reviews by specialists in the relevant

areas. It is therefore an expression of findings based on a brief review and cannot be

considered as an in-depth analysis of all of USDOE's work on Yucca Mountain over

the last ten years.

Objectives

The primary objective given to the International Review Team (IRT) was to review

and critically analyse the performance assessment methodology and rationale used by

the USDOE in support of the current site-recommendation decision process in order to:

* Identify' consistencies and inconsistencies between methods that were implemented

by the USDOE and those being considered or developed in international

recommendations, standards and practices;

* Pro'ide a statement regarding the adequacy of the overall performance assessment

approach for supporting the site recommendation decision;

* Provide detailed recommendations for specific technical and other improvements

that would help performance assessmcnt better support the next programmatic
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decision point, if the site is recommended and subsequently approved, which

entails the preparation and submission of a license application.

These three aspects are considered below.

International perspective

Yucca Mountain setting

The conditions prevailing at Yucca Mountain are significantly different to those

considered in other national repository programmes in that Yucca Mountain is in a

closed basin and the repository is in an oxidising environment above the water table.

The IRT has taken due account of these differences in conducting the review.

Rationale

The rationale chosen by the YMP in support of the site-recommendation process was

as follows. A total system performance assessment was carried out to determine

whether it is likely that the selected repository concept at the Yucca Mountain site will

be able to meet the quantitative licensing requirements of the USEPA standard and the

USNRC proposed rule. The dose rate requirement for the 10 000 year period was met

by designing the engineered barriers (with redundant features) so that, based on

available corrosion data, there would be no release from the waste package under

normal conditions.

This rationale is capable of addressing many important issues. However, at present, the

extensive knowledge accumulated in many years of characterisation and analysis of the

sitc is not utilised to its fullest extent. The IRT is also of the opinion that it would havc

been desirable to have placed greater emphasis in the TSPA-SR on the performance of

the geological barriers in their own right. Moreover, a broader safety case should have

been developed to support the site recommendation decision.

Methodology

The overall structure of the TSPA-SR methodology, and the USDOE approach of

building on an iterative series of performance assessments, conform to international

best practice. Moreover, the structured abstraction process linking process-level

models to assessment models is at the forefront of international developments.

One of the first steps in a safety/performance assessment is identification of the

potentially relevant features, events and processes (FEPs). The IRT has found the FEP
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methodology used in the TSPA-SR to be in agreement with international best practice,

and recognises the contributions to the international development that has come from

work within the YMP.

The YMP places far greater emphasis on probabilistic assessment than equivalent

programmes in other countries. Some known issues, and particularly "risk dilution",

considered in the international fora such as the Probabilistic System Assessment Group

of the NEA, have not been fuilly addressed in the TSPA-SR.

The YMP TSPA does not cmphasise natural analogues as much as in some other

international studies.

Regulation

The regulatory requirements set down and proposed' for the YMP are somewhat more

prescriptive than in many other countries, both in specifying compliance requirements

and in directing how these must be met. Particularly relevant in this regard is the

specification of a period of 10 000 years for which the applicant must provide

reasonable assurance (USNRC proposed regulation) or reasonable expectation

(USE-PA) that a radiation dose limit will not be exceeded. Other examples arc: (i) the

detailed specification of a stylised human intrusion scenario; (ii) the precise

specification of the distance to the receptor area; (iii) specification of the representative

volume of groundwater to be used in human uptake and dose rate calculations; and (iv)

the requirement that events with probability of occurring as low as 104 per year should

be modelled and assessed numerically.

The way the regulations are formulated has contributed to the tendency of the TSPA-

SR to focus more on demonstrating numerical compliance with quantitative criteria

than on demonstrating an understanding of repository performance. Also, the US

approach to regulation has focussed attention on the presentation of aggregated results

that can be compared directly with regulatory requirements. The IRT considers that

more intermediate results and dis-aggregated end results should be given. This would

provide more information to decision-makers, a point emphasised in recent

international recommendations on the safety of radioactive waste disposal.

l Since the work of this review, both the NRC and DOE have finalised their regulations. The

IRT considers that its conclusions and recommendations are not called into question by the

changes made. See Appendix 4.
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Statement by the International Review Team

In response to the request by the USDOE to provide a statement regarding the

adequacy of the overall performance assessment approach for supporting the site

recommendation decision, the IRT considers that:

While presenting room for improvement, the TSPA-SR methodology is soundly based

and has been imnplemented in a competent manner. Moreover, the modelling

incorporates manya conservatisms, including the extent to which water is able to

contact the waste packages, the performance of engineered barriers and retardation

provided by the geosphere.

Overall, the IRT considers that the implemented performance assessment approach

provides an adequate basis for supporting a statement on likely compliance within the

regulatory period of 10 000 years and, accordingly, for the site recommendation

decision.

On the basis of a growing international consensus, the IRTstresses that understanding

of the repositoty system and its performance and how it provides for safety should be

emiphasised more in fjiture iterations, both during and beyond the regulatory period

Also, firther work is required to increase cofidence in the robustness of the TSPA.

Recommendations for future assessments

To provide better support to the next progra mmatic decision point, namely the

preparation and submission of a license application, the IRT recommends that a

number of improvements should be made in the USDOE approach to assess the

performance of the repository system. Detailed recommendations on specific technical

issues and sub-system analysis are provided in the main report. The most important

recommendations in regard to overall system performance, sub-system performance

and other issues are summariscd bclow.

Overall system methodology

Features Events and Processes (FEPs): The IRT has carried out some spot checks of

the FEP identification and screening process. This has identified two additional

potentially important FEPs. This points to some shortcomings in the routines and

procedures for the FEP identification and screening processes and in the QA of

assessment input, which should be revisited and revised as necessary. While the

regulatory compliance period is 10 000 years, the YMP team are to be commended for

extrapolating some of the TSPA-SR simulations out to longer times in order to
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estimate the time and magnitude of the maximum expected dose. However, FEPs have

been screened out on the basis of demonstrating compliance up to 10 000 years and so

the assessment is less reliable at longer times. Thus the IRT recommends that in future

the screening of FEPs should be made in two stages. The first stage should retain all

FEPs required for a full understanding of repository performance, while the second

stage should include regulatory compliance considerations in the screening criteria.

Uncertainty: A comprehensive and systematic methodology for identifying and

treating all types of uncertainty should be formulated and implemented. This should

include the classification of uncertainties as to whether they are due to intrinsic

variability or to lack of knowledge, since the latter can lead to non-conservative results

when incorporated into a probabilistic framework. This is termed "risk dilution" and is

discussed further in the main report. It is recommended that a study should be carried

out of the quantitative importance of risk dilution for the expectation value of dose.

The reduction of uncertainty should be a major goal of the YMP, focussing attention

on obtaining good laboratory and field data in those areas where uncertainty has the

greatcst effect.

Probabilistic methodology: Given the regulatory requirements in the USA, it is

appropriate to make usc of a probabilistic systems analysis framework for the potential

repository at Yucca Mountain. However, the IRT is of the opinion that some particular

aspects of the methodology require further consideration. The key concern of the IRT

is the potential problem of risk dilution. This arises because the parameter distributions

used in the TSPA-SR represent the combined effects of stochastic variability and

subjective probability due to incomplete understanding of the system. Under some

situations the inclusion of subjective uncertainty can lead to non-conservative

estimates of the expectation value of dose (so-called risk dilution or uncertainty

dilution). When this occurs it means that increased ignorance leads to lower expected

doses, which does not appear to be a sensible basis for decision-making, and requires

further scrutiny. The IRT is of the opinion that the TPSA-SR presents conditions where

risk dilution may have occurred, but that this issue has neither been addressed nor

analysed. Consequently, the IRT recommends that an assessment should be carried out

of the quantitative importance that risk dilution might have on the magnitude of the

performance measure. Also, the limitations and strengths of the probabilistic method

need to be addressed as pre-conditions for a defensible analysis.

Sensitivity analysis: The IRT was favourably impressed by the methods and quality of

the sensitivity analysis used in the TSPA-SR and supporting documents. The IRT

recommends that sensitivity analysis be developed further into a tool to build an

integrated and comprehensive understanding of the relative importance and role of

different barriers and processes.
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Safety Case: A Safety Case should be developed as a higher level document, and

include the articulation of a strategy to achieve safety as distinct from the strategy for

demonstrating compliance, with an emphasis on obtaining and communicating
understanding and facilitating dialogue with the relevant stakeholders. A Safety Case is

the integration of relevant arguments in support of the long-term safety of the

repository. In particular, a statement of confidence should be included, to elucidate the

means that were adopted to achieve sufficient confidence, and to acknowledge the

remaining issues, together with a suggested strategy for resolving those issues. This

should build upon the current Repository Safety Strategy document.

System understanding: Within the TSPA-SR report most attention is given to

demonstrating quantitative compliance with regulatory criteria. Relatively little

emphasis is placed on the important issue of presenting an understanding of system

behaviour, which is required to enable decisions to be made based on the full body of

evidence. The IRT considers that demonstrating understanding should be

complementary to demonstrating compliance and of at least equal importance. Two

approaches are needed.

The first is to present what is considered to be a realistic (i.e. non-conservative)

analysis of the likely performance of the repository using realistic model assumptions

and data. This could usefully draw on evidence from natural and

archaeologicallhistorical analogues and should aim to communicate the likely

evolution of the repository and its surroundings to a range of stakeholders and give an

indication of the safety margins inherent in the analysis.

The second approach is an analysis for compliance purposes where conservative

assumptions and parameter values are used to make the case more defensiblc. Specific

assumptions and models are needed for this and should be identified separately from

the less conservative analysis. Finally, in order to communicate understanding, the

USDOE should take steps to improve its corporate memory and make more use of the

extensive archive of technical and non-technical reports produced during earlier phases

of the programme.

Sub-system methodology

Repository design: There have been major changes in repository design between

TSPA iterations (e.g. since the TSPA-VA) but no clear rationale for these changes was

discernible from the TSPA-SR report. In a future safety case it would be helpful to

include a section in the main body of the report describing the evolution of the disposal

concept. In addition to indicating how design changes have responded to safety

concerns, this would provide continuity and would enhance confidence by
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demonstrating that the project is maturing and developing in a logical and systematic

manner.

Engineered barrier materials: The selection of materials for the waste package outer

barrier (Alloy-22) and drip shield (Titanium Grade 7) are in line with international best

practice, having regard to the specific chemical environment at Yucca Mountain.

However, in order to build further confidence in the performance of these materials

over thousands of years in the anticipated Yucca Mountain repository environment, it

is recommended that long-term corrosion tests using multiple specimens are carried

out. These should investigate the effects of gamma radiation field, salt deposits,

microbes and ageing. A key challenge is to improve confidence in the extrapolation of

corrosion measurements to long times. In order to accomplish this, it is recommended

that efforts be made to help improve the scientific understanding of the kinetics of

pitting and crevice corrosion, and of stress corrosion cracking.

Waste form: The procedure used for screening the radionuclide inventory may have

resulted in some potentially important radionuclides (e.g. 3 6C], '35Cs) being omitted

from detailed analysis and thus the IRT recommends that this procedure should be

reviewed and amended as appropriate. In the TSPA-SR, the fuel cladding remains a

significant barrier up to 100 000 years and beyond. The IRT was impressed with the

depth of thought given to this issue but found one process (effects of the corrosion of

basket components) that was not taken into account and which might compromise the

performance of the cladding. Thus further efforts are recommended to strengthen

confidence in this area.

Some of the solubility limits for elements (especially Np, Th and Ra) given in the

TSPA-SR are simplifications made in the absence of reliable data. It is recommended

that more experimental data be obtained to validate thermodynamic modelling,

especially with regard to the complex interactions between the degrading waste form

and components of the waste package.

Transport within the engineered barrier system: The proposed mechanism of

radionuclide diffusion through stress-corrosion cracks, which is assumed to be

dominant for many millennia after the waste package is breached, appears to be overly

conservative and complex, and possibly not credible. The model requires a continuous

film of water to allow diffusion that extends all the way from the waste form to the

cracks in the degrading waste package and to the bottom of the invert. In applying the

model, the TSPA-SR assumes very conservatively that the process of diffusion occurs

even when there is no dripping in the location and the drip shield is intact. The

engineered barrier transport model should be independently reviewed. Moreover,
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questions remain about the likely extent of drift collapse and its effect on engineered

barrier performance.

A key issue concerning the near-field repository environment is whether liquid water is

likely to exist in and around waste packages, as assumed in the TSPA-SR. Very little

water should be able to reach the drifts because of the repository design, causing

diversion around the emplacement drifts, or by Nature due to limited precipitation,

infiltration and seepage. At the same time, the evaporation potential of water due to

heat output from the waste packages is substantial: much more than 1 000 litres per

year per package before 10 000 years has been postulated. Thus except in areas where

seepage is extraordinarily high, waste packages may remain dry due to evaporation.

Dcsign modifications, such as capillary barrier backfill, could be considered in areas of

high sccpagc.

Unsaturated zone: Confidence in the modelling of flow and radionuclide transport in

the unsaturated zone should be increased through further experimentation, and the

influence of temperature on capillary suction should be accounted for. The TSPA-SR

determined that some of the dose comes from colloidal transport of Pu, Th and

possibly other actinides, in both the unsaturated and saturated zones. However, this

assumption is possibly over-conservative and should be reviewed.

Moreover, natural dripping of groundwater from fractures or pores in the matrix has

never been clearly obscrved 2, primarily as it is affected by drift ventilation, and yet it

plays an important role in the analysis. This begs the question as to whether the

assumptions about dripping are too conservative. In view of its critical role in the

assessment, the IRT recommends that the postulated dripping process should be better

understood and quantified.

Saturated zone: The IRT expresses concern about the level of knowledge available

for assessing the role of the saturated zone (SZ) in the TSPA-SR, both at the regional

scale and at the site scale. Further hydrogeological and hydrogeochemical data are

required. Moreover, the treatment of this information to construct and calibrate a

regional groundwater flow model is considered by the IRT not to be state-of-the-art. It

is therefore recommended that a significant effort be made to improve the regional SZ

flow model by collecting new data and improving the calibration. This effort should be

closely integrated with the improvement of the site flow model, in order that these two

models are made consistent with one another. Once improved flow models have been

constructed, calibrated and validated, they should be run in a spatial variability

analysis, not by using a large uncertainty factor.

2 Clarification made. See Appendix 4.

Viii



Biosphere: The Yucca Mountain biosphere modelling programme has recently been

the subject of a comprehensive international review and thus in general it has not been

thoroughly scrutinised by the IRT. However, the IRT considers that a realistic

understanding of the long-term fate of radionuclides in the Yucca Mountain basin

should be developed.

Natural analogues: The IRT recommends that the USDOE should carry out further

work at the Pefia Blanca uranium deposit in northern Mexico as a natural analogue for

Yucca Mountain and use its characteristics to increase the confidence of both the

public and the scientific community in the system performance over very long times.

Also, investigations of naturally-occurring uranium and its radioactive progeny in the

tuffs at Yucca Mountain should be continued to improve understanding of their

mobility within the flow systems of the mountain. Overall, natural analogues should

receive more prominent attention as instruments for increased understanding and

confidence building.

Disruptive events and human intrusion

Disruptive events: Volcanism at Yucca Mountain is a very low probability event.

With regard to volcanism, more explosive rhyolitic eruptions can occur at the same

time as basaltic eruptions (so-called bimodal volcanism). This was not discussed in the

TSPA-SR. It is recommended that the probability of bimodal basaltic-rhyolitic

volcanism should be estimated and, if relevant, the consequences should be analysed.

The IRT considers that the TSPA-SR adequately addresses seismological influences

and finds the analysis in line with other international studies.

Human intrusion: The stylised human intrusion scenario, as specified by the

regulatory agencies, involves drilling of a borehole through the waste package and into

the saturated zone. The LRT recommends that in future assessments direct surface

water flow into the assumed borehole should be included so that water flows into the

degraded waste package in every realisation of the computer model.

Documentation

The full set of documentation, including supporting reports, provides a comprehensive

and impressive analysis of relevant issues, models and data. In areas where the IRT has

examined supporting documents, they were found to exhibit adequate traceability.

Moreover, the documentation has clearly been prepared in a systematic fashion with

great care and attention to detail.
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Nevertheless the [SPA-SR report has some shortcomings in tenns of overall clarity
and comprehensibility. This may be due to it being written for a number of different
types of readers and is an area where improvement could be made. To address this
problem in future, it would be appropriate to produce documents for different sets of
stakeholders including a summary document where the whole YM concept, context

and safety case is presented in a forn suitable for a more general audience.
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1 Introduction

This document presents the results of the international peer review of the US

Department of Energy (USDOE) Total System Performance Assessment (TSPA)

issued in December 2000 supporting the site recommendation process (TSPA-SR) for

the Yucca Mountain site (CRWMS, 2000a). The review has been carried out at the

request of the USDOE Yucca Mountain Project (YMP) and has been jointly organised

by the Nuclear Energy Agency (NEA) of the Organisation for Economic Co-operation

and Development (OECD) and the International Atomic Energy Agency (JABA) of the

United Nations.

The rcport is intended primarily for a USDOE readership of technical managers and

senior management, but is likely to be useful to other individuals with similar

backgrounds and interests and to the broader range of interested stakeholders including

members of the public. The review conmnents are offered in a constructive spirit in

order to help the USDOE assess its achievements and better steer its working

programme in the development of a repository for spent nuclear fuel and high level

waste.

1.1 Background to the Yucca Mountain Project

The USDOE has been studying the Yucca Mountain site in Nevada for more than 15

years to determine whether it is a suitable place to construct the first underground

repository for US commercial and defence spent nuclear fuel and high-level waste.

In addition to a large amount of site charactcrisation work and development of the

system concept, a number of performance assessments have been carried out over the

past decade, the latest of which is the TSPA-SR (CRWMS, 2000a).

The relevant draft3 regulatory requirements by the United States Nuclear Regulatory

Commission (USNRC) and the standards of the United States Environmental

Protection Agency (USEPA), which will apply for licensing if the site is recommended

by the President and accepted by Congress, are summarised in the TSPA-SR report.

For the purposes of this review, key requirements arc the use of the probabilistic

expectation value of individual dose as the primary quantitative performance measure,

3 Since the work of this review, both the NRC and DOE have finalised their regulations. The

IRT considers that its conclusions and recommendations are not called into question by the

changes made. See Appendix 4.
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and the specification of a compliance timeframe of 10 000 years following disposal.

The standard of proof is that of "reasonable assurance" (USNRC, proposed regulation)

and of "reasonable expectation" (USEPA). In this context it is noted that the final

decision to be made by the USNRC is based not only on the results of the performance

measures but on the "full record" before the regulatory authority.

1.2 Terms of reference, objectives and scope of the review

This review has been conducted according to Terms of Reference (Appendix 1) agreed

between the USDOE, IAEA and NEA.

According to the Terms of Reference, the objective of the review is to provide an

independent assessment of the methodology developed by the USDOE-YMP as

presented in the TSPA-SR report (CRWMS, 2000a). It is a technically oriented and

consensus review conducted by an International Review Team (IRT).

The primary objective is to review and critically analyse the performance assessment

methodology and rationale being used in support of the current site-recommendation

decision process in order to:

* Identify consistencies and inconsistencies between methods being used by the

USDOE and those being considered or developed in international

recommendations, standards and practices;

* Provide a statement regarding the adequacy of the overall performance assessment

approach for supporting the site-recommendation decision;

* Provide detailed recommendations for specific technical and other improvements
that would help performance assessment better support the next programmatic

decision point, if the site is recommended and subsequently approved, which

entails the preparation and submission of a license application.

Based on the expertise and international experience of the team, these three aims are

addressed throughout the report and the key issues are summarised in Section 5.

The primary report reviewed was the TSPA-SR document, with each section being

reviewed by at least two members of the IRT. Where deemed appropriate to meet the

aims of the review, ancillary reports were also reviewed. These included Revision 4 of

the Repository Safety Strategy (RSS) (CRWMS, 2000b) and certain Process Model

Reports (PMRs) and Analysis Model Reports (AMRs).

2



The IRT has not reviewed in detail the recent Supplemental Science and Performance

Analyses (BSC, 2001) because it was outside the scope of the Terms of Reference and

because of assurances from the USDOE that it follows the same basic methodology as

the TSPA-SR. In this context, it should be noted that the IRT was primarily concerned

with the higher level features of the methodology rather than with details of individual

sub-models that are subject to change and that are undergoing detailed peer review by

specialists in the relevant areas.

In keeping with the Terms of Reference, in reviewing the relevant reports the IRT has

given consideration to the:

* Technical basis for the performance assessment, including identification and

justification of the conditions and characteristics modelled at the system level; this

includes a review of thc abstractions of the adopted design and the scientific basis

for determining future environments in the system and its materials and natural

systems behaviours;

* Development of the key conceptual models, including the assumptions made with

respect to the representations of relevant features, events and processes (FEPs);

* Adequacy of the treatment of the undisturbed and disturbed system performance;

* Adequacy of the methods used, and the cases considered, in sensitivity and

uncertainty evaluations; and

* Overall clarity and completeness of the technical report describing this system-

level performance evaluation.

With this background, the IRT considered that it was empowered to comment on any

matter discussed in the main TSPA-SR report, including the technical and scientific

basis for the assessment, scenario development, and the development, abstraction and

integration of mathematical models. In particular, the review team focused on the

overall question:

* From an international perspective, does the TSPA methodology have the potential

to support a credible long-tenn post-closure safety case?

The conditions prevailing at Yucca Mountain are significantly different to those

considered in other repository programmes because the repository is above the water

table, in an oxidising environment and in an effectively closed basin. The IRT has

taken due account of these differences in conducting the review.
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1.3 Conduct of the review

The review was conducted over the period June to October 2001 by ten members of an

International Review Team (IRT). It is therefore an expression of findings based on a

brief high-level review, and cannot be considered as an in-depth analysis of all of

USDOE's work on Yucca Mountain over the last 10 years.

The IRT members have experience in aspects of system-level long-term performance

assessment evaluations (Appendix 2). The team members were selected by the Joint

NEA-IAEA Secretariat in accordance with a written criteria statement. The team

members participated as individuals, rather than representing their organisations.

The review team met for the first time in Las Vegas on the 215 to 23rd June 2001 where

they held a number of closed-door meetings where team members discussed the

conduct and schedule of the review together with their first impressions of the TSPA-

SR report. On the 21' June the review team visited the Yucca Mountain site including

viewing the surface geology and characterisation experiments within the mountain. An

Orientation Meeting was held on the 22nd June 2001, where USDOE staff and

contractors made a series of presentations on the TSPA-SR, each of which was

followed by a question and answer session. The Orientation Meeting was open to

members of the public, three of whom were invited to make brief presentations at the

end of the meeting.

Following the Orientation Meeting, the review team sent an initial list of questions to
the LISDOE bascd primarily on the prcscntations by USDOE staff and contractors.

Two further sets of questions were prepared following scrutiny of the TSPA-SR report

and some supporting reports. The USDOE responded in writing to each of these sets of

questions.

A second set of meetings was held in Las Vegas from the 26th August to the 1I"

September 2001. Plenary meetings were held with USDOE staff and contractors in

order to develop a deeper understanding of the issues raised in the written questions

and answers. Observers from the general public, the State of Nevada, and the USNRC

were present at all open meetings. Closed-door meetings of the review team were held
to discuss substantive issues. At the close of the plenary meeting on the 315' August,
the IRT Chairman, Tonis Papp, made an oral presentation of preliminary observations

by the IRT to USDOE staff and contractors at an open meeting.

Following the second Las Vegas meeting, the IRT members compiled and reviewed

this final report, which was then submitted to USDOE in November 2001, for fact-
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checking only. Following this examination by USDOE, the IRT received comments,
included in Appendix 4, which have been incorporated in this final version.

1.4 Organisation of this report

The organisation of the report is as follows. Section 2 presents some general
considerations on the regulatory environment, the performance assessment rationale
and approach, and documentation. The methodology and scientific basis for sub-
systems, corresponding primarily to Chapter 3 of the TSPA-SR report, are reviewed in
Section 3. Section 4 reviews the integrated TSPA methodology corresponding
primarily to Chapters 1 and 2 and parts of Chapter 5 of the TSPA-SR report. Finally,
the most important conclusions and recommendations of this review are collected
together in Section 5. Appendix 1 sets out the Tcrms of Reference for the review and
Appendix 2 presents brief CVs for members of the IRT. Appendix 3 contains detailed
comments on the TSPA approach to the saturated zone hydrogeology of the Yucca
Mountain area. Appendix 4 contains the comments received from USDOE after fact
checking of the draft report, and the IRT responses.
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2 General Considerations

2.1 Regulatory perspective

The regulatory requirements set down and proposed for the Yl\t are somewhat more

prescriptive than in many other countries, both in specifying safety requirements and in

directing how these must be met. Particularly relevant in this regard is the specification

of a period of ten thousand years for which the applicant must provide reasonable

assurance (USNRC proposed regulation) or reasonable expectation (USEPA) that a

radiation dose limit will not be exceeded. Other examples are: (i) the detailed

specification of a stylised human intrusion scenario; (ii) the precise specification of the

distance to the receptor area; (iii) the specification of the representative volume of

groundwater to be used in human uptake and dose rate calculations; and (iv) the

requirement that events with probability of occurring as low as 104 per year should be

modelled and assessed numerically. 7Te IRT acknowledges and accepts that these

regulations are the product of extensive debate in the US and represent a considered

view that provides a legal basis for accepting, challenging and implementing

decisions.

Furthermore it is recognised that the role of the USDOE is to provide impartial advice

to elected officials, who are responsible for decision making. In this context the IRT

has been impressed with the openness of YMP staff in explaining the points of view of

project opponents and critics.

The regulations require that a risk-informed approach should be adopted in

demonstrating compliance with the dose limit, in recognition of the uncertainties

inherent in making assessments over long time frames in thc future. It is also required

that the assessment should reveal an understanding of the relationship between the

performance of the repository sub-systems and the total system performance.

Nevertheless despite the prescriptive nature of the regulations, the IRT notes that the

proposed licensing regulation 10CFR 63 states that "consistent wvith a performance

based ph ilosophy, the Commission proposes to perm it DOE the flexibility to select the

approach for demonstrating this relationship that is most appropriate to its analysis".

In its review of the TSPA-SR, the IRT has observed a tendency for more focus to be

given to the demonstration of numerical compliance with the proposed regulatory

requirements than on developing and presenting an understanding of repository

performance. Whilst it is completely understandable that the TSPA-SR should give due
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attention to demonstrating compliance with the prescribed dose limit, an in-depth
understanding of the performance of the repository system is necessary to develop
confidence in the overall design and safety of the repository and in the results of the
assessment. In this regard, there is an emerging international consensus that building
confidence in repository performance is of comparable importance to demonstrating
compliance with criteria. Thus it is recommended that in the future equal attention
should be given to system understanding as to numerical compliance with regulatory
criteria if the project proceeds to the licensing stage.

In presenting the outcome of the performance assessment, probabilities and
consequences are generally combined together emphasizing compounded perfornance
measures. Examples of such compound performance measures are the expectation
value for an ensemble of calculations, and the combined results for the nominal
evolution scenario and the probability-weighted disruptive events scenario. Whilst this
is appropriate for demonstrating numerical compliance with regulatory requirements, it
tends to obscure the interpretation of results. For example, it would have been helpful
if the TSPA-SR had shown more intermediate results as a means of improving the
understanding of system performance, for example the dose-time curves for
realizations in which volcanic disruption takes place.

International recommendations recognise the validity of presenting assessment results
in both an aggregated and a dis-aggregated manner. Dis-aggregated results provide an
aid to understanding, for example by displaying probabilities and consequences
separately and enhancing the understanding of the effectiveness of sub-systems (ICRP,
2000). They therefore provide more information for making subsequent decisions on
the acceptability of repositories. Th7us it is recommended that in future assessments
wore emphasis is placed on dis-aggregation of the results.

Finally it is noted that the US regulations are currently the subject of legal challenges.
Thus it would be prudent to ensure that any TSPA is robust to possible regulatory
changes, such as the 10 000-year compliance period. As this review considers the
TSPA-SR from an international perspective, it is hoped that it might contribute to an
understanding of such regulatory robustness.

2.2 Performance assessment rationale

The Terms of Reference require the IRT to review the "rationale being used in support
of the current site-recommenedation decision process". The rationale chosen by the
YMP was to carry out a TSPA and determine whether it is likely that the selected
repository design at the Yucca Mountain site will be able to meet the quantitative
licensing requirements of the USEPA standard and the USNRC proposed rule. With

7



-

this rationale, thc question of site suitability requires a preliminary evaluation of

compliance over 10 000 years. The YMP chose to meet this by designing a waste

package that, based on current corrosion data, would last 10 000 years without any

release. While the IRT accepts this as one logical way to proceed, it has resulted in a

bias towards performance of the engineered barrier system. It is not the only rationale

that could have been used. The effect is to undervalue the considerable potential of the

geological barriers.

For example the YMP assessment could have focused more on the role of the site in

assuring total repository safety. The robustness of the site suitability could have been

illustrated by examining possible conditions that would make the site unsuitable and

showing that they have low probability.

The TSPA is not an isolated exercise but involves an iterative process where

engineering design is adjusted in order to demonstrate compliance with the regulatory

requirements. In view of this the flexibility of the engineered barrier concept could

have been demonstrated by showing how design adjustments could compensate for

reasonable discrepancies between the real and assumed site characteristics.

Alternative rationales for site suitability evaluation could also have been based around

the development of a "safety case" to support the decision at hand. Performance

assessment is only one component of the safety case, other components being

development, of a strategy to achieve safety as distinct from the strategy for

demonstrating compliance, with an emphasis on obtaining and communicating an

understanding of the integrated system ant its performance and favouring dialogue with

the relevant stakeholders. The demonstration of the existence of multiple barriers in the

repository design and natural system is also a part of a safety case. In addition a safety

case should include a statement of confidence in its findings at each stage that

acknowledges the existence of any unresolved issues and provides guidance for work

to resolve these issues in future development stages (NEA 1999).

The TSPA-SR has in itself some elements of a safety case, but the focus on

demonstrating numerical compliance with regulations has taken the foremost priority

vis-a-vis understanding and confidence building aspects.

The IRT is of the opinion that it would have been preferable to have incorporated the

TSPA within a safety case in support of the site recommendation decision, and to have

formulated this within well-developed strategies to achieve safety and to demonstrate

compliance. It is recommended that this approach be followed for the next decision

point in the programme.

8



2.3 General approach to performance assessment

The objective of a TSPA is to provide an understanding of the overall system

performance and to provide a safety-related basis for decision making, in this case for

site suitability. Compared with the evolving international trends in performance

assessment, the contents and focus of the TSPA-SR havc been more directly influenced

by the prescriptive nature of the proposed US regulations than is typically the case.

This has caused tension between the objective to develop and demonstrate

understanding and the objective to evaluate the likelihood of compliance with

quantitative criteria.

The general approach used in the TSPA-SR is set out clearly in Chapters I and 2 of the

TSPA-SR report together with a useful summary of the regulatory context. In essence

the general approach consists of the following five major steps:

e Identifying and screening potentially relevant features, events and processes

(FEPs) to develop scenarios;

* Developing models;

* Estimating parameter ranges and uncertainties;

* Performing calculations; and

* Interpreting results.

At this level of detail, the general approach to TSPA, and the USDOE approach of

building on an iterative series of performance assessments, conforn to international

best practice (NEA, 1AEA and CEC, 1991).

A sixth step is also mentioned in the TSPA-SR report, namely the development of a

repository safety strategy and the principal factors. This step is discussed within a

separate Repository Safety Strategy (RSS) document (CRWMS, 2000b) which is

potentially the most important safety case report but whose status is somewhat unclear.

This represents a move towards implementing the NEA Confidence Document (NEA,

1999), as discussed in Section 2.2 above.

As with any systems approach, the first requirement is to define what is included in the

system and is modelled explicitly, and what lies outside the system and influences its

evolution through initial and boundary conditions. Given the regulatory requirement to

perform a probabilistic assessment the TSPA-SR makes the choice of including

virtually all relevant FEPs within the system model, and thereby only considering two
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scenario classes (nominal and disruptive) reflecting differing external conditions. This

has necessitated the development of a complex system model incorporating hundreds

of FEPs and their interactions. It is to the credit of the Yucca Mountain Project (YMP)

that this has been carried out in a systematic, scientifically competent and professional

manner.

In particular, a bottom-up approach has been adopted, linking process-level models to

assessment models, which is at the forefront of international developments. In future

assessments this might usefully be complemented by a top-down approach in which

models are developed to be as simple as necessary from thc outset. While most of the

Process Model Reports (PMRs) and Analysis Model Reports (AMRs) have not been

scrutinised in detail by the IRT, it is clcar that they constitute an impressive body of

work leading from fundamental science to the system-level models used in the TSPA-

SR.

The IRT notes that a complementary more-deterministic approach could have been

used, as has been done in a number of other countries, namely to base the assessment

on a best-estimate model of system behaviour with major uncertainties addressed by

examining scenarios derived from the effects of external FEPs.

While the IRT acknowledges that the broad sweep of the TSPA-SR performance

assessment methodology is in line with international best practice, it has encountered

some issues worthy of further consideration for future iterations, and these arc

discussed in later sections of this report.

2.4 Documentation

The full set of documentation, including supporting reports, provides a comprehensive

and impressive account of relevant issues, models and data. In areas where the IRT has

examined supporting documents, they were found to exhibit a good level of

traceability. Moreover, the documentation has clearly been prepared with great care

and attention to detail.

A good attempt has been made to integrate the total system performance assessment: it

is logical and well structured but the story of the repository evolution is not told

particularly well.

The overall clarity and comprehensibility of the report could have been better, and may

have been affected by the report being aimed at a number of audiences with different

needs. In future it would be appropriate to produce documents aimed at different sets

of stakeholders in order to overcome this problem.
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In its present form the length and complexity of the documentation make it rather

impenetrable to all but specialists. Moreover, in some cases, the descriptions of the

sub-systems are incomplete and the interpretation of results could be improved. The

Executive Summary could also have been more appropriately written at a higher level

and in a more readable style. Some of the illustrations are excellent, some unnecessary

and some more appropriate for an oral presentation rather than a scientific report.

The JRT recommends that, at an appropriate point, the USDOE should produce a

document of a few tens ofpages wvhere the whole YM concept, context, and safety case

is presented in a form amenable to a more general audience. This should emphasise

the expected performnance of the repository up to and beyond the compliance period. A

relevant example is the summa)'y of the Canadian Environmental Impact Statement

(AECL, 1994).
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3 Sub-system methodology

3.1 Repository design

There seem to have been rather large changes in repository design between iterations

(e.g. since the TSPA-VA) but no clear rationale for these changes was discernible from

the TSPA-SR report. Design changes are often made to improve safety or provability.

However, in the TSPA-SR it was not clear why backfill was not considered when it has

many favourable aspects from a safety perspective. Also, the reasons for changing the

sequence of metals used in the waste package and introducing drip shields were not

discussed in the TSPA-SR. In previous disposal concepts, cement was to be used in

large quantities as a barrier and a seal in the repository, but this now appears to have

been abandoned. One result of these changes in design is that it slows the convergence

of the iterative series of performance assessments. 7The IRT recognises the need for a

performance assessment to be well focused on a given design. However, thle LRT

recommends that a discussion of design improvements and their role in the safety

strateD, should be included in future safety case documentation. This would provide

continuity and would enhance confidence by demonstrating that the project is maturing

and developing in a logical and systematic manner.

Contingencies for dealing with poor ground conditions and heavy fracturing in the

repository area, that had not been recognised from prior drilling and excavation of the

ESF and Cross Drift tunnels, appear to have developed in a rather ad hoc manner.

There appears to be only a limited amount of data from boreholes and the present drifts

on which to base predictions for rock conditions in the repository area. Thus, plans for

waste loading, container and drift spacing, ctc., may need to be revised once

excavation has begun. More borehole drilling is needed to verify the suitability of the

emplacement site.

The proposed USNRC regulation (10 CFR Part 63) requires that the repository design

allows for retrieval. However, retrievability is not discussed in the TSPA-SR apart

from listing in the FEPs. Ihe potential impacts of the provisions made for retrievability

should be discussed in future assessments, including degradation of waste packages

and drifts and possible damage to the drip shield carriage system prior to closure.

The IRT also notes that changes in the thermal loading and spacing of waste packages

within the repository are under consideration. Changes in design, if adopted, will

require a reassessment of the total system performance.
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3.2 Engineered barrier materials

The primary components of the engineered barrier system, namely the drip shield and

waste package, are depicted in Figurc 1. The materials selected for the waste package

outer barrier (Alloy-22) and drip shield (Titanium Grade 7) are in line with

international best practice, having regard for the specific chemical environment at

Yucca Mountain. Also, the waste package design shows a good balance between

mechanical strength and corrosion protection. These materials are well known to be

highly resistant to general corrosion, local corrosion and stress corrosion cracking

(SCC) under a variety of disposal conditions including rock salt, granite and clay.

Waste Pacrae innra
Barrier (Stainlees Stel)

Waste Package Outer Ud m.
(Aloy 22)

Waste Package Middle Lid I

Drip Sheld
(Titanium Grade 7)

Waste Package
(Outer Banier 2 cm Aloy 2
nuner Barier: 5 ton slinless steal)

Figure 1: Schematic design of the drip shield and waste package (CRWMIS, 2000a).

In the current design, the drip shield is largely redundant since the Alloy-22 barrier is

somewhat more effective. However, the use of dual barriers of dissimilar materials

provides defence-in-depth and contributes to the overall confidence in the system.

The present investigations under Yucca Mountain conditions indicate good corrosion

resistance. The general corrosion rate is extremely low and the experiments performed
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to date do not indicate a susceptibility to local corrosion. However, these experiments

have not covered the full range of conditions expected in the repository. The available

limited experimental results on SCC of welds of the Alloy-22 do not allow a statement

on the long-term resistance of this alloy to SCC. Moreover, the tests performed to date

have been of relatively short duration compared to typical incubation times for

localised corrosion in such corrosion resistant materials. In order to build confidence in

the performance of these materials over thousands of years in the anticipated Yucca

Mountain repository environment, it is recommended that long-term corrosion tests

using multiple specimens are carried out to investigate the effects of:

* Gamma radialionlfield, especially on Alloy-22;

* Kinetics ofpitting and crevice corrosion;

* Salt deposits on local corrosion;

* Stress corrosion cracking, especially on welds ofAlloy-22;

e Microbially enhanced corrosion;

* Ageing especiallyforAlloy-22.

These experiments need to examine the effects of water chemistry (including pH and

Eh) and temperature over ranges relevant to anticipated repository conditions.

In addition to the testing of small-scale coupons, it is recommended that larger

specimens from real and model containers (including welds) should be investigated in

order to determine the impacts of manufacturing processes and surface area.

A key challenge is to improve confidence in the extrapolation of corrosion

performance to the 10 000-year regulatory compliance period and beyond. In order to

accomplish this, it is recommended that:

* To the extent possible, improved experimental methods are developed for

accelerated testing;

* Measuremnents of the microscopic structure and composition of the passive oxide

layers are made as an aid to scientific understanding of corrosion mnechanisnis;

* Models are developed, refined and validated based on scientific understanding, as

an aid to extrapolating experimental results in tine.
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In order to improve the understanding of the robustness of the system, it would be

worthwhile to investigate the consequences of a "what if..." case in which there are a

small number of early canister failures. This would address the concern that early

failure of waste packages has not been properly considered and modelled. Coupled

with this could be further discussion on the effectiveness of the drip shield and waste

form to resist the effects of drip movement, and tunnel deformation and collapse.

3.3 Waste form

Twenty-six radionuclides are considered in the TSPA-SR report based on an initial

screening process. The IRT notes that some radionuclides (such as 36CI and 135Cs) that

feature as important in other international studies (NEA 1997a) were screened out after

the TSPA-1995. It is possible that changes in the disposal concepts or models since

1995 could affect the relative importance of radionuclides.

For instance, 36CI has been screened out because it is not a fission product. However,

it is produced by neutron activation of contaminating Cl in the fuel. It has been shown

to be an important contributor to dose in, for instance, the Canadian program (Johnson

et al. 1995). Although USDOE calculations appear to have been made to determine its

contribution from this source, further examination is required to resolve this issue

together with laboratory measurements in spent fuel leaching tests.

The IRT recommends that the inventory screening procedure should be reviewed and

amended as appropriate.

Furthermore, it is noted that the biosphere dose conversion factors used in screening

out radionuclides did not properly account for short-lived daughters of long-lived

parents when determining whether to screen out the parent. However, the USDOE has

assured the IRT that plans are in place to deal with this issue.

In the TSPA-SR, the cladding remains a significant barrier up to 100 000 years and

bcyond. This is not the same as in other international studies where different conditions

exist and little credit is given for the cladding. In discussion with the IRT, the USDOE

has argued that conditions at Yucca Mountain are more favourable to long-term

maintenance of the cladding barrier. The IRT was impressed with the depth of thought

given to this issue but found one process (effects of the degradation of basket

components on cladding integrity) that was not taken into account and which could

compromise the perfornance of the cladding. The issue of cladding performance is

important because it is one area ofpossible optimism and because it has a major effect

on system performance bey0ond 10 000years. Thus further efforts are recommended to

strengthen confideizce in this area.
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The degradation of the Commercial Spent Nuclear Fuel (CSNF) controls the source

tern because it dominates the inventory and because it is less durable than the HILW.

As modelled in the TSPA-SR, the degradation of the CSNF is relatively rapid because

of the oxidising conditions and the presence of carbonates in the water which

complexes the uranyl species.

The release of some radionuclides from the waste package is governed by solubility

limits, which are given in Table 3.5-8 of the TSPA-SR. Some of the solubility limits

for elements (especially Np, Th, and Ra) are simplifications made in the absence of

reliable data. The most important area of uncertainty is neptunium solubility and the

degree of incorporation of neptunium into secondary phases. Neptunium solubility is a

strong function of pH and Eh in the water within the degrading waste package.

The pH and redox potential of the water in equilibrium with the waste package are

extremely important variables in determining the release of radionuclides from the near

field. The degradation of the CSNF will occur within the same timeframe as other

components in the waste package: the steel, Alloy 22, titanium drip shield etc. These

processes will consume oxygen and, in some cases, protons and will tend to push the

system towards reducing conditions. There is a wide variation in the predicted pH in

computer simulations (below pH 3 is some cases), the reason for this variability

appears to be due to the presence of sulphur in the carbon steel. If this is a problem it

could be overcome by using low sulphur stccl. Having regard to the above factors, it is

recommended that more experimental data be obtained to build confidence in the

thermnodynanic modelling, especially with regard to the complex interactions between

the wasleform and comnpunenths fthe ivastepackage.

There is some uncertainty as to whether the fast release fraction of volatile

radionuclides has been adequately investigated and included in TSPA-SR. Further

discussion on this topic should be included in future assessments.

3.4 Transport within the engineered barrier system

Figure 2 depicts the engineered barrier system during the initial stages of water ingress

and degradation. In the TSPA-SR, water ingress and radionuclide transport within the

engineered barrier system (EBS) is assumed to occur by the following mechanisms:

* Advection through the degraded container4 ; and

* Diffusion through stress-corrosion cracks.

4 Diffusion through degraded waste packages was also considered in the TSPA-SR. See

Appendix 4.
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Figure 2: General engineered barrier design features, initial water movement, and

rockfall (CRWMS, 2000a).

The second mechanism, which is dominant for many millennia after the waste package

is breached, is overly conservative and complex and possibly not credible. The model

requires a continuous film of water to allow diffusion that extends all the way from the

waste form to the cracks in the degrading waste package and to the bottom of the

invert. In applying the model, the TSPA-SR assumes very conservatively that the

process of diffusion occurs even when there is no dripping in the location and the drip

shield is intact. Furthermore, as discussed below, the existence of a continuous water

film seems most unlikely because of evaporation. Moreover, the presence of the

emplacement pallet (see Figure 2) is ignored and the waste package is assumed to be

lying on the invert.

The model for spatial flow in the engineered barrier system is so complex that it is not

easy to determine the effect of the conservative assumptions. The TSPA-SR lists (in

Section 3.6.3.1) six noteworthy conservatisms but concludes that the magnitude of the

conservatisms cannot be estimated because of the complexity and statistical nature of

the model.
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One aspect that has not been given sufficient attention is the possibility and probability

for any liquid water to exist on and within waste packages over long time scales. The

evaporation potential of water due to the decay heat of the waste is in fact substantial,

exceeding 1 000 litres per container per year before 10 000 years and will still be of the

order of 100 litres per year per container at 100 000 years. It appears that the USDOE

have not taken this factor into account. Indeed, it is questionable whether larger

seepage rates than the evaporation potential could ever occur over reasonable time

scales for assessment of performance. The probability of extraordinarily high seeps

should be better investigated. Design fixes, such as capillary barrier backfill, could be

considered for any areas where seepage could be too high.

The overall conclusion from the analysis of engineered barrier transport is that the

inodel is at the saine lime too complex and too conservative. In particular, the IRT

recommnends that the inclusion of a diffusion pathway in the absence of any advective

flow onto or into the waste package, or indeed the presence of any liquid water, should

be independently reviewed to determine if it is credible and whether the complexity

serves a valid purpose. If this apparent over-conservatism is removed, the calculated

repository performance beyond 10 000 years could improve substantially.

The corrosion of engineered barriers and components of the waste package (steels)

could result in localised reducing conditions within the degrading waste package (see

discussion in Section 3.3). Moreover the iron oxides formed by corrosion processes are

known to be highly retentive of radionuclides. Both these factors should retard the

release of uranium and actinides fiom the near field environment and should be

considered in future waste package modelling studies.

Concentration limits assumed for the various radionuclides are regarded as a principal

factor affecting post closure safety, both with regard to requirements for defence in

depth and for contribution to performance. For many radionuclides this factor is,

among other things, sensitive to the materials used in the repository. The materials

intentionally brought into the repository are of course listed, but there should also be a

systematic search for stray materials that could be spilled or unintentionally left in the

repository and an identification of sensitive substances that would not be allowed to be

brought into the repository.

The possibility of drift degradation by collapse of steel support sets and the tunnel roof

appears to have been thoroughly examined in the supporting documents of the TSPA-

SR and the integrity of the drip shield is claimed to be maintained throughout at least

the first 10 000 years. These conclusions are largely derived from the results of a

model that describes the formation and collapse of 'key blocks' in the emplacement
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drifts. The model shows that largest key block that may form (- 50 tonnes5) is not

expected to breach the drip shield although verification and validation of the model has

yet to be performed. Therefore, the caveat 'to be verified' applies to these conclusions.

The work proposed by USDOE to identify suitable natural analogues for code

verification and validation is, accordingly, important and welcome.

3.5 Unsaturated zone

Figure 3 shows a conceptual drawing of water flow within Yucca Mountain. The

unsaturated zone (UZ) is the region above the repository and below the repository but

above the water table.

Infiltration into the unsaturated zone has been a difficult parameter to quantify at

Yucca Mountain (YM). The IRT understands that several methods have been used to

determine infiltration but it would have been helpful if these had been described and

the level of confidence in each discussed. In the TSPA-SR, fracture flow becomes

increasingly important with increase in depth and is allowed to dominate at repository

level to simplify calculations while remaining conservative. This approach appears to

be appropriate although it is not clear whether the assumption of linear behaviour of

flow-path characteristics (e.g. capillary suction pressures in the rock matrix) can be

expected throughout the range of infiltration cases and climate scenarios.

Evidence of past climate has been determined, appropriately, from nearby locations

(Devil's Hole, Owen's Lake) to derive the three climate states for the next 10 000

years. This approach fulfils the requirement expressed in the review of the TSPA-

Viability Assessment that wetter climates be incorporated in the model.

Water leaving the EBS flows through the UZ to the water table a vertical distance of

175 m to 365 m (depending on climatic conditions). Flow calculations within the UZ

are done ahead of time for input into the radionuclide transport model.

Modelling of fluid flow and radionuclide transport in the UZ utilises the dual-

permeability6 approach in which flow through fractures is relatively fast whereas most

of the porosity resides within the rock matrix. Sorption processes are neglected in the

fractures but occur within the rock matrix. Colloidal transport is also modelled for

radionuclides that are either reversibly or irreversibly-attached to the colloids. This

5 The maximum expected key-block size is 37 tonnes, and calculations indicate that no cracks

will form in the drip shield up to a key-block size of 52 tonnes. See Appendix 4.
° Terminology corrected. See Appendix 4.

19



treatment is similar to that used in other repository studies where disposal occurs into

fissured rock.

Fracture-Matrix
Interaction
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Figure 3: Conceptual drawing of mountain-scale flow processes (CRWMS, 2000a).

The description of transport in the UZ is clearly written and the illustrative figures (see

Figures 3.7-9, 10 and 12 in the TSPA-SR) are useful. They show that the average

transit times in the UZ are typically 500 to I 000 years for non-sorbing species such as

E9Tc, I 000 to 10 000 years for 237Np and >100 000 years for irreversibly and

reversibly-bound Pu, respectively. This illustrates the ability of the Yucca Mountain

geological strata to retain radionuclides, a fact that is otherwise masked in the TSPA-
SR by the dominance of engineered barriers for the first 10 000 years and more.
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One important caveat needs to be given. The modelling of flow and radionuclide

transport in unsaturated media is complicated by the presence of both air and water in

the void space. The major uncertainty in the current model is the extent of continuity

between water in the fractures and matrix. This can have an important effect on the

output of the model. Also, the fracture-matrix exchange-reducing parameter, which is

supposed to account for channelling into and clogging of the fracture planes, needs to

be validated by additional field tests both for the migration of water and nuclides. The

only real way of resolving these issues is by experimentation and thus it is

recommended that experiments be conducted to validate the model of flow and

transport in the unsaturated zone.

Independent evidence of the groundwater flow rate through both the UZ (and SZ) can

be obtained by use of groundwater 'dating' (residence time) techniques, such as the

measurement of the naturally occurring isotopes 'H, 14C and 36C1. Little indication of

this work is given in the TSPA-SR although there are citations to excellent AMRs on

this topic, in which these and other techniques have been applied. What is not clear,

however, is whether and how these results have been incorporated in the flow models

for the UZ (and SZ).

For representing flow and transport in the UZ, the TSPA-SR has developed a full 3-D

model of the site. However, this model has not used the existing large-scale experiment

that the present ventilation of the exploratory tunnel is providing. The IRT suggests

that head measurements in The rock matrix and water extraction by the ventilation

system should be used to test the 3-D UZ model, and thus potentially confirm the

estitate uf the present lwrge-scale permeability of the rock and also intfiltration rate

into the mountain.

The TSPA-SR determined that some of the dose comes from insoluble or relatively

insoluble species of Pu, Th and possibly other actinides. These species are transported,

in part, by colloids generated by corrosion of the waste form or in the invert below the

waste form. The support for colloidal transport appears to come largely from

measurements of Pu at the Nevada Test Site (NTS) although the amounts transported

were extremely small in that study. The TSPA-SR supporting documents give a

somewhat confusing picture as to whether colloidal transport is at all important. It is

possible that it is over-rated as a transport mechanism, but this needs to be clarified. It

is noted that the mobility of biological species is treated differently to colloids.

Natural dripping of groundwater from fractures or pores in the matrix has never clearly

been observed7 in the drifts at Yucca Mountain, because it is affected by drift

7 Clarification made. See Appendix 4.
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ventilation, and yet it plays an important role in the analysis. This begs the question as

to whether the assumptions about dripping are too conservative. Also, the time and

spatial dependence of dripping, if dripping occurs, needs to be understood better. One

possibility is that dripping could be controlled by installing a capillary barrier backfill.

In view of its critical role in the assessment, the IRT recommends that the postulated

dripping process be better understood and quantified. Also, the influence of

temperature on capillary suction should also be taken into account, as the surface

tension of waler decreases with temperature8.

One possible approach to understanding seepage into drifts is to make use of the

analogy of stalactites in caves caused by drips from the cave roof. Limestones are

fractured in a similar manner to YM tufts and it is possible that a study of drip

frequency, volume and distribution has already been made by speleologists and may be

found in the karst or speleological literature. This could form the basis of a model for

describing dripping and migration of the drip source.

3.6 Saturated zone

For the purposes of radionuclide modelling, the saturated zone (SZ) extends from the

point at which radionuclides reach the water table to the receptor point in the model

farming community (sec Figure 4). The farming community is assumed to be 20 km

downstream in the TSPA-SR but this will need to be adjusted to 18 km following

finalisation of the EPA regulation, 40CFR 197 (EPA, 2001).

The IRT expresses concern about the level of knowlcdgc available for assessing the

role of the saturated zone (SZ) in the TSPA-SR, both at the regional scale and at the

site scale. The geological structure and hydrogeological properties of the Death Valley

Basin and of the Yucca Mountain region are clearly very complex. The amount of data

that has been collected by the USGS and USDOE, particularly on the site and its

surroundings, is significantly too low for adequately supporting the role that is to be

played by transport in the SZ, in a multi-barrier approach of a TSPA.

The IRT observes that the SZ flow system at YM is very complex and not sufficiently

understood to propose a conceptual model for a realistic transport scenario. A number

of site specific features have to be investigated in the continued site investigations

before a realistic flow model can be built. This is discussed in detail in Appendix 3 and

summarised below.

10% decrease over the temperature range of 20 to 60 degrees C.
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Figure 4: Conceptualisation of features and processes important to saturated zone
transport (CR WMS, 2000a).

Regional scale flow model

At the regional scale, the USGS has assembled a significant amount of information.
However, the treatment of this information to construct and calibrate a regional
groundwater flow model is considered by the IRT not to be state-of-the-art, and to be
below what has been done in the US at other sites (e.g. WIPP) or in the oil industry. A
reliable regional SZ flow model is necessary to provide the boundary conditions of the
site model, and also the predicted regional hydrology in different climatic conditions. It
is recommended that a significant effort be mnade to improve the regional SZ Jlow
model. This effort should be closely integrated wvith the improvement of the site model,
in order that these ivo models be made consistent with each others which is not the
case at present.
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Site scale flow model

At the site scale, there is a gap of information between the location of the repository
and the potential receptor, 20 km downstream. Furthermore, there arc indications from

the C-holes study that the single-well tests that have been made so far in the area do
not provide results consistent with those of the multi-well tests. This introduces a very
significant uncertainty in the understanding of the system, which needs to be resolved
in order to qualify the existing single-well data. Finally, there are indications, which
need to be confirmed, that the fractured volcanic rocks can display a significant
horizontal anisotropy.

The USDOE has built a site scale flow model that, in its description of the geology of
the site, is a much better approach than that used in the regional model, but which is
very difficult to make consistent with the information extracted from the regional
model. However, there is still room for improvement. It is recommended that the site
flow inodel should be improved based on the new data that is to be collected, and

better calibrated, using for instance additional information such as the temperature

data that is available in the area. By interactive adjustments with the regional model, a

coherent picture of the SZ flow at both scales should be obtained. Once this model has
been adequately calibrated, a conditional approach to the residual spatial variability of
the system should be implemented, analogous for instance to work carried out for
WIPP. This variability analysis should incorporate both the distribution of permeability

and that of recharge, in a consistent way.

Treatment of uncertainty

In the TSPA-SR, the USDOE has fully recognised the large uncertainty that is inherent
in the lack of data and the poor quality of the regional model. This uncertainty has been
accounted for by assuming an uncertainty range of a factor of 100 in the velocity in the
aquifers, and by further assuming that two different conceptual models (isotropic and
anisotropic) can be used alternatively with equal probability. Such a large uncertainty
in the velocity of the aquifer has been extracted from the judgement of an Expert
Elicitation Panel, which thus acknowledges the unreliability of the estimates provided
by the regional model.

The IRT has also observed that the uncertainty factor on the velocity in the aquifer
creates an equal uncertainty factor in the regional groundwater flux entering into the

model. However, in the Monte-Carlo sampling, no correlation has been introduced
between the magnitude of this flux and the magnitude of the recharge estimate, which

is also randomly sampled in the TSPA. The SZ model can thus have a very large
groundwater velocity associated with a very low recharge rate, and vice versa, which a
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priori seems inconsistent. While there may be potential reasons explaining this

decision, nowhere in the TSPA-SR nor in the AMRs that the IRT reviewed has this

feature been addressed. It thus gives the impression that the TSPA-SR contains

undefined and unjustified decisions that can potentially affect the outcome of the

analysis, and thus the credibility of the results.

The TRT considers that introducing such a large uncertainty in the TSPA is likely to

induce "risk dilution" effects (see discussion in Scction 4.3), thus impairing a

reasonable understanding of the role of the SZ barrier in the system performance

measure, and further generating non-conservative biases in the calculated expectation

value of dose. This potential effect has not been analysed in the sensitivity study of the

system, and is presently unquantified. The IRT consider that it would have been

preferable, in the absence of additional data, to have reconsidered the range of

uncertainty derived from the Elicitation Panel. This could have been done by

reconvening the panel, and then, as in other parts of the TSPA, to have used a

conservative model of the SZ rather than the potentially non-conservative approach

used in the present TSPA-SR. For fixture analyses, the LRT recommends that additional

data should first be collected, and an improved model constructed, calibrated and

validated, and then non in a spatial variability analysis, not by using a large

uncertaintyfactor.

Radionuclide transport

Section 3.8 of the TSPA-SR report on transport in the saturated zone is well written

and logically ordered. There is, however, a general reluctance to seek out and clearly

display hydrogeological/geochemical evidence that could build confidence in the

models. Examples of this are the validation of assumed water types that reflect

different climates over the last 10 000 years and measurements of the mobility of

naturally occurring radionuclides that are also contained in the waste (e.g. 1 4 C, 36 Ci,

99Tc, 129I, 238U) in both natural analogues and Yucca Mountain itself. Evidence is

needed in the TSPA-SR to support proposed hydrogeological flow paths, modelled

groundwater residence times and flow rates, and groundwater redox conditions at

discharge zones.

The importance of colloids is again discussed in the TSPA-SR for transport of low

solubility radionuclides in the SZ. As noted for the UZ, however, the importance of

colloids in contributing to dosc may be overrated. Several conservatisms have been

made with respect to the role of colloids: filtration of reversible (surface-sorbed)

colloids is not considered, minimum values of Kd are used for the highly sorbing

radionuclides (Am, Pu, Th) in the SZ, chemical equilibrium is assumed so that

mobility is maximised, and Kd values for the least sorbing rock unit in the SZ are used.
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This likely results in an overly conservative assessment of the importance of colloids in

the SZ.

3.7 Biosphere

The outputs from the SZ transport model are the fluxes of radionuclides crossing into

the receptor area. In the biosphere model, radionuclide concentrations in the receptor

area are calculated simply by dividing the mass of each radionuclide by the volume of

water that is assumed to be used by the model farming community. The volume used in

the TSPA-SR will have to be adjusted to the EPA regulation, which is 3,000 acre-feet

(3.7 million in3). Also, as the assumption of a constant pumping rate is an extreme

stylisation, other credible evolutions of the pumping rate should be considered.

The biosphere model assumes that all contaminated water from the repository is

utilised by the model farming community. Thus no accumulation occurs apart from

irrigation of soils for production of crops.

The Yucca Mountain biosphere modelling programme has recently been the subject of

a comprehensive international review (IAEA, 2001) and thus in general it has not been

thoroughly scrutinised by the IRT. However, one geosphere-biosphere interface issue

has arisen in connection with the review of saturated zone hydrology, and this is

discussed below.

The TSPA-SR focuses on calculating doses to individuals making use of water from a

specified receptor well located 20 km from the proposed repository, as prescribed by

regulation. As such, the TSPA-SR document does not address the issue of the long-

term fate of the radionuclides leaving the repository in the groundwater.

The IRT considers that this may be a relevant issue in the case of Yucca Mountain,

because, contrary to most international planned repositories whose final outlet is the

sea, Yucca Mountain is a closed basin system. Thus all releases will eventually end up

in some location within the basin (see Figure 5). There is therefore a risk that

accumulation and possible reconcentration of radionuclides could occur, leading to

potential non-trivial doses.
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Figure 5: Groundwater basins in the Yucca Mountain vicinity (DOE, 1999).

The TSPA has identified one FEP consistent with this concern, namely "the role of

playas". Playas can indeed be final recipients of contaminated groundwater, where it

would evaporate and accumulate the transported radionuclides. This FEP has been

screened out as "low consequence" by the TSPA-SR. The USDOE is of the opinion

that the potential doses in the long term to an exposure group living near a playa would

be lower than those ftom the regulatory farming community wells, located 20 ken away

from the repository, thus closer to the source.

The IRT considers that this opinion and the screening out of this FEP are probably

valid for the regulatory period of 10 000 years, and the regulatory "farming

community" receptor. It is however unsatisfactory for longer periods, such as the 1 000

000-year period included in the TSPA-SR, where the long-term consequences of the

repository are presented, independently of the regulatory compliance measure. The

IRT encourages the USDOE to formulate and analyse such a scenario in order to

exhibit its in-depth understanding of the long-term consequences of the construction of

the repository.

It is possible that natural analogues could help to determine the long-term fate of

radionuclides at Yucca Mountain. For example, uranium at Pefla Blanca has not moved

very far. This is also the case for uranium at Alligators Rivers even though the
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conditions are oxidising and far wetter than at YM. This illustrates the importance of

making realistic assessments in order to understand the safety margins inherent in the

TSPA-SR.

71e IRT recommends that long-term fate of radionucliles from the YM repository

should be considered in future assessments, including addressing the following

questions:

* For the present climate, what is the final fate of the radionuclides reaching the

farming community, and supposedly extracted from the groundwater? Since most

of the water is used for irrigation, where do the nuclides end up after they leave the

soil compartment of the biosphere? Can they reconcentrate and where, and at what

rate? Is there a potential pathway to man linked to this potential reconcentration?

* If the water is not extracted by the farming community, what is the fate of the

radionuclides? Where do they go, do they reconcentrate, is there again a potential

pathway to man?

* For a wetter climate, the TSPA-SR indicates that Death Valley would become a

lake again (Lake Manley), and that Fortymile Wash and the Amargosa Valley (see

Figure 5) would become perennial streams and eventually discharge into this lake.

Will the radionuclides leaving the repository end-up also in this lake? Over what

time scales? What would be the fate of the radionuclides in this water, can they

reconcentrate, and is there a potential pathway to man?

* The IRI also questions the rationale for keeping constant the volume of water

extracted by the farming community, when the climate becomes more humid.

3.8 Disruptive events

Probability of eruption

Recent volcanic activity in the Yucca Mountain Region (YMR) is clearly limited to

basaltic eruption of the strombolian type. Probabilistic analysis of volcanic vent

alignments in the YMR leads to the conclusion that there remains the possibility of a

basaltic dike intersecting the repository during the next 10 000 years. The description

in the TSPA-SR of this possibility is rather vague, compared to that of the

consequences, and should have been treated in more detail. Details of the probabilistic

methods used in estimating the probability of a dike intersecting the repository are

covered in supporting documents, but it would have been advisable to have included a
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brief discussion of the probabilistic volcanic hazard analysis models in the TSPA-SR
report.

The volcanic event used in the calculations was defined as a dike, rather than a point
process or fissure eruption, for example. Again, even though the reasoning for this
assumption is mentioned elsewhere, it should be stated in future safety reports.

The low rates of volcanic activity in the region of Yucca Mountain yield insufficient
data to make a precise determination of the probability of volcanic activity affecting
the repository. Condit and Connor (1996) were able to make comparisons of actual
eruption locations, and probability maps were calculated from a spatio-temporal model
developed for the YMR (Connor and Hill, 1995) in the larger Springerville volcanic
field, Arizona. The results of such studies applying models developed for the YMR to
other larger volcanic fields should be included in future reports.

Consequences of volcanic disruption

The type of eruption assumed in the ASHPLUME model needs to be stated. In the case
of strombolian type eruptions (the most probable type in the YMR) few fine-grained
particles are produced because fragmentation is not very efficient and only minor
amounts of ash arc produced. The eruption results in the formation of a scoria cone
where pyroclastic fall deposits are generally limited to the close vicinity of the vent,
mostly less than 10 km. The probability of fine-grained particles of volcanic or
radioactive waste material reaching a distance of 20 km from the eruption source (as
depicted in the ASHPLUME model) is extremely low. A strombolian type eruption
may rarely become violent, which is more intense with fall deposits having a wider
distribution than that of strombolian eruptions. Therefore, a violent eruption is
acceptable as a conservative assumption.

However, there are some examples in other volcanic fields, where basaltic volcanic
activity is associated with amounts of rhyolitic volcanic activity (e.g. the Newberry
Volcano Group in Oregon, and the Higashi-Izu Monogenetic Volcano Group in central
Japan). Such association of two different kinds of magma is known as bimodal.
Rhyolitic eruptions can form a lava dome at and occasionally under the surface. They
are more explosive than basaltic eruptions and would lead to significantly greater
amounts of waste particles that are more widely distributed. Also there exists the
possibility that the thermal influence would be more intense and of longer duration
than that for basaltic eruptions.
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Bimodal volcanism was not mentioned or discussed in the TSPA-SR. It iv

recommended that fiiture assessments should estimate the probability of bimodal

volcanismn and, if relevant, should analyse its consequences.

Seismological influences

Thc IRT consider that the TSPA-SR adequately addresses seismological influences on

the performance of the proposed repository. The TSPA-SR analysis is in line with

other international studies. For example a study at the Kamaishi Mine in Japan

(Shimizu et al., 1996) showed that earthquakes are likely to have an insignificant

impact on the performance of a repository.

3.9 Human intrusion

Human intrusion has the potential to impair the performance of a geological repository.

Since the nature of future human activities at a repository is subject to great

uncertainty, it is common for regulatory authorities to require assessment of a stylised

(i.e. simplified) human intrusion scenario (NEA, 2000).

Both the USEPA and proposed USNRC regulations require assessment of a stylised

scenario involving drilling through the waste package to the saturated zone. Although

this scenario is unrealistic in several respects, the IRT accepts it as an indication of the

resilience of the system to a breach of a waste package coupled with accelerated

transfer to the environment.

The TSPA-SR assumes penetration of the waste package (including cladding) by a 8"

(20 cm) diameter drill 100 years after closure (a 10 000 year intrusion event is also

considered as part of the sensitivity analysis). In the conceptual model, the borehole

does not remain open but is degraded by inward collapse of surrounding material. The

model allows increased infiltration of water into the hole but not direct flow of surface

water. The calculation of mean dose rate is based on probabilistic analysis as in the

nominal scenario.

The mean dose calculated by the model rises to about 0.01 Imrcm/year after 1 000 years

and remains fairly constant thercafter. The peak dose is insensitive to the time of

intrusion and, significantly, 137Cs and 90Sr make no contribution to the dose since they

decay before reaching the accessible environment. This is a powerful demonstration of

the resilience of the system to a significant disturbance or early failure by any

mechanism of a significant number of waste packages.
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However, there is one caveat that should be noted. Insufficient information is provided

in the TSPA-SR or supporting documents to determine the extent to which infiltration

is increased by the borchole. However, it appears that infiltration remains zero in many

realisations. The IRT recoinmends that this optimismn be removed by allowing direct

surface water flow into the borehole so that water flows into the degraded waste

package in evetJy realization of the computer model.

The current regulations do not require any consideration of deliberate intrusion or

sabotage. In this context, the IRT notes that the repository will contain large quantities

of uranium, plutonium, titanium, and nickel and that it is conceivable these could be

targeted for economic, proliferation or other reasons.

3.10 Natural analogues

Natural analogues are naturally-occurring systems that experience processes similar to

those that might occur in a nuclear waste repository. They have typically been used to

represent the whole of the repository but the current view is that they are best used to

represent specific processes or subsystems of the repository. Natural analogues may

provide data that is useful in: (i) understanding long-term processes such as corrosion

and mineral dissolution/precipitation; (ii) determining the important parameters of

radionuclide migration such as radionuclide flux, sorption sites and groundwater

residence times; and (iii) modelling the performance of the repository. However, a

more important use is the increased confidence they can give to the assessment of

long-term performance of a repository that generally cannot be obtained in laboratory

or field studies. The USDOE has identified several sites for natural analogue study

and, in 1999, selected the Nopal f uranium deposit in the Sierra Pefia Blanca in

northern Mexico for limited investigation. The site is very relevant because of the

remarkable number of characteristics it shares with Yucca Mountain. These include

climate, precipitation, rock types and their mineralogy, presence of both an unsaturated

zone and a saturated zone, occurrence of faults, and the predomination of oxidising

conditions. A few differences exist (depths, U inventory, and distance to discharge

point) but these are not important to the analogy.

Despite prior investigation by other groups, the amount of data and the level of

understanding of the analoguc are rclatively low in comparison with international

analogue studies such as Oklo and Cigar Lake. TRe IRTfeel that the USDOE should

now mnake use of the opportunity to improve understanding of the analogue and use its

characteristics to increase the confidence of the public and scientific community in the

Yucca Mountain programme. In particular, to give a better understanding of

radionuclide mobility in these conditions, groundwaters, fracture-filling minerals and

host rock should be analysed for naturally occurring isotopes, such as '4C, 36C1, 1291 and
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U-scries nuclides, some of which also occur as major contributors to dose in the TSPA-

SR model. The concentration of "Ru in the playa could be used to investigate long-

term accumulation of 99Tc.

In parallel with the Pefia Blanca study, the use of naturally occurring Ii and its

radioactive daughters in the tuffs at Yucca Mountain should continue to be investigated

by USDOE to improve understanding of the mobility of U and analogue elements

within the flow systems of the mountain. A large suite of data have been obtained on

the calcites and opals found in fractures at the ESF level and this has given a good

understanding of the mechanisms of fracture infilling, processes of seepage flow and

ages of secondary infillings. 234UJ/"8U activity ratios for perched waters and saturated

zone groundwaters have recently been found to be significantly higher than off-site

groundwaters indicating that U-series radionuclides are a potential useful tracer for

Yucca Mountain recharge as well as providing insight to the migration of U in the

mountain. More data are needed for pore fluids in the tuff matrix to verify the

preliminary analyses that have shown ratios to be much lower than the other Yucca

Mountain groundwaters. Analysis of 216Ra is also suggested to provide analogue data

and understanding of radium mobility as well as to indicate the likely source of radon

gas which occurs in high concentrations in the Exploratory Studies Facility (ESF) and

Cross Drift tunnels in the absence of ventilation.

The IRT recommends that natural analogues should be used throughout the

program7ne to provide long-term data to assist in understanding the important

processes and to increase the level of confidence in the assessment, particularlyfor the
public aend scientific conmun ity.
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4 Integrated Total System Methodology

The broad features of the total systems methodology used in the TSPA-SR are set out
clearly in Chapters I and 2 of the report and are generally in line with international
best practice. This section considers some issues where developments of the
methodology would be beneficial for future assessments of Yucca Mountain.

4.1 Features, events and processes

From an international perspective a key aspect of performance assessment is the
identification and selection of features events and processes (FEPs) that influence
repository safety. This is partly due to the fact that it is the starting point for defining
the evolution of the repository system, and partly because of the recognised difficulties
arising from the long time spans addressed. The IRT has found the FEP methodology
used in the TSPA-SR to be in agreement with the international state-of-the-art, and
recognises the important contributions to the international development that has come
from work within the YMP.

However, the IRT has observed that the regulatory requirements have had a large
impact on the FEPs included in the TSPA-SR analysis. This has resulted in certain
FEPs that are important for a full understanding of the system behaviour being
screened out (e.g. see Section 3.7).

The IRT has carried out some spot checks of the TSPA-SR FEP identification and
screening process. This has identified a potentially important FEP that has not been
included, relating to cladding/basket interaction, as is noted in Section 3.3. Also, the
effect of temperature on capillary suction should be considered, as noted in Section
3.5. This points to some shortcomings in the routines and procedures for the FEP
identification and screening process and in the QA of assessment input, which should
be revisited and revised as necessary.

While the regulatory compliance period is 10 000 years, the YMP team are to be
commended for extrapolating some of the TSPA-SR simulations out to longer times in
order to estimate the time and magnitude of the maximum expected dose. For example,
this is valuable for comparison with the results of performance assessments in other

countries. However, in the TSPA-SR FEPs have been screened out on the basis of
demonstrating compliance up to 10 000 years and thus the assessment is less reliable at
longer times. The YMP may wish, therefore, to carry out a performance assessment
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iteration that is focussed more specifically on the long-time behaviour. In view of this,

the IRT recommends that in filture the screening of FEPs should be made in two

stages. The first stage should retain all FEPs required for a full understanding of

r-epository performance, while the second stage should include regulatory

considerations in the screening criteria.

This dual approach is consistent with having a strategy for building confidence in the

safety of the repository together with a strategy for demonstrating compliance with

regulatory requirements.

4.2 Uncertainty

Need for a comprehensive framework

Consideration of uncertainty lies at the heart of the TSPA-SR. This is appropriate since

uncertainty is inevitable in the assessment of the long-term performance of a

repository. However, a consistent overall strategy and approach to the management and

treatment of uncertainties appears to be lacking in the TSPA-SR, with uncertainties

being treated in a somewhat ad-hoc way. This is also the conclusion reached by an

internal DOE audit (Rogers et. al, 2001), which reviewed and evaluated the adequacy

of the uncertainty treatment in the suite of TSPA-SR technical documents including

PMRs and AMRs.

The IRT considers that the current treatment of uncertainty in the TSPA-SR needs to

be improved. 1 is recommnjended thatfuture iterations of the TSPA should aim to set

out and follow a comprehensive and systematic framework for treating all types of

uncertainty. This should involve the systematic identification, classification and

quantification of uncertainty and its effects on the results. Also there should be an

identification and ranking of the possibilities to avoid or reduce uncertainty. The YMP

needs to classify uncertainty on the basis of type and in particular whether it is due to

intrinsic variability or to lack of knowledge. II is important to identify these latter

uncertainties since they can lead to risk dilution as discussed elsewhere in this review

(see especially Section 4.3).

When uncertainty exists there is a tendency to skew the model or values of parameters

towards conservatism. This is appropriate for demonstration of compliance but results

in embedded conservatism. It is appropriate to attempt to identify conservatisms and

possible optimisms (this has been done to some extent by the YMP) and then,

additionally, to run the model for the most likely situation (this has not been

attempted). Conservatisms and possible optimisms should also be ranked in terms of

their importance to overall performance and confidence in the system.
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Unnecessary complexity in models is a possible source of uncertainty because it

involves the introduction of additional parameters, each of which is subject to

uncertainty. The IRT considers that some of the sub-system models especially those

that may be difficult to validate within the in-drift environment (see Section 3.4) are

unnecessarily complex. Simplification of a model facilitates understanding, reduces
computer time and allows effort to be focussed on the most important issues. It could

also assist in presentations to the public and acceptance of the facility.

Finally, it is observed that currently there is a very large range of estimated doses
based on probabilistic analysis (often extending to four orders of magnitude or more).

This large range presents a credibility problenL Thte IRT recommends that reduction in
uncertaint should be a major goal of the YM project and that attention should be

focussed on obtaining good laboratory andfield data in those areas where uncertainty

has the greatest effect.

Model uncertainty

Quantification of uncertainty involves running of models to determine the effect of
input uncertainty on the output of the model. The sensitivity analyses performed to

date have been very useful in identifying the importance of parameter uncertainty for

the various barriers in the system, but not for model uncertainty.

Model uncertainty has in general been treated by attempting to sclect the model that is
intrinsically the most conservative. However, it is very difficult to prove that this is the
case a priori. Thus it is suggested that where appropriate in future assessments,
alternative models (with their associated parameters) should be examined as separate

calculation cases to determine which is the most conservative when embedded in the
full system model. In particular, alternative models suggested by other interested

organisations (e.g. EPRI, State of Nevada) should be evaluated in a systematic way.

This is an important issue, as model uncertainty can often be the dominant source of

uncertainty, but can be overlooked as parameter uncertainty is more easily quantified.

Tn some situations it is likely that deterministic rather than probabilistic calculations

would be appropriate for assessing model uncertainties, and would have the added

benefit of the results being more readily comprehensible.

Evolution of uncertainty with time

Intuitively one would expect uncertainty in performance measures to increase with

time. However, this does not generally appear to be the case with the TSPA-SR. One

reason for this is that the relevant FEPs are chosen primarily to be relevant to the 10

000-year compliance period (sec Scction 4.1) whcrcas in practice new uncertainties
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would be introduced over time. However, it is acknowledged that uncertainty related to
the engineered barriers can decrease with time as their importance for the performance
of the total system decreases with time. This question deserves further investigation by
the YMP.

The meaning of numerical calculations and results

At present, the TSPA nominal case is treated probabilistically yet it involves a mixture
of embedded conservatism and statistical analyses to determine the mean, median and
the various percentiles of the dose distribution. The reported "mean" is therefore not
the true mean in a statistical sense. This issue is discussed further in Section 4.3.
Moreover this value is reported in the Executive Summary of the TSPA-SR and
elsewhere as the expected value of effective dose, without any qualification. This
stretches credibility especially as the discrete numerical values are given for times in
the far future. The USDOE needs to indicate that, for compliance purposes, a
performance indicator has been chosen that is meant to illustrate the safety of the
system and argue the compliance with regulation. Howevcr "probability" does not
indicate the actual probability of occurrence and "dose" has a different interpretation
from its usage in operational radiation protection.

The IRT recomnmnends that the USDOE more clearly indicate the meaning of the

calczlational approach that is taken and of the quantities that are used to report its

results.

4.3 Probabilistic methodology

Given the regulatory requirements in the US, it is appropriate to make use of a
probabilistic systems analysis framework for analysing a potential repository at Yucca
Mountain. However, the IRT is of the opinion that there are some issues that require
further consideration. These have previously been considered within the NEA
Probabilistic System Assessment Group and are reviewed in (NEA, 1997b). These
issues pertain to the most effective use of the Monte Carlo method, its numerical
convergence, and the potential for risk dilution.

The IRT considers that issues raised byr the Probabilistic System Assessment Group,

especially risk dilution, should be addressed infuture assessments.

Realism or conservatism

At a fundamental level, it is useful to resort to a probabilistic analysis of a system
evolution in time if a realistic model can be attempted but legitimate uncertainties
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persist. However, if the starting model is built a priori to be conservative, exercising it

probabilistically has little or no added value, as one would still obtain conservative

results. If the modelling attempts to be realistic one can claim that some probabilistic

measures e.g., the 99 d' percentile, constitute, a posteriori, a conservative measure of

performance. In the TSPA-SR a hybrid conservative/probabilistic methodology is used,

which causes assumptions and reality to be mixed in a confusing way. In thefuture it

may be appropriate to present: (i) a probabilistic analysis based on a realistic or

credible representation; and (ii) a set of complementary analyses with different

conservatismns. in order to place the best available knowledge in perspective. These

ancillary analyses could be given a probabilistic weight as well. This should satisfy the

regulatory requirements whilst providing a better basis for dialogue and decision-

making.

Besidcs, as is shown elsewhere, constantly invoking conservatism, e.g., in establishing

probability distributions, has the potential to lead to risk dilution.

The IRT recommends that when a best estimate/best knowledge probabilistic analysis

is performed, the best estimate or the most probable range of the calculated "dose"

should also be given. This should he in addition to the current upper limiting values at

an appropriate percentile, as a measure of the naximumn reasonably expected value.

The IRT notes that while the final licensing decision requires a probabilistic approach,

this is not necessarily the case for the site recormmendation decision, and some

complementary deterministic analyses would have been appropriate as an aid to

understanding system behaviour.

Finally, it is noted that assumptions and parameters that are conservative for one

performance measure may not be conservative for another. For example a calculation

that is conservative for the compliance period may not be conservative for longer

times.

Convergence

There are questions as to whether the 300 realisations used in the TSPA-SR are

sufficient for the mean dose and other statistical measures to be fully converged. With

such a low number of realisations, some high-consequence low-probability realisations

may be missed. Convergence cannot be judged simply by sight, as it was done for

TSPA-SR. The IRT recommends that in future a more formal approach should be

taken to deciding whether the results have converged. Also, alternative sampling

schemnes (eg. Monte Carlo rather than Latin Hypercube) and much larger numbers of

realisations should be considered. More importantly, the probability density function
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(PDF) of calculated doses should be presented. A peer review by experts in statistics
should be considered.

Risk dilution

The probability density functions (PDFs) for parameters used in the TSPA-SR

represent the combined effects of stochastic variability and subjective probability

representing uncertainty (incomplete understanding). There is a tendency to broaden

the PDFs especially when experts are polled and subjective uncertainty is important.

This is not necessarily a conservative approach and can lead to a situation where

increasing ignorance leads to lower expected doses.

The Probabilistic System Assessment Group of the Nuclear Energy Assessment (NEA,

1997b) stressed that risk dilution is an issue that deserves attention in probabilistic

safety assessments. In assigning PDFs to describe the uncertainty in the parameters

there may be a tendency to overestimate the uncertainty, that is, to overestimate the

width of the parameter distributions. The term "risk dilution" is used to describe a

situation in which an increase in the uncertainty of the input parameters of a model

may lead to a decrease in the mean of an output quantity. If over-estimation of

uncertainty results in mean consequences being reduced, the unfortunate effect is that

what appears to be a conservative step (enlarging the range of uncertainty, or

advancing the occurrence of unfavorable outcomes) lead to an over-optimistic

assessment of mean system performance.

One circumstance in which risk dilution is a concern is when the performance measure

in question has a peak in time, and the time of the peak is affected by uncertain

parameters. Averaging over the range of values of the model inputs amounts to

averaging over alternative situations in which the peak value of the performance

measure occurs at different times. At any given time, the mean value of the

performance measure is obtained by averaging cases that lead to the peak occurring at

around that time with others for which the consequence is smaller. The wider the

distribution of the uncertain inputs, the more the averaging process mixes in smaller

values. Hence the term "dilution".

A second case arises when increasing the uncertainty range of an input parameter leads

to an increase in the time over which radionuclides are released. This can lead to a

reduction in the maximum release rate and mean dose.

Finally, averaging over cases or scenarios that have very different probabilities of

occurrence leads to a risk dilution effect for the high consequence situation. In this

case, dis-aggregation of the results is necessary.
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The IRT is of the opinion that the TPSA-SR presents conditions for risk dilution to

have occurred, but that this issue has not been addressed nor analysed. This requires

further scrutiny.

Consequently, the IRT reconznends that an assessment should be carried out of the

quantitative importance that risk dilution might have on the magnitude of the

performance measure. In fitture, the measures taken to avoid risk dilution should be

carefully described.

4.4 Sensitivity analysis

The IRT was favourably impressed by the methods and quality of the sensitivity

analysis used in the TSPA-SR and in the supporting documents especially CRWMS
(2000b). Sensitivity analysis is necessarily performed to determine the relevance to

performance of different components and processes. The IRT recommends that

sensitivity analysis be further developed into a tool to build an integrated and

comprehensive understanding of the relative importance and role of different barriers

and processes. This should be an iterative process within the project, which eventually

should help to build confidence in the robustness of the barriers and provide a guide for

removing complexity when the latter is not necessary.

4.5 Safety case

The development of a deep geological repository is typically characterised by several

stages within a step-wise process and, overall, requires several decades for completion.

The long duration of this process reflects the desire to proceed by cautious steps with

due regard to technical issues and societal acceptance. At the end of cach development

stage a decision is taken whether to move forward, and whether the requirements for

the next development stage need to be adjusted.

The various decisions must be supported by performance assessments with regard to

the possibilities of achieving acceptable post-closure safety. To be complete, the

decision basis must contain both comprehensive technical material, and less technical

information discussing how the remaining unresolved issues, excessive uncertainties or

unquantified safety margins are to be resolved. An international consensus has

developed over the past few years (NEA 1999, NEA 2001, IAEA 1997) that it is

advantageous to present the more technical arguments in respect to repository

performance in a TSPA document, and the broader safety arguments in a more generic
"safety case" document.
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As noted in Section 2.2 the IRT recommends that if the Yucca Mountain project

proceeds to the licensing stage, a safety case should be developed along the lines

discussed in the NEA Confidence Document (NEA, 1999), rather than primarily

focusing on TSPA. The key aspects of such a development are discussed below.

The safety case that presents arguments relating to the long-term safety of the

repository is one of the key bases in support of the decision that is to be made.

International developments in the last decade have progressively emphasised the need

for a safety case in addition to more quantitative performance assessment

considerations. For example the IAEA (1997) have described a range of considerations

aimed at achieving reasonable assurance of the safety of a disposal system including

multiple lines of reasoning and the use of a range of indicators.

The NEA Confidence Document (NEA, 1999) describes the general features of a

safety case. The growing international consensus that a broadly based safety case

document should be produced is further documented in NEA (2001), which expresses

the consensus of experts from 20 national programmes. According to this and other

NEA documents, the safety case is the integration of relevant arguments, at a given

stage of repository development, in support of the long-term safety of the repository.

The basis for a safety case lies in science and good engineering practice, and this is

reflected in the detailed and rigorous modelling of the disposal system, as well as in

semi-quantitative and qualitative arguments made to support long-term safety. The

strategy for coupling design adjustments, research and development work and

performance assessment methods in order to achieve and prove an acceptable degree of

safety should be addrcsscd.

In addition, the safety case must provide a statement of confidence in the overall

assessment of long-term safety, and argue the adequacy of the present science,

engineering and modelling work for the stage of repository development or function

being addresscd. The existence of redundant multiple barriers in the system to assure

safety in cases where the performance of one or more of the barriers is not realised

should also be discussed. The statement of confidence should include an

acknowledgement and discussion of uncertainties and unresolved issues, and provide a

road map to the work being planned to resolve those issues.

The IRT recoyninendv that keyp messages from the NEA Co fidence Document should be

addressed in a safety case report for Yucca Mountain aimed at both the strategy to

achieve safety and to demonstrate compliance. hn particular, a statement of confidence

should be produced, which is an elucidation of the means that were adopted to reach

sufficient confidence in the current analyses, an acknowledgement of the remaining
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issues, and the suggested strategy for resolving the remaining issues in support of the

next decision.

The IRT recognises that the YMP has been participating in developing the
international recommendations in this area and that in future efforts the area of
confidence documentation and communication will receive heightened attention in line
with the international trends. The current version of the Repository Safety Strategy
(RSS) (CRWMS, 2000b) is a first commendable attempt at outlining the strategy for
achieving safety and for demonstrating compliance with the regulations as well as the
basis for confidence in the analyses. The IRTsuggests that the information contained

in the RSS should be updated and extended, and used as a basis for developing the

proposed safety case docunment for the next phase of the programme.

4.6 System understanding

The TSPA-SR methodology embodies a comprehensive computational framework for

estimating possible doses to future generations using a complex systems-level model

accounting for hundreds of features, events and processes and related parameter
ranges. A key issue with this approach is the difficulty in understanding the meaning of

the numerical results. In particular, it is often difficult to understand how the system is

likely to evolve and which process and parameters are the most important.

Within the TSPA-SR report most attention is given to quantitative results of the
perfonnance analysis. Relatively little emphasis is placed on the important issue of
developing and communicating an understanding of system behaviour. However, the

sensitivity analysis techniques described in Chapter 5 of the TSPA-SR report shed

some light on this question. Also, the Repository Safety Strategy report (CRWMS,

2000b) is a useful starting point for developing and demonstrating a comprehensive
system understanding. The IRT considers that demonstrating understanding should be

complementary to demonstrating compliance and of equal importance.

Two types of assessment are needed to build an overall understanding of system

performance. First, a realistic (i.e. non-conservative) assessment of system evolution

and radionuclide migration should be made, regardless of whether this can be

demonstrated with reasonable assurance. This would be able to communicate the likely
evolution of the repository to a range of stakeholders beyond the regulators, for

example by drawing on natural and historical analogues.

Secondly, the understanding of the TSPA results should be improved, making use of a

range of approaches, for example the following:
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* Development of an overall understanding of the key safety-relevant factors and
arguments, and documentation of this in a fashion that is accessible to a wide range
of stakeholders:

* Dis-aggregation of dose results in order to explain which factors or sub-scenarios
can lead to large potential doses, explaining as well that the likelihood of
occurrence would be small and also that dose - beyond a few hundred years - is
not really a measure of detriment in the operational sense of radiation protection
(see ICRP, 2000);

* Use of additional performnance measures, for example showing the effects of each
barrier and the spatial and temporal distribution of radionuclides within each
component (e.g. waste package, EBS, UZ, SZ, receptor area) of the system;

* Development of a simplified interpretative or insight model containing only the
key processes affecting safety, which can be used by people within and outside the

YMP;

* Development of an understanding of the major conservatisms and optimisms in the
analysis, and quantification of their impact with respect to more realistic
assumptions;

* Development of an understanding of what extreme conditions might give rise to
doses above prescribed regulatory criteria, and a description of the factors that
make these situations unlikely;

* Description and prioritisation of the features (barriers in a broad sense) that are
considered important to keep the releases and doses low;

* Documentation of where the major uncertainties are and how they might be dealt
with in the future;

* Documentation of a sensitivity case where some or all engineered barriers are
rendered ineffective;

* Presentation of the features and results for sub-scenarios as an aid to understanding
and dialogue.

* Comparison of results with related assessments performed elsewhere.
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The IRT recommends that a safety ease produced in support of licensing should
incorporate an i proved demonstration of system understanding to counterbalance the
present emphasis on uncertainty.

Finally) greater use should be made of the extensive archive of technical reports
produced during earlier phases of the programme. In this regard the USDOE needs to
ensure that it retains a corporate memory of the YMP.
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5 Conclusions and Recommendations

The primary objective given to the IRT was to review and critically analyse the

performance assessment methodology and rationale used by the USDOE in support of

the current site-recommendation decision-process from an international perspective

and to provide a statement regarding the adequacy of the overall performance

assessment approach, and recommendations for future assessments. These three

aspects are considered below.

5.1 International perspective

Yucca Mountain setting

The conditions prevailing at Yucca Mountain are significantly different to those

considered in other national repository programmes in that Yucca Mountain is in a

closed basin and the repository is in an oxidising environment above the water table.

The IRT has taken due account of these differences in conducting the review.

Rationale

The rationale chosen by the YMP in support of the site-recommendation process was

as follows. A total system performance assessment was carried out to determine
whether it is likely that the selected repository concept at the Yucca Mountain site will

be able to meet the quantitative licensing requirements of the USEPA standard and the

USNRC proposed rule. The dose rate requirement for the 10 000 year period was met

by designing the engineered barriers (with redundant features) so that, based on

available corrosion data, there would be no release from the waste package under

normal conditions.

This rationale is capable of addressing many important issues. However, at present, the

extensive knowledge accumulated in many years of characterisation and analysis of the

site is not utilised to its fullest extent. The IRT is also of the opinion that it would have

been desirable to have placed greater emphasis in the TSPA-SR on the performance of

the geological barriers in their own right. Moreover, a broader safety case should have

been developed to support the site recommendation decision.
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Methodology

The overall structure of the TSPA-SR methodology, and the USDOE approach of
building on an iterative series of performance assessments, conform to international
best practice. Moreover, the structured abstraction process linking process-level
models to assessment models is at the forefront of international developments.

One of the first steps in a safety performance assessment is identification of the
potentially relevant features, events and processes (FEPs). The IRT has found the FEP
methodology used in the TSPA-SR to be in agreement with international best practice,
and recognises the contributions to the international development that has come from
work within the YMP.

The YMP places far greater emphasis on probabilistic assessment than equivalent
programmes in other countries. Some known issues, and particularly "risk dilution",
considered in the international fora such as the Probabilistic System Assessment Group
of the NEA, have not been fully addressed in the TSPA-SR.

The YMP TSPA does not emphasise natural analogues as much as in some other
international studies.

Regulation

The regulatory requirements set down and proposed for the Y`MP are somewhat more
prescriptive than in many other countries, both in specifying compliance requirements
and in directing how these must be met. Particularly relevant in this regard is the
specification of a period of 10 000 years for which the applicant must provide
reasonable assurance (USNRC proposed regulation) or reasonable expectation
(USEPA) that a radiation dose limit will not be exceeded. Other examples are: (i) the
detailed specification of a stylised human intrusion scenario; (ii) the precise
specification of the distance to the receptor area; (iii) specification of the representative
volumc of groundwater to be used in human uptake and dose rate calculations; and (iv)
the requirement that events with probability of occurring as low as 104 per year should
be modelled and assessed numerically.

The way the regulations are fonnulated has contributed to the tendency of the TSPA-
SR to focus more on demonstrating numerical compliance with quantitative criteria
than on demonstrating an understanding of repository performance. Also, the US
approach to regulation has focussed attention on the presentation of aggregated results

that can be compared directly with regulatory requirements. The IRT considers that
more intermediate results and dis-aggrcgated end results should be given. This would
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provide more information to decision-makers, a point emphasised in recent
international recommendations on the safety of radioactive waste disposal.

5.2 Statement by the International Review Team

In response to the request by the USDOE to provide a statement regarding the
adequacy of the overall performance assessment approach for supporting the site
recommendation decision, the IRT considers that:

While presenting room for improvement, the TSPA-SR nethodology is soundly based
and has been implemented in a competent manner. Moreover, the modelling
incorporates many conservatisms, including the extent to which water is able to
contact the waste packages, the performance of engineered barriers and retardation
provided by the geosphere.

Overall, the IRT considers that the implemented perfornance assessment approach
provides an adequate basis for supporting a statement on likely compliance within the

regulatory period of 10 000 years and, accordingly, for the site recommlendation
decision.

On the basis of a growing international consensus, the IRTstresses that understanding
of the repository system and its performance and how it provides for safety should be
emphasised more in fiture iterations, both during and beyond the regulatory period.
Also, further work is required to increase confidence in the robustness of the YSPA.

5.3 Recommendations for future assessments

To provide better support to the next programmatic decision point, namely the
preparation and submission of a license application, the IRT makes the following
recommendations.

Understanding

1 The understanding and explanation of the behaviour of the TSPA-SR systems
model should be improved, for example by placing more emphasis on dis-
aggregation of the results. Also, a realistic (non-conservative) analysis should be
made of the likely performance of the repository.

2. Thc USDOE should take steps to improve its corporate memory and make more

use of the extensive archive of technical reports produced during earlier phases of

the programme.
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Safety Case

3. A safety case report should be developed along the lines discussed in the NEA

confidence document.

Uncertainty

4. A comprehensive and systematic methodology should be formulated and

implemented for identifying and treating all types of uncertainty.

5. A study should be carried out of the quantitative importance of risk dilution for the
expectation value of dose.

6. The reduction of uncertainty should be a major goal of the YMP, focussing
attention on obtaining good laboratory and field data in those areas where
uncertainty has the greatest effect.

Modelling

7. The engineered barrier transport model should be independently reviewed and
improved.

8. A significant effort should be made to improve the regional saturated zone flow
model, by collecting new data and improving the calibration. This effort should be
closely integrated with the improvement of the site flow model. The improved
flow models should be run in a spatial variability analysis, not by using a large
uncertainty factor.

9. A realistic understanding, utilising natural analogues, should be developed of the
likely long-term fate of radionuclides and potential pathways to man in the closed
basin.

Documentation

10. Documents should be produced summarising the performance assessment aimed at
distinct sets of stakeholders, including a summary document for the whole YM
concept, context, and safety case in a form amenable to a public of informed
readers.

11. A discussion of design improvements and their role in the safety strategy should be
included in future safety case documentation.
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Engineered barrier materials

12. Long-term corrosion tests should be carried out on waste package and drip shield
materials and the scientific understanding of corrosion mechanisms should be
improved.

Waste form

13. The inventory screening procedure should be reviewed and amended as
appropriate, so that all potentially important radionuclides are included in the
analysis.

14. Further work should be carried out to strengthen confidence in the role of the
cladding as a long-term containment barrier.

15. More experimental data should be obtained to validate thermodynamic modelling,
especially with regard to the complex interactions between the waste form and
components of the waste package.

Unsaturated zone

16. Additional experiments should be performed to enhance confidence in the model
of flow and transport in the unsaturated zone.

17. Head measurements in the rock matrix and water extraction by the ventilation
system should be used to test the 3-D unsaturated zone model.

Disruptive events

18. The probability of bimodal basaltic-rhyolitic volcanism should be estimated and, if
relevant, its consequences analysed.

Human intrusion

19. Direct flow of surface water into the human intrusion borehole should be
considered in future assessments.

Natural analogues

20. The USDOE should carry out further work at the Pefia Blanca uranium deposit in
northern Mexico.
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21. Investigations of naturally occurring uranium and its radioactive progeny in the
tuffs at Yucca Mountain should continue to be investigated.

Features, events and processes

22. The screening of FEPs should be carried out in two stages. The first stage should
retain all FEPs required for a full understanding of repository performance, while
the second stage should include regulatory considerations in the screening criteria.

Probabilistic methodology

23. A best estimate or the most probable dose range plus the upper limit value at an
appropriate percentile should be presented as a measure of the maximum
reasonably expected value.

24. A probabilistic analysis should be made based on a realistic rather than
conservative representation.

25. A more formal approach should be taken to deciding whether the probabilistic
results have converged. Also, alternative sampling schemes and much larger
numbers of realisations should be considered.

26. The probability density function (PDF) of calculated doses should be presented.

Sensitivity analysis

27. The sensitivity analysis should be further developed into a tool to assist in building
an integrated and comprehensive understanding of the relative importance and role
of different barriers and processes.
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Appendix 3: Saturated Zone Hlydrogeology

In Section 3.6 of this report, the IRT observed that the SZ flow system at YM is very

complex and not sufficiently understood to propose a conceptual model for a realistic
transport scenario. A number of site-specific features should be further investigated

before realistic flow models can be built. This appendix presents a critical review of

the present level of understanding and modelling of the hydrogeology at YM and of the
features that require further investigation.

The comments in this appendix are based essentially on a review of USGS reports
R964300 (D'Agnese et. al., 1997) and R96-4077 (Luckey et. al., 1996)), which are
referred to as forming the basis of the hydrogeology of the site used in the TSPA-SR

report.

In general the level of understanding of the hydrogeology of the site, based on these

documents, is low, unclear, and insufficient to support an assessment of realistic

performance. Furthermore, the modelling that has been carried out so far at the
regional level, is not up to international standards and does not make optimal use of all

the available data. This regional modelling is important as it provides boundary
conditions for the local model and helps to determine the conditions at the site for

future climates.

A better understanding of the flow through the saturated zone is necessary for at least

two reasons:

* Estimating the groundwater travel time, and the nuclide travel time and flux at the
regulatory limit, potential retardation mechanisms being taken into account, both in
present-day conditions, and for a more humid climate;

* Estimating the potential dilution, which could occur between the repository and the
selected abstraction zone.

From the evidence presented in USGS reports R96-4300 and R964077, it seems that

these objectives cannot be met today, with any degree of confidence. With the present

level of understanding it is a question of conceptual model uncertainty, not of

parameter uncertainty. Therefore, the approach used in the TSPA-SR, namely to

assume that a lack of exact knowledge can be compensated for by assigning a range of

parameter uncertainties to a selected conceptual model assumed to represent the

uncertain mechanisms, is not applicable. The conceptual model of flow in the saturated
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zone at YM is as yet undecided and uncertain and does not permit the building of a
local model of flow and transport that would adequately address the two requirements
listed above.

The site is obviously very complex, and the series of stratigraphic units in which flow
is taking place is interbedded, fractured, highly variable both vertically and
horizontally, and undersampled. The USGS Report R96-4300 describes the regional
hydrogeology of the Death Valley system, and will be reviewed first. The USGS
Report R96-4077 describes the local hydrogeology of the site, embedded in the
regional setting. The first report is at best a preliminary attempt at quantifying this
regional system, for which the IRT has some severe reservations. It cannot be viewed
as a framework in which the local hydrogeology can be understood nor does it
constitute the scientific basis on which to understand the flow system. The second
report is more comprehensive and offers a better view of the local hydrogeology.
However, it raises a large number of issues and presents several alternative conceptual
models of the site, which cannot be judged at the present level of knowledge.

In general, the development of a conceptual model of the hydrogeology of a given area
goes through the following steps:

1. Determination of the boundaries of the system;

2. Description of the major lithofacies in the domain, with their geometry, major
properties, measured heads, etc;

3. Estimation of the recharge and discharge fluxes;

4. Development of a numerical model of the complex system;

5. Calibration of the model using all existing data;

6. Sensitivity studies.

This logic is followed when reviewing both USGS reports.

Review of Report USGS R96-4300

1. Boundaries. In the USGS report, the selection of the boundaries of the system
seems relatively appropriate, although it is not a closed system. It would have been

more satisfactory to extend the limits up to the actual physical boundaries of the
system being drained by Death Valley; i.e. no-flow boundaries. However, the studied
area is already very large, and the fluxes which have to be estimated on some parts of
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the boundaries which are not "no flow" must be relatively small, and would probably
not greatly affect the global hydrologic balance and the understanding of the system.

2. Lithofacies. The description of the litbology is good in general terms, and the
building of a Geoscientific Information System (GIS) to store and represent all the
information on the 3-D geology of the sitc is a very good step. There are serious gaps
in the knowledge because of the existence of large areas with few or no borehole data,
or insufficient depth of the boreholes. One absence of data appears to be in geophysics.
There is no reference to the use of geophysical data in the report, nor mention of the
existence of such data. It is likely that much geophysical data have been gathered as
part of the work done towards constructing the geologic model, prior to developing the
flow model, because, a lot of useful information can be obtained from aeromagnetic
surveys, gravimetric maps, seismic profiling, electromagnetic soundings, electric
resistivity maps, etc. At other sites, studied for regional and local hydrogeology,
particularly in nuclear waste disposal projects, such geophysical surveys have been
made and used. This is all the more true as the second report R96-4077 mentions the
existence of a large number of geophysical surveys of the area. The 3-D geologic
model should have been consistent simultaneously with the borehole information, the
surface geology, and the geophysics.

The information on the head distribution is inappropriately lumped into one single
"'average" system. There is only one piezometric map for the ensemble (Figure 27),
and no attempt was made to present information on the differences in heads between
the various units. It is understood that this is difficult, as the position of the screens in
the wells is not well known, but some attempts at describing the head differences
between hydrogeologic units should have been made. Are there vertical head
gradients? Which are the units receiving or releasing water by vertical leakage? Are
there low-permeability layers separating the various units? Only one such layer is
mentioned, the Eleana formation separating the upper and lower carbonate aquifers
(paleozoic rocks). The analysis of the piezometric data is not detailed enough to obtain
an understanding of the vertical exchanges between the different lithologic units, nor a
realistic understanding of the physics of the system.

When such important data are lacking, a detailed geochemical analysis of the water
composition can help understand the importance of leakage (particularly when there
are rocks as different as volcanics, carbonates, alluvia, etc). The geochemical signature
of the waters could help to better understand the flow system. None of this appears to
be considered in the report. By contrast, the second USGS Report R96-4077 puts a lot
of effort into analyzing the differences in heads between the various hydrogeologic
units, and particularly between the volcanics and the carbonates, which seems to be a

68



very important issue. The use of the geochemical data is also mentioned and used in
this second report.

3. Recharge/Discharge. Concerning recharge and discharge, it is understood that the
problem is difficult, since neither is easily measured. But the presented work is not
convincing. For one thing, direct evaporation of water from the water-table, even
without any vegetation, is not discussed nor estimated. In arid areas, it is well known
that evaporation can withdraw water even if the water-table is very deep. There are
measures available with water-tables as deep as 10 m below ground, and empirical
rules that relate evaporation to depth. In some areas, in Africa, in the 200 mnm/y rain-
depth area, there are closed depressions where the water-table is more than 70 m deep
(it is not however proven that evaporation is the only cause of these depressions).
Similarly, the estimation of recharge as percentages of rainfall, which vary with
altitude, or classification of vegetation, slope or soils looks very arbitrary.

Furthermore, in arid climates, recharge often occurs by runoff followed by re-
infiltration in wadis or gullies. This is not discussed in the report, nor is it evaluated.
Moreover, in such systems, the recharge is often episodic, and occurs only in a few
extreme years (e.g. every 30 years in North Africa, on average). If these episodic
recharge events are not considered, the global water balance of a large system may be
strongly biased. By contrast again, the USGS second report R96-4077 mentions both
the infiltration in the Fortymile Wash, and the importance of major flows, the last
major flow that occurred was in 1969, but extreme events occurring at frequencies
such as every 500 years are mentioned.

When such uncertainties on recharge and discharge are present, it is necessary to use
additional sources of information to try to estimate fluxes. Environmental tracers are
used, e.g. the salt balance, the ensemble of natural tracers, and the "age" of water is
used to determine velocities and hence fluxes and hence recharge. Temperature
anomalies in borehole profiles are sometimes used to estimate fluxes, both vertically
and horizontally. These are not discussed in USGS reports R964300 and R96-4077.

Finally, the hypothesis is made that the system is in steady state. Until calculations
have been made that show that a steady state is relatively rapidly established in such a
large system, which would be surprising, the assumption of equilibrium seems largely
arbitrary: the system may still be reacting to past climate changes. By contrast again,
the second USGS report R96-4077 specifically points out that the regional system may

not be at equilibrium. Indeed the Winograd and Doty (1980) and Claassen (1985)
references in USGS R96-4077 have precisely suggested that the system is still in a
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transient condition resulting from pluvial cycles during the Quaternary. This is not
considered in the report.

4. Modeling. The modeling attempt that follows is unsatisfactory. Even if it may be an
improvement on previous models, by being partly 3-D, the presented work is

rudimentary and not up to standard international practice. For modeling of this

complex system, two options were available:

1. Construct a very detailed geologic grid in 3-D from the GIS, supplemented with all

the available geophysical infonnation, using millions or even billions of nodes. In

general, this grid is very thin in the vertical direction (e.g. 10 cm) and on the order

of 10 m horizontally. This scale was for instance used in the study of the London
Basin. The exact (or assumed) geometry of each lithologic unit is thus finely

described and discretized. Each unit is assigned its estimated anisotropic hydraulic

conductivity value. Then, a 3-D calculation grid is superimposed on the previous

geologic one, with as many nodes as feasible given the available computing power

(but currently closer to a million cells than on the order of 75,000 used by the

USGS). A rigorous upscaling of the geologic model hydraulic conductivities to the

scale of the flow model is made, giving the anisotropic hydraulic conductivity of

the flow model (see for instance Renard and Marsily, 1997). Calibration of such a

model is made by changing the hydraulic conductivity of lithofacies of the detailed

model, and upscaling again, not by adjusting the flow model conductivity. The
importance of each layer can then be assessed individually.

2. Construct a very detailed multi-layer model, where each aquifer lithologic unit is

represented by a layer of meshes, and vertical links representing leakage are
introduced between layers, with estimated vertical permeabilities. The extension of
each layer is not necessarily continuous, and each layer is not nccessarily present at
all sites. It is common to use up to several tens of superposed layers, if necessary.
The fitting of such a model is then based on treating each layer as a more or less
homogeneous zone, (or subdividing it if it has known large variations e.g. of
thickness, density of fractures, etc) and on calibrating the vertical conductivity
between layers as well. This approach is consistent with, for instance, the detailed
description of the hydrogeologic units at the site scale given in USGS R96-4077.

Neither of these two options was followed by USGS R96-4300. Instead, an arbitrary
coarse mesh of three continuous layers was built. The hydraulic conductivity was
assigned to each mesh in a crude fashion, by using the 50 percentile K value for each
of the zones in the model, each zone having been defined by limiting the permeability

to four different classes in the whole domain. These permeabilities were used as initial
gucsscs, and thcn an automatic invcrsc procedure based on linear regression theory was
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used to improve the hydraulic conductivity distribution in the model. The selected grid
size is elementary. Uniform squares were used over the whole domain, whereas it
would have made much more sense to have variable size meshes, e.g. nested squares
meshes, and to focus the grid on the areas of interest, i.e. the Yucca Mountain area and
the downstream area towards Death Valley. This was not done.

The transrmissivity in the model is assumed to be constant, and not a function of the
saturated thickness of the aquifer. While this may be an acceptable starting point, it is
not sufficient and should have been turned into a variable saturated thickness model, in
order to study (as a complementary calibration exercise) what happens in the model
during a humid period, when the recharge is higher. Such a calculation is for instance
suggested in the second USGS Report R96-4077. Since a few indications of past
elevation of the water-table are available, this would have been a second independent
test of the plausibility of the model. This was not done.

At this stage of the development of the model, using an automated calibration method
to improve the fitting is not useful. It may well decrease the discrepancy between
observed and calculated heads. However, the structure of the model is so poor that it
does not improve in any way the understanding of the actual functioning of each of the
lithologic units of the system (whereas the methods (i) or (ii) above would have). The
IRT also has strong reservations on the method of calibration. The hydraulic
conductivity values have been initially grouped into four zones, each zone being
assigned an initial hydraulic conductivity, as indicated above, and thcn this value is
improved by automatic calibration. But the pattern of each zone is kept constant in
space. These patterns are given in Figures 44, 46 and 47 for each of the three layers of
the model. In fact, more than four zones were introduced, to account for some local
complexities, a maximum of nine zones was finally selected. But the essence of the
fitting is the following: if two areas of the model, tens miles apart or more, happen to
belong to the same zone, the model calibration is forced to assign the same hydraulic
conductivity to both zones. This does not make sense, and could be called "under-
parameterization". If a zone could be identified with a lithology, this could have been a
defensible approach, but given the arbitrary uniform discretization that was used, a
"*zone" is a complex assemblage of different lithologies. When the role of faults, the
variability of facies, the thickness of each layer are so variable, this arbitrary
calibration constraint does not make sense. The grid is inappropriate, but even with this
grid, an initial manual trial-and-error fitting would have been more reasonable than this
automatic calibration. Moreover, the fitting of the model is poor, the head residuals are
large, 20 in is considered a good fit, a moderate fit is between 20 and 60 m of residuals,
and a poor fit has residuals greater than 60 m. The same applies to spring flow.

71



5. Sensitivity. The sensitivity study that follows adds very little, given all the

reservations on the structure of the model, the parameterization, and the fitting. Its only
merit is that it is concluded from this analysis that the model is highly nonlinear, and
that the linear regression analysis that is presented is only a rough indicator of
simulation uncertainty. It does not give any clues to the important pathways for the

water in the system (e.g. is most of the water flowing in the paleozoic carbonates? How

important is vertical leakage? Are the alluvial sequences draining the system? What is

the role of faults? Arc the volcanic rocks anisotropic? etc.).

Review of Report USGS R964077

This report is a much better description of the hydrogeology of the site (at the local
scale) than the previous one (at the regional scale). It provides a comprehensive

description of the major hydrogeologic units, their relations, and the various conceptual
models, which have been proposed to explain the observations. Although this work has

been superseded by the new local SZ model developed by USDOE (TRW, 2000), the

IRT's concerns about this report are as follows:

* Page 3. The IRT disagrees with the statement that "because ground-water travel

tiMe in the saturated zone probably is nmuch shorter than travel time in the
unsaturated zone (US DOE, 1988) only limited characterization of it nay be

appropriate . For one thing, the transfer in the unsaturated zone is no longer

considered to be very long, and second, the dose to man is assumed essentially to

occur through receptor wells at the regulatory limit, the flux to this limit cannot be

accurately determined if the hydrogeology is not understood.

* Although the existence of geophysical data is mentioned (page 7), it is not clear
howv much of it was used to construct a detailed geological model of the site at the
local scale, neither in this report nor in TRW (2000). To prepare for a model of the

site, a GIS would be needed, as was done for the regional scale, but with a finer
scale and intensive use of geophysics.

* The existence of an impervious (or semi-pervious) layer between the volcanics and
the carbonates is very important to the understanding of the site, and the presence

or absence of the Eleana formation needs to be more firmly established. It is
realized that this would be a costly analysis.

. On page 36, it is mentioned that the fractured volcanic rocks are probably

anisotropic. The work of Erickson and Waddell (1985, page 24-29, reference in

R96-4077) is reported which gives an anisotropy ratio of 5 to 7 in the only case
where an attempt was made at measuring this anisotropy (well USWH-4). This is
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an extremely important issue, because with such an anisotropy, the direction of

flow may be very different from what is assumed today based on the gradient
direction. This uncertainty was recognized in the TSPA-SR as a random choice
(50%-50%) alternative, but was not resolved.

• Concerning the interpretation of the well tests, it is surprising that the
dimensionality of the flow tests was never determined. Reference is made to the
work by Barker (1988) who showed that the analysis of pumping tests could be
done by also fitting the spatial dimensionality of the medium being investigated
(this spatial dimension may vary between I and 3, and is sometimes referred to as
fractal). Such an analysis is particularly relevant for fractured media, and can
indicate the degree of connectivity of the fractures and, if the assumption of
equivalent porous medium is applicable, to the fractured system. This method has
been successfully applied in Sweden to characterize fractured granite.

* The IRT fully support the statement (page 44) that "hydrochemical and isotopic
data, where adequate data are available, can provide qualitative information for
checking inumericalflow models ", and would have liked to see this done, at the
regional scale and at the local scale.

* The IRT disagrees with some of the suggestions (page 55 and following) that some
of the uncertainties about the conceptual model of the site can be lifted with
adequate numerical simulations. A particular case in point is the statement on page
56 that "investigations as to whether the system can be treated as an equivalent
porous medium or if discrete features need to be accountedfor can best be carried

out using a series of numerical simulations ". If one type of model can give better
numerical results compared with the existing data, it will necessarily only deal
with flow, and not with transport. Since the objective of the numerical simulations
will, in the end, in the TSPA, be to predict transport of nuclides, it is not correct
that, with the existing data, numerical simulations can adequately answer that
question.

* The IRT fully supports the statements about the need for additional data.

Conclusions

The overall conclusion after reviewing USGS reports R96-4300 and R964077 is that

the flow system at YM in the saturated zone is really very complex, and not

sufficiently understood to propose a conceptual model on which scenarios of

radionuclide transport from the repository can be made with any degree of realism. The
major issues seem to be:
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I. The role of the paleozoic carbonate (is water coming from or going to the
carbonate, or both, as suggested in the report to explain the zones of high and low
gradients, as an alternative to a perched water-table local aquifer);

2. The horizontal anisotropy of the fractured volcanics, to determine the direction of
flow, the velocity in the fractures;

3. The connectivity of the fracture network, to determine how much mixing could
occur in the system;

4. The recharge in the regional system, for different climatic conditions;

5. The relation between the volcanics and the alluvium. How layered are the alluvial
deposits? Is there vertical mixing in the alluvium? At the contact between the
volcanic tuffs and the alluvium, how is the flow distributed? Ts it along the whole
thickness of the alluvium, over a fraction only, mostly at the surface, or at depth?

6. What is the cxact geometry of the alluvium in the area lying between YM and the
Amargosa Farms area?

Until these questions are answered, it is not possible to develop a realistic conceptual
model of the site, or to build a probabilistic SZ local model.

The local flow model developed by the USDOE of the SZ at Yucca Mountain (TRW,
2000) is a piece of work of much higher quality, up to international standards. But this
model uses the USGS regional model as boundary conditions, and is therefore biased
by the poor quality of the USGS work. This translates in the TSPA to an uncertainty
factor of 100 in the flux coming form the regional model to the local model, as
discussed in Section 3.6 of the IRT report. The preliminary modelling work developed
by the State of Nevada (Lehman and Brown, draft, August 2001) is an interesting
alternative that proposes to use temperature data to calibrate the model, and to improve
the description of the faults and fractures in the system. Such an effort should be
continued.

The regional and local modelling efforts should be combined and the two models
recalibrated, once a realistic model of the regional hydrogeology of the site has been
constructed. It is advisable that the same group of hydrogeologists develops both
models at the same time, as the iterative interaction of both models is necessary during
the calibration phase.
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Pursuant to Circuit Rule 28(a)(1), Petitioners respectfully certify as fol-

lows:

(A) Parties and Amici: As these consolidated actions involve the direct

review of agency and Presidential decisions and actions, there were no proceed-

ings before the district court. The parties, intervenors, and amid before this

Court are as follows:

* Parties: (1) State of Nevada, Petitioner

(2) Clark County, Nevada, Petitioner

(3) City of Las Vegas, Nevada, Petitioner

(4) United States Department of Energy ('DOE'), Re-
spondent

(5) Spencer Abraham, Secretary of Energy, Respon-
dent

(6) George W. Bush, President of the United States,
Respondent

* Intervenors: The Nuclear Energy Institute ("NEI') has inter-

vened in Action No. 01-1516.

* Amici: NEI has been granted leave to participate as an

amicus curiae in Actions Nos. 02-1179 and 02-1196. The National As-
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sociation of Regulatory Utility Commissioners has been granted

leave to participate as an amicus curiae in action No. 01-1516.

Because Petitioners are not corporations, associations, joint ventures,

partnerships, syndicates, or other similar entities, Circuit Rule 26.1 does not re-

quire the filing of a disclosure statement

(B) Rulings Under Review: Petitioners seek review of the combined

final rules issued by DOE, titled "Office of Civilian Radioactive Waste Man-

agement; General Guidelines for the Recommendation of Sites for Nuclear

Waste Repositories; Yucca Mountain Site Suitability Guidelines; 10 C.F.R. Parts

960 and 963," published at 66 Fed. Reg. 57,298 (Nov. 14, 2001). A copy of these

rules may be found in the Statutory/Regulatory Appendix that Petitioners have

filed with this brief.

Petitioners also seek review of the Secretary of Energy's February 14, 2002

recommendation to the President of the Yucca Mountain site. To Petitioners'

knowledge, no official citation to this recommendation exists. A copy of this

recommendation will be included in the deferred appendix.

Petitioners also seek review of the President's February 15,2002 recom-

mendation to Congress of the Yucca Mountain site. To Petitioners' knowledge,
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no official citation to this recommendation exists. A copy of this recommenda-

tion will be included in the deferred appendix.

Petitioners also seek review of the Final Environmental Impact Statement

(uFEJS") prepared by DOE and released on February 14, 2002. To Petitioners'

knowledge, no official citation to this recommendation exists. Relevant ex-

cerpts from the FEIS will be included in the deferred appendix. Petitioners also

seek review of whether DOE and the Secretary of Energy have failed to take cer-

tain actions required by law.

(C) Related Cases: The matters under review were not previously be-

fore this Court or any other court. While Petitioners do not believe that there

are any cases pending before the Court that constitute "related cases" within the

meaning of the Court's rules, Petitioners note that pending before the Court are

two groups of cases, involving different respondents, that, like this case, gener-

ally concern issues relating to the proposed nuclear waste repository at Yucca

Mountain, Nevada:

* Nuclear Energy Institute, Inc. v. Environmental Protection Agency, No. 01-

1258 (consolidated with Nos. 01-1268, 01-1295, 01-1425, and 01-1426)

(the "EPA Case");
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* State of Nevada, et al. v. United States Nuclear Regulatory Commission, No.

02-1116 (the "NRC Case").

By order dated November 7, 2002, this Court directed that this case be heard in

tandem with the EPA Case and the NRC Case, and that the Clerk calendar all

three groups of cases for oral argument on the same day or the same week, and

before the same panel, in September 2003.
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GLOSSARY

CEQ - Council on Environmental Quality

DOE - United States Department of Energy

EA - Environmental Assessment

EIS - Environmental Impact Statement

EnPA - Energy Policy Act (1992)

EPA - Environmental Protection Agency

FEIS - Final Environmental Impact Statement

GWTT - groundwater travel time

HLW - high-level radioactive waste

ISFSI - Independent Spent Fuel Storage Facility

MRS - Monitored Retrievable Storage installation

NAS - National Academy of Sciences

NEPA - National Environmental Policy Act (1969)

NRC - United States Nuclear Regulatory Commission

NWPA - Nuclear Waste Policy Act of 1982. Citations to the NWPA in this brief
are to the Public Law section rather than to the United States Code section.
A copy of the NWPA as amended, with cross-references to Code sections
(e.g., NWPA § 113 is codified at 42 U.S.C. § 10133; NWPA § 114 is codified at
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42 U.S.C. § 10134), is included in the statutory/regulatory appendix filed
with this brief.

NWPAA - Nuclear Waste Policy Act Amendments of 1987.

NWTRB or TRB - Nuclear Waste Technical Review Board

RCRA - Resource Conservation and Recovery Act

ROD - Record of Decision

SCP - Site Characterization Plan

SNF - Spent Nuclear Fuel

NOTE: Citations to the three Certified Records submitted by DOE are identi-
fied herein by source, document number, and page number in the following
formats:

Guidelines Case Record: GR-25-10

Recommendations Case Record: RR-1.0025-10

NEPA Case Record: NR-1.0025-10

Supplemental Appendix: SA-025-10

Final Environmental Impact
Statement: FEIS-2-25

The Supplemental Appendix contains documents important to this
case that Petitioners believe should have been included in the re-
cord.
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JURISDICTIONAL STATEMENT

This action involves five petitions for review. Actions 01-1516 and

02-1036 challenge final regulations issued by the Department of Energy

('DOE") pursuant to the Nuclear Waste Policy Act ("NWPA") on No-

vember 14, 2001, and DOE's failure to take actions required by the

NWPA. This Court's jurisdiction derives from NWPA Section 119(a)(1).

These actions were timely filed (December 2001 and January 2002) within

180 days of the challenged decisions or failures to act, under NWPA Sec-

tion 119(c).

Action 02-1077 challenges DOE's February 14, 2002 decision rec-

ommending the Yucca Mountain, Nevada ("Yucca") site, and the Presi-

dent's February 15, 2002 decision approving that selection. This petition

also challenges DOE's failure to take actions required under the NWPA.

This Court's jurisdiction derives from NWPA Section 119(a)(1). This ac-

tion was timely filed (February 2002) under NWPA Section 119(c).

Actions 02-1179 and 02-1196 challenge DOE's February 14,2002 Fi-

nal Environmental Impact Statement ("FEIS"), as well as procedural vio-

lations related to issuance of the FEIS and DOE's February 14, 2002 rec-

ommendation. This Court's jurisdiction derives from NWPA Section
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119(a)(1). These June 2002 actions were timely filed under NWPA Sec-

tion 119(c).

STATEMENT OF ISSUES

(1) Whether final rules issued by DOE (the "Guidelines") conflict

with NWPA requirements that:

(a) deep geologic isolation form the primary means of con-

.4 tainment for the nation's nuclear waste;

(b) DOE's guidelines specify detailed geologic considera-

tions that shall be primary criteria for the selection of repository sites;

(c) DOE's guidelines specify factors that qualify or disqual-

) ify any candidate site, including Yucca, from development;

(2) Whether DOE, upon determining in fact that Yucca's geologic

characteristics were not primarily capable either of qualifying Yucca as a

suitable repository or of assuring that a Yucca repository could meet ap-

plicable statutory or regulatory requirements, failed to take actions re-

quired by the NWPA.

(3) Whether DOE failed to take actions required by the NWPA

when the Secretary of Energy ("Secretary") recommended Yucca to the

President without having completed site characterization.
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(4) Whether the Secretary's and the Presidents recommenda-

tions of the Yucca site were contrary to law because they were predicated

on application of DOE's unlawful Guidelines.

(5) Whether the Secretary violated the NWPA, the National En-

vironmental Policy Act ("NEPA"), and NEPA regulations by:

(a) withholding from Nevada the FEIS, thereby failing to

receive and respond to Nevada's comments prior to the recommenda-

tion;

(b) rendering his site recommendation without providing

thirty days for public availability of the FEIS;

(c) rendering his recommendation without preparing a Re-

cord of Decision;

(d) adopting a distorted and implausible definition of the

"no action" alternative in the FEIS that undermined the baseline com-

parison between the proposed action and the reasonably foreseeable con-

sequences of rejecting it,

(e) selecting a "proposed action" in the FEIS that is ultra

vires and inconsistent with the NWPA's commitment to a geologic reposi-

tory;
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- (f) defining a "proposed action" in the FEIS that diverged

from the action recommended to and approved by the President;

(g) adopting an unstable, inconsistent, and incomplete

definition of the "proposed action" in the FEIS and recommendation, and

segmenting out the project's transportation component;

(h) including in the FEIS a design option proscribed by the

NWPA;

(i) including in the "proposed action" and recommenda-

tion disposal of wastes precluded from Yucca by the NWPA;

(j) ignoring the requirement to obtain from Nevada dis-

;: posal permits under the Resource Conservation and Recovery Act

("RCRA"); and

(k) failing to consider the risks and reasonable conse-

quences of sabotage in spent fuel transport to Yucca.

STATUTORY / REGULATORY APPENDIX

Pertinent statutes and regulations are included in a separately

bound appendix.

STATEMENT OF THE CASE

Petitioners bring this action challenging guidelines promulgated by

DOE setting the criteria for selecting the site for the nation's permanent
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nuclear waste repository. Petitioners further challenge the decisions of

the Secretary and the President, made pursuant to those criteria, to select

Yucca Mountain in Nevada as that site. Those new guidelines, and ac-

cordingly those decisions, violated the NWPA. The site selection also

violated NEPA.

With the NWPA, Congress answered this question: How are we to

isolate highly radioactive material from the human environment for the

almost unimaginable time necessary for its toxic properties to diminish to

safe levels? Based on the judgment of the scientific community and of

DOE itself, Congress concluded the best course was to put the wastes in

packages as formidable as engineers could devise, but, as a mandate for

longer-term assurance, bury them deep underground in isolating rock

formations. Thus, the animating idea of the NWPA was to dispose of

wastes through a sequence of independent "barriers," both man-made

and natural.

Congress assigned DOE the task of developing more detailed

guidelines by which a potential repository site would be evaluated, or

"characterized." Congress charged the Nuclear Regulatory Commission

("NRC") with the responsibility, after a site suitable under the NWPA's
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standards was selected, to license construction and operation of the re-

pository.

DOE's original guidelines, specifying qualifying and disqualifying

conditions for a site, conformed to the NWPA. Due to the expense of

evaluating several sites, in 1987 Congress focused DOE's characterization

activity on Yucca, but Congress neither changed the standards nor man-

dated that the Yucca site be found suitable.

By the late 1990s, the data from DOE's characterization work de-

termined that Yucca site's geology would disqualify it under DOE's

guidelines, particularly with respect to Yucca's inability to constrain

groundwater flow through the repository and into the biosphere. Such a

development was clearly contemplated by Congress. As one House

Committee noted:

The risk that a site which had been considered probably
adequate for development could be abandoned after signifi-
cant commitment had been made to the site is a technically
unavoidable aspect of repository development. It is a result
of the limit of our ability to know with certainty all the char-
acteristics of a rock formation deep underground until the
rock site has actually been excavated and surveyed from the
'horizon' or level of the repository.

H.R. Rep. No. 97-491, Part 1, at 32 (1982).

Notwithstanding this premise, DOE stopped site characterization

and aborted its standards, substituting new guidelines that are the sub-
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ject of this case to justify Yucca's selection. Under these guidelines, no

specific examination of the contribution of the natural setting to isolate

waste is to be made, in favor of a gross examination of how the "total sys-

tem" of the repository will work. If DOE's new guidelines are lawful, a

repository need not be put underground, since man-made barriers will

do all the work - at least until they fail.

Petitioners contend the actions of the Executive Branch to secure

the Yucca selection violated express terms of the NWPA and NEPA,

terms that rest on both the Congressional determination that safe, per-

manent disposal must rely on the geologic setting as the primary barrier

to isolate wastes from the biosphere, and Congressional insistence that

the environmental impacts of this major federal action be fairly analyzed.

STATEMENT OF FACTS

A. Spent Fuel and High-Level Waste

The operation of nuclear power plants, research reactors, and mili-

tary reactors all produce spent fuel. Spent fuel is lethally radioactive,

posing a serious hazard not only to those exposed to it? but also, because

resulting biological effects can be passed on, "to future generations."

Mere micrograms of plutonium ingested in drinking water can cause
cancer. See Voelz and Lawrence, "A 42-Year Medical Follow-Up of
Manhattan Project Workers," Health Physics, Vol. 37 (1991).
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H.R. Rep. No. 97-785, Part I, at 46 (1982). Moreover, radioactive elements

in the wastes remain dangerous for millennia, FEIS-1-6, having "half-

lives" (the time it takes a substance to decay to half of its initial radioac-

tivity level) of up to 2 million years. FEIS-A-17. Some of these elements

decay into other elements that become even more dangerous over time.

See H.R. Rep. No. 97-785, Part I, at 46.

In addition, in the process of decay, the wastes produce heat so in-

tense it can boil water out of desert rocks. FEIS at 2-9-2-11. As a result,

spent fuel must be cooled three to five years in pools at reactor sites be-

fore it can be transported. H.R. Rep. 97-785, Part I, at 40. Originally,

these pools provided storage for spent fuel. As they became filled to ca-

pacity, utilities began constructing above-ground storage facilities that

can store fuel in casks that are continuously monitored and secured by

armed guards. NRC, which licenses such "dry storage" facilities, has de-

termined they can remain safe for at least 100 years, SA-022-3, though the

industry has testified spent fuel "can be stored for centuries safely" at

such facilities.2 Utilities have already constructed 24 such facilities and

are planning to build 21 more. SA-005-23-24. Utilities are also develop-

2 Hearings on S.637, Senate Energy Committee (Pub. No. 97) and Senate
Environment Committee, 97th Cong., 14 (1981) (Statement of Sherwood
Smith, Chairman, American Nuclear Energy Council).
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ing a dry storage facility in Utah that will hold nearly 87-percent of the

industry's existing spent fuel inventory. FEIS-1-22.

Because spent fuel contains reusable uranium and plutonium, the

government undertook for years to "reprocess" it to extract such materi-

als. For years, a solution to the problem of spent fuel disposition was

postponed because it was assumed spent fuel would be reprocessed,

leaving liquid radioactive wastes which are far less volatile than spent

fuel, and which are "vitrified," or immobilized, into solid glass logs that

can be stored safely indefinitely. FEIS-1-7. In 1976, the government, for

non-proliferation reasons, ended reprocessing in the U.S. FEIS-1-8.

In 1957, the National Academy of Sciences ("NAS") completed the

nation's first comprehensive study of the management and disposal of

nuclear waste. RR-1.0512. "Unlike the disposal of any other type of

waste," NAS said, "the hazard related to radioactive waste is so great

that no element of doubt should be allowed to exist regarding safety." Id.

at 3.

Deep burial in a stable, isolating geologic setting was urged by

NAS, particularly in salt deposits, since "no water can pass through salt"

and its "fractures are self-sealing." Id. at 4. As NAS put it: "The ques-

tion should not be phrased: 'How can we dispose of waste at X site?' but
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should be: 'Can or cannot waste be disposed of at X site?"' Id. at 6. NAS

recommended "returning those wastes to nature in some place where

they can be held for very, very long periods of time without jeopardy to

our environment or property." Id. at 18.

The central recommendation of NAS for disposal, "deep geologic

isolation," became the cornerstone of every repository program in the

world. This scientific tenet strongly informed the government's practices

and laws that led to the U.S. repository program.

In 1980, using the NAS recommendation to plan a strategy focused

on geologic disposal, the President ordered DOE to prepare a full Envi-

) ronmental Impact Statement ("EIS") so as to recommend a preferred

long-term alternative. FHIS at 1-9. DOE's 1980 EIS evaluated deep geo-

logic isolation and every other conceivable method of disposal, including

subseabed and ice-sheet disposal, deep-well injection, transmutation, and

even disposal in outer space. RR-1.0312-1-1.16-1.20. In the end, the solu-

tion proposed by DOE for spent fuel was disposal "in mined repositories

in geologic formations," id. at 1-3, which would be so effective that "it is

extremely improbable that wastes in biologically important concentra-

tions would ever reach the human environment." Id. at 1-3-4 (emphasis

added).
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The effectiveness of geologic isolation did not mean man-made,

"engineered barriers" were to play no role. DOE explained:

The multiple barriers that could contain nuclear waste in
deep mined repositories fall into two categories: (1) geologic
or natural barriers, and (2) engineered barriers. Geologic
barriers are expected to provide isolation of the waste for at
least 10,000 years after the waste is emplaced in a repository
and probably will provide isolation for millennia thereafter.
Engineered barriers are those designed to assure total
containment of the waste within the disposal package

31 during an initial period during which most of the
intermediate-lived fission products decay. This time period
might be as long as 1000 years.

Id. at 5.1. DOE emphasized that "[m]ultiple barriers are intended to act

independently to prevent waste migration and enhance isolation." Id. at

) 3-272. "The engineered components of the multi-barrier system would

be of greatest importance in the short term and the repository medium

and the surrounding geology would be the critical elements over the long

term." Id. at 281.

To ensure long-term safety, DOE required any site to have "geo-

logic," "hydrologic," and "geochemical" characteristics "compatible with

waste isolation." Id. at 1-55. Echoing NAS, DOE concluded, "The host

rock with its properties provides the justification for geologic disposal

and is the main element in containing the waste within the repository
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and in isolating the waste from man's environment for the long term." Id.

at 2-B.15.

DOE likewise evaluated the length of time the geologic setting

should be capable of containing wastes to ensure long-term safety. DOE

advocated an isolation target of 250,000 to 500,000 years because of lethal

long-lived isotopes like plutonium in spent fuel. Id. at 3-360-61.

Together, the NAS study and the EIS established the scientific

framework for evaluating the suitability of a "mined geologic reposi-

tory." It was this scientific foundation that informed Congress as it con-

sidered nuclear waste legislation beginning in 1980, culminating with en-

actment of the NWPA. Indeed, DOE later acknowledged that its decision

in the 1980 EIS to pursue "mined geologic repositories as the preferred

means" for disposal of nuclear waste "has since been supported by the

[NWPA]." SA-039-31.

B. The Congressional Response

Congress first attempted to address nuclear waste disposal in 1980

with H.R. 7418, offered by the House Science Committee, and with S.

2189 in the Senate Energy Committee.

The House bill sought to establish a demonstration program that

would facilitate development of repositories. H.R Rep. No. 1156, Part 1,
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at 9 (1980). DOE was to nominate demonstration sites "using criteria

based on the principle that the primary means of preventing the release

of waste to the biosphere are engineered barriers. ... Primary reliance on

geology which can assure that uncontained waste will be completely isolated

from the biosphere is not required." Id. at 17-18 (emphasis in original).

That engineered barriers were sufficient for isolation reflected the

contemporaneous presumption that all the wastes being buried would be

reprocessed wastes from spent fuel, not the spent fuel itself. Id. at 25.

The Committee pointed to "reduced geological requirements" for "re-

positories which are to be used only for reprocessed high-level wastes

and which emphasize engineered barriers." Id. at 27.

DOE opposed the bill on grounds that it was inappropriate to place

primary reliance on engineered barriers even for repositories without spent

fuel. In DOE's words:

Engineered barriers are an essential ingredient in a techni-
cally conservative approach to an actual repository, but we
do not feel that the existence of such barriers should be used
as a basis for a less careful selection of an acceptable geologic
media.

Id. at 37.

Recognizing the nation's policy shift away from reprocessing, the

Senate Energy Committee reported S. 2189, which proposed develop-
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ment of repositories for disposal of unreprocessed spent fuel. S.Rep. No.

548, at 11 (1980). In a separate bill, the Senate Environment Committee,

at DOE's urging, emphasized both natural and engineered barriers, not-

ing that:

[i]n explaining this conservative, defense-in-depth approach
to repository design, [DOE] states:

"The multibarrier concept requires that the success of the
system be protected against deficient barrier performance or
failure by using a series of relatively independent and di-
verse barriers that would not be subject to a common mode
of failure. Barrier multiplicity is required both as a hedge
against unexpected occurrences or failures and to provide an
appropriate means for protecting against a wide variety of
potentially disruptive events. Acceptable system perform-
ance must not be contingent on the performance of any non-
independent barrier combinations."

S.Rep. No. 96-871, at 34 (1980).

In summer 1980, the House Interior Committee reported a revised

version of H.R. 7418. Recognizing DOE's opposition to its earlier bill,

and the fact that "the option to reprocess spent nuclear fuel is presently

foreclosed to the nuclear industry," the Committee concluded "it is nec-

essary at this time to do preliminary planning on the basis of geologic

disposal of spent fuel." H.R. Rep. No. 1156, Part 2, at 2 (1980). As the

Committee explained:

The form of the waste itself and engineered barriers will
provide the first level of defense against release of radionu-
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clides. But locating appropriate rock formations, and gather-
ing data to- adequately confirm their ability to provide pro-
tection over very long periods of time, are crucial elements
of the repository development program.

Id. at 29.

This dramatic turnaround was the result of Congressional recogni-

tion that disposal of unreprocessed spent fuel presented a far more dan-

gerous and longer-term risk. The Committee noted, for example, that

some isotopes would need "to be isolated.for at least 245,000 years." Id.

at 13.

[TIhe ability of any man-made containers to endure for a
quarter of a million years is obviated by the fact that the ul-
timate barrier which prohibits the release of any radioactiv-
ity into the biosphere is the geologic media itself. The effec-
tiveness of this method is dependent upon finding a geo-
logic media whose integrity is intact, meaning that it does
not have openings which would allow radioactivity to es-
cape into the atmosphere or into the groundwater.

Id. at 14. Underscoring this principle, the revised bill mandated site suit-

ability requirements designed to ensure primary geologic isolation for

spent fuel.

All site characterization activities in the site selection process
itself in both the preliminary and final stages are to be based
upon the premise that the geologic media is to be the ulti-
mate barrier which isolates the waste from the biosphere,
and that engineered barriers are but intermediate and short-
term forms of isolation.

Id. at 29.
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In 1981, the Senate committees reported a new bill containing

provisions for "deep geologic repositories capable of accommodating ei-

ther high-level nuclear waste or spent fuel." S.Rep. No. 97-282, at 6-7

(1981). This meant geologic isolation would remain the primary re-

quirement for site suitability, a position codified in the April 1982 House

version of the nuclear waste bill, H.R. 3809. See H.R. Rep. No. 97-491,

Part 1, at 4 ("Such Guidelines shall specify detailed geologic considera-

tions that shall be primary criteria3 for the selection of sites in various

geologic media."), 50 (1982).4 This exact language persisted through sub-

sequent revisions of the proposed legislation and ultimately was incorpo-

rated into the NWPA.

Indeed, Congress was explicit about the "essential elements of the

program" it was codifying in the NWPA:

Commitment to a waste disposal technology relying on pri-
mary geologic containment provided by a solid rock forma-
tion located deep underground, together with containment
by engineered barriers including the form and packaging of
the nuclear waste, which will provide safe containment of
the waste without reliance on human monitoring and main-

3 DOE has consistently read "primary criteria" in this text to mean "the
primary criteria." See, e.g., 66 Fed. Reg. 57,298,57,300 (Nov. 14,2001)
(emphasis added); 64 Fed. Reg. 67,054, 67,056 (Nov. 30, 1999).

4Identical language appeared in the House bill. H.R. Rep. No. 97-785, at
5,45-48.
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tenance after an initial period of testing and subsequent clo-
sure of the repository.

Id. at 30. See also H.R. Rep. No. 97-785, Part I, at 48 (1982).

C. The NWPA: Primary Reliance on Geologic Isolation

In the NWPA, Congress prescribed a complex process for selecting

one or more sites from among several "candidate sites" for detailed site

characterization. The NWPA required DOE to hone in on a preferred re-

pository location by conducting successive geologic and scientific stud-

ies. FEIS-1-9. Upon completion of such "site characterization," the Secre-

tary was to make a recommendation to the President as to his choice of

any site for development.

From the beginning, three agencies shared independent responsi-

bilities for the assessment and potential development of the repository.

Those responsibilities included site characterization and selection by

DOE, establishing radiological and health standards by the Environ-

mental Protection Agency ("EPA"), and licensing the construction and

operation of the repository by NRC.

The NWPA prescribed a two-step process leading to repository

development. First, DOE would determine site suitability under Sections

113 and 112, and second, NRC would determine overall licensability un-
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hi

der authority given it in Section 114. Only then could a construction

permit be granted by NRC. See RR-7.0004 at 9.

Reflecting its history and purpose, the NWPA defines "repository"

as a system to be used for "permanent deep geologic disposal." NWPA

§11(18). "Candidate sites" are defined as areas "within a geologic and

hydrologic system" that undergo DOE site characterization, NWPA

§11(4), which, in turn, means DOE activities "undertaken to establish the

geologic condition" of a candidate site, NWPA §11(21), and which was to

have been completed prior to any site recommendation. NWPA §114. Sec-

tion 112(a) requires DOE to establish guidelines for the selection and rec-

ommendation of sites, which "shall specify detailed geologic considera-

tions that shall be primary criteria" for site selection. Moreover, "[s]uch

guidelines shall specify factors that qualify or disqualify any site from

development as a repository, including factors pertaining to ... hydrol-

ogy, geophysics [and] seismic activity...." Id.

D. Original Repository Rulemaking Activity

Pursuant to NWPA requirements, DOE, NRC, and EPA published

rules intended to discharge their obligations. 10 C.F.R. Part 960 and 60,

40 C.F.R. Part 191, respectively. In publishing its first set of site suitabil-

ity rules in 1984, DOE paid careful attention to the geologic requirements
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and the physical qualifying and disqualifying conditions recommended

by NAS and the 1980 EIS and required to be specified by NWPA Section

112(a). 49 Fed. Reg. 47,714,47,718 (Dec. 6,1984). NRC concurred in the

draft regulations, but only upon DOE's promise to specify "that engi-

neered barriers cannot constitute a compensating measure for deficien-

cies in the geologic media" during suitability evaluations. Id. at 47,719-

20. EPA also warned DOE not to over-rely on engineered barriers. Id. at

47,727.

DOE's final rules accordingly provided that "engineered barriers

shall not be used to compensate for an inadequate site; mask the innate

deficiencies of a site; disguise the strengths and weaknesses of a site and

the overall system; and mask differences between sites when they are

compared." 10 C.F.R. § 960.3-1-5 (1984). Thus, while this geologic quali-

fying criterion formed the key requirement for comparative analysis of

proposed sites, it was equally clearly a requirement for the absolute sci-

entific evaluation of any site. DOE knew that establishing performance of

the "total system" was not inconsistent with establishing performance of

each part of that system.

As Section 112(a) requires, DOE also specified both qualifying and

disqualifying conditions. Part 960 defined "disqualifying condition" as
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"a condition that, if present at a site, would eliminate that site from fur-

ther consideration." 10 C.F.R. §960.2. A key disqualifying condition was

that of groundwater travel time ("GWVT"). As DOE explained, "The

most likely mechanism for the release of radionuclides from a repository

to the accessible environment is transport by groundwater." 49 Fed. Reg.

at 47,732. Accordingly, DOE specified that surface rainwater trickling

through Yucca must take no less than 1000 years to descend from the re-

pository through the dry, "unsaturated" zone and into the water table

and the accessible environment:

A site shall be disqualified if the pre-waste emplacement
groundwater travel time from the disturbed zone [the un-
derground waste area] to the accessible environment is ex-
pected to be less than 1000 years along any pathway of likely
and significant radionuclide travel.

10 C.F.R. §960.4-2-1(d) (emphasis added). The Part 960 conditions were

not intended to foster selection of a perfect or even superior site, but were

"the minimum conditions for site qualification." RR-1.0315-6-2 (emphasis

added).

E. The 1987 NWPA Amendments Act ("NWPAA")

In 1987, due to rising cost estimates for site characterization at three

sites chosen by DOE, Congress amended the NWPA to provide that

Yucca would be the only site characterized. Significantly, Congress did
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not prejudge the site's physical suitability but made clear that "[iff the

Secretary at any time determines the Yucca site to be unsuitable for devel-

opment as a repository," he was to terminate all activities and notify Con-

gress. NWPA §113(c)(3) (emphasis added). Moreover, the Secretary was

in that circumstance to report to Congress with DOE's "recommenda-

tions for further action to assure the safe, permanent disposal of [waste],

including the need for new legislative authority." Id.

In the NWPAA, Congress did nothing to change the physical siting

requirements it had enacted in the NWPA in Section 112(a). Indeed, Sec-

tion 113, which was amended to provide for characterization only of the

Yucca "candidate site," still required DOE to develop "criteria to be used

to determine the suitability of such candidate site for the location of a re-

pository, developed pursuant to Section 112(a)." (Emphasis added).

In the NWPAA, Congress also created a limited exception to NEPA

Section 102(C)(iii), which requires agencies planning major federal ac-

tions to consider reasonable alternatives to the proposed action. Con-

gress created this exception with the understanding that the proposed

disposal action would be mined geologic disposal in a repository at Yucca.

Section 114(f)(6) provides that, in licensing Yucca, NRC must adopt, to

the extent practicable, DOE's FEIS and need not consider "nongeologic

21



alternatives to such site." Likewise, "compliance [by DOE] with the

[NWPA] shall be deemed adequate consideration of ... all alternatives to

the isolation of high-level radioactive waste and spent nuclear fuel in a re-

pository." NWPA §114(f(2) (emphasis added). DOE's FEIS need not

"consider ... alternatives to geological disposal." NWPA §114(a)(1)(D).

F. DOE's 1988 Site Characterization Plan

As required by the NWPAA, DOE released a "Site Characterization

Plan" ("SCP") in December 1988. In it, DOE acknowledged that the

NWPAA did nothing to alter the NWPA's requirement that DOE must

apply site suitability guidelines developed pursuant to the requirements

; )of Section 112(a). RR-1.0316-I-8-9.

DOE described the physical character and basic design of the Yucca

repository. Yucca's natural setting is composed largely of 'tuff," a com-

pacted form of glassy shards and rock crystals formed from volcanoes.

SA-054-15. Just below the surface, an "unsaturated" zone in the tuff, pre-

sumed largely free of water, extends roughly 2000 feet to the underlying

water table. The level of the water table begins what is called the "satu-

rated zone," where the tuff is essentially saturated with water.
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The repository area was to be hewn out of the mountain approxi-

mately halfway through the unsaturated zone, about 1000 feet deep.5

SA-054-15, 41. Waste packages were to be placed into a number of half-

mile-long "emplacement panels" dug out of the tuff, in which holes are

bored for waste emplacement. Id. at 41.

The SCP stressed that repository safety is inextricably linked to its

geologic and hydrologic setting. "Geologic conditions are intrinsic to the

performance of a repository...." Id. at 16. Likewise, [hydrologic condi-

tions at the site are critical to the long-term performance of the repository

because [they] may affect the behavior of the waste package and because

2 the movement of ground water is the principal mechanism for transport-

ing radionuclides to the accessible environment." Id. at 26.

Evidencing DOE's view in 1988 that Yucca would likely prove to

have a suitable hydrogeologic setting, DOE said "[piresent estimates of

the time of ground-water travel from the proposed repository to the un-

derlying water table range from about 9,000 to 80,000 years," long

enough to pose no safety concern. Id. at 28. But DOE cautioned that "lit-

5 No other high-level waste repository in the world is being considered
above the water table. SA-033-19.
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tle is known about the occurrence and movement of water deep within

the unsaturated, fractured tuffs...." Id. at 27. Therefore, extensive field

investigations had "the highest priority in the program."

GR-14-8.0-9.

DOE affirmed that site characterization could lead to the discovery

of a "disqualifying" condition at Yucca. "The discovery and confirma-

tion of such a flaw would bring site-characterization activities to a halt"

SA-054-8.

G. The 1992 Energy Policy Act ("EnPA")

In EnPA, Congress resolved a longstanding battle over whether

NRC or EPA had authority to set the primary radiological standards for

waste emissions at Yucca by giving EPA the exclusive responsibility to

promulgate such standards. EnPA §801(a)(1). But Congress did not alter

in any way the provisions of NWPA Sections 112(a) or 113. Indeed, the

House Committee which sponsored the legislation emphasized that

"[t]he provisions of Section 801 address only the standards of the [EPA],

and the comparable regulations of the [NRC], related to protection of the

public from releases of radioactive materials.... The provisions of Section

801 are not intended to affect in any way the application of any other ex-

isting laws to activities at the Yucca Mountain site." SA-040-4466-67.
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Later that year, DOE made clear it viewed EnPA as not having

altered the NWPA siting guidelines codified in Part 960. SA-032 at 4-5.

Thus, DOE's site study would continue to "include an evaluation of po-

tential disqualifying features and conditions...." Id. at 5. Though DOE

had begun to apply "total system performance assessment" models of the

entire repository system, it confirmed that site suitability would be

evaluated independently of, and simultaneously with, repository "sys-

tem" performance. GR-19-ES-2.

In August 1994, DOE made the point again in a formal announce-

ment that the Part 960 guidelines "as they currently exist" would con-

tinue to govern "the site suitability process" for Yucca. 59 Fed. Reg. at

29,766. DOE did acknowledge that, because the NWPAA eliminated all

candidate sites but Yucca, "comparative evaluation is no longer rele-

vant," and therefore that portion of the 960 guidelines would no longer

be employed. Id.

In 1995, DOE again confirmed publicly that it viewed the Part 960

siting guidelines "as the primary criteria required by section 113(b) of the

NWPA to be used to determine the suitability" of Yucca. 60 Fed. Reg. at

47,738. DOE rejected any notion that it needed to develop a new set of

guidelines just for Yucca. Id. at 47,739; see also SA-10, SA-041.
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H. DOE's 1994 "Program Approach" to Suitability

In 1994, DOE put even greater programmatic emphasis on deter-

mining "technical site suitability," refocusing on "data most important

for evaluating the qualifying or disqualifying conditions...." SA-042-27;

SA-031-A-1. DOE stated on numerous occasions that the effort was "an

attempt to realign the program closer to the original intent of the legisla-

I tive and regulatory framework." SA-043-2; SA-044-2; RR-5.0034-14; GR-

26-1-8; RR-5.0035-1-3.

In what DOE called its "Program Approach," the agency set as its

primary goal completion of seven "technical suitability reports" covering
.1

3 each of the Part 960 qualifying and disqualifying conditions. SA-044-9;

} SA-045-7. Of the seven, the hydrologic suitability finding (including.

GWTIT) was regarded by DOE as "heads and shoulders above the others"

a in difficulty and importance. SA-046-65.

In late 1995, confirming the agency was working independently

and simultaneously on repository "system" analysis and individual tech-

i nical site suitability studies, DOE issued both its "Total System Perform-

ance Assessment-95" and the first of its seven planned technical site suit-

ability reports. GR-30. But that technical report, concerning surface

characteristics, pre-closure hydrology, and erosion, was determined by
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reviewers to be unsound. For example, an NAS panel concluded that the

report "fails to establish credibility in the scientific basis" for numerical

characterization of erosion. SA-047-65.

I. L996: The "Perfect Storm"

DOE had not even started to rework the first of its seven suitability

studies when it was hit in 1996 by the perfect storm.

First, Congress slashed the Yucca budget by forty-percent. SA-011-

xi. In imposing what DOE called "draconian budget cuts" (SA-048-1) for

fiscal 1996, the Appropriations Committee directed DOE to refocus all its

efforts "to collect the scientific information needed to determine the suit-

ability of the Yucca Mountain site" and to "defer preparation and filing

of a license application for the repository rsystem'1 with the [NRCI until

a later date." See GR-32-11.

Second, in Indiana-Michigan Power Co. v. DOE, 88 F.3d 1272,1275

(D.C. Cir. 1996), this Court ruled that DOE had an "unconditional obliga-

tion" to dispose of utilities' spent fuel by the NWPA's 1998 statutory

deadline. In view of DOE's impending breach, the decision presented

DOE with potentially crushing financial liability, perhaps up to $56 bil-
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lion, according to the Nuclear Energy Institute. SA-009.6 See also North-

ern States Power Co. v. DOE, 128 F.3d 754, 759 (D.C. Cir. 1997) (referring to

"billions" of dollars of delay-related costs); Alabama Power Co. v. DOE,

307 F.3d 1300,1302 (11th Cir. 2002) (referring to "tide of litigation arising

out of this massive breach").

Third and worst of all, ominous results were pouring in from

studies in a five-mile tunnel DOE had bored deep into the Yucca unsatu-

rated zone. Geologists discovered Chlorine-36 in fractures found in the

area where the repository was to be constructed. GR-41. The abundance

of this rare isotope meant it had originated from fallout during atmos-

pheric nuclear testing in the 1950s, suggesting it had migrated from sur-

face rainwater through hundreds of feet of tuff in previously unsus-

pected "fast flow paths" of less than 50 years. GR-31-1; GR-34-381; GR-

44-ES-9. Geologists confirmed the finding by evaluating the "age" of

surprisingly large "perched" (or trapped) water pockets found in the

"dry" unsaturated zone, some of which amounted to up to a million cubic

meters of water. GR-34-267.

6 Indeed, there are presently pending in the Court of Federal Claims
numerous lawsuits by utilities to recover damages against DOE. See
Maine Yankee Atomic Power Co. v. U.S., 225 F.3d 1336 (Fed. Cir. 2000).
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After further studies, DOE's geologists confirmed "it has become

increasingly evident that flow along fast preferential pathways through

fractures is a significant and perhaps the dominant flow regime in the un-

saturated zone," leading to "travel times of less than 50 yearsfrom the land

surface to the saturated zone." GR-34-384, 399 (emphasis added). 7 Clearly,

the site would not meet Part 960's GWTT disqualifying condition and

would fail what DOE knew was the litmus test of any repository. Far

from "permanently" isolating waste, Yucca's geology could not prevent

groundwater from carrying radionuclides into the water table far sooner

than required to prevent its toxic effects from being visited on the human

environment.

Faced with these insurmountable obstacles, DOE's Yucca program

office took extreme measures. It laid off hundreds of contractor person-

7 For details of this dramatic discovery and DOE's response, see Affidavit
of John W. Bartlett, former Director of DOE's Yucca Program. Dr. Bartlett
confirms DOE's studies showed "rates of water infiltration into the
mountain were on the order of 100 times higher than had been expected;
that water flowed very rapidly through fracture pathways in some of the
geologic layers (like flow through a pipe rather than dispersed flow
through a medium like a bed of sand); and that there appeared to be un-
expected 'fast pathways' for movement of radioactivity from the reposi-
tory to the water table about 1000 feet beneath it." RR-7.0004-11-13.
Thus, the Yucca site "cannot be shown to be capable of long-term geo-
logic isolation of high-level radioactive waste during the regulatory time

X period...." RR-7.0004-2.
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nel, SA-015-19, and then it did precisely the opposite of what Congressional

appropriators had instructed it to do.8 That is, instead of refocusing ac-

tivities on an early determination of site suitability (step one in the statu-

tory process) and deferring preparation of a license application (step

two), DOE cancelled its suitability activities and placed all its efforts into

.* developing a repository "system" design that could ostensibly meet NRC

license requirements for a construction permit by relying almost totally on

engineered barriers. SA-015-15; SA-016-406; SA-021-2; GR-32-19. By

January 1996, DOE informed the Technical Review Board,9 "We're not

doing suitability process any more." SA-015-406. The new focus would

, ) be "on the predictive performance of the repository ... rather than on a

comprehensive discourse on site characterization." SA-048-7.

Recognizing that this fundamental departure would require regula-

tory and legislative changes, DOE went to work on all fronts. By March

1996, DOE and its industry allies had lobbied the Senate Energy Commit-

tee to report a bill, S. 1271, which provided that DOE's site suitability

8 Explaining this departure to DOE's technical auditors, DOE's acting
Yucca Program Director said, "The Congress of the United States is an
educated body. But Lord, they're ignorant right now." SA-015-24.

9 The "TRB" is a board of scientists established by NWPA Title V that
serves as a technical auditor of DOE's Yucca work.
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guidelines in Part 960 "are annulled and revoked." The new standard

proposed for disqualification of the Yucca site was not its physical un-

suitability, but rather a mere determination of whether the repository

"system" could potentially meet NRC construction permit requirements.

S.1271, §205. The bill did not make it through Congress.10

On the regulatory front, DOE began intensively lobbying NRC and

EPA to change their respective Yucca rules to focus on "system" per-

formance analysis of the engineered barriers in the as-yet-

uncharacterized natural setting and to require no independent qualifica-

tions related to site features. SA-021-6; SA-017-16; SA-023-11; SA-030-332;

SA-019-42; SA-020-10; SA-014-6. Rather than assess the site's "suitabil-

ity," the NWPA's first repository development requirement, DOE would

instead assess the repository's "viability" to meet re-tailored, system-

based NRC licensing requirements. SA-049-13; SA-021-5,17; RR-5.0037-

ES-1; SA-021-5, 17.

DOE cautioned both NRC and EPA that, in formulating new rules,

[promulgating a standard that cannot be implemented may result in

the defacto rejection of the Yucca Mountain site...." SA-21-16; See also SA-

10 In 1999, another bill seeking to eliminate the Section 112(a) guidelines,
the "Nuclear Waste Policy Act of 1999," H.R. 45, also failed to get en-
acted.
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024-6. DOE now called its previous search for technical site suitability "a

false target." SA-017-152.

In revising its Program Plan to accommodate this sea change, DOE

emphasized that "[i]t became increasingly clear that many of the expecta-

tions embodied in the [NWPA] could not be met." GR-32-5. Now, "[w]e

will concentrate our near-term design effort on the critical technology re-

quirements of the engineered barriers." Id. at v. Accordingly, DOE

noted that it had "cancelled [its] technical site suitability process." GR-

32-19. See also SA-019-42; SA-030-325.

By December 1996, inverting reality, DOE announced in the Federal

Register that it would be amending its guidelines because "Congress di-

rected DOE in fiscal year 1996 to focus on only those activities necessary

to assess the performance of a repository at the Yucca Mountain site."

GR-48-1. Thus, new 10 C.F.R. Part 963 took flight.

By early 1997, having eliminated NWPA's first required step (de-

termining site suitability) and having effectively replaced it with the

NWPA's second step (licensing construction of the repository) DOE

made an admitted effort to hide the fact it was focusing now on licensing.

It created a new name for its core project directed at preparation of a li-

cense application, calling it the "Project Integrated Safety Assessment"
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("PISA"). In May 1997 testimony before NRC's Advisory Committee on

Nuclear Waste ("ACNW"), DOE's Licensing Manager explained the

PISA:

The way this came about was when we shut down our li-
censing activities that year [1996] that they [Congress] cut
$85 million of our budget, we invented a PISA because it was
our stealth [License] Application. We weren't allowed to work
there. So we invented a PISA so we could work on the side.

SA-036-287 (emphasis added). See also SA-037-65-67. One Committee

member responded, "I can see why Lake Barrett [DOE's Program Man-

ager] was nervous." SA-036-289.

Barrett later admonished the TRB.

The site suitability decision need not and should not depend on
individual attributes of the site outside the context of an as-
sessment of the performance of the proposed engineered re-
pository.

SA-013- 3 (emphasis added).

By this time, DOE's rejection of geologic isolation was complete,

and the goal now was to change the rules and attempt to design a waste

package that alone might last for the 10,000-year duration of EPA's com-

pliance period.

J. Groundwater Travel Time

By late 1998, after reviewing DOE's reports to the TRB, Nevada's

Governor urged DOE to disqualify the Yucca site pursuant to the
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groundwater travel time requirements of DOE's 960 guidelines and the

NWPA. SA-025-2. The Secretary wrote back, conceding DOE's analyses

showed that up to 20-percent of all water moving through the repository

would reach the water table in less than 1000 years. SA-026-Encl-1.

However, "additional study is warranted," he said, calling a disqualifica-

tion decision "premature" and noting that "most of the water" would

take more than 1000 years. Id.

In January 1999, DOE presented to the TRB the results of its

repository performance assessment. In one run, DOE had "removed"

the engineered barriers from the repository so as to model the perform-

i ance of the natural setting alone, simulating performance in the event of

failure of the engineered barriers. DOE's analysis showed that, because

of fast water flow, annual doses to humans at the site boundary would

rise precipitously above the 15 millirem/year EPA dose limit in well un-

der 2000 years, peaking at nearly 1000 mnillirem/year in about 3000 years.

SA-051-15; SA-012-77-100. DOE also presented a chart showing that the

geologic setting was able to contribute almost nothing to the repository

system's total waste isolation capabilities (less than 0.3 %). SA-051-18. In

short, DOE's model of the repository "system" showed almost total reli-

ance for its safety on engineered barriers, which had yet to be fully de-
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signed. See RR-7.0004-16. Equally important, the "base case" analysis,

with all barriers and packages in place, showed that even then doses

would rise sharply above the EPA limit after 10,000 years."1

In testimony to the TRB, DOE conceded that Yucca's natural barri-

ers would be ineffective to protect against uncertainties in the perform-

ance of the engineered barrier system, and that "defense-in-depth" could

only exist in the "system" by stacking one man-made barrier onto an-

other, since geologic factors could make no significant contribution. SA-

012-85-94. One TRB member concluded, "You can't even come close with

the mountain...."12 SA-012-100.

By 2000, DOE's performance analyses showed that, if the engi-

neered barriers were presumed to fail, the flimsy natural barriers alone

would permit a dose rate more than 666 times the EPA limit, or 10,000

mnillirem/year, within the first 10,000 years. RR-1.0291-E-11, Fig. E-1.

This meant that any repository "system" at Yucca which did not have

11 Respondents will not dispute that any model of Yucca's performance
will show the repository's failure to meet EPA dose limits during the
longer periods (after 10,000 years) recommended for compliance by the
NAS.

12 See also SA-033-73 (International peer review by repository scientists
concluding DOEs assessment of water flow lacks "realism"); RR 7.0001-
17 (noting "water... dripping liberally from the ceiling" of a test tunnel
deep inside Yucca and "[a] DOE explanatory sign confirming this").

35



perfectly operating engineered barriers would rapidly become unsafe and

noncompliant with EPA dose limits.

In 2001, EPA produced an extensive history of the site suitability is-

sue, confirming the projected noncompliance of the geologic setting and

the inability of the site to meet Part 960's GWVT disqualifying criterion.

EPA also confirmed that water in the saturated zone which in 1995 had

been expected by DOE to be capable of diluting radioactive wastes by

factors of 1,000 to 100,000 before they reached the site boundary were as-

sumed four years later to be capable of actual dilution of only a factor of

10. SA-034-3-6, 3-22. In short, wastes emerging from the repository in

water seeping through the mountain would become vastly more concen-

trated at the site boundary than previously believed possible.

The last time DOE presented a repository performance analysis

showing the actual anticipated performance of the geologic setting oc-

curred at an NRC/DOE Technical Exchange in January 2001. DOE

showed that, if engineered barriers were to fail, the annual dose at the

site boundary was projected to be 100 nillirems/year - more than six

times the EPA limit - at only 1000 years. By the 3000-year mark, the ex-

pected dose would rise to over 1000 millirems/year, or 67 times the EPA

limit. SA-027-17.
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K. DOE's Part 963 Tautology

Late in 1999, DOE published proposed amendments to Part 960,

announcing a new Part 963 applicable only to Yucca. Part 960 was to be

revised to limit its application only to other potential repository sites. GR-

186-67055. New Part 963 would establish new "site suitability criteria"

for Yucca alone, abandoning each of the geologic and hydrologic criteria

of NWPA Section 112(a) and all qualifying and disqualifying site fea-

tures. Instead, Part 963 would require DOE to meet just a single qualify-

ing criterion - that a total system performance assessment of the entire

repository "system" would demonstrate compliance with the EPA dose

limit for the EPA's regulatory compliance period, and thus the repository

could ostensibly get an NRC construction permit. GR-186-67066-70.

Having lobbied NRC and EPA for three years to change their rules

to a system-based regime that would obscure the distinctive roles of

natural and engineered barriers, DOE now blamed the abandonment of

960 and the promulgation of 963 on the rule changes by those agencies. 1 3

13 This is especially ironic given that EPA had earlier objected to DOE's
abandonment of 960, saying the "major reason" for the move was DOE's
discovery of "significantly faster water flow" than its regulations al-
lowed. GR-134-2. "Overall," EPA said, "the waste isolation capability of
the natural features of the Yucca Mountain site is at present highly un-
certain and largely unassessed." GR-134-3. Moreover, the "system ap-
proach proposed by the DOE could be viewed as masking this uncer-
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Id. at 67068-72; GR-201-3; GR-332-57299. The two agencies had finally re-

lented on changes, largely on the premise that it was solely DOE's statu-

tory role to determine site suitability, not NRC's and EPA's. See, e.g., SA-

035-99 ("it is their call to make").

With the new rule, DOE perfected a regulatory tautology: DOE's

change was to accommodate NRC's change that was necessary because

of DOE's change. With Part 963, no longer was site suitability a matter of

assessing the isolation capabilities of the geology. Rather, as explained

by DOE to NRC, "Simplistically, the suitability evaluation ... is a DOE

evaluation as to whether or not we feel we have enough information to

3 have a credible License Application." SA-625-226. As DOE now viewed

its job, its role was redundant to NRC's.

Part 963 (the "Guidelines") was issued in final form in November

2001.14 GR-332.

tainty and the potentially insufficient waste isolation capability of site
features...." Id.

14 Just prior to issuance of the new rule, the Senate Appropriations
Committee admonished DOE not to jettison the specific geological re-
quirements of Section 112(a), saying the NWPA gave DOE no such au-
thority. SA-028-106.
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L. The Site Recommendation

On February 14, 2002, barely two months after Part 963 became

effective, the Secretary issued to the President a Site Recommendation for

Yucca under NWPA Section 114(a)(1), saying the "site is scientifically

and technically suitable for development of a repository." SA-052-1. The

recommendation was accompanied by the Yucca FEIS but no Record of

Decision. The FEIS, which had been privately circulated to select federal

agencies, was not released to Nevada and the public until the date of de-

cision.

One day later, the President, in a letter to Congress, approved the

recommendation under NWPA Section 114(a)(2)(A). Sixty days later,

Nevada's Governor submitted to Congress a Notice of Disapproval of the

site designation pursuant to NWPA Section 116(b)(2). Pursuant to

NWPA Section 115, Congress passed a joint resolution overriding the

Notice of Disapproval, which the President signed on July 23, 2002.'5

15 Respondents have argued that Congress' override mooted Petitioners'
challenges to the Guidelines, DOE's and the President's recommenda-
tions and the FEIS. The Court has deferred consideration of jurisdic-
tional issues, and thus Petitioners will fully respond in their reply brief
to any jurisdictional arguments raised by Respondents in their brief. We
note here that Respondents' mootness argument rests on the unsup-
ported proposition that in overriding Nevada's notice of disapproval
pursuant to precisely-articulated and truncated NWPA procedures,
Congress impliedly repealed the site suitability and the judicial review
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With that, DOE was both entitled and required to submit a License

Application to NRC within 90 days. NWPA §114(b). DOE failed to do so

and now says it cannot submit an application until December 2004 at the

earliest.

SUMMARY OF ARGUMENT

In the NWPA, Congress unambiguously mandated a "system" for

the "permanent deep geologic disposal" of nudear waste. Congress re-

quired that the "geologic medium" form the primary barrier keeping

waste from people and the environment over the millennia.

DOE's new Guidelines instead assert that DOE can lawfully evalu-

* )ate Yucca from the perspective of "total system performance," essentially

abandoning NWPA's mandate that the site's geology form the primary

isolation barrier. But because Congress has spoken to the precise ques-

tion at issue, there is no occasion for this Court to accord deference to

DOE's strained construction of the NWPA.

provisions of the NWPA, while simultaneously authorizing abdication
by DOE of traditional NEPA requirements. But all Congress really did,
in classic legislative veto fashion, was follow NWPA procedures to the
letter and cancel out Nevada's veto of the President's siting decision; it
did not forever shield that decision, or the DOE decisions and actions on
which it was based, from judicial review.
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The NWPA explicitly defines a "repository" as a "system" for the

"permanent deep geologic disposal" of radioactive material. NWPA §

2(18). Moreover, Sections 112 and 113 obligated DOE to issue guidelines

governing the suitability determination and the recommendation of sites

for repositories that both establish "detailed geologic considerations" to

serve as "primary criteria" in site selection and specify the physical fac-

tors that would qualify or disqualify a site from development. Pertinent

legislative history, from the initial efforts of Congress through the enact-

ment of the NWPA and later amendments, shows a clear Congressional

commitment to a repository deep underground, relying on multiple, in-

dependent barriers, including primarily the geology of the site.

Even if the NWPA left this point ambiguous, however, DOE's ear-

lier consistent position, and its sharp break with that position in its new

Guidelines, strongly argues against according DOE's new position any

deference. Not only does the NWPA not delegate fundamental policy-

making to DOE, it was intended to wrest such policymaking away from

the Executive Branch.

DOE also failed to take key actions required by the NWPA. Al-

though DOE had determined Yucca was unsuitable for development,

DOE never took the actions required, including reporting to Congress,
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and recommended Yucca for development without first completing re-

quired site characterization.

In recommending Yucca, DOE also evaded its NEPA responsibili-

ties, refusing against the advice of its own staff to prepare a Record of

Decision supporting its final site recommendation, refusing to wait 30

days after EPA publication of notice of the FEIS's availability, and refus-

ing to provide notice and an opportunity to comment to Nevada.

In its FEIS, DOE committed foundational errors that obfuscated the

nature of the "proposed action" and invalidated its assessment of the

comparative merits of the project versus the "no-project" alternative.

DOE also defined the "proposed action" to leave critical aspects of the

project unassessed; segmented out the transportation component for fu-

ture analysis; failed to disclose statutory violations; and failed to evaluate

realistically the consequences of terrorism in spent fuel transport.

ARGUMENT

I. Standard of Review

At issue here is a question of pure statutory construction, subject to

de novo review. See National Labor Relations .Bd. Union v. FLRA, 834 F.2d

191, 197-98 (D.C. Cir. 1987).
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1. By refusing to give geologic considerations primacy, DOE ex-

ercised "its authority in a manner that is inconsistent with the adminis-

trative structure that Congress enacted into law." FDA v. Brown & Wil-

liamson Tobacco Corp. 529 U.S. 120,125 (2000) (internal quotation omitted).

The issue here does not "center] on the wisdom of the agency's policy,"

but on whether it made "a reasonable choice within a gap left open by

Congress." Chevron v. NRDC, 467 U.S. 837, 866 (1984). "Regardless of

how serious the problem an administrative agency seeks to address,.

[a]nd although agencies are generally entitled to deference in the inter-

pretation of statutes that they administer, a reviewing 'court, as well as

) the agency, must give effect to the unambiguously expressed intent of

Congress.'" Brown, 529 U.S. at 126-27 (quoting Chevron, 467 U.S. at 842-

43). Thus, in measuring whether the Guidelines pass muster under the

NWPA, this Court should accord DOE's new position no deference.

The fact that Congress has "directly spoken to the precise question

at issue" (Chevron, 467 U.S. at 842) is evident from numerous provisions

of the NWPA. See American Bankers Ass'n v. NCUA, 271 F.3d 262, 267

(D.C. Cir. 2001). Especially important is the fact that among these pas-

sages are specific definitions of key terms, such as "repository," that

strongly support Petitioners. As this Court has said, "In the face of a
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clear statutory definition, ... there is no occasion for deference." Time

Warner Entertainment Co. v. FCC, 56 F.3d 151,190 (D.C. Cir. 1995). See also

Board of Governors v. Dimension Fin. Corp., 474 U.S. 361, 368 (1986); ACLU

v. FCC, 823 F.2d 1554,1568 (D.C. Cir. 1987). Here, DOE's new rules

would excise the NWPA's references to geologic considerations from the

statute. Such revisions were not an option Congress gave DOE.

Furthermore, identification of the "unambiguously expressed in-

1 tent of Congress" is not limited to statutory text, but involves "traditional

tools of statutory construction," NRDC v. Browner, 57 F.3d 1122, 1125

(D.C. Cir. 1995) (quotation omitted), including examination of legislative

; ) history, id. at 1127, and the broader "context" of the relevant words,

American Bankers Ass'n, 271 F.3d at 267, both of which strongly favor Peti-

I tioners.

Strikingly, when the NWPA was passed, DOE concluded it did not

have authority to discard the primacy of geologic considerations. DOE

maintained this position through enactment of the NWPAA and EnPA.

Such an unvarying position by DOE, contemporaneous with enactment

of the statute and amendments it must administer, is of great significance

to the Chevron-One analysis. As the Supreme Court explained, "the want

of assertion of power by those who presumably would be alert to exer-
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cise it, is ... significant in determining whether such power was actually

conferred." BankAmerica Corp. v. U.S., 462 U.S. 122,131 (1983) (internal

quotation omitted). See also EEOC v. Associated Dry Goods Corp., 449 U.S.

590, 600 n.17 (1981); Middle South Energy, Inc. v. FERC, 747 F.2d 763, 769-

70 (D.C. Cir. 1984).

A consistent, longstanding understanding by DOE of the meaning

of its operative statute "bolsters" the conclusion that Congress required

geologic considerations to have primacy in isolating wastes at DOE's

chosen site. See Brown, 529 U.S. at 157. In short, from the evidence that

should be considered in any Chevron-Onie analysis, it is clear Congress did

speak to the precise question at issue, and thus no deference is due

DOE's departure from that mandate.

2. Even if one were to conclude that the text, structure, and leg-

islative history of the NWPA were ambiguous, under Chevron "Step

Two," the consistency of DOE's earlier position, and its eleventh-hour

break with that position in the new Guidelines, strongly argues against

according the new view any deference. See United States v. Mead Corp.,

533 U.S. 218, 228 (2001) ("The fair measure of deference to an agency ad-

ministering its own statute has been understood to vary with circum-

stances, and courts have looked to the degree of the agency's care, its
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consistency, formality, and relative expertness, and to the persuasiveness

of the agency's position."); NLRB v. United Food & Commercial Workers

Union, 484 U.S. 112,124 n.20 (1987).

Though this Court has noted that an agency's "self-interest alone

gives rise to no automatic rebuttal of deference," Independent Petroleum

Ass'n v. DeWitt, 279 F.3d 1036,1040 (D.C. Cir. 2002), the circumstances

under which DOE undertook its change here combine with other evi-

dence of Congressional intent to discourage deference to DOE's position.

See Transohio Sav. Bank v. Director, OTS, 967 F.2d 598, 614 (D.C. Cir. 1992)

(observing danger of according deference to interpretation where it

might "lead a court to endorse self-serving views" of agency). Here,

DOE's change was influenced by its desire to minimize crushing liability

to utilities for its past delays.

More important, none of the values that justify deference are impli-

cated here. In particular, "an agency to which Congress has delegated

policymaking responsibilities may, within the limits of that delegation,

properly rely on the incumbent administration's views of wise policy to

inform its judgments." Chevron, 467 U.S. at 865. In such a situation, an

agency is indirectly accountable to the people (through the President) for

"resolving the competing interests which Congress itself either inadver-
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tently did not resolve, or intentionally left to be resolved by the agency."

Id. at 865-66.

Not only does the NWPA not delegate fundamental policymaking

to DOE, it was intended to wrest such policymaking away from the Ex-

ecutive Branch, in a calculated effort to restore Congressional leadership

and control over the waste disposal problem. Indeed, Congress' work on

the issue was provoked by perceived failures of the Executive Branch to

address the problem. As one House Committee noted:

The failure of the Federal government to have successfully
demonstrated that it can dispose of high level radioactive
materials after nearly four decades of allowing such materi-
als to be generated and the recently announced proposal to

7 delay the establishment of a repository for as much as two
more decades, has resulted in the erosion of public confi-
dence in the ability of the government to prove that it can
dispose of these materials.

H.R. Rep. No. 96-1156, Part III, at 16 (1980). See also H.R. Rep. No. 96-

1382, Part II, at 23 (1980) ("The decided emphasis of the Committee was

on formulating a certain, Congressionally mandated pathway....");

S.Rep. No. 97-282, at 3 (1981). See also NWPA §111(a)(3), (b)(2). Thus,

policymakers in Congress intended to resolve issues that policymakers in

the Executive Branch had long failed to resolve. See H.R. Rep. No. 97-

491, Part 1, at 29-30 (1982).
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II. Respondent's Guidelines and Siting Decisions Violate the
NWPA

It cannot be denied that nuclear waste disposal represents one of

the most important policy issues facing America today, with implications

for health, safety, and the environment for centuries to come. It is

equally undeniable, however, that "[rlegardless of how serious the prob-

lem an administrative agency seeks to address, ... it may not exercise its

authority in a manner that is inconsistent with the administrative struc-

ture that Congress enacted into law." Brown, 529 U.S. at 125 (citation and

internal quotation omitted). See also id. at 161; Wisconsin Elec. Power Co. v.

DOE, 778 F.2d 1, 8 (D.C. Cir. 1985).

Though DOE purports to rely on the NWPA as authority for Part

963, those rules are in no way grounded in the authority granted DOE by

that statute. The rules are thus unlawful, and the site suitability and se-

lection decisions by DOE and the President, based on those rules, are

consequently invalid.

Part 963 reduces to an afterthought the hydrogeologic characteris-

tics of the Yucca site. While Part 963 pays lip service to DOE's considera-

tion of "criteria" that include these "properties" at Yucca, 10 C.F.R

§963.17(a)(1), such properties have no minimum requirements and be-

come, in fact, unimportant in adjudging site suitability. The Guidelines
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specify no factors that would qualify or disqualify the Yucca site from

development. Because Part 963 includes no requirement that the geo-

logic setting independently provide waste isolation, the Guidelines effec-

tively authorize DOE to find a "site" suitable solely through the use of

man-made packages. If the package alone can contain wastes for 10,000

years, DOE's standard can presumably be met wherever that package re-

sides, and any such site becomes "suitable."

The concerns raised by these features are not theoretical: It was

these very features that authorized DOE to recommend Yucca to the

President. These features authorized DOE to allow the purported (but

i speculative and untested) benefits of "engineered barriers" to completely

mask Yucca's known geologic deficiencies. And Part 963's elimination of

any disqualifying conditions allowed DOE to recommend the site not-

withstanding the presence of at least one condition (GWVT) that disquali-

fied it under the previous rules.

A. The NWPA's Plain Language Requires Geologic
Considerations to be Primary in Determining Site
Suitability

Numerous provisions of the NWPA make clear that geologic con-

siderations are to be the primary factors considered by DOE in determin-
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ing site suitability. At the heart of the statute, Congress defined "reposi-

tory" as

any system licensed by the [NRC] that is intended to be used
for, or may be used for, the permanent deep geologic disposal of
[waste]....

NWPA §2(18) (emphasis added).

To be sure, this definition does reflect Congress' intent that a "re-

pository" constitutes a disposal "system," including natural and engi-

neered barriers. It would be ludicrous to contend that Congress intended

engineered barriers to play no role in isolating waste, such that it would

be sufficient for DOE to simply throw l6ose waste into a hole in the

ground. By the same token, this definition's reference to "permanent

deep geologic disposal" makes clear that Congress intended a site's geol-

ogy to itself play the primary and "permanent" role in isolating waste.

By authorizing DOE to find Yucca suitable irrespective of whether its geo-

logic properties are capable of isolating waste that will remain lethal long

after engineered barriers can be expected to work, Part 963 unlawfully re-

defines "repository' to mean a non-permanent system of engineered bar-

riers that just happens to be placed underground.

In addition, NWPA Section 112(a) required DOE to "issue general

guidelines for the recommendation of sites for repositories," which were to
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"specify detailed geologic considerations that shall be primary criteria for

the selection of sites in various geologic media." And Section 113 required

DOE to prepare for Yucca "a general plan for site characterization activities

... which plan shall include ... criteria to be used to determine the suitability of

such candidate site for the location of a repository, developed pursuant to section

112(a)." NWPA §113(b)(1)(A)(iv) (emphasis added). See Nevada v. Watkins,

914 F.2d 1545,1562 (9th Cir. 1990) (Section 113(b) "makes clear [that] the

guidelines developed by [DOE] pursuant to section [112(a)] are to be util-

ized to determine the suitability of Yucca."). Sections 112 and 113 highlight

the central importance of a site's physical characteristics to determining its

suitability. There is no way the Guidelines, which barely pay lip service to

consideration of Yucca's geologic properties, and which authorize selection

of Yucca regardless of how little (if at all) its natural barriers can success-

fully isolate waste, can be squared with these provisions.

The NWPA also leaves no doubt that DOE's rules must include

qualifying and disqualifying conditions: Section 112(a) unambiguously

provides that "[sluch guidelines shall specify factors that qualify or dis-

qualify any site from development ..., including factors pertaining to ...

hydrology, geophysics, seismic activity...." DOE's original guidelines

did specify such conditions, and for years DOE consistently and correctly
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maintained that those conditions would apply to and govern its Yucca

suitability determination. But Part 963 contains no qualifying or disquali-

fying factors, let alone factors pertaining to the specific topics listed in

Section 112(a).

Whether read in isolation or as a coherent whole, these and other' 6

provisions of the NWPA underscore Congress' emphasis on the critical

long-term role of natural barriers. Cf. NRDC v. EPA, 824 F.2d 1258, 1279

(1st Cir. 1987) (Congress ordered that these highly dangerous wastes be

placed underground with the intent that the surrounding geologic forma-

tions would be the major component of 'the containment mechanism.").

DOE itself fully understood what Congress intended, and construed the

NWPA and the NWPAA in a manner designed to effectuate Congress'

intent, at least until 1996 - when, facing liability for its "massive breach"

of its duty to begin waste disposal in 1998, Alabama Power, 307 F.3d at

1302, and after uncovering fatal deficiencies in the Yucca site, DOE aban-

doned its longstanding construction of the NWPA in favor if its current

expedient "construction."

16 See NWPA §§ 2(4), 2(21)(B), 113(b)(A)(ii), 114(a)(1)(D), 114(f)(6),
217(a)(6), 217(b)(3).
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B. Legislative History Reaffirms Congress' Intent

Though there is no need to go further than the plain words of the

statute, the legislative history of the NWPA leaves no doubt that Con-

gress intended what it said. See supra at 12-17. To summarize, the legis-

lative effort originated from the proposed action recommended by DOE

in its 1980 EIS - deep geologic isolation - itself reaffirming a key NAS

study recommending the same. Congress at first proposed not to man-

date geologic isolation and sought to require primary reliance on engi-

neered barriers, but explicitly reversed this approach, at DOE's urging,

when it became clear that the nation would be burying long-lived spent

fuel as well as less-volatile reprocessing wastes. This turnabout to pri-

mary reliance on geologic isolation provides unambiguous context to the

meaning and intent of the NWPA provisions discussed above, which

Congress left intact when revisiting the Act again in 1987 and 1992.

C. DOE's Tustifications Dishonor the Congressional Mandate

DOE's justifications for adopting the Guidelines do not withstand

scrutiny.

1. According to DOE, the guidelines mandated by Section 112(a)

govern only "the process of selecting and comparing among potential

sites to determine which sites are appropriate to proceed" to characteri-
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zation, and nothing in the NWPA requires these guidelines to also "gov-

ern the process for determining site suitability and site recommendation

under [S]ections 113 and 114." 66 Fed. Reg. at 57,312. DOE also contends

that because Section 113 requires DOE to develop "criteria" and not

"guidelines," and because the NWPA does not define "criteria," Con-

! gress did not mandate that there be any substantive relationship between

the Section 112 "guidelines" and the Section 113 "criteria." Id.

These arguments all fail mightily. Section 112 does not limit the ap-

plicability of the guidelines it requires to the comparison of sites to deter-

mine which should be characterized, but provides that such guidelines are

also to govern "the recommendation of sites for repositories," which in-

cludes DOE's recommendation of fully characterized sites. Cf NWPA

§114(a)(1). And Section 113(b)(1)(A)(iv) explicitly incorporates the salient

aspects of DOE's Section 112(a) guidelines for the purpose of developing

DOE's site suitability "criteria."

DOE's argument that Congress left "criteria" undefined ignores

that Section 112 expressly equates 'criteria" with "detailed geologic con-

siderations." DOE elsewhere acknowledges that Section 112(a) "uses the

term 'primary criteria' synonymously with the term 'detailed geologic

considerations,'" and that "it seems likely that Congress used the word
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'criteria' in [Sections 112 and 113] to have the same general meaning." 66

Fed. Reg. at 57,320. It is disingenuous for DOE to equate the meanings of

"criteria" in both provisions when doing so suits its purposes, but then

contend that Congress left the Section 113 "criteria" undefined when it

came to the substantive content of DOE's siting guidelines.

DOE also contends that because Congress could have drafted Sec-

tion 113 to refer to the Section 112(a) "guidelines" rather than "criteria,"

!1 it is "unlikely that Congress intended to require the [Section 1131 'criteria'

to be the [Section 112 guidelines] themselves." 66 Fed. Reg. at 57,312.

This argument misapprehends the issue. Everyone agrees there is not a

) complete overlap between the purposes served by the Section 112 guide-

lines and the Section 113 criteria. Because Section 112 is concerned in

#1 part with the drawing of comparisons between sites while Section 113 is

not, there would be no need for Congress to require a wholesale incorpo-

ration of the Section 112 guidelines into Section 113. It does not follow,

l however, that the content of the Section 113 criteria need bear no connec-

tion to the content of the Section 112 guidelines. DOE itself had previ-

ously recognized as much, noting on numerous occasions that in carrying

out its duties under Section 113, it could apply only the provisions of the
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1984 guidelines relevant to those duties. See, e.g., 60 Fed. Reg. 47,737,

47,740 (Sept. 14, 1995).

DOE's claim that Section 113's explicit reference to the Section 112

guidelines only requires DOE to observe the "special procedural re-

quirements of section 112(a)" in formulating the Section 113(b) "criteria,"

66 Fed. Reg. at 57,312, is groundless. Congress could have easily so cir-

cumscribed Section 113's reference to Section 112 if that were its intent; it

could, for example, have provided that the Section 113 criteria were to be

"formulated pursuant to the procedures specified in section 112(a)." It

did not, and DOE's argument is an attempt to re-write the statute. See

Watkins, 914 F.2d at 1562.

Finally, DOE's position leads to absurd results. DOE necessarily

contends that although Congress required geologic considerations to gov-

ern analyses of which sites to characterize, Congress did not care what

role, if any, such considerations played in DOE's Section 113 analysis of

whether a characterized site should actually be developed. But it would

make no sense for Congress to require geologic considerations to play a

critical (indeed, disqualifying) role in determinations that must be made

before in-depth geologic information is available, but to be utterly indif-

ferent to the role, if any, geology was to play in the far more critical deci-
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sions DOE was to make after it obtained such information.

2. DOE next argues that Congress redirected the waste program

in a way that necessitated adoption of Part 963. Specifically, DOE con-

tends that the NWPAA and EnPA directed that Yucca be the exclusive

focus of the waste program and that in 1996 and 1997 appropriations

acts, Congress endorsed DOE's adoption of a "systems"-only approach.

66 Fed. Reg. at 57,312-13.

It is tellingly odd for DOE to suggest that the NWPAA or EnPA

provided support for its actions, when DOE waited nine years after en-

actment of the NWPAA, and four years ifter enactment of EnPA, to even

propose revising its guidelines. And DOE was not idle during this inter-

vening period; on several occasions, extending as late as 1995, DOE gave

serious consideration to the question of whether the NWPAA or EnPA

required or justified amendment of the guidelines, and concluded they

did not. It was only when DOE discovered that Yucca would not qualify

for development that DOE confected the idea of using these later enact-

ments to rationalize changing the rules. See Section 1, supra.

To be sure, the NWPAA did direct DOE to characterize only Yucca.

But, as DOE has itself insisted, the NWPA did not prejudge the issue of

Yucca's suitability. Cf. Watkins, 914 F.2d at 1559. Moreover, neither the
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NWPAA nor EnPA made any substantive changes to the provisions of

Sections 112 and 113 specifying standards governing the site suitabil-

ity/selection analysis, or to any of the other provisions of the NWPA,

discussed above, emphasizing the role of natural barriers in that test. Id.

at 1562. EnPA did not even purport to address, let alone alter, DOE's du-

ties in connection with the waste program; rather, EnPA relates solely to

the responsibilities of EPA and NRC.

DOE's argument ignores the "cardinal rule ... that repeals by impli-

cation are not favored," Posadas v. National City Bank, 296 U.S. 497, 503

(1936). See also J.E.M. AG Supply v. Pioneer Hi-Bred Int'l, 122 S. Ct. 593, 601

(2001). Because changes in the waste program effected by the NWPAA

and EnPA are not at all inconsistent, let alone "irreconcilable," with the

NWPA's emphasis on geologic isolation, there is no reason to conclude

that these later enactments impliedly repealed the numerous geologic

isolation features of the earlier enactment. Cf Morton v. Mancari, 417 U.S.

535,550 (1974).

DOE's attempt to rely on a 1997 appropriations act, and language

in an earlier appropriations conference report, is even more suspect. The

rule that repeals by implication are disfavored "applies with especial

force when the provision advanced as the repealing measure was enacted
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in an appropriations bill," U.S. v. Will, 449 U.S. 200,221-22 (1980), and

there is no authority that would allow substantive law to be amended

through language in a committee report. The fact that an appropriations

committee approved of measures by DOE to perform a Yucca "viability

assessment" is surely not inconsistent, let alone irreconcilable, with Con-

gress' direction in the NWPA that the physical characteristics of a site of-

fer primary isolation capability. After all, DOE had been performing

"system" assessments for years, see e.g., 66 Fed. Reg. at 57,305, and had

never suggested they obviated the need for it to ensure the waste isola-

tion capability of Yucca's natural barriers.

3. DOE next argues that because NRCs new regulations focus

on the ability of the repository "system" to satisfy EPA standards, DOE

too had to revise its Guidelines to conform to NRC's "total system ap-

proach." 66 Fed. Reg. at 57,313-14. Of course, the mere fact that EPA and

NRC revised their regulations does not establish that those new regula-

tions are lawful, or that DOE was justified in relying on them. Petitioners

are challenging those regulations in separate actions pending before this

Court. Furthermore, DOE's suggestion that it had little choice but to fol-

low EPA and NRC is disingenuous, since those agencies adopted their

regulations principally as a result of intense lobbying by DOE, which
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needed an excuse to change its own rules. As discussed above, DOE

adopted its new regulations over the strong objection of EPA. For DOE to

hide behind EPA's and NRC's new regulations is like the child who kills

his parents and pleads for mercy because he is an orphan.

In any event, even if EPA's and NRC's regulations are lawful, that

would not legitimize Part 963. DOE, NRC, and EPA have independent

duties under the NWPA, and the site suitability determination is en-

trusted, subject to statutory standards, to DOE. Neither EPA's nor NRC's

regulations purported to dictate how DOE should make its determination.

DOE's contention that its suitability determination amounts to little

more than a prediction regarding the site's "licensability" represents a

complete reversal of DOE's previous, contemporaneous, and long-held

views. DOE had consistently maintained that suitability and licensability

were substantively distinct concepts.'7 See RR-7.0004-9. Of course there

is a relationship between the two; a site can hardly be considered suitable

if it yields no prospect of later satisfying requirements for a construction

permit. It does not follow, however, that the converse is true - that a re-

pository designed to secure a construction permit is necessarily sited in a

17Curiously, DOE elsewhere in its notice acknowledges this distinction
between suitability and licensability. 66 Fed. Reg. at 57,322.
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suitable setting. Thus, DOE's assertion that it would be "illogical" for it

to maintain suitability criteria that NRC had removed from its licensing

regulations, 66 Fed. Reg. at 57,314, is itself "illogical."

For similar reasons, the fact that NRC's new rules focus on a "total

system" approach to licensing does not excuse DOE's abandonment of its

own responsibility to ensure that Yucca's natural barriers can provide

significant isolation capabilities. NRC's rules will come into play under

the NWPA only if, among other things, DOE fulfills its statutory duties

regarding the suitability determination. The fact that NRC regulations

may presume DOE's compliance with its statutory duties cannot serve as

a basis for DOE to shirk those same duties.

Moreover, there is nothing inconsistent between a "system" ap-

proach, properly conceived, and the statutory commitment to geologic

isolation. As discussed, the NWPA contemplates that, at least for the ini-

tial period of repository operations, when it is possible to predict the per-

formance of engineered barriers, the engineered and natural barriers will

work together as a system to protect against harmful releases. But be-

cause no man-made barrier can be expected to work perfectly, or to last

for the hundreds of thousands of years the wastes will remain lethal,

Congress insisted that a site's natural barriers be themselves capable of
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isolating wastes. Congress' decision that NRC's licensing regulations

"provide for the use of a system of multiple barriers," NWPA

§121(b)(1)(B), thus fits comfortably with its insistence that a site's natural

barriers themselves be independently (or "primarily") able to protect

against releases. Only DOE's unlawful adoption and application of

Guidelines that authorize selection of a site whose natural barriers con-

tribute little or nothing to waste isolation conflicts with this "multiple

barrier" or "system" approach.

D. The Secretary's and President's Repository Siting Decisions
Accordingly Fail

For the reasons discussed, DOE's Guidelines are not "grounded in

a valid grant of authority from Congress." Brown, 529 U.S. at 161. Be-

cause the Secretary premised his suitability determination and site rec-

ommendation on application of the unlawful Guidelines,18 that determi-

nation and recommendation must be invalidated and set aside. Cf. SEC

v. Chenery Corp., 318 U.S. 80,88 (1943); Prill v. NLRB, 755 F.2d 941, 948

(D.C. Cir. 1985).

18 SA-052-EncI-10 ("Using [DOE's] suitability Guidelines, I have con-
cluded that Yucca Mountain is in fact suitable for a repository.");
10 C.F.R. §963.1(a).
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Section 114(a)(3)(A) makes dear that "[t]he President may not rec-

ommend the approval of the Yucca Mountain site unless the Secretary

has recommended to the President ... approval of such site." The unlaw-

fulness of the Secretary's recommendation to the President also requires

that the President's selection of Yucca be invalidated and set aside.

HI1. DOE Failed to Take Actions Required by the NWPA

The NWPA authorizes judicial review of alleged "failure[s] of the

Secretary, [or] the President ... to make any decision, or take any action,

required under this subtitle." NWPA §119(a)(1)(B). This provision pro-

vides an independent basis for the Court's intervention, as DOE has

* )failed to take critical actions required by the NWPA.

A. Failure to Declare Site Unsuitable and Report to Congress

NWPA Section 113(c)(3) provides that "[i]f the Secretary at any

time determines the Yucca Mountain site to be unsuitable for develop-

ment as a repository, the Secretary shall" take several actions, including

"terminat[ion of] all site characterization activities" and reporting to

Congress with "recommendations for further action" to provide for al-

ternate disposition, "including the need for new legislative authority."

As discussed in Sections I and J, supra, DOE in fact made just such a de-

termination when it concluded after years of analysis that Yucca's natural
,x.1)
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barriers could not sufficiently impede the flow of water through the re-

pository to the accessible environment to meet the groundwater travel

time requirement in Part 960. This finding, pertaining to the very dis-

qualifying condition DOE believed was "heads and shoulders above the

others" in importance, was confirmed and re-confirmed over five ensu-

ing years, to the point were the agency lost hope of ever establishing sig-

nificant, let alone "primary," geologic isolation in the natural setting.

This circumstance imposed a duty on the Secretary to declare the

site unsuitable. The site's failure to isolate waste primarily by geologic

means reflected a failure of the basic premise of a geologic repository, as

reflected in the NWPA and the literal terms of DOE's own rules.

By 1998, as his letter to Nevada's Governor establishes, the Secre-

tary had determined that up to 20-percent of all water moving through

the repository would reach the water table in less than 1000 years. See

Section J, supra. Part 960, in effect until December 2001 when the Secre-

tary jettisoned its requirements and approved 963 just for Yucca, speci-

fied that a site "shall be disqualified" if GWTT is "less than 1000 years

along any pathway of likely and significant radionuclide travel." 10 C.F.R.

§960.4-2-1(d) (emphasis added). DOE's geologists confirmed that "flow

along fast preferential pathways through fractures is a significant and
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perhaps the dominant flow regime in the unsaturated zone," leading to

"travel times of less than 50 years from the land surface" to the saturated

zone. GR-34-384, 399.

In his 1998 letter, the Secretary made unripe a threatened judicial

challenge by Nevada for "failure to act" with his representation that DOE

was still studying the GWIT situation. But as is clear from the record,

DOE's subsequent studies produced nothing to suggest that its dire

GW1T estimates had been erroneous. Indeed, later studies (e.g., SA-027-

17) confirmed the worst with respect to the ability of Yucca's natural set-

ting to isolate the flow of contamination to the accessible environment,

showing that, because of poor geologic isolation, failure of the engi-

neered barriers would guarantee violation of the EPA dose limit well be-

fore the end of the 10,000-year compliance period. See Section J. supra.

Upon determining in fact that the Yucca site was unsuitable, DOE

did not take any of the actions Section 113(c)(3) required. Instead, in No-

vember 2001 the Secretary signed an order eliminating Part 960 for Yucca

and approving an ultra vires Part 963.

B. Failure to Complete Site Characterization

DOE also failed to take actions required under Section 114(a).

That provision required DOE to "complet[e] [its] site characterization ac-
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tivities" before the Secretary could recommend Yucca to the President.

As described in the Statement of the Facts at Section I, supra, DOE rec-

ommended Yucca without coming close to fulfilling its statutory obliga-

tion to complete site characterization. Indeed, DOE "cancelled" site

characterization (GR-32-19) and completed only part of one of the seven

separate analyses it and independent reviewers like TRB, NAS, and

ACNW had deemed critical before site characterization could be consid-

ered finished.

IV. DOE Substantively and Procedurally Conducted a Flawed Envi-
ronmental Review

A. DOE's NEPA and NWPA Violations Are Not Entitled
) to Deference

Faced with one of the most critical tasks in its history - the envi-

ronmental review supporting its Yucca site recommendation - DOE

committed foundational errors that irreparably damaged the compari-

sons in both the FEIS and the recommendation between the consequences

of adopting the proposed project versus declining to do so. So funda-

mental were these errors that it is impossible for Petitioners, the public

and other agencies to decipher the environmental consequences between

the project and the "no project" alternative. DOE also refused to follow
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mandatory procedures designed to protect Petitioners' and the public's

rights, despite the absence of any statutory excuse.

DOE's end run around the clear mandates of NEPA and related

provisions of the NWPA constitutes the most glaring evasion of federal

environmental review responsibilities in the 31 years since this Court's

seminal decision in Calvert Cliffs' Coordinating Committee v. AEC, 449 F.2d

1109,1115 (D.C. Cir. 1971). This Court "has repeatedly taken note of the

sweeping scope of NEPA and the EIS requirement." Environmental Def.

Fund v. Massey, 986 F.2d 528,536 (D.C. Cir. 1993) (citing Calvert Cliffs', 449

F.2d at 1122). See also Idaho v. ICC, 35 F.3d 585, 596 (D.C. Cir. 1994).

NEPA requires agencies to 'fully assess[] the possible environmental

consequences" of activities "which have the potential for disturbing the

environment" Grand Canyon Trust v. FAA, 290 F.3d 339,342 (D.C. Cir.

2002) (internal quotations omitted).

Far from excusing DOE's performance under NEPA, NWPA Sec-

tion 114 provides:

The site recommendation is DOE's "major [flederal action signifi-

cantly affecting the quality of the human environment" for purposes of

NEPA compliance. NWPA §114(f)(1).
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* An FEIS "prepared by the Secretary under [NEPA] shall accom-

pany any recommendation to the President to approve a site for a reposi-

tory." NWPA §§114(f)(1) and (a)(1)(D).

* With respect to three enumerated subjects, compliance with "the

procedures and requirements" of the NWPA shall be deemed "adequate

consideration" to satisfy the requirements of NEPA. NWPA §114(f)(2),

(3). In all other respects, including those addressed here, neither Section

114 nor any other provision of the NWPA limits the Secretary's obliga-

tion to comply with NEPA.19

NEPA "ensures that the agency will not act on incomplete informa-

tion, only to regret its decision after it is too late to correct." Marsh v.

Oregon Natural Resources Council, 490 U.S. 360,371 (1989).20 NEPA Sec-

tion 102,42 U.S.C. §4332, directs agencies to comply to "the fullest extent

possible." This mandate is "neither accidental nor hyperbolic," but

19 See also H.R. Rep. No. 97-785, at 37,69 (1982) ("Although specific sec-
tions of NEPA are suspended at specific points in the repository devel-
opment program, the spirit and intent of the evaluation process estab-
lished by NEPA applies throughout the program....").
20 NEPA procedures "must insure that environmental information is
available to public officials and citizens before decisions are made and be-
fore actions are taken." 40 C.F.R. §1500.1(b) (emphasis added). See also

Grand Canyon, 290 F.3d at 340; Sierra Club v.Peterson, 717 F.2d 1409,1415
(D.C. Cir. 1983).

68



rather "a deliberate command that the duty NEPA imposes upon the

agencies to consider environmental factors not be shunted aside in the

bureaucratic shuffle." Flint Ridge Dev. Co. v. Scenic Rivers Ass'n, 426 U.S.

776, 787-88 (1976). This language is not an "escape hatch for footdrag-

ging agencies," but a mandate to enforce NEPA's procedural require-

ments "unless there is a clear conflict of statutory authority." Calvert

Cliffs', 449 F.2d at 1115 (emphasis in original).

In Calvert Cliffs', this Court dismissed as a "paper tiger" the notion

that compliance with NEPA's procedural requirements is "somehow dis-

cretionary," concluding that Congress established a "strict standard of

compliance" and warning against "abdication" of the AEC's NEPA au-

thority to other agencies. 449 F.2d at 1112-14, 1123. This Court posited

that without rigorous consideration of all environmental factors at the

time of the agency's final decision, its decision would become a "hollow

exercise" failing the procedural mandates of NEPA. Id. at 1128. See also

Idaho, 35 F.3d at 596 (deferral of review to future proceedings impermis-

sible).

Like the AEC in Calvert Cliffi', DOE's stubborn evasiveness here re-

veals a "thoroughgoing reluctance to meet the NEPA procedural obliga-

tions" in the agency review process. 449 F.2d at 1119. DOE's preliminary
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-. motion to dismiss displayed a novel view of its own FEIS as little more

than an advisory report to Congress and the NRC that is simultaneously

moot and unripe, rendering it impervious to judicial review. Since DOE

relied on its "final' EIS to expedite a Congressional decision and facilitate

its NRC license application, but disclaimed its finality for judicial ac-

countability, its disrespect for the most basic NEPA requirements is un-

surprising.

But DOE's NEPA evasions are not entitled to deference. Since

'NEPA's mandate is addressed to all federal agencies," an agency claim

that NEPA requirements are inapplicable 'is not entitled to the deference

the courts must accord to an agency's interpretation of its governing

statute." Citizens Against Rails-to-Trails v. Surface Transp. Bd., 267 F.3d

X 1144, 1150 (D.C. Cir. 2001). Likewise, "this court owes no deference" to

agency interpretations of the Council on Environmental Quality's

("CEQ's") NEPA regulations. Grand Canyon, 290 F.3d at 342. An

agency's claim to be exempt from NEPA requirements is "a question of

law, subject to de novo review. Citizens, 267 F.3d at 1151. In such review,

this Court's duty is to "see that important legislative purposes, heralded

in the halls of Congress, are not lost or misdirected in the vast hallways

of the federal bureaucracy." Calvert Cliffs', 449 F.2d at 1111.
. ;* i
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B. DOE Blatantly Violated Mandatory Procedural
Requirements of NEPA and the NWPA

Under CEQ's regulations, "the agency mustfile with EPA the

[FEIS], along with public comments received regarding the proposed

statement, which are then published in the Federal Register. See 40 C.F.R.

§§1506.9-10.... An agency must wait at least 30 days following publica-

tion before taking any action....' U.S. Ecology, Inc. v. Department of the In-

terior, 231 F.3d 20, 22 (D.C. Cir. 2000) (emphasis added). See 40 C.F.R.

§1506.10(b)(2). DOE's own NEPA regulations concur. 10 C.F.R

§1021.315(a). As DOE understood, SA-031-A6, neither the NWPA nor

other laws exempt the Secretary from following these rules prior to his

site recommendation. To the contrary, NEPA's 30-day rule coincides

with the NWPA's requirement, Section 114(a)(1), that Nevada have 30

days to comment on the Secretary's recommendation before its submis-

sion to the President. NWPA §114(a)(1).

DOE issued its site recommendation the same day it published the

FEIS, and never submitted it for EPA publication of a notice of availabil-

ity. The Secretary's failure deprived other agencies of the opportunity to

refer the FEIS to CEQ pursuant to 40 C.F.R. § 1504.1, and deprived Ne-

vada and the public of the opportunity to argue, based on the defective

FEIS, that the Secretary not make his recommendation.
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CEQ NEPA regulations also provide that "at the time of its

decision," a federal agency "shall prepare a concise public record of

decision." 40 C.F.R. §1505.2; see also U.S. Ecology, 231 F.3d at 22. DOE's

NEPA regulations concur. 10 C.F.R. §1021.315(b). DOE's NEPA staff

recognized this black-letter requirement as early as 1994 for Yucca,

concluding that "[i]f DOE decides to take action on a proposal covered by

an EIS, a [ROD] is prepared and published in the Federal Register.... No

action is taken until the decision has been made public." SA-031-A6.

The FEIS record repeatedly establishes that a ROD must precede

any site recommendation, and that DOE understood this. See NR-

1.00098-3; NR-1.01259-8, 9; NR-1.01318-5; NR-1.01258-13.

Nothing in the record explains why DOE abandoned its well-

understood obligation to prepare a ROD supporting the site recommen-

dation. Nevada was first informed of this abandonment in January 2001

by letter from DOE's Director of Institutional Affairs, who stated that

DOE did not "presently anticipate" issuing a ROD because "the decision

to approve the site rests not with the Secretary of Energy, but with the

President." 21 SA-001. See also FEIS-CR1-49.

21 DOE's "deferral" to the Presidential stage does not cure the error,
since Presidential approval came one day after the Secretary's decision
and included no ROD.

72



This case does not come close to the "clear conflict of statutory au-

thority" required to exempt DOE's site recommendation from the basic

NEPA rule requiring a timely ROD. Calvert Cliffs', 449 F.2d at 1115.22 In-

deed, the Secretary's recommendation apparently marks the first time

that an agency took final agency action under the CEQ's regulations and

described in an EIS without first issuing the required ROD.

Finally, NWPA Section 114(a)(1)(F) required the recommendation

to include "the views and comments of the Governor and legislature of

any State ... together with the response of the Secretary to such views.'

This requirement served central purposes of the NWPA "to define the re-

lationship between the Federal Government and the State governments

with respect to the disposal...," NWPA §111(b)(3), and to "promote pub-

lic confidence in the safety of disposal...." NWPA §111(a)(6). See also 40

C.F.R §1508.27.

Betraying this federal/state comity, DOE withheld the FEIS from

Nevada, other states, the public, and some key federal agencies for more

than a month after completing it, while allowing several other federal

22 See also Committeefor Nuclear Responsibility v. Seaborg, 463 F.2d 783
(D.C. Cir. 1971) (subsequent appropriations bill created no conflict);
Izaak Walton League v. Marsh, 655 F.2d 346 (D.C. Cir.), cert. denied, 454
U.S. 1092 (1981) (subsequent legislation created no conflict).
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agencies secretly to review and submit comments on it.23 Nevada, as

well as other states and federal agencies that had submitted comments

critical of the proposed action received no such opportunity. Nevada

never even saw the FEIS for Yucca prior to the site recommendation.

C. DOE's Faulty Definition of the "No-Action" Alternative
Precluded Comparative Assessment of the Site Recommended
Versus the Site's Disapproval

CEQ's NEPA regulations require an FEIS to analyze "the alterna-

tive of no action." 40 C.F.R. §1502.14(c). The no-action alternative serves

a distinct role in NEPA analysis from that of project alternatives, since it

""provides a benchmark, enabling decision-makers to compare the magni-

) tude of environmental effects of the action alternatives." CEQ, Forty Most

Asked Questions Concerning CEQ's NEPA Regulations, Question 3,46 Fed.

Reg. 18,026,18,027 (Mar. 23,1981).24

23 CEQ's January 9, 2002 letter to the Secretary, attached to his final site
recommendation, noted it had completed preliminary review of the
"January 4, 2002" FEIS. (Emphasis added). CEQ's letter recognized Ne-
vada had not yet been notified, and that CEQ's "detailed" review would
follow in the 30 days after notification to Nevada. Although Nevada
was notified on January 10 of the Secretary's intent to approve Yucca,
Nevada was not provided a copy of the FEIS and was unaware of its ex-
istence until the site recommendation.

24 See also Grand Canyon, 290 F.3d at 346; Alaska Wilderness Recreation &
Tourism Ass'n v. Morrison, 67 F.3d 723, 729-30 (9th Cir. 1995).
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Without this benchmark, the FEIS could not fulfill NEPA's objec-

tive to adequately inform Congress, the public and the President of sig-

nificant impacts of the proposed action. 46 Fed. Reg. at 18,027; see 40

C.F.R. §1500.1 (a). NEPA regulations "require the analysis of the no ac-

tion alternative even if the agency is under a court order or legislative

command to act." 46 Fed. Reg. at 18,027. DOE is therefore required, as it

has long recognized, see NR-1.01196-2, to assess the no-action alternative

to Yucca. That duty remains even though the NWPA suspends the ordi-

nary consideration of action alternatives with respect to disposal at

Yucca.25 The fact that Congress in the NWPA mandated an "up or

down" decision on Yucca made it even more critical that the FEIS adopt a

proper "no-action" benchmark to frame its assessment of the proposed

action.

DOE's no-action analysis is audaciously contrived, against the ad-

vice of DOE's own staff and Program Manager, to direct decision-makers

to the proposed action, and it ignores the logical and predictable conse-

quences of what would happen if the project is cancelled or fails to re-

25 DOE "shall not be required" to consider the need for the repository,
alternatives to geologic disposal, and sites other than Yucca. NWPA
§114(a)(1)(D).
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ceive an NRC license.26 Under DOE's no-action scenario, utilities and

DOE sites would continue to store wastes where they now are indefi-

nitely. FEIS-S-29. The FEIS concludes that, "[b]ecause it would be highly

speculative to attempt to predict future events, DOE decided to illustrate

one set of possibilities by focusing ... on the potential impacts of two sce-

narios." Id. DOE recognizes, however, "that neither scenario would be

likely" if Yucca is not developed. Id.

Scenario One assumes the waste would remain where it is "under

institutional control for at least 10,000 years." Id. Scenario Two likewise

"assumes that the wastes would remain at the 77 sites in perpetuity, but

under institutional control for only 100 years." Id. In both scenarios,

there would be no waste movement to centralized storage sites, and "no

construction for onsite storage." NR-1.01196-4, 7; NR-1.01289-2. In Sce-

nario Two, civilization as we know it would essentially cease to exist at

waste sites, but would continue unabated elsewhere, except where radio-

activity oozing from degrading sites made living conditions unaccept-

able. See NR-2.00142-26; FEIS-K; NR-1.01289-3.

26 NRC regulations require DOE's FEIS to include consideration of what
would happen in the event of license denial. NR-1.01196-2; 10 C.F.R.
§51.67(A).
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DOE received hundreds of comments critical of its no-action ap-

proach, see, e.g., FEIS-CR-5, but declined to change direction. Using its

concededly unreal assumptions, DOE concluded that the proposed action

is less costly and safer than taking no action. But that assessment is fa-

tally flawed.

First, the record extensively details the fanciful, result-driven na-

ture of DOE's no-action assessment:

DOE's FEIS Management Council conceded at the outset that selec-

tion by DOE of the no-action alternative would surely be an "unlikely

event." NR-1.01196-8.

* Management Council member Lichtman reported in 1999 that

"[tlhe EIS appears contrived to favor the Proposed Action ... by compar-

ing disposal at [Yucca] only to the worst possible result of not proceed-

ing...." NR-1.03341.

* DOE's Environmental Safety division proposed that the FEIS

should analyze a more realistic scenario involving transfer to a few cen-

tralized sites for interim storage. Lichtman noted this scenario "elimi-

nates [thel appearance of bias" and "better conforms to [CEQ] guidance."
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Id.27 But he conceded the political risks of NEPA compliance given the

Secretary's opposition to storage. Id.

* Though above-ground storage options were expediently taboo,28

DOE's General Counsel sought in 1997 to ensure that transport analyses

in the FEIS nevertheless were "sufficiently flexible to allow the inclusion

of interim storage, if necessary in the future." NR-1.01290-3; see also NR-

1.01287-2.

Second, DOE's assumption of "no spent fuel storage construction"

ignores the certainty of such storage recognized elsewhere in the FEIS.

Though its figures are low, the FEIS notes utilities have already con-

structed 18 dry storage facilities, and are planning to build an additional

15. FEIS-A-13; 1-22, 2-64, 8-89 (describing "reasonably foreseeable" large-

27 He concluded "the transfer scenario is at least as 'predictable' as con-
tinued in situ storage." Id. Other reviewers concurred, including the
TRB. NR-1.01624-6. See also NR-1.01353.

28 DOE was nervous that even analyzing the no-action alternative could
be "alarming" to the public around its own sites and could "generate
further unnecessary ill will with the commercial utilities." NR-1.101628-
2; NR-1.01529; NR-2.00143. Construction of any storage facility, it was
noted, "suggests there is no near-term need for a repository" and "may
result in re-opening the decision process regarding alternatives to geo-
logic disposal and set the program back 20 years." NR-1.01254-13. In
1998, FEIS preparers were instructed to avoid even using the words
"storage facility" or "interim storage." NR-1.01624-1. See also NR-
1.02011-6 (Don't want to go there!").
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scale Utah storage facility). These facilities are or will be built regardless

of whether Yucca proceeds, yielding dramatic economies-of-scale and

enhanced safety in spent fuel containment. NR-1.01289-12 (noting mini-

mal health/safety impacts of storage).

Third, the premise that institutional control would be suddenly lost

after 100 years is hardly a credible "bounding" assumption. In 1997, the

Director of DOE's Yucca Program, in reviewing the planned no-action

approach, insisted that the FEIS should make dear this scenario "is irre-

sponsible and will not happen." NR-1.01263-2 (emphasis added). By 1998,

however, the "bounding" approach had become entrenched in the EIS

bureaucracy.

Fourth, DOE relied on faulty legal advice to support its approach.

DOE's FEIS Project Manager opined that analysis of interim storage

would constitute an "action" alternative proscribed by the NWPA. NR-

1.01624-1. From this profoundly misguided legal analysis,29 DOE

29The NWPA contains elaborate provisions to promote and license in-
terim storage at a monitored facility, and it requires NRC to establish
a licensing regime for storage facilities built by utilities. See NWPA §133
and Subtitles B and C. NRC routinely licenses these sites under 10
C.F.R. Part 72. DOE and NRC are required by NWPA Section 132 to
"take such actions as such officials consider necessary to encourage and
expedite the effective use of available storage, and necessary additional
storage....'
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avoided even the simplest study of what it knew would happen without

Yucca. Even DOE's EIS contractor objected that "incremental storage

costs of additional [storage] at reactors is estimated to be ... less than a

l1 fraction of 1% of nuclear power generation costs. ... It is expected that

the cost impacts of extended spent fuel storage at reactors are not great

enough to change the economic competitiveness of nuclear power." NR-

1.03301. Nevertheless, DOE instructed its NEPA team to ignore this real-

istic, economical and predictable no-action scenario. NR-1.08514-2.

Fifth, DOE considered the alleged no-action impacts "of the contin-

ued storage of the entire inventory of DOE and commercial [waste],' NR-

1.01522-2-3 (emphasis added), against the impacts arising only from the

77,000-ton statutory limit of waste slated for Yucca. This mismatch radi-

* cally understated the impacts of the proposed action by ignoring the im-

pacts that would continue to accrue at waste sites for the balance of the

waste not able to fit into Yucca. See also NR-1.003325.

Ironically, DOE's EIS Management Council fully recognized what

J would really happen with "no-action." In 1998 the Management Council

met

to recognize (qualitatively) that in all likelihood shutdown of
j the Repository program (selection of no action) would in-

) dude a combination of the following: (1) the accumulation of
fuel at the reactor sites, (2) the need for new dry storage fa-
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cilities and periodic maintenance of existing and new facili-
ties, (3) an increase in the likelihood that an interim storage
facility(ies) would be constructed pending ultimate disposi-
tion, (4) the consolidation of fuel among utilities to maintain
operational status of the reactors, (5) and the identification of
other potential options until such time as the Nation decided
how to proceed with the ultimate disposition of SNF and
HLW.

NR-1.08640. Unfortunately, DOE made certain this no-action scenario

would never be analyzed.

Finally, and most egregiously, DOE's no-action assessment con-

spicuously omits DOE's own watershed deal in July 2000 with PECO En-

ergy to implement the one illustration of the no-action alternative that it
.1

later shunned in the FEIS. DOE would take title to the utility's spent fuel

on the reactor site, and manage that fuel indefinitely in dry storage casks

at a safe interim dry storage facility built by the utility and financed by

DOE. SA-006.

In 1999 Senate testimony, DOE recognized this approach as "a

r"practical option" for DOE and utilities that would be 'relatively easy to

implement." In July 2000, DOE's Secretary hailed the first of these ar-

rangements as a "precedent" for all utilities. SA-007; Alabama Power, 307

F.3d at 1306 (DOE "will use the [deal] as a settlement model on an indus-

try-wide basis"). But because DOE chose to pay for the deal by allowing

PECO to offset payments to the utilities' NWPA Nuclear Waste Fund,
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several utilities sued to block that part of the arrangement. The Eleventh

Circuit in Alabama Power invalidated this element, but not its underlying

terms. See NR-1.01196-2

Thus, a proper analysis of the impact of not proceeding with Yucca

would compare the incremental costs and impacts of simply storing and

managing wastes for a longer period than will be the case even if Yucca

proceeds.30

It is not necessary to prove here that the PECO alternative, imple-

mented on an industry-wide basis, would be superior to proceeding with

Yucca. Decision-makers clearly lacked sufficient information to make that

determination. The important point is that DOE neglected to evaluate the

very no-action scenario it had already begun to implement.

D. DOE's Distorted and Inconsistent Definition of the
"Proposed Action" Masks Substantive Statutory Violations

Under NEPA, a stable and accurate definition of the "proposed ac-

tion" is an indispensable threshold requirement, without which an

agency cannot fulfill its obligation to take a "hard look" at environmental

30 The only outstanding question is storage duration. Even if Yucca pro-
ceeds, such storage would necessarily occur for decades, since filling the
repository to its statutory capacity will take until at least 2034. FEIS-S-
20. According to nuclear industry testimony, such storage could safely
go on for centuries. See Footnote 2, supra.
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consequences. Federal agencies "shall make sure the proposal which is

the subject of an environmental impact statement is properly defined."

40 C.F.R. §1502.4(a); see also id. §§1502.4,1502.14,1502.24. Adequate pro-

ject definition is necessary to "allow those removed from the initial proc-

ess to evaluate and balance factors on their own." Calvert Cliffs', 449 F.2d

at 1114. A defective project description is an "obvious deficiency" pre-

venting NEPA compliance, making an EIS "insufficient on its face."

Montgomery v. Ellis, 364 F.Supp. 517,521 (N.D. Ala. 1973) (applying Cal-

vert Clif).

1. The FEIS's "Project" is an Unlawful Non-Geologic
Repository

The FEIS fails on the most fundamental level, positing that DOE's

"proposed action' is one to "construct, operate and monitor, and eventu-

ally close a geologic repository...." FEIS-S-9,1-3. However, as discussed

above, the repository referenced in the site recommendation relies almost

entirely on engineered barriers, not geologic containment. The represen-

tation that the project is for "permanent geologic disposal," FEIS-1-9, is a

distortion of the facts.

The project description of geologic containment is not only wrong,

but inconsistent. Addressing safety concerns, DOE attributes to Yucca

the geologic disposal promised in the NWPA. See, e.g., FEIS-CR 1-1 to 1-4.
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Elsewhere, DOE responds to concerns about the lack of geologic isolation

by recasting its project as a hybrid "system" of "natural and engineered"

barriers. See FEIS-CR 2-1. The FEIS never quantifies the relative contri-

butions of these barriers, id. at 2-2, S-9, or discloses the wealth of data,

discussed above, showing the minimal contribution of geology.

The Secretary's site recommendation relied on the FEIS, but de-

scribed the project merely as "an underground repository," abandoning

the word "geologic." SA-052-Encl-6. His selection of an ultra vires dis-

posal alternative is foreclosed by the NWPA and thus violates NEPA. 40

C.F.R. §1508.27.

2. The "Proposed Action' Does Not Match the Action
"Recommended" by the Secretary and the President

The site recommendation described a project involving wastes

"currently stored at over 131 sites in 39 states." SA-052-3. But the FEIS

only "analyzes the potential impacts of transporting [waste] to the Yucca

Mountain site from 77 sites across the United States," FEIS-1-3, in 37

states. FEIS-6.1-6.2; App. J (Fig. 2-22a). This divergence between the

"recommended" final agency action and the "proposed action" in the

FEIS renders the latter "insufficient on its face." Montgomery, 364 F.

Supp. at 521.
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3. The FEIS Fails to Define the Basic Project Design
of the "Proposed Action"

DOE published its FEIS so prematurely that it had yet to choose the

rudimentary design of the repository and the fundamental aspects of the

repository program. Instead, DOE seeks to apply a learn-as-you-go

process over the next 50 to 300 years, conceding that, in the proposed ac-

tion "DOE would design the repository." FEIS-2-14. The HEIS proposed

only an opaque and ever-evolving concept, left for future definition and

refinement, euphemistically termed "flexible design."

This [flexible design] represents the current state of the on-
going process that identifies and develops ideas through
conceptual, then preliminary, then more detailed designs to

) produce a design that DOE would use for purposes of the [Sec-
retary's] detennination of whether to recommend approval ...
to the President....

FEIS-2-61 (emphasis added).

This concept, which even as described appears to have been trun-

cated prior to the recommendation, is code for DOE's abrogation of the

core NEPA principle requiring disclosure of environmental information

before agency action is taken. Grand Canyon, 290 F.3d at 340; Peterson, 717

F.2d at 1415; 40 C.F.R. §1500.1(b). The FEIS, therefore, fails to specify

such key matters as:31

31 See generally, NR-1.02694-2.
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(a) Whether the repository will be designed, built, and operated

in a "low-temperature" or 'hightemperature" mode (i.e., be-

low or above the boiling point of water). FEIS-2-8-2-12.

(b) Whether the repository will have a massive above-ground

staging area for the aging of fuel for 50 years prior to its em-

placement underground. Id. at 2-24.

(c) Whether vast facilities for ventilation of underground heat

from decaying waste will be required, the type of such facili-

ties, and the duration of ventilation (100 or 300 years).

Id at 2-12, 2-25, 2-31-2-32.

) (d) The amount of real estate needed for the repository, the vol-

ume of excavated material, and the basic spacing between

waste packages.32

(e) The composition of the waste packages, and the number, type

or design of those packages.33

32 DOE's design "options" could change the habitat disturbed by 80 to
800 acres. NR-1.02512. Waste package spacing is anywhere from 0.1
meter to 6 meters (a factor of 60). SA-053-3. Yucca's underground area
could be 4.7 to 10.1 square kilometers. FEIS-2-9. Excavated volume
could be 4.4 to 8.8 million cubic meters. Id.

33DOE does not know whether fuel slated for Yucca would be mostly
"canistered" or mostly "uncanistered." FEIS-2-7-2-8. If canistered, DOE
does not know if wastes will be packaged in disposable or dual-purpose
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-(f) When closure of the repository would occur, or if it would be

closed at all.34

(g) Whether repository design and development will occur in

modular, or "staged" fashion or as a discrete project, and

whether a modular approach can even presumptively meet

-' NRC's regulations.35

(h) The actual inventory minx of spent fuel and high-level waste

:1 types.36

To account for the preliminary nature and uncertainties of its

analysis, the FEIS claims to have performed various "bounding analy-

ses." FEIS-2-5. But these violate DOE's own understanding of NEPA.37

DOE concedes its FEIS provides only "a representational range of poten-

(storage/transport) canisters. Id. The number of waste packages could
be anywhere from 11,000 to 17,000. FEIS-2-9.

34Closure could occur anywhere from 50 to 324 years. FEIS-2-19. "Fu-
ture generations" would decide whether it should be closed. FEIS-4-3.

3 FEIS-2-61-2-63.
36FEIS-A. DOE recognized that "changes in the inventory numbers for
SNF and HLW have a dramatic effect on design ... land] EIS impacts...."
NR-1.02386-5.
37 1n its official guidance for EIS preparers, DOE warns that '[ilt is never
appropriate to 'bound' the environmental impacts of potential future ac-
tions (not yet proposed) and argue later that additional NEPA analysis is
unnecessary because the impacts have been bounded by the original
analysis." SA-002.
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tial environmental impacts the Proposed Action would cause." FEIS-2-

14. By limiting analysis of impacts to a "representational range" of gen-

eral conceptual options, DOE consciously avoided the "hard look" and

"full and fair discussion" NEPA requires. See NRDC v. Hodel, 865 F.2d

288,294 (D.C. Cir. 1988); 40 C.F.R. §1502.1.

4. The FEIS Unlawfully Segments Out Assessment
of Yucca's Transportation Component

The FEIS identifies "the transportation of [waste] from commercial

and DOE sites to the Yucca Mountain site" as an integral component of

the proposed action. FEIS-S-9, 1-3. Yet remarkably, the very nature of

the transportation program and its potential impacts remained a cipher

at the time of the Secretary's final decision. DOE's refusal to define this

critical program component prior to its final action runs afoul of well-

established NEPA principles preventing segmentation of interrelated

components. See, e.g., Foundation of Economic Trends v. Heckder, 756 F.2d

143,159 (D.C. Cir. 1985); Fund for Animals v. Clark, 27 F.Supp.2d 8 (D.D.C.

1998).38 Nor could post-hoc definition cure this error. See Thomas v. Pe-

terson, 753 F.2d 754, 760 (9th Cir. 1985) (NEPA's purposes "cannot be

38See also 40 C.F.R. §1502.4(a); 40 C.F.R. §1508.25(a).
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fully served" if assessment of successive steps "is delayed until the first

step has already been taken.").

The FEIS reveals classic symptoms of NEPA segmentation:

* It does not disclose how many shipments will occur to Yucca, what

mode of transport (truck, rail, or barge) these shipments will take, and

over what routes. The number of shipments is perhaps less than 1000, or

perhaps more than 100,000. FEIS-J.

* It announces DOE's intention to postpone any ROD selecting a

mode, or any specific route through Nevada or elsewhere, until after the

Secretary's final action. FEIS-S-2, 1-3, 2-2.

* It identifies DOE's preference for "mostly rail," but concedes it

"would use both legal-weight truck and rail transportation, and would

determine the number of shipments by either mode as part of future

transportation planning efforts." Id. at 2-3; 246.

* If rail is ultimately chosen for Nevada, it is unclear where it would

go, and how and when it would or could legally be built, and at what

cost and impact to Nevadans. See FEIS-C. 39 "At this time, [DOE] has not

39 This new line could be several hundred miles long and would
itself require a major new EIS and comprehensive involvement by the
federal Surface Transportation Board, whom DOE apparently did not

a) consult.
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identified a preference among the five potential rail corridors" in Ne-

vada. Id. DOE conceded many necessary transport studies have not yet

been commenced, including "[NEPAJ reviews.' Id. at 1-3-14 (emphasis in

original).

* DOE's "preferred mode" of rail transport is currently unavailable

in Nevada and at more than 24 of the proposed sites DOE intends to ship

from, without the added use of barges and heavy-haul trucks, id. at J-11,

which will necessitate upgrading of public highways - also not evaluated

in the FEIS. Id. at S-23.

Lastly, DOE failed even to follow its own official guidance to EIS

preparers on how to avoid illegal segmentation, which recommends that

necessary "transportation activities" should be evaluated "as part of the

proposed action .... " SA-003.

5. The FEIS Unlawfully Includes an "Aging Facility"
Component Prohibited by the NWPA

The FEIS proposes that as much as two-thirds of all commercial

spent fuel slated for the repository would, in one of two preferred reposi-

tory operating modes, be "aged" in a surface storage facility near Yucca

for 50 years. FEIS-2-12. This "aging facility" is to be located somewhere

"north and east" of the repository. Id. at 2-24 and Fig. 2-10. The HEIS

lacks any description of this massive new facility, drawn by DOE to an

90



approximate size of 4,250,000 square feet, which would make it the larg-

est spent fuel storage facility in the world. Id.

The FEIS does not disclose that this Nevada-based aging facility

would violate the NWPA. The facility would be both an "Independent

Spent Fuel Storage Installation" ("ISFSI") as defined by NRC in 10 C.F.R.

§72.3, and, because it is to be built and operated by DOE, a "Monitored

Retrievable Storage" installation ("MRS") as also defined in 10 C.F.R.

§72.3 and in NWPA Subtitle C. NWPA Section 145(g) expressly provides

that "[n]o JMRS] authorized pursuant to Section 142(b) may be con-

structed in the State of Nevada." In designating a proposed site for the

) aging facility, the Secretary also unlawfully failed to follow the site selec-

tion criteria for a proposed MRS in NWPA Sections 145 through 149.

Assuming arguendo that the facility was not an MRS, it would nev-

ertheless be an ISFSI, which would require a separate NRC license under

10 C.F.R. Part 72. Part 72 also requires completion of a stand-alone EIS

for ISFSI construction. DOE's failure to provide this mandatory evalua-

tion in the FEIS is a material departure from the requirements of both the

NWPA and NEPA. 42 U.S.C. § 4332(c); 40 C.F.R. §1508.27.40

40 DOE understood such an "interim storage facility" could be con-
structed at Yucca only "if the NWPA were changed." NR-1.014124; NR-
1.02409-2.

91



*1

-I

6. The "Proposed Action" Unlawfully Contemplates
Disposal of Wastes Prohibited by the NWPA

The NWPA authorizes disposal in a repository of "high-level ra-

dioactive waste" (IHLW") and "spent nuclear fuel" ("SNF"). See NWPA

§§2(18), 111(a)(4)-a(7), 113(b)(1)(A)(ii) and (b)(1)(B), and 123. "HLW" is

defined as

(A) The highly radioactive material resulting from the reprocess-
ing of [SNF] ...; and

(B) Other highly radioactive material that [NRC], consistent
with existing law, determines by rule requires permanent
isolation.

NWPA §2(12).. "SNF" is defined as "fuel that has been withdrawn from

a nuclear reactor following irradiation...." NWPA §2(23). See also 10

C.F.R. §§60.2, 63.2, and 72.3; DOE Order 435.1.

The proposed action would include, in the inventory of materials

slated for disposal, "surplus weapons-usable plutonium as spent mixed-

oxide fuel or immobilized plutonium." FEIS-2-2. Immobilized pluto-

nium does not meet the definitions above and is therefore not statutorily

eligible for disposal. Though it is highly toxic, plutonium in its weapons-

useable form is not a "highly radioactive material," and NRC has prom-

ulgated no rule requiring its permanent isolation (it continues to be used

in US. nuclear warheads). As proposed in the FEIS, about one-third of
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the nation's surplus weapons-usable plutonium would be mixed with

high-level radioactive waste. FEIS-A-50; NR-1.00186-1. But mixing a

non-eligible waste with an eligible waste does not make the combination

legally eligible. If that were the case, DOE could mix any substance (e.g.,

nerve gas) with high-level waste and dispose of it at Yucca.

In 1996 and again in 1997, DOE recognized that surplus fissile ma-

terials such as plutonium 'are not SNF/HLW." NR-1.01146-21; NR-

1.01287-1(emphasis added). Therefore, DOE reasoned, if such materials

were proposed for disposal at Yucca, DOE would require "law changes"

or would need the materials "reclassified by NRC," neither of which

have occurred. Id. DOE proposed to address such disposal "in supple-

mental analysis under NEPA," which also has not occurred. Id. See also,

NR-1.01285-4, 13.

7. The FEIS Ignored the Requirement to Obtain
Nevada RCRA Permits

Missing from the FEIS's list of "Statutory and Other Applicable Re-

quirements," Table 11-1, is any mention of the Resource Conservation

and Recovery Act ("RCRA"), 42 U.S.C. §§6901 et seq., administered in

Nevada by the Division of Environmental Protection ("DEP"). FEIS11-

14. But numerous records evidence views by DOE attorneys, FEIS pre-

parers, and public commenters (FEIS-CR-4) that waste slated for Yucca
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will contain several listed hazardous materials under RCRA, many of

which are toxic and soluble in water. See, e.g., FEIS-I-52.

The FEIS notes that the repository's engineered barriers alone will

include 190,000,000 pounds of "Alloy-22" containing 22.5% chromium,

57.2%nickel, and 0.35%vanadium. FEIS-5-7. They will also include

310,000,000 pounds of stainless steel containing 17% chromium and 12%

nickel. Each of these is a listed hazardous waste under RCRA. 40 C.F.R.

§261 App. VIII and §261.24. FEIS Tables A-15 and A-16 show that spent

fuel slated for Yucca also contains metals and elements formally listed as

"hazardous" under RCRA, including barium. See also FEIS Table A-22, at

A-34; FEIS Table 1-8.

RCRA covers "solid waste" that, in this case, is not excluded as

"source, byproduct, or special nuclear" material as defined in the Atomic

Energy Act, 42 U.S.C. §1004(27). As DOE itself recognized, "irradiated

reactor fuel" is defined by NRC's licensing rule, 10 C.F.R. §63.2, as "high-

level radioactive waste," a definition consistent with DOE's intent to

"dispose" of the material and not reprocess it. NR-1.01146-13. DOE also

recognized that the "source, byproduct, and special nuclear" material ex-

emption could not be invoked for metallic spent fuel assemblies and un-

derground waste packages, but only for the actual radionuclides sus-
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pended in the waste substance making up spent fuel. NR-1.01146-14, cit-

ing 52 Fed. Reg. 15,937 (May 1, 1987) and 53 Fed. Reg. 37,045 (Sept 23,

1988).

As was frequently noted in the record, if either spent fuel assem-

blies or Yucca waste packages contain hazardous substances, the project

will require either a RCRA disposal permit from Nevada or, alterna-

tively, a "de-listing' of waste constituents from cognizant EPA and Ne-

vada authorities and state authorities with jurisdiction over particular

generators. See 40 C.F.R. §260.22. Neither possibility, nor its conse-

quences, was analyzed in the FEIS.

Instead, the FEIS concludes without evaluation that, under DOE

requirements, "DOE could not accept hazardous waste for disposal at

Yucca," and thus it "does not expect to need a [RCRA] permit for its ac-

tivities at the proposed repository." FEIS-11-13-14.

In 1996, DOE's Yucca Program Director conceded that "we do not

know what materials the State of Nevada may determine are RCRA

wastes." NR-1.01159-2. In 1997, he concluded that "disposal could not

proceed if DOE had to obtain a RCRA permit to operate the facility from

the state of Nevada." Id. (emphasis added). See also, NR-1.01287-3; NR-

1.01290-4. DOE's NEPA Management Council recognized in 1998 that
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"delisting" RCRA wastes for burial in Yucca would probably require leg-

islative changes. NR-1.08764-2. Recognizing that resolution would itself

require a major NELA analysis, DOE's General Counsel "noted that, if

necessary, future supplemental EISs could be prepared." Id. But DOE's

deferral of that assessment until after its final agency action is irreconcil-

able with NEPA. See 40 C.F.R. §1502.4; n. 20, supra.

8. The HEIS Conducted a Flawed Assessment of
Sabotage Risks in Spent Fuel Transport

In the aftermath of 9/11, the FEIS failed to address realistic sabo-

tage scenarios involving spent fuel transport and thus vastly under-

stated the risks and consequences of undertaking thousands of such

shipments if Yucca proceeds, contrary to the "hard look" NEPA re-

quires.

The sole terrorist scenario analyzed by DOE, in a study conducted

in the late 1970s, consisted of a single shot with an anti-tank missile at a

traveling cask FEIS-6-51-52, and referenced studies. DOE's own terror-

ism consultant recognized this analysis was outdated. NR-1.01483. DOE

assumed sabotage would occur with a now-obsolete missile instead of a

state-of-the-art "TOW" missile, of which over 500,000 exist in 36 coun-
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tries.41 DOE therefore assumed the missile would penetrate only one

cask wall instead of both, leaving a small hole. DOE assumed no water

would enter the hole, and that fire would not be co-located with it, de-

spite the exploding warhead. Accordingly, the FEIS assumed the attack

would cause only 9 to 48 early fatalities, and it made no estimate of

cleanup costs from resulting contamination. FEIS-6-52.

DOE did not consider the risk that a warhead exploding inside a

spent fuel container could cause fissile nuclear material inside to create a

nuclear chain reaction, or "criticality, "whose consequences would catas-

trophically exceed the postulated consequences of the relatively tame

event described in the FEIS. See RR-1.0333 at 4-4064-416; FEIS-5-38.

Ironically, DOE acknowledged the danger of criticality events in

connection with the mere storage of these same casks in the "no action"

alternative. See, e.g., NR-1.03317-6-7 (rainwater seepage may induce

criticality); NR-1.03338-2 (fire near casks may induce criticality). Yet,

DOE's assessment of the "proposed action" ignored the far more realis-

tic risks of criticality occurring in a sabotage event, where, for example,

an exploding TOW missile might shred the front and back hulls of a cask

41 See Military Analysis Network (February 2000) www.FAS.org/man/
dod-101/sys/land/tow.htm.
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moving through a city, exposing spent fuel to rain, fire, or firefighters'

spray, inducing criticality. Most significant, the fact that such a cask

might be one containing fissile weapons-grade plutonium from disman-

tled warheads, as the FEIS contemplates, was not analyzed.

Indeed, for a terrorist with a four-mile range TOW mounted on a

pickup truck, such a scenario would seem to involve the ultimate, read-

ily available "dirty bomb." DOE's failure to examine a sabotage critical-

ity scenario, while nevertheless imposing its evaluation in the far less

dangerous circumstances of the "no-action" alternative, exemplifies bias

and is arbitrary, capricious, and contrary to NEPA.

CONCLUSION

For the foregoing reasons, the Court should (1) declare unlawful

and set aside DOE's Guidelines, DOE's Yucca site recommendation to the

President, and the President's selection of that site for development;

(2) declare that DOE has failed to take actions required under Sections

113 and 114 of the NWPA; (3) declare that DOE's FEIS is inconsistent

with NEPA, closely related provisions of the NWPA, and NEPA regula-

tions; (4) declare that DOE failed to act in accordance with NEPA, closely

related provisions of the NWPA, and other applicable laws and regula-

tions, as described herein; and (5) remand this matter to DOE for further
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proceedings in conformity herewith.
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CLS 11

1 It's five kilometers in every direction but in the

2 direction that the groundwater flows. And what they've

3 essentially done is far from forming part of the isolation

4 barrier, this controlled area serves as a conduit to carry

5 the radionuclides away. It flies in the face of the very

6 precedent that sustained EPA's application of a controlled

7 area. That's why NRDC is back in this Court today. And I

8 seem to have run out of time, and I don't want --

9 JUDGE EDWARDS: Your time is up, counsel. Okay.

10 Thank-you.

11 MR. FETTUS: Thank you, Your Honors.

12 N

13

14 ORAL ARGUMENT OF ANTONIO ROSSMAN, ESQ.

15 ON BEHALF OF THE PETITIONER

16 STATE OF NEVADA

18

19 May it please the Court. Good morning, Your Honors. I am

20 An o Rossman of San Francisco representing the State of

21 Neida. May I introduce one additional member of our team,

22 the Attorney General of Nevada, Brian Sandoval.

23 Your Honor, we are in a Washington venue and

24 appropriately so, because it was here that the decisions

25 were made. But we ask the Court to keep in mind that the
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1 land is western land, the water is western water. -And let

2 me second what Mr. Fettus said. We ask the Court in

3 addressing these cases to remember the wisdom of our fellow

4 Westerner John Muir: When we try to pick out anything by

5 itself, we find it hitched to everything else in the,

6 universe.

7 EPA's irrational rejection of the National Academy's

8 determination that restricting the time of compliance to

9 10,000 years has no scientific basis is hitched to the

10 overriding error of our Government's unfortunate and

11 irrational response to the Congressional mandate that thy

12 geology of the site shall provide the permanent isolation

13 for all generations, as Congress commanded in the Nuclear

14 Waste Policy Act.

15 The facts are uncontroverted. It is EPA's response

16 that cannot withstand review. Congress established a

17 substantive standard: protection of the public. There is

18 no countervailing standard, there is no balancing here, as

19 if perhaps in an EPA bubble rule. And it must be health-

20 based} and it must be for all generations, and that's.what

21 thelNational Academy of Sciences did under its

22 Congressional delegation. The National Academy determined

23 that there is no scientific basis for confining the period

24 to 10,000 years, because we can determine and enforce a

25 standard that will go many times that amount, and
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especially so because the facts are equally uncontroverted

that the greatest radiation risk does not even begin to

arise until long after 10,000 years.

JUDGE TATEL: Well, EPA relies on this language

in the National Academy report, which acknowledges that

there are policy considerations that it has not taken into

account.

MR. ROSSMAN: Yes, sir.

JUDGE TATEL: One of which is the exact one that.

the EPA seems to have relied on, which is to have standards

which are similar to the ones they use for other long-lived

hazardous materials.

MR. ROSSMAN: Yes, sir. That is one of their

justifications, and it does not stand up. In fact, in

order --

j
0

I

JUDGE TATEL: Why not?

MR. ROSSMAN: And if may address that, Your

Honor. These are the words that EPA used in their final

rule. They started by severely misquoting what the

Naeitonal Academy said. The National Academy said that EPA

might want to establish consistent policies to deal with

both non-nuclear and nuclear waste. But here is how EPA

turned those words around: The NAS says, quote, we might

select an alternative more consistent with previous agency

policy. That is not what the National Academy said, but
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1 the National Academy was suggesting that perhaps EPA might

2 want to set a unique standard as Congress commanded for

3 Yucca Mountain and then consider whether the rest of its

4 standards ought to rise to that level. And that is why we

5 say, I mean, the fact that EPA had to mischaracterize the

6 National Academy in order to pretend to respond to it, EPA

7 itself recognized that its existing standard, which was,

8 for example, addressing the Waste Isolation Pilot Project

9 or so-called WIPP, that what we're dealing With here at

10 Yucca Mountain is indeed unprecedented, and the EPA itself

11 recognized in response to citizen comment.that this was a

12 far greater radiation and that it lasted far longer intd-

13 the future than anything else it dealt with.

14 JUDGE EDWARDS: Counsel, what are we talking

15 about precisely in terms of the redress that you're

16 seeking? The legal argument is pretty straightforward.

17 You're saying they violated 801 because NAS said something

18 quite contrary to what they concluded.

19 MR. ROSSMAN: Yes, sir.

20 JUDGE.EDWARDS: That the result of that is what

21 inw- 0ur view in terms of breaches?

22 MR. ROSSMAN: The result --

23 JUDGE EDWARDS: What are you talking about? NAS

24 talks about the standard should be measured at the time of

25 peak risk.
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1 MR. ROSSMAN: That's right.

2 - JUDGE EDWARDS: All right. And they said 10,000,

3 at least --

4 MR. ROSSMAN: They --

5 JUDGE EDWARDS: -- and one reading of theirs

6 doesn't work. But what does that mean in terms of redress?

7 What are we talking about?

8 MR. ROSSMAN: That the rule must be set aside

9 because EPA failed to carry out the Congressional mandate

10 of being consistent.

11 JUDGE EDWARDS: Which is what?

12 MR. ROSSMAN: To be --

13 JUDGE EDWARDS: What I'm asking, understand what

14 I'm asking. What is consistency in your view? If you

15 followed NAS, what would that have produced in what EPA

16 wrote?

17 MR. ROSSMAN: It would have produced a standard

18 of more than 10,000 years, a standard that addressed the

19 period of maximum does, which is 100,000 years into the

20 futu're, unless EPA could articulate a rational reason for

21 departing from the National Academy's determination. And

22 seeing that I'm getting into my rebuttal time, Your Honors,

23 I just want to suggest that the answer will be found in

24 four pages of the administrative record, EPA's response on

25 this issue, beginning at page 32097 of the Federal
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1 Register. And when the Court scrutinizes that language

2 that EPA has used to respond on all of these claims,

3 international standards, the record shows there is no

4 international consensus. In fact, if there's any --

5 JUDGE TATEL: But let me-, let me, excuse me, let

6 me just pursue Judge Edwards's question a little bit,

7 because I understand what you want us to do. You want us

8 to say that the EPA has violated the requirement that its

9 rules be consistent with National Academy standards.

10 MR. ROSSMAN: And beyond that, Your Honor, it

11 violated the --

12 JUDGE EDWARDS: Let him ask the question here4

13 Wait a minute.

14 JUDGE TATEL: Let me finish. The question both

15 of us are asking is what are the consequences of that for

16 the EPA's revised regulation? What will it do differently

17 than this one, since everybody seems to concede that at

18 these periods of time, whether it's 10,000 years or 100,000

19 years or 200,000 years, our predictive abilities, except

20 fort.' ological questions, are pretty difficult?

21 t'i MR. ROSSMAN: Well, the geology is predictable

22 and--

23 JUDGE TATEL: No, I understand the geology. I

24 understand what the Academy said. Let's assume peak dose

25 periods are, let's assume that everybody agrees they are
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300,000 years, okay?

- MR. ROSSMAN:

JUDGE TATEL:

Yes, sir.

How will the regulation look any

different?

MR. ROSSMAN: The regulation could look, and it's

not up to this Court to write the regulation, it's up to

this Court to --

JUDGE TATEL: I understand that, but it would

help us to know --

JUDGE EDWARDS: Counsel, no, wait, understand

what we're asking.

JUDGE TATEL: Right.

JUDGE'EDWARDS: If you're talking about something

that's unimaginable, we're not interested.

MR. ROSSMAN: Yes, sir.

JUDGE EDWARDS: So you have to explain to us what

are you talking about. We understand the legal disjunction

that you referred to. It's pretty easy. But we do go the

next step. So what are you talking about?

MR. ROSSMAN: That EPA would have to, unless it

couth come up for a rational reason for doing otherwise,

adopt a standard that applied through the period of maximum

dose.

JUDGE TATEL: We understand that.

JUDGE EDWARDS: We know that.
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1 JUDGE TATEL: But how would it be different?

2 Where would it change?

3 JUDGE EDWARDS: If you don't know, tell us.

4 JUDGE TATEL: Yes, that's okay.

5 JUDGE EDWARDS: But what are you talking about?

6 MR. ROSSMAN: Well, what we're talking about is

7 looking at -- the other thing that we know in addition to

8 geology is radioactive decay, and we see that that maximum

9 peak dosage is reached sometime around 300,000 years out,

10 and it remains constant at that point. So one possible

11 answer to the Court's question would be a standard that

12 would be applicable for 300,000 years.

13 JUDGE TATEL: But we have a standard that's now

14 applicable for 10,000 years.

15 MR. ROSSMAN: Yes, sir.

16 JUDGE TATEL: I mean, how, in terms of our

17 predictive ability, anybody's predictive ability, what's

18 the difference between 10,000 and 300,000 years? Aren't

19 they equally unpredictable?

20 MR. ROSSMAN: They are not, Your Honor.

21 JUDGE TATEL: Except for the geological

22 considerations.

23 MR. ROSSMAN: Geological and radiological, sir.-

24 JUDGE TATEL: Well, does this -- no, I understand

25 the business about the half-life, but does this relate to
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1 the engineered barriers? Is that what this is all about?

2 - JUDGE EDWARDS: Is this the backdoor way to say

3 the focus should be on geology, because the engineered

4 barriers are going to fail at 10,000 years?

5 MR. ROSSMAN: It's not backdoor, sir, it's our

6 front door.

7 JUDGE EDWARDS: Front door.

8 MR. ROSSMAN: Yes, sir.

9 JUDGE EDWARDS: All right, whatever.

10 MR. ROSSMAN: I mean, that is the ultimate

11 command from Congress was to find a permanent --

12 JUDGE EDWARDS: Forget all of that, okayl

13 MR. ROSSMAN: Yes, sir.

14 JUDGE EDWARDS: We're trying to get to the point,

15 because your time is short. Is that what you're really

16 arguing?

17 MR. ROSSMAN: Yes, sir.

18 JUDGE EDWARDS: Okay, fine.

19 MR. ROSSMAN: We are arguing that, but I do want

20 to make the point that I think Judge Tatel was in the same

21 plac Congress --

22 JUDGE EDWARDS: Tatel.

23 MR. ROSSMAN: Tatel, excuse me, Your Honor, was

24 in the same place where Congress was when they wrote EnPA.

25 Nobody knew the answers, and so they asked our

27
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__ 1 institutional experts, our disinterested experts, to give

2 us some sense of reality, and the National Academy came

3 back and said yes, you can meaningfully regulate to that

4 period of time.

5 JUDGE TATEL: We understand that. What we're

6 trying to understand is what are the consequences of

7 agreeing with you in terms of rule-making here and Yucca

8 Mountain.

9 MR. ROSSMAN: Yes, sir.

10 JUDGE TATEL: That's what we don't understand,

11 and I have to say, I still don't get it. I don't

12 understand, and your answer may be you don't need to w

13 understand to reverse. But humor us for a minute and help

14 us try to understand.

15 MR.-ROSSMAN: Yes, sir.

16 JUDGE TATEL: Let me put it to you this way:

17 Suppose we didn't agree with you that this was inconsistent

18 with the National Academy standard. You have an argument

19 also that it's just arbitrary and capricious that they, to

20 have picked 10,000 years, right?

21 - MR. ROSSMAN: Yes, sir.

22 JUDGE TATEL: Well, why is that any more or less

23 arbitrary and capricious than picking 300,000 years? How

24 do we know?

25 MR. ROSSMAN: Well, we have to measure, I mean,
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1 this is an administrative record case.

2 - JUDGE TATEL: Remember, this is a Court that

3 defers to an agency's judgment, so as difficult as it is

4 for the agency to distinguish between protecting human

5 beings for 10,000 versus 300,000 years, we have a

6 deferential standard of review, so our standards are even

7 more amorphous.

8 MR. ROSSMAN: Yes, sir. But even under that

9 deferential standard of review, the Court still has to find

10 that there was a rational explanation by EPA for not

11 following the National Academy.

12 JUDGE TATEL: No, no, no, I asked you, my T

13 hypothetical was assume we don't agree with you that the --

14 assume we ultimately conclude.that the Academy's

15 recommendation was not sufficiently clear to have bound the

16 EPA.

17 MR. ROSSMAN: Yes, sir. And then I think the

18 Court can look to the other factors such as that we're

19 dealing with an unprecedented by known risk that maximizes

20 at-3i00,000 years. We are dealing with a Congressional

21 mandiate.

22 JUDGE TATEL: How would I Write a sentence which

23 says it was arbitrary and capricious for the agency to pick

24 10,000 years instead of 300,000 years?

25 MR. ROSSMAN: Because the record shows that the
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maximum risk arises in 300,000 years. Congress mandated

public health and safety for this and for future

generations, and it is possible for us to meaningfully

regulate that far. And it is irrational in the

international community to cut off a period of compliance

while the dose is increasing and the risk is increasing.

JUDGE EDWARDS: Let me ask you one last question,

your time is up, to see if I understand the design of your

strategy, if that's what's going on here.

MR. ROSSMAN: Yes, sir.

JUDGE EDWARDS: If you go beyond 10,000 years to

something that you claim the NAS endorsed well beyond s

10,000 years, the focus is going to be on geology, as

you've already acknowledged, and that is a way to get to

that. If the focus is on geology, implicit and maybe

explicit in some of our arguments is the geology in Yucca

Mountain won't work, and so your grand strategy is the end

result is it's not going to be in this mountain.

MR. ROSSMAN: It has been our contention, as

others --

JUDGE EDWARDS: Is that what's really going on?

MR. ROSSMAN: That is the ultimate --

JUDGE EDWARDS: They're not going to be able to

do it?

MR. ROSSMAN: Yes, sir. And it's not because of
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us, it's because of the --

- JUDGE EDWARDS: I'm not saying that this is

mischievous.

MR. ROSSMAN: Right.

JUDGE EDWARDS: I'm just trying to understand.

MR. ROSSMAN: Yes, sir.

JUDGE EDWARDS: Okay. That's, okay, your time is

up. I understand you.

MR. ROSSMAN: Okay.

JUDGE EDWARDS: You'll get, you know, you'll get

a little time on rebuttal.

MR. ROSSMAN: Yes, sir. Thank you.

JUDGE-EDWARDS: Thank you.

OPAL ARGUMENT OF CHRISTOPHER S. VADEN, ESQ.

ON BEHALF OF THE RESPONDENT

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

Maydt. please the Court. I am Christopher Vaden with the

Department of Justice. With me at counsel table this

morning are Keith Matthews from EPA's Office of General

Counsel and Michele Walter, also from the Department of

Justice. Ms. Walter's going to address the issues raised
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1 by the Nuclear Energy Institute, and I'm going to address

2 the issues we've just heard from Nevada and NRDC.

3 EPA developed the Yucca Mountain standards through a

4 notice-and-comment rule-making process in which all of the

5 issues that these Petitioners have raised were considered,

6 and analyzed thoroughly and methodically. Applying its

7 policy judgment to the scientific evidence and to NAS's

8 expert scientific advice, EPA established a reasonable

9 regulation that deserves this Court's deference under the

10 arbitrary and capricious standard.

11 JUDGE TATEL: Well, before you get. to policy, She

12 Academy says, quote, there is no scientific basis for

13 limiting the time period to 10,000 years. The difference

14 between our recommendation, this is the Academy, and the

15 191 regulations, we have specified that the basis for the

16 standard should be the peak risk, whenever it occurs,

17 right?

18 MR. VADEN: Right.

19 JUDGE TATEL: And then the EPA says we believe

20 that-such an approach is not practical. I mean, Congress

21 saidt'he EPA's regulation has to be consistent with the

22 Academy. The Academy said peak dose periods, they're

23 beyond 10,000 years. Our recommendation is different from

24 the generic 191 regulations. And EPA essentially follows.

25 lits old regulations. What could be more inconsistent with
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1 the Academy's recommendations?

2 | MR. VADEN: Well, Judge Tatel, as you noted in

3 questioning Mr. Rossman, the Academy specifically noted

4 that there were things they didn't consider, and I'll quote

5 from the Academy's report at page 56. They said that

6 although the selection of a time period of applicability

7 has scientific elements, it also has policy aspects that we

8 have not addressed. And I submit to the Court --

9 JUDGE TATEL: What are the policy aspects that

10 led EPA to decide to assure human safety at 10,000 years

11 rather that at the peak dose period?

12 MR. VADEN: I think the agency gave a number

13 reasons for that decision, probably -- I've got a list of

14 about five. One of the most significant ones was that even

15 though NAS said that the uncertainties could be bounded or

16 were boundable out to the period of peak dose --

17 JUDGE TATEL: Well, but that's the scientific

18 judgment that Congress wanted the EPA to defer to. In

19 fact, EPA is actually pretty candid: Quote, despite the

20 NA&Z-cozmmendation, we conclude that there is still

21 ret ve uncertainty as to current modeling capability. I

22 thought that was the judgment that Congress wanted the EPA

23 to defer to. That's a scientific judgment.

24 MR. VADEN: Certainly Congress wanted EPA to

25 defer to the scientific judgment, and I guess what I'm
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1 suggesting is that there is a regulatory judgment that has

2 to be-made at the time of licensing that requires more

3 certainty than it takes for a scientist to simply project a

4 range of outcomes 500,000 or a million years in the future.

5 The farther you project in the future, the more divergent

6 the possible outcomes become. And it was EPA's judgment

7 as--

8 JUDGE TATEL: Between 10,000 and 300,000?

9 MR. VADEN: Yes. And it was EPA's judgment that

10 even though the range was boundable, you could sort of, you

11 know, have an upper limit and a lower limit on it, that

12 once you get way out into the hundreds of thousands of,-

13 years, it becomes too uncertain to place a burden of proof

14 on DOE now --

15 JUDGE EDWARDS: Where does NAS say that?

16 MR. VADEN: Where does NAS say that it's --

17 JUDGE EDWARDS: Where do they say that?

18 MR. VADEN: Well, they say that the uncertainty

19 is boundable.
0

20 JUDGE EDWARDS: See,-all you've done is to turn

21 the statutes on its head. The statute doesn't say to

22 follow NAS unless you think as a matter of policy that what

23 they're suggesting is too burdensome. That's not what the

24 statute says. It says the standards will be based upon and

25 consistent with the findings and recommendations of NAS,
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1 period.

2 - MR. VADEN: Based on and consistent, and Your

3 Honor asked --

4 JUDGE EDWARDS: And it's not consistent. NAS in

5 its summary, I mean, in their summary, I went back and

6 looked at it, and it's really kind of astonishing what the

7 agency did as compared to what NAS said. Compliance

8 standard should be measured at the time of peak risk

9 l-whenever it occurs, and they go on to say the standard in

10 191 applies for 10,000 years. Based on performance

11 assessment calculations provided to us, it appears that the

12 peak risk might occur tens to hundreds of thousands of

13 years or ever farther into the future. They're very clear

14 in saying 10,000 years is wrong.

15 MR. VADEN: Your Honor asked earlier what does

16 consistency mean, and I believe Mr. Rossman acknowledged

17 that it's sufficient for EPA to articulate a rational

18 reason for departing from the NAS recommendation based on

19 the policy, regulatory policy considerations that Congress

20 left:to EPA.

21 JUDGE EDWARDS: But you're not stating any that

22 make any sense, assuming that's true. Because-all you're

23 really saying is, oh, that sounds difficult. Or that's

24 hard to measure. All of this is hard to measure.

25 MR. VADEN: All of it is --
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1 JUDGE EDWARDS: But NAS didn't seem to have the

2 slightest problem in saying and concluding that 10,000

3 years is wrong.

4 MR. VADEN: They said there's --

5 JUDGE EDWARDS: So it seems to me, let, me tell

6 you my concern in reading this. The statute is clear: You

7 must look to NAS, so that's our job, whether you did or

8 not. NAS is absolutely clear, in my view, that 10,000

9 years is incorrect. So if indeed you're right that the

10 agency could say, well, but we have other things we might

11 want to think about, you have a heck of a high burden to

12 meet to be able to point to policy considerations to

13 overcome an NAS determination that 10,000 is flat wrong.

14 MR. VADEN: Well, they said --

15 JUDGE EDWARDS: Because they say that.

16 MR. VADEN: They said there's no scientific basis

17 to cut it off then, but they recognized --

.18 JUDGE EDWARDS: They say that 10,000 years, no

19 matter how you read their language in that executive

20 summary, doesn't work. It doesn't make sense. Their

21 exe'cutive summary is very clear.

22 MR. VADEN: But they recognized that there were

23 policy factors that were outside their purview that they

24 didn't even consider, and I submit --

25 JUDGE EDWARDS: They didn't even begin to specify
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1 what they might be.

2 - MR. VADEN: Well, that's right, because they're

3 for EPA--

4 JUDGE EDWARDS: Right. So now I'm saying to you

5 it seems to me, and it isn't within their competence to

6 know whether or not as a legal matter that matters. They

7 just say in passing there may be policy matters, because

8 what they might have been saying is Congress might want to

9 rewrite the law. So I-don't know what they meant to say,

10 but it doesn't matter, because our job is to decide whether

11 you're consistent with their scientific judgment.

12 MR. VADEN: Well, I suggest it does matter, t

13 because Congress delegated the rule-making authority to

14 EPA, not NAS. NAS didn't conduct a public notice-and-

15 comment process.

16 JUDGE EDWARDS: But your rule-making authority is

17 confined by reference to the statute --

18 MR. VADEN: It's --

19 JUDGE EDWARDS: -- and the statute says you have

20 to Look to NAS.

21 MR. VADEN: But I submit that strict identicality

22 with NAS is more than what is required.

23 JUDGE TATEL: Well, see, you could have come, I

24 mean, I think this might have been very different if the

25 agency had come back with a regulation which says, okay,
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1 they say use peak dosage periods, and they think it's a

2 couple of hundred thousand years. We think maybe, you

3 know, that's pretty far out, and maybe the best we can do

4 is 100,000 or 200,000 or something like that, but what's

5 odd about this is that the generic regulations that had

6 been issued earlier by EPA were 10,000 years, right?

7 MR. VADEN: That's right.

8 JUDGE TATEL: Okay, so subsequent to that,

9 Congress says develop Yucca's specific regulations, get the

10 Academy's view, contract with them, make sure your

11 procedures are consistent with what they recommend. The"

12 reject the 10,000-year limit, and that's what EPA comesw

13 back with. So wihy did Congress go through all, why did

14 Congress require the agency to go through this if it felt

15 you were free to simply re-adopt the generic 10,000-year

16 rule?

17 MR. VADEN: They wanted the best, impartial,

18 scientific advice --

19 JUDGE TATEL: And they got it from the Academy,

20 whiff said 10,000 is wrong.

21 JUDGE EDWARDS: And the agency says despite, they

22 ignore it, and frankly, the policy reasons that you're

23 talking about, I re-read them. They don't make any sense

24 to me.

25 MR. VADEN: Well, EPA certainly put a lot of
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1 weight on the Academy's advice, and in fact that's why they

-2 required that DOE do projections out to time of peak dose

3 as part of the EIS. So, and I think that's part of what

4 makes the ultimate rule consistent with the NAS

5 recommendation, but it's a different matter --

6 JUDGE TATEL: You have language in the preamble

7 that says despite the NAS's recommendation --

8 JUDGE EDWARDS: Right.

9 JUDGE TATEL: -- we conclude. They're rejecting

10 the NAS recommendation. They're not making their standard

11 consistent with it.

12 MR. VADEN: But I guess I would pose the

13 question, what does it mean to be consistent with a

14 recommendation that specifically says we have not

15 considered all of the relevant factors?

16 JUDGE EDWARDS: No, they didn't say that. They

17 said we don't know whether there are policy considerations.

18 MR. VADEN: But we haven't considered them.

19 JUDGE EDWARDS: But it doesn't matter, because

20 you've assuming something that-we're not necessarily

21 agreeing with, that is, that you can look to policy

22 considerations to overcome that which Congress says. I'm

23 not at this point prepared to accept that argument merely

24 because you state it.

25 MR. VADEN: I think that it's implicit in
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1 Congress having delegated the rule-making authority to EPA

2 rather than the Academy.

3 JUDGE EDWARDS: No, we go through -- that we do

4 know about. We do this all the time. Yucca Mountain's no

5 |different for us. An agency does not have the authority to

6 do whatever it wants to do merely because it has rule-

7 making authority. Now, we know agencies often argue that,

8 but that's nonsense. The agencies are limited to their

9 delegated authority. Within that framework, you can adopt

10 rules that we defer to. So we ought to get past-that one.

11 You do not have the authority to do what you want to do

12 merely because you have rule-making authority. That's aF

13 old argument, and you lose.

14 MR. VADEN: Well, we certainly think that the

15 ultimate result was consistent with the NAS recommendations

16 insofar as the projections out to time of peak dose are

17 required to be performed and submitted in the EIS. I think

18 it's fair to say that consistent with does not mean

19 identical. It means sort of generally congruent with. EPA

20 placed a lot of weight on the NAS recommendations and did

21 notndisagree with NAS on scientific issues, but decided

22 that as a regulator it was not realistic to establish a

23 present burden of proof on the license applicant to

24 demonstrate a reasonable expectation of compliance out at

25 times when the scientific studies simply grew more and more
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1 uncertain.

2 - I would also address the Court's questions to Mr.

3 Rossman about what relief you would have the Court frame.

4 I think as part of the Petitioners' obligation to show

5 standing to raise the specific issues they raise, they have

6 to show that the relief they're requesting would redress

7 whatever harm or injury they say they've suffered as a

8 result of this rule, and I therefore submit that in

9 addition to answering the Court's question about what the

10 relief should look like --

11 JUDGE TATEL: Well, NRDC, the environmental

12 groups have members who live here, right?

13 MR. VADEN: Yes, in Amargosa Valley.

14 JUDGE TATEL: So doesn't it clearly have standing

15 to raise this question?.

16 MR. VADEN: Certainly that's sort of the

17 prototype person you would expect to have standing, but

18 they're not challenging the standard.

19 JUDGE TATEL: You're certainly not going to tell

20 us..-that they don't have standing because it isn't imminent,

21 aren-you?

22 MR. VADEN: It's, well, I don't think they --

23 JUDGE TATEL: You don't want to go there, do you?

24 I mean, we're talking about 100,000 years, so.

25 MR. VADEN: I don't think, but I don't think they
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ABSTRACT: On August 22, 2005 the US. Environmental Protection Agency issued
proposed new regulations for radiation releases from the planned permanent US.
nuclear-waste repository in Yucca Mountain, Nevada. The goal of the new standards is
to provide public-health protection for the next million years - even though everyone
admits that the radioactive wastes will leak. Regulations now guarantee individual and

equal protection against all radiation exposures above the legal limit. Instead E.P.A.

recommended different radiation exposure-limits for different time periods. It also
recommended using only the arithmetic mean of the dose distribution, to assess

regulatory compliance during one time period, but using only the median dose to
assess compliance during another period This piece argues that these two changes -
in exposure-limits and in methods of assessing regulatory compliance - have at least

four disturbing consequences. The changes would threaten equal protection, ignore the
needs of the most vulnerable, allow many fatal exposures, and sanction scientifically
flawed dose calculations.

On August 22 ,2005 the U.S. Environmental Protection Agency (E.P.A.) issued its long
awaited regulations for radiation releases from the proposed U.S. nuclear-waste
repository in Yucca Mountain, Nevada.' E.P.A. recommended a dramatic reversal of
international and U.S. health standards. Current regulations guarantee individual and
equal protection against all radiation exposures above the legal limit. The proposed

regulations remove these guarantees for Yucca Mountain. Instead E.P.A. recommends
changes both in the exposure-limits and in how they are measured and enforced.

Because radioactive leaks will increase over time, E.P.A. proposes one radiation
exposure-limit for the near future (the next 10,000 years) and another limit - 2300
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percent higher - for the distant future (the period beyond 10,000 years). For the near
future, this annual standard is 15 millrems. For the distant future, it is 350 millirems.
To assess compliance with these limits, E.P.A. proposes using the arithmetic mean of
the dose distribution during the near future, and using the median dose during the
distant future.

By setting different exposure limits for different time periods, E.P.A.'s first
proposal fails to give all citizens equal protection. The agency defends this double
radiation standard by saying that even the more lenient exposure-limit allows a dose

only slightly higher than what is already received from natural-background radiation.2

How dangerous a dose is that? According to the United Nations Scientific
Committee on Effects of Ionizing Radiation (U.N.S.C.E.A.R.), the International
Atomic Energy Agency (I.A.E.A.), and other scientific groups, natural-background
radiation causes about 3 percent of fatal cancers - roughly 18,000 annual U.S. deaths.3

As the U.S. National Academy of Sciences reaffirmed in June, no dose of ionizing
radiation is completely safe, no matter how small or how natural. 4

What would happen if all polluters followed E.P.A.'s reasoning about natural-
background radiation? They could save money by avoiding pollution control. They
could increase profits at the expense of the public but claim that victims' health risks

were acceptable merely because they were no worse than what some natural event had
caused. Neither fairness, polluter responsibility, compensating victims, nor obtaining
their consent would be relevant.

E.P.A.'s double radiation standards for different generations also suggest that we

merit more protection than our descendants. Yet we, not they, profit from nuclear
power plants that produce the radioactive waste.

What about E.P.A.'s second proposal, to use mean dose to assess near-future
compliance with regulations, and to use median dose to assess distant-future
compliance? Neither mean nor median exposure-limits protect against fatal doses at the
tail of the distribution. Neither protects the medically vulnerable 25 percent of the
population - including children, pregnant women, and those with allergies.

To see what could happen when one uses mean-exposure standards for assessing
regulatory compliance, suppose that in the near future 715 residents of a small town
received radiation doses from Yucca Mountain. If a baby received a fatal dose of
10,000 millirems but all other residents each received I millirem, the mean dose would

be under 15 millirems. Although such dose distributions might be unlikely,
nevertheless this situation would be allowed by the mean-exposure standard. That is
one reason all nations require keeping individual radiation exposures "as low as
reasonably achievable" (ALARA). All nations rely on individual dose limits and
keeping individual doses ALARA, not just keeping mean exposures ALARA.5

Imagine the consequences if all regulatory compliance were based only on mean or
average protection. Even serious harms caused by negligence or unfairness could be
sanctioned if the rate of harm were below the mean. For instance, if a city's murder rate
were below the U.S. mean - 7 deaths per 100,000 - police might say protection was
adequate and stop pursuing suspects.6

2 Science and Engineering Ethics, Volume 11, Issue 4. 2005
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Even mean radiation exposure from Yucca Mountain would be high in the distant
future. Because E.P.A. recognizes this, it recommends assessing distant-future
regulatory compliance by using median, not mean, exposure-limits. By definition,
median limits would allow nearly half of exposures to exceed any standard. Consider
what could happen if E.P.A.'s 350-millirems median standard were applied to the
earlier town of 715 people. If doses were ranked lowest to highest, the middle or
median dose would be received by person 358. Provided her dose were below 350
millirems, this median standard could legally allow 357 people to receive fatal doses.
Whether or not such an exposure distribution actually would occur, the case illustrates
that any median standard provides only minimal protection because nearly half of the
exposures could exceed it.

Apart from these two policy reversals, E.P.A.'s proposals rely on poor science, as
the 2001 peer review by the International Atomic Energy Agency warned. The

I.A.E.A. said the government's own Yucca Mountain studies show its projected
7

radiation doses have uncertainties between 8 and 12 orders of magnitude. This means
projected Yucca radiation exposures to the public could be a trillion times too low or
too high. Yet if doses were only 29 times higher than the distant-future limit, they
could immediately kill human embryos. Doses only 750 times higher could
immediately kill half the adults exposed.8

Whether or not people agree with E.P.A.'s changing radiation-exposure limits and
regulatory-compliance standards, people likely agree that pollution regulations should
protect everyone individually and equally. These new regulations do not appear to do
so. They mortgage the lives of people in the distant future.
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WASHINGTON, D.C. 20460

JAR 27 E

OFFICE OF
AIR AND RADIATION

Charles Fitzpatrick
Egan, Fitzpatrick, Malsch & Cynkar, PLLC
1777 N.E. Loop 410
Suite 600
San Antonio, TX 78217

Re: FOIA Request HQ-RIN-00375-05

Dear Mr. Fitzpatrick:

This letter is in response to the Freedom of Information Act (FOIA) request dated
November 30, 2004, in which you requested documents related to interactions between the
Environmental Protection Agency (EPA) and either the Nuclear Regulatory Commission (NRC),

Department of Energy (DOE), or National Academy of Sciences (NAS), regarding the July 2004

U.S. Court of Appeals decision remanding portions of EPA's public health and environmental
radiation protection standards for Yucca Mountain, Nevada (40 CFR part 197).

We have identified the documents described below as falling within the scope of your
request. Portions of the responsive documents are being withheld pursuant to Exemption 5 of the

FOIA. Exemption 5 protects inter- and -intragency communications protected by the
deliberative process privilege and the attorney-client privilege. Non-responsive information has
also been withheld from several calendar entries. All other reasonably segregable nonexempt
information has been released.

DATE DESCRIPTION (OTHER INVOLVED PARTIES)
7-9-2004 Email (DOE)
7-12-2004 Calendar entry (DOE, NAS)
7-13-2004 Calendar entry (NAS)
7-14-2004 Calendar entry, meeting notes (NRC, DOE)
7-16-2004 Calendar entry (NAS)
7-23-2004 Meeting notes (NRC)
8-02-2004 Calendar entries, meeting notes (DOE)
8-17-2004 Calendar entry (NAS)
8-23-2004 Emails (NAS)
8-24-2004 Calendar entry (DOE), Email (NAS)
8-30-2004 Calendar entry (NAS, DOE, NRC)

RecycledlRecyclable * Printed with Vegetable Oil Based Inks on 100% Recycled Paper (20% Postconsumer)
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8-31-2004
9-7-2004
9-10-2004
9-17-2004
9-20-2004
10-14-2004
10-22-2004
11-8-2004
11-9-2004
11-10-2004
11-16-2004
11-17-2004
11-18-2004
11-24-2004

Calendar entry (NRC, DOE), Email (DOE)
Calendar entry (NAS)
Email (NAS)
Email (NAS)
Calendar entry, agenda, notes from NAS public meeting
Calendar entry (NRC)
Calendar entry (NRC)
Calendar entry (DOE)
Calendar entry (DOE, NRC)
Calendar entry, meeting notes (NRC)
Calendar entry (NAS)
Calendar entry, meeting notes (DOE)
Calendar entry (DOE)
Calendar entry, meeting notes (DOE)

You may file an appeal of this determination with the Headquarters Freedom of
Information Staff (2822T); Office of Environmental Information, United States Environmental

-Protection Agency; 1200 Pennsylvania Avenue, N.W.; Washington, DC 20460. The appeal must
be made in writing and must be submitted to the above address no later than 30 calendar days
from the date of this letter. The Agency will not consider appeals received after the 30-day limit.
The appeal may include as much or as little related information as you wish, as long as it clearly
identifies the determination being appealed (including the assigned FOIA request number,
referenced on the subject line of this letter). For quickest possible handling, the appeal letter and
its envelope should be marked "Freedom of Information Act Appeal."

If you have questions or need further information, please call Betsy Forinash, Director of
the Center for Federal Regulation, at (202) 343-9233.

Sincerely

Bonnie C. Gitlin, Actin irector
Radiation Protection Division
Office of Radiation and Indoor Air
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04/11/2005 01:45 PM

robert andrews@YMP.gov, mapted@monitorsci.com. Jackjbailey@YMP.gov,
bamard@nwtrb.gov, hbarron@duke-energy.com, mab@nei.org, rmbernero@aol.com,
A.Bonne@iaea.org, willamboyle@YMP.gov, dbullen@exponent.com, Ray
ClarklDC/USEPAJUS@EPA, Thomas.Cotton~rw.DOE.gov, Croffag~att.net,
kcrowley@nas.edu, diodato~nwtrb.gov, russ-dyer@YMP.gov,
matt eyre@exeloncorp.com, MVF@NRC.GOV, Betsy Forinash/DClUSEPAlUS@EPA,
bjgarrick~aol.com, garrlsh~rw.DOE.gov, ApriLGiI@YMP.gov,
Arnaud.Grevoz@andra.fr, blma@insightbb.com, alan.hooper@nirex.co.uk,
gmh3k@unix.mail.virginla.edu, cristina.lonescu~pgnmail.com, lssacs2@llnl.gov,
ajennetta@innuco.com, mikael.jensen@ssl.se, dcjones~duke-energy.com,
jpk@NRC.GOV, christopher.kouts@rw.DOE.gov, spk@nei.org,
rod.krich@exeloncorp.com, mpl@NRC.GOV, mlevenso@nas.edu,
adam.levin@exeloncorp.com, rloux@govmail.state.nv.us, 'Machiels, Albert'
<AMACHIEL@epri.com>, tjm3@NRC.GOV, Charles.McCombie@arius-world.org,
rxm~nel.org, P.E.Metcalf@iaea.org, lIn@co.clark.nv.us, claudianewbury@YMP.gov,
northworks@mindspring.com, okrent@seas.uda.edu, bpastina@nas.edu,
pescatore@nea.fr, MarkPeters@YMP.gov, peterson@nuc.Berkeley.EDU,
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'Brown, Michael' <qbrown@ameren.com>, 'Burger, A.R."
<aburger~firstenergycorp.com>, 'Canavan, Ken" ckcanavan@epri.com>. "Chapol,
Jorge' <chapot~eletronucIear.gov.br>, "Coss, Bill' <bcoss1@lxu.com>, 'Franklin,
Charles" <cfrankldentergy~com>, "Gras, Jean-Marie" <jean-marle.gras~edf.fr>,
"Hansen, Brian" <bjhansen@apsc.com>, "Hayashi, Toshiaki"
<Hayashl.Toshiakl@tepco.co.jp>, Hill, Lee" <lee o_hil@dom.com>, "Hoppes, David"
<dfhoppes~stpegs.com>, 'Hsieh, Simon' <hsieht@dteenergy.comr>, Kato, Kazuyuki"
<KatoKazuyuki~tepco.co.jp>, "King, Frank" <frank.king@opg.com>, 'Kunita, Robert'
<robert.kunita~pgnmail.com>, Leblang, Suzanne' <suzanneleblang~nmcco.com>,
"Loftin, Richard' <raloftin@southernco.com>, "Martin, ZIta" <zImartin@tva.gov>,
"Myers, Paul <rmyerspd~songs.sce.com>, "Nagasawa, Kazuyuki"
<k.nagasawa~tepco.cojp>, "Patton, Bruce" <bhpl@pge.com> TPhy, Kenneth"
<kphy@entergy.com>, "Pickard, Rodney' <rgpickard~aep.com>, 'Rahn, Frank'
<FRAHN@epn.com>, 'Scofleld, Frederic" <fscofield@oppd.com>, 'Swantz, William"
<wlswant@nppd.com>, "Tripputi, Ivo <tripputi~sogin.lt> "Williams, Darrell"
<dwlll1 7@entergy.com>, "Hagan, Joe" <jhagan@firstenergycorp.com>, "Long, Louies
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bcc
w Subject EPRI report on Yucca Mountain standard licensing options for very long time frames

Dear Addressee:
Attached is a link to an interim report EPRI has just published that discusses technical issues and potential options for a revised licensing standard
for the candidate spent nuclear fuel and high-level radioactive waste repository at Yucca. Mountain, Nevada.

hftn:l/www.eniweb.comI/ublic/OOOOOOOO0l 01 1754.pdf
The purpose of this report is to consider technical implications and options associated with regulatory compliance periods in excess of
10,000 years that:

Are consistent with the July 9, 2004 US Court of Appeals ruling,
Result in a "meaningful" standard that protects public health and safety in a constructive and equitable manner; and
Would be "reasonable" and implementable in a regulatory environment.

This report does not revisit issues settled in the Court of Appeals ruling. Rather, the report addresses potential regulatory approaches
for implementing the ruling that are based upon and consistent with the recommendations made by the National Academy of Sciences
panel on the Technical Bascs for Yucca Mountain Standard in its 1995 report.

This report provides arguments that some components of the Yucca Mountain system, particularly future climate at the site, will need
to be treated fundamentally differently if the time period of compliance is extended beyond 10,000 years. This is because uncertainties
related to the estimate of peak health risk (dose risk) grow with time out to roughly the time of peak risk. For example, uncertainties in
future climate states (magnitude and rate of change) increase in the future, but especially so for time periods beyond the order of 10
years.

The recommendations made in this report are summarized as follows:

Because the court rejected all challenges to the existing regulations governing the first 10,000 years, EPA should take a
surgical approach to revising its standard: specifying beyond 10,000 year requirements as separate, stand-alone, provisions that
do not alter what is required regarding the first 10,000 years;



A change of approach to the regulation and its implementation should be adopted for those provisions of the regulation. that
will address time frames beyond 10,000 years if the regulation, as a whole, is to remain implementable;

The use of a "stylized" approach for scenario identification and level of rigor in the models should be established by the NRC
for time periods beyond 10,000 years;

Future climate states should be fixed by rulemaking to one or, at most, two: present-day "interglacial" and "glacial;" if a
"glacial" climate state is specified, the regulation should also specify a set of assumptions to govern human behavior that is
consistent with the way humans would be expected to live in such a climate. However, it is preferable to simply assume the
present-day interglacial climate state continues for the entire compliance pcriod since it is likely to be reasonably bounding and
the most implementable;

No additional FEPs screening is required for the time period beyond 10,000 years. This is because the current FEPs screening
criterion (FEPs with a probability lower than approximately 1 4 per year can be screened out) is already overly inclusive
compared to the approach recommended by the TYMS panel. If additional FEPs screening beyond 10,000 years is required by
EPA, the concept of negligible incremental dose should be used as a screening tool; and

A two-tiered dose limit should be specified: one level for the first 10,000 years; and a second, higher level consistent with the
increased uncertainty should be used for the period beyond 10,000 years.

EPRI seeks feedback from all interested parties on the content and recommendations made in this interim report. Please feel free to
contact me at the coordinates below.

Sincerely,
jhk

PS: If you wish to receive a paper copy of the above report, please call EPRI's Report Distribution Center 1-800-313-3774 and ask for report
number 1011754.



John H. Kessler
Manager, HLW and Spent Fuel Management Program
Electric Power Research Institute
1300 West W.T. Harris Boulevard
Charlotte NC 28262

Phone: +1-704-717-6460
Fax: +1-704-717-6565
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Agency

Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management

Notes: The Convention, pursuant to Article 40.1. entered into force on 18 June 2001, I.e. on the ninetieth day after the day of deposit with
the Depositary of the twenty-fifth instrument of ratification, acceptance or approval, including the instruments of fifteen States each
having an operational nuclear power plant.

Parties: 35
Signatories: 42 Last change of status: 04 October 20005

Country/Organization - Signature Instrument Date of I Declaration etc. Entry
deposit I Withdrawal into force

Argentina 19 Dec 1997 ratification

Australia 13 Nov 1998 ratification

Austria 17 Sep 1998 ratification

Belarus 13 Oct 1999 ratification

1 Belgium 08 Dec 1997 ratification

1 Brazil 31 Oct 1997

Bulgaria 22 Sep 1998 ratification

Canada 07 May 1998 ratification

Croatia 09 Apr 1998 ratification

Czech Republic 30 Sep 1997 approval

Denmark 09 Feb 1998 acceptance

Estonia 05 Jan 2001

Finland 02 Oct 1997 acceptance

France 29 Sep 1997 approval

1 Germany 01 Oct 1997 ratification

Greece 09 Feb 1998 ratification

1 Hungary 29 Sep 1997 ratification

Indonesia 06 Oct 1997

Ireland 01 Oct 1997 ratification

Italy 26 Jan 1998

Japan accession

Kazakhstan 29 Sep 1997

Korea, Republic of 29 Sep 1997 ratification

Latvia 27 Mar 2000 acceptance

Lebanon 30 Sep 1997

14 Nov 2000 LI ED 18 Jun 2001

05 Aug 2003 El Ej 03 Nov 2003

13 Jun 2001 LI E] 1 Sep 2001

26 Nov 2002 LI LI 24 Feb 2003

05 Sep 2002 LI LI 04 Dec 2002

LI ] ___.

21 Jun 2000 I El 18 Jun 2001

07 May 1998 l El 18 Jun 2001

10 May 1999 E El 18 Jun 2001

25 Mar 1999 EL El 18 Jun 2001

03 Sep 1999 b L 18 Jun 2001

LIE E

10 Feb 2000 D L 18 Jun 2001

27 Apr 2000 E E 18 Jun 2001

13 Oct 1998 El ED 18 Jun 2001

18 Jul 2000 El EL 18 Jun 2001

02 Jun 1998 I El 18 Jun 2001

LI° ° _-__

20 Mar 2001 El L 18 Jun 2001

D E]

26 Aug 2003 E El 24 Nov 2003

16 Sep 2002 EE 15 Dec 2002

27 Mar 2000 E El 18 Jun 2001

El
.

1Lithuania 30 Sep 1997 ratification 16 Mar 2004 El El 14 Jun 2004

Luxembourg 01 Oct 1997 ratification 21 Aug 2001 EL EL 19 Nov 2001

Morocco 29 Sep 1997 ratification 23 Jul 1999 El El 18 Jun 2001

17 Oct2005 16:30 
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Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management

Country/Organization Signature Instrument Date of Declaration etc. Entry
deposit / Withdrawal into force

1,2 Netherlands 10 Mar 1999 acceptance 26 Apr 2000 U E 18 Jun 2001

Norway 29 Sep 1997 ratification 12 Jan 1998 El L 18 Jun 2001

Peru 04 Jun 1998 [_

Philippines 10 Mar 1998 0 0

Poland 03 Oct 1997 ratification 05 May 2000 E E 18 Jun 2001

1 Romania 30 Sep 1997 ratification 06 Sep 1999 U n 18 Jun 2001

Russian Federation

Slovakia

Slovenia

' Spain

Sweden

Switzerland

Ukraine

United Kingdom

United States of America

EURATOM

27 Jan 1999

30 Sep 1997

29 Sep 1997

30 Jun 1998

29 Sep 1997

29 Sep 1997

29 Sep 1997

29 Sep 1997

29 Sep 1997

ratification

ratification

ratification

ratification

ratification

ratification

ratification

ratification

accession

_ 
_

_ _

06 Oct 1998

25 Feb 1999

11 May 1999

29 Jul 1999

05 Apr 2000

24 Jul 2000

12 Mar 2001

15 Apr 2003

04 Oct 2005

El EU

E O1

El EO

1 lU

R L]

18 Jun 2001

18 Jun 2001

18 Jun 2001

18 Jun 2001

8_Jun 2001

18 Jun 2001

18 Jun 2001

14 Jul 2003

02 Jan 2006

1 Indicates that the State has at least one operational nuclear power plant

2 for the Kingdom in Europe

17 Oct 2005 16:30 Paqe 2 of 2



incoor Air - Kaaon - irequentiy ASKea tquestnons Fage I of 8

,l UUS Environmental Protection Agency

INKtw Indoor Air - Radon I
Contact Us I _rint Version Search:. i
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Radon Frequent QuestionsRadon Home

Where You Live

A to Z Subject index

Radon (Rn)

Frequent Questions

Health Risks

Publications

Related Links
Kids, Students and
Teachers

Hotlines

TV Ads

Contents

Definition
Sources of Radon
What are the Health Effects From Exposure to
Radon?
What is the Averaae Level of Radon Found in a
Home?
What's the debate on radon?
How do we know radon is a carcinogen?
Does the Auvinen Finnish tudv Prove that

a *

Asthma
Indoor Air Quality
Mold/Mold Resources
Radon
IAQ Tools for Schools

Secondhand Smoke/
Smoke-free Homes

Residential Radon Does Not Cause Lung
Cancer?
Why does it take so many cases to make residential radon

National Radon Action
Month

Who Can Test or Fix
Your Home for

Radon?
Radon and Real Estate

Updated Radon Risk
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Definitions

Radon
Radon is a gaseous radioactive element having the symbol Rn, the
atomic number 86, an atomic weight of 222, a melting point of -710C,
a boiling point of -621C, and (depending on the source, there are
between 20 and 25 isotopes of radon - 20 cited in the chemical
summary, 25 listed in the table of isotopes); it is an extremely toxic,
colorless gas; it can be condensed to a transparent liquid and to an
opaque, glowing solid; it is derived from the radioactive decay of
radium and is used In cancer treatment, as a tracer in leak detection,
and In radiography. (From the word radium, the substance from
which it is derived.) Sources: Condensed Chemical Dictionary, and
I Handbook of Chemistry and Physics, 69th ed., CRC Press, Boca
Raton, FL, 1988.

EPA's Integrated Risk Information System profile on Radon 222
[CASRN 14859-67-71 is located at: ppa.gov/iris/subsVO275.htm

Conversion Factors for Radon Units (PDF, I page, 346KB About
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PDF)
Radon Decay Series Chart (PDE, 1 page, 244KB About PDE)

Sources of Radon

Earth and rock beneath home; well water; building materials.

What are the Health Effects From Exposure to Radon

No immediate symptoms. Based on an ypdated Assessment of Risk
for Radon in Homes, radon in indoor air is estimated to cause about
21,000 lung cancer deaths each year in the United States. Smokers
are at higher risk of developing Radon-induced lung cancer. Lung
cancer is the only health effect which has been definitively linked with
radon exposure. Lung cancer would usually occur years (5-25) after
exposure. There is no evidence that other respiratory diseases, such
as asthma, are caused by radon exposure and there is no evidence
that children are at any greater risk of radon induced lung cancer
than adults.

What Is the Average Level of Radon Found in a Home?

Based on a national residential radon survey completed In 1991, the
average indoor radon level is 1.3 picocuries per liter (pCIL) In the
United States. The average outdoor level is about 0.4 pCi/L.

What's the Debate on Radon?

There is no debate about radon being a lung carcinogen In humans.
All major national and international organizations that have examined
the health risks of radon agree that it is a lung carcinogen. The
scientific community continues to conduct research to refine our
understanding of the precise number of deaths attributable to radon.
The National Academy of Sciences BEIR VI Report has estimated
that radon causes about 15,000 to 22,000 lung cancer deaths
annually based on their two-preferred models.

A few scientists have questioned whether low radon levels, such as
those found in residences, increase the risk of lung cancer because
some small studies of radon and lung cancer in residences have
produced varied results. Some have shown a relationship between
radon and lung cancer, some have not. However, the national and
international scientific communities are in agreement that all of these
residential studies have been too small to provide conclusive
information about radon health risks. Major scientific organizations
continue to believe that approximately 12% of lung cancers annually
in the United States are attributable to radon.

How do we know radon is a carcinogen?

The World Health Organization (WHO), the National Academy of
Sciences, the US Department of Health and Human Services, as well
as EPA, have classified radon as a known human carcinogen,
because of the wealth of biological and epidemiological evidence and
data showing the connection between exposure to radon and lung
cancer in humans.

http://www.epa.gov/radon/radonqal.html I11/15/2005


