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L INTRODUCTION

A. Request and Party Identity

The State of Nevada (Nevada) hereby petitions for a formal hearing to be held on the
application of the Department of Energy (DOE) for a construction authorization for the proposed
high-level radioactive waste repository at Yucca Mountain (hereinafter referred to as the
"proceeding"). Nevada also petitions to intervene as a full party to this proceeding. The name of
the party and its addresses (and related contact information) are as follows:

Name of party: Nevada

Address: Catherine Cortez Masto
Nevada Attorney General
Marta Adams
Chief, Bureau of Government Affairs
100 North Carson Street
Carson City, Nevada 89701
Tel: 775-684-1237
Email: madams@ag.nv.gov

The Office identified below should also be kept informed:

State of Nevada

Office of the Governor

Agency for Nuclear Projects
Nuclear Waste Project Office

1761 E. College Parkway, Suite 118
Carson City, NV 89706-7954

Tel: 775.687.3744

Email: nwpo@nuc.state.nv.us

B. Timeliness
The application was noticed for hearing on October 22, 2008 (73 Fed. Reg. 63029,

10/22/2008), and this Petition is timely filed within 60 days of publication of such notice.


mailto:nwpo@nuc.state.nv.us
mailto:madams@ag.nv.gov

C. Standing

1. The proposed repository would be located about 90 miles from the city of Las
Vegas, Nevada, within the State of Nevada. Therefore, Nevada is entitled to request a hearing
and to be admitted as a full party to the proceeding pursuant to 10 C.F.R. §§ 2.309(d)(2)(iii) and
63.63(a), and section III, paragraph A of the Notice of Hearing.

2. In addition to this provision, Nevada has standing to request a hearing and to
intervene because (a) it would suffer numerous concrete and specific injuries in fact, within the
zone of interests protected by the NWPA, the AEA, and the NEPA, should Yucca Mountain be
licensed, (b) these injuries can fairly and directly be traced to the challenged action, i.e., the
issuance of the construction authorization by the NRC, and consequent transportation to, and
disposal of waste at, Yucca Mountain, and (c) these injuries will be redressed by denial of DOE's
application. These injuries are described fully in the affidavit by Robert R. Loux, the Executive
Director of the Nevada Agency for Nuclear Projects attached as Attachment 1.

(a) Injuries in Fact and Causation

The Loux affidavit explains that Nevada has a strong interest in protecting the health and
safety of its citizens from radiological injuries and in protecting its lands and groundwater from
radioactive contamination. Among other injuries, the disposal of radioactive waste at Yucca
Mountain will inevitably lead to increased radiation doses to Nevada's citizens and to the
contamination of the lands and the groundwater of Nevada with radioactive materials. Nevada's
sovereign interests are injured because, under Nevada law, all groundwaters are owned by the
people of Nevada and administered in trust by Nevada. These injuries will be avoided if DOE's
application is denied, the precise relief requested herein by Nevada. These radiological injuries

are sufficient to give Nevada standing to intervene. See Private Fuel Storage L.L.C.



(Independent Spent Fuel Storage Litigation), CLI-98-13, 48 NRC 26, 33 (1998); Sequoyah Fuels
Corporation (Gore, Oklahoma Site Decommissioning), LBP-99-46, 50 NRC 386, 395 (1999).

(b) Zone of Interests

Nevada's stated injuries are radiological in nature, and therefore, they fall within the zone
of interests protected by the NWPA, the AEA, and the NEPA.
(©) Redressibility
These injuries will not occur if the Yucca Mountain application in this proceeding is
denied, the relief requested by Nevada.

D. Hearing Requested

Nevada requests a formal adjudicatory hearing on each of its contentions in accordance
with section 189a(1)(A) of the Atomic Energy Act of 1954, as amended, section 114(d) of the
Nuclear Waste Policy Act of 1982, as amended, 5 U.S.C. §§ 554-558, and 10 C.F.R. Part 2,
Subparts C, G, and J. In addition, Nevada asks to participate in the resolution of uncontested
issues to the same extent, and in the same manner, as DOE or any other party may be allowed to
participate in the resolution of those issues.

E. Subpart J

Nevada has substantially and timely complied with the provisions of Subpart J, including
Section 2.1003 and Section 2.1009, in that it has designated an official responsible for
administration of its responsibility to provide electronic files of Documentary Material;
established procedures to implement the requirements of Section 2.1003; provided training to its
staff on the procedures for implementation of the responsibility to provide electronic files of
Documentary Material; has expended substantial time and good faith effort to ensure that it has

made all its Documentary Material publicly available; and its responsible designated official has



certified that to the best of his knowledge, the Documentary Material specified in Section 2.1003
has been identified and made electronically available.

Nevada submitted an adequate and timely initial LSN certification (on January 17, 2008),
and adequate and timely supplemental certifications (on February 2, 2008, February 26, 2008,
March 31, 2008, April 28, 2008, May 30, 2008, June 27, 2008, July 30, 2008, August 29, 2008,
September 29, 2008, October 30, 2008, and November 25, 2008). Moreover, Nevada
participated fully in all pre-application phases of this proceeding before two licensing boards and
the Commission. Therefore, Nevada has complied fully with the provisions of section II,
paragraphs 2, 3, and 7 of the Notice of Hearing, there is no "failure . . . to participate as a
potential party in the pre-License Application phase under Subpart J of [10 C.F.R. Part 2]," and
correspondingly, there is no basis for limiting or denying full party status to Nevada under 10
C.F.R. § 2.309(a).

F. Joint Contentions

At this time, Nevada has no joint contentions. Nevada may identify joint contentions
later, in accordance with such reasonable schedule as may be set by the presiding officer.

IIL. INTRODUCTION TO CONTENTIONS

Pursuant to the Pre-License Application Presiding Officer Board’s June 20, 2008
Memorandum and Order (LBP-08-10), Nevada drafted "single-issue" contentions, each raising a
single safety, environmental (NEPA), or legal issue and supported by a single set of related facts
or omissions. However, because it may be difficult to discern the overall themes in Nevada’s
case against Yucca Mountain from individual contentions, we have prepared this introduction. It
is not intended to be any part of any contention within the meaning of 10 C.F.R. § 2.309(f). In

addition, some contentions are omitted from this summary in the interest of brevity.



SAFETY
Programmatic:

Nearly all of Nevada’s contentions challenge DOE’s claim that disposal of high-level
radioactive wastes and spent nuclear reactor fuel at Yucca Mountain will be safe — that is, DOE’s
claim that disposal will comply with federally prescribed standards for radiation dose to the
public.' Several safety contentions challenge DOE’s fitness as a potential NRC licensee, the
entity with direct and primary responsibility to protect the public health and safety. DOE does
not have the necessary safety culture and competence to be an NRC licensee for a complex, first-
of-a-kind project like Yucca Mountain that involves inherently dangerous technology. DOE
fostered a management culture which attached higher priority to meeting artificial schedules than
compliance with safety rules and withheld important safety information from the license
application. DOE’s historic inability to implement an adequate quality assurance (QA) program
for the Yucca Mountain Project, despite numerous promised "get-well" plans, means that its
commitments regarding its QA program for the duration of the Project cannot be relied on.

Post-Closure Safety:

Most of Nevada’s safety contentions address DOE’s "post-closure" safety case. DOE’s
LA asks the NRC to allow DOE to dispose of seventy thousand metric tons (heavy metal) of
high-level radioactive wastes and highly radioactive spent nuclear reactor fuel in Yucca
Mountain. The disposal is intended to be permanent — Yucca Mountain is not proposed as a

"storage" facility as it is sometimes portrayed. The post-closure safety case is the part of the LA

! Because there is no final NRC regulation that applies to the post-10,000 year post-closure performance assessment,
Nevada’s contentions on this subject focus on the EPA’s October 15, 2008 final rule (73 Fed. Reg. 61256). NRC’s
and EPA’s radiation standards rules for the assessment period before then are identical (a probability weighted 15
mrem per year).



in which DOE attempts to prove that permanent disposal of these very hazardous and long-lived
materials at Yucca Mountain will be "safe."

Clearly, deficiencies in DOE’s post-closure safety case are of central importance to
Nevada and its citizens. DOE’s Total System Performance Assessment ("TSPA"), required by
EPA and NRC regulations (40 C.F.R. § 197.20 and 10 C.F.R. § 63.102 (j)), is the heart of DOE’s
post-closure safety case. The TSPA is an extremely complicated, non-linear collection of linked
mathematical models that are supposed to simulate repository radioactive releases into the distant
future. DOE uses one or an array of linked computers to implement the collection of TSPA
models and to calculate releases of radioactive materials and annual doses to an EPA-defined
Reasonable Maximally Exposed Individual (RMEI) in the accessible environment 18 km (11
miles) from Yucca Mountain. There are numerous computer "runs" whereby DOE effectively
rolls the dice to select the relevant parameter values used as inputs to the calculation, using the
particular parameter value probability distributions that DOE selected on ill-defined and often
apparently arbitrary bases. Each "run" produces a specific radiation dose time history.

DOE has done a very a poor job of gathering scientific data, and some of DOE’s
critically important models cannot be validated with data that have been collected. DOE assigns
a probability distribution to hundreds of scientific parameters, when data are available, so that
each computer "run" of its TSPA model collection can "sample" from assigned parameter values.
However, there is no apparent logic to how the shapes of the various distributions of data (or
probability density functions) were selected. Sometimes data are so sparse that a supposedly
"bounding" high estimate and a low estimate are all that is available, but DOE assumes

arbitrarily that all values in between are equally likely.



DOE ran the overall TSPA calculation many hundreds of times for each calculation case
in an effort to assure that its calculations of the expected annual doses are statistically valid. The
EPA standards apply to the mean, or average, of these runs. The collection of "runs" for one case
are illustrated in the "horsetails" in Figure 2.4-10 on page 2.4-424 of the SAR. The TSPA is so
complex that a single run of the many hundreds needed for statistical validity typically requires
one to two hours to complete on a top-of-the-range PC. The TSPA overall model is nearly
inscrutable, even to experts, and the enormous requirement in terms of computing resources
means that it is virtually impossible for the calculations undertaken by DOE to be duplicated and
verified by other parties.

As indicated above, because DOE lacked necessary scientific data, it was unable to
adequately validate all of the individual model components of the TSPA. DOE also has ignored
or improperly analyzed certain system and design "features," numerous physical "events," and
various physical and chemical "processes," collectively called "FEPs." Perhaps the most glaring
instance is DOE’s failure to even consider the possibility that the more than 11,000 drip shields,
each composed of five tons of expensive titanium alloy, which DOE asks us to believe someone
will install 100 years in the future, will not in fact be installed. It is a crucial omission as DOE’s
own TSPA calculations show it cannot comply with federal dose standards without the drip
shields.

Although Yucca Mountain is supposed to be a "geologic" repository, the most important
feature delaying the movement of radioactive materials to the accessible environment is this
collection of titanium alloy drip shields, an engineered barrier. The project is far removed from
its original concept as a "geologic repository." The original concept of a "geologic repository"

was that good geology (here, the mountain) would protect humans from the radioactive waste;



now an engineered barrier is needed to protect the radioactive waste from the mountain. DOE
added the drip shields to its design when it discovered that Yucca Mountain’s geology provided
a poor barrier to the flow of water from the surface to the drifts (tunnels) in which the waste
containers would be emplaced. The subject title of an internal Project e-mail, "Water Water
Everywhere," addresses the discovery of water in the underground tunnels and captures the
essence of the problem (e-mail L. Rickertsen to E. Taylor (4/1/1998), LSN# DN2000615084
at 1). Indeed, the DOE term "drip shield" indicates unmistakably that water is a serious problem.

If the drip shields fail earlier than DOE says they will, or if they are improperly installed
or not installed at all, there is no backup, no defense-in-depth, to prevent violation of the EPA
standard. In fact, an analysis based upon DOE’s early drip shield failure scenario indicates that
the EPA dose standard is violated within 1,000 years after closure if there are no drip shields.

Quite apart from the physical difficulty of installing drip shields a 100 years from now, it
is unreasonable to rely on DOE’s promise to do so as it is meaningless and unenforceable. DOE
is in no position to commit Congressional expenditures of many billions of dollars so far in the
future. But the physical difficulties make such an installation even more unlikely. It requires
near perfect fabrication and remote installation of the drip shields in the tunnels. That requires
smooth deep underground operation of robotic installation equipment despite high temperatures
exceeding the boiling point of water, dust, poor visibility, close tolerances, high radiation fields,
and potential debris from rockfalls. DOE has no real plans and designs for the installation, and
relies on the use of future machines and equipment that have never been fabricated even as
prototypes, nor does DOE have plans for such prototypes.

Most remarkable, and downright scary, is DOE’s plan to install the drip shields about

one-hundred years from now, after wastes are emplaced in the tunnels. If installation proves to



be defective or impossible, it will be too late to assure safety by alternative methods short of the
complex and hazardous task of retrieving the wastes from the tunnels. And by the way, DOE has
not provided us with any actual retrieval plans or any articulation of the circumstances under
which retrieval may be undertaken.

DOE also chose what it thought would be a corrosion-resistant metal, alloy 22, for the
waste container surface, although there was no experience with this metal in Yucca Mountain’s
corrosive environment, nor with exposures for many thousands of years. DOE adopted the
strategy of relying on engineered barriers (the drip shields and waste packages) notwithstanding
the advice of one of its experts that "[i]t is ridiculous to completely rely on engineered barriers,
the lifespan of which has never been tested for even 10s or 100s of years. . . ." (this quote is from
an internal DOE e-mail from Bob Levich to Paul Dixon (9/24/1997), LSN# DN2001816925
at 1). DOE makes unprecedented extrapolations from limited (and sometimes also inapplicable)
corrosion studies, ignores troublesome modes of corrosion, and uses oversimplified and
unsupported models of coupled thermal, hydrological, and chemical interactions among natural
and engineered features. On this score DOE rejected advice regarding the TSPA from its
statutory advisory committee, the NWTRB.

DOE also systematically underestimates uncertainty by ignoring the mandatory
requirement to propagate through the safety assessment how Yucca Mountain might perform in
isolating wastes using scientifically supported alternative models. It is a serious failing because,
given the uncertainty of the models, only if alternative models produce comparable results can
one have any confidence in the outcome.

In all, Nevada has over 150 safety contentions attacking DOE’s TSPA or the conceptual

models and data on which it relies. Each contention focuses on cited portions of DOE’s LA,
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cites to applicable NRC requirements that are violated, and is supported by an expert analysis
(paragraph five of each contention). They show, among other things, that:

. DOE’s selection of which FEPs to include in the TSPA, an essential early step,
ignores important events and processes and improperly excludes others. DOE’s
inability to install drip shields, and problems in installing them properly,
discussed above, are examples. Also, a scientific study shows that within the
assessment period prescribed by EPA natural processes may erode Yucca
Mountain down to the level of the emplacement tunnels, completely exposing the
wastes. DOE refuses to consider this in its TSPA;

o DOE’s selection of future climate states to predict precipitation on Yucca
Mountain surfaces cannot be justified;

° DOE’s new MASSIF net infiltration model, used to estimate infiltration of water
from the mountain surfaces to near the repository tunnels, has over a dozen fatal
flaws that render it completely invalid;

o DOE’s model to estimate seepage into the tunnels is invalid because it ignores the
interplay of applicable diffusive, advective, heat and mass transfer processes,
coupled with phase transitions;

o DOE concedes that the drip shields and waste packages will eventually corrode
from seepage and other sources, but its models to predict corrosion rest on data
that are inapplicable and ignore demonstrated processes that would greatly
increase amounts and rates of corrosion;

o DOE does not demonstrate that its plans to install drip shields are feasible and its
assumption of near-perfect drip shield installation is not justified;

o DOE’s plan to install the drip shields about one-hundred years from now, after
wastes are emplaced in the tunnels, cannot be justified because if installation
proves to be defective or impossible, it will be too late to assure safety by
alternative methods;

J DOE’s model for estimating the movement of radioactive materials from below
the repository to the accessible environment assumes a degree of adsorption of
radioactive materials that is not justified by data;

o DOE’s calculation of how radioactive materials reaching the accessible
environment will result in doses to humans is wrong and is based on misuse of the
available data;

o DOE systematically underestimates uncertainty when it ignores alternative
models of how Yucca Mountain might perform in isolating wastes, and does
calculations using only a small number of scenario classes combined with only a
somewhat larger number of modeling cases; and

o If the wastes are retrieved, they must be stored thereafter at Yucca Mountain
because DOE does not articulate any other storage alternative. Therefore, it
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appears that DOE’s fundamental objective is to move the wastes to the Yucca
Mountain site in Nevada and keep them there, regardless whether disposal there is
safe.

In particular, the contentions relating to the post-closure safety assessment, as
implemented in the TSPA, demonstrate that the infiltration of water into Yucca Mountain has not
been properly estimated, that the flow of that water through the unsaturated zone above the
repository has not been appropriately represented and that its chemical characteristics have not
been suitably characterized. Furthermore, the potential for unsaturated zone water to enter the
emplacement drifts has been underestimated, because of fundamental conceptual errors in the
modeling and because of neglect of the effects of components of the rock support system on
water entry. The potential for corrosion and mechanical degradation of both the drip shields and
waste packages has been seriously underestimated, due to reliance on inappropriate experiments
and the neglect of various modes of corrosion and mechanical degradation. Taken together,
these various contentions indicate that releases of radionuclides will be much larger and occur
much earlier than has been assessed by DOE. This necessarily means that the radiological
impacts of the repository have been substantially underestimated. In addition, whole areas of
relevant science have been excluded from consideration, e.g. greenhouse-gas induced climate
change and the lowering of the topography of Yucca Mountain by erosion. Also, though great
reliance is placed by DOE on the claimed long-term integrity of the proposed engineered barrier
system, the design and operation of that system are so scantly described that there can be no
assurance that it will meet even the inadequate specifications proposed by DOE or that all its
components can ever be installed.

Nevada’s post-closure TSPA contentions make, in the aggregate, two overarching safety

claims. First, DOE has not proved that its TSPA accurately models the performance of the
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natural geologic barriers and the installed engineered features of Yucca Mountain over the
assessment period prescribed by EPA. Second, given the limited data that are provided about
future plans and designs, and what appear to be serious technical obstacles, there is no assurance
that DOE’s plans for the repository, especially its doubtful plans to install drip shields, meet
federal dose standards.

Pre-Closure Safety:

Pre-closure safety generally addresses safety of workers and the public during repository
operations and the conduct of other activities prior to permanent closure. Nevada’s contentions
here include a failure to protect against terrorist attacks such as occurred on 9-11, an insufficient
evaluation of means to reduce radioactive doses to workers at the site, and an elimination of
aircraft crashes from the safety design bases based on faulty statistics and unwarranted
assumptions about future U.S. Air Force flight restrictions. DOE also fails to provide an
emergency plan or even a description of such a plan, opting instead to continually parrot back the
regulatory requirement with a mere commitment to develop something in the future.

NEPA

Nevada’s NEPA contentions include DOE’s inadequate evaluation of impacts from
transportation of high-level radioactive wastes and spent reactor fuel from sites around the
country to Yucca Mountain. This is of special concern to Nevada because large quantities of
spent reactor fuel will be transported through heavily populated downtown Las Vegas, near Las
Vegas Boulevard in the heart of the gaming district and close by over 40,000 hotel rooms. The
safety record of transportation of nuclear materials in the United States has been very good, but
DOE proposes a transportation campaign that dwarfs anything done before, both in terms of the

huge amount of nuclear waste to be shipped and the large number of shipments to be made.
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Moreover, terrorism is a relatively new and continuing concern, and a single well-planned and
executed attack on a single cask of spent reactor fuel could have grave safety and economic
consequences. As limited options are proposed for routing of waste packages through Nevada,
focusing of terrorist activities on those routes is a particular concern of the state.

There are other notable NEPA contentions, including NRC Staff’s remarkable proposal to
adopt virtually all of DOE’s several Yucca Mountain environmental impact statements while, at
the same time, refusing to state whether it actually agrees with everything in them. As various
aspects of these environmental impact statements have been found to be incorrect, incomplete, or
inadequate, as set out in the contentions, it cannot be appropriate for the NRC Staff to adopt
them.

MISCELLANEOUS

This category includes several "legal" contentions. For example, DOE’s proposed "aging
pad" is a disguised "Monitored Retrievable Storage Facility" that clearly violates the NWPA.
Moreover, because natural processes will eventually erode Yucca Mountain down to the level of
the repository drifts, exposing the waste packages to the atmosphere while the wastes within
them are still dangerous, Yucca Mountain cannot satisfy the mandate Congress had in mind
when it only authorized DOE to apply for a license for "permanent deep geologic disposal."

ORGANIZATION AND CITATION

Finally, a few words should be added about organization of the contentions and citations
within them.

Safety contentions are first, and within this category, a few contentions addressing DOE

as the potential licensee are first, followed by contentions addressing post-closure safety
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(especially the TSPA), and then contentions addressing pre-closure safety. NEPA contentions
are next, followed by a few contentions in the "miscellaneous" category.

Because there are so many TSPA contentions, descriptive subtitles are added to describe
groups of TSPA contentions addressing a similar subject (for example, corrosion). These
subtitles are not intended to be a part of the contentions themselves, and they may be somewhat
inexact, but they should be helpful to the reader.

Nevada also designates some contentions as "legal" contentions or as contentions
alleging an error of omission. When applicable, these designations appear in the first paragraph
of the contention. Legal contentions question the lawfulness of what DOE proposes (such as
whether Yucca Mountain is even a geologic repository authorized by the NWPA). They are
framed based on factual premises that are usually apparent from the LA itself, and most should
be resolvable based on written briefs and oral argument. There are some rule challenges,
requiring a special certification to the Commission (10 C.F.R. § 2.335), but these are not
designated as "legal" contentions because they are predominantly safety in nature. Errors of
omission are contentions that are based on the complete absence of a necessary document (for
example, an emergency plan or retrieval plan). We do not designate every inadequacy in the LA
as an error of omission even when the error might be corrected by adding something because
doing so would result in hundreds of such designations, greatly diminishing the utility of the
designation.

The references in the contentions are to DOE’s LA or NEPA documents, to available
legal or technical materials, or to materials (affidavits) that are attached (each affidavit identifies

the particular contentions whose supporting information is sponsored by the affiant). Most
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citations are to materials on the LSN. If| contrary to expectation, a document cited by Nevada
cannot be located easily, Nevada would be pleased to provide assistance in locating it promptly.

I1I. CONTENTIONS

A. Safety-Related Contentions

€)) Programmatic
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NEV-SAFETY-01 - DOE INTEGRITY

1. A statement of the contention itself

The LA cannot be granted because DOE lacks the requisite integrity to be an NRC
licensee.

2. A brief summary of the basis for the contention

DOE’s continuing and past actions related to Yucca Mountain reveal a pattern of material
false statements and omissions and an elevation of schedule considerations over safety and
compliance. Taken together, these actions indicate that DOE has a defective safety culture and
lack of integrity that are inconsistent with being a responsible NRC licensee.

3. A demonstration that the contention is within the scope of the hearing

This issue must be addressed and resolved in order for the NRC to find, as required by 10
C.F.R. § 63.31(a)(1) and (2), that there is reasonable assurance of safety, and the issue is within
the scope of the hearing as provided in section II, paragraph 1 of the notice of hearing.
Moreover, long-standing NRC case law establishes that an applicant’s integrity is a proper
consideration in a licensing hearing. See, e.g., Georgia Institute of Technology (Georgia Tech
Research Reactor), CLI-95-12, 42 NRC 111 (1995); Georgia Power Company (Vogtle Electric
Generating Plant, Units 1 and 2), CLI-93-16, 38 NRC 25 (1993).

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

This issue must be addressed and resolved in order for the NRC to find, as required by 10
C.F.R. § 63.31(a)(1) and (2), that there is reasonable assurance of safety, and the issue is
therefore material. Moreover, long-standing NRC case law establishes that issues with respect to

an applicant’s integrity are material ones. See, e.g., Georgia Institute of Technology (Georgia
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Tech Research Reactor), CLI-95-12, 42 NRC 111 (1995); Georgia Power Company (Vogtle
Electric Generating Plant, Units I and 2), CLI-93-16, 38 NRC 25 (1993).

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

NRC rightfully emphasizes the need for a "safety conscious work environment" in which
safety is the top priority and communications with the NRC are truthful, complete, and timely.
In NRC’s parlance, a deficient work environment, or deficient safety culture, is a "cross-cutting"
issue that permeates all aspects of safety performance and constitutes the root cause of multiple
types of safety problems. NRC explicitly modified its nuclear inspection program to include
consideration not only of whether "an environment exists in which employees feel free to raise
concerns," but also of whether "management . . . displays behaviors that reflect safety as an
overriding priority." See "NRC Operating Reactor Assessment Program" (11/27/2007), IMC
(Inspection Manual Chapter) 0305 at 38-39. See also "NRC Supplemental Inspection for
Repetitive Degraded Cornerstones, Multiple Degraded Cornerstones, Multiple Yellow Inputs, or
One Red Input" (10/26/2006), IP (Inspection Procedure) 95003 at 57, et seq. On grounds less
compelling than those described below, NRC ordered licensees to independently evaluate and to
upgrade their culture and performance. See, e.g., "Approval to Restart the Davis-Besse Nuclear
Power Station, Closure of Confirmatory Action Letter, and Issuance of Confirmatory Order"
(03/08/2004), LSN# NEV000005419; "Confirmatory Order (Effective Immediately) Office of
Investigation Report No. 3-2005-010," Point Beach (01/03/2007), LSN# NEV000005435; and
"Confirmatory Order (Effective Immediately)," D.C. Cook (04/04/2007), LSN# NEV000005453;
and " Confirmatory Order for Program Improvements (Effective Immediately)" Nuclear Fuel

Services (07/18/2007), LSN# NEV000005439.
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Examples abound indicating that DOE abetted or tolerated, if not established, a culture in
which meeting artificial schedules was more important than safety or compliance, and withheld
material safety information from the NRC, with apparent willful intent. These examples are as
recent as the tendering of the LA and cannot be dismissed as irrelevant prior history. They show
that DOE had, has, and likely will continue to have a deficient safety culture.

In 2004, in order to meet a 2004 artificial deadline for submission of the LA, DOE
certified the completeness of its LSN document collection under circumstances where it knew, or
must have known, that the collection was not complete and that its certification violated NRC
regulations. The PAPO Board found in LBP-04-20, 60 NRC 300 (2004) that DOE’s approach to
certification "strains credulity." Id. at 319. Rather than comply fully with NRC regulations,
DOE "forged ahead on June 30, 2004, failing to produce tens of thousands of late gathered
documents" because "DOE and its agents did not get their act together in time to meet DOE’s
own self-imposed deadline." Supra at 325. Indeed, DOE’s non-compliance was entirely willful,
for as the PAPO Board held, there was "a fundamental and system-wide problem caused by a
conscious DOE decision to certify on June 30, 2004, before DOE’s privilege review was
finished." Supra at 320.

A disregard for safety infected DOE’s preparation of the LA in the several years before it
was filed. DOE OCRWM Director Sproat established an artificial deadline of June 30, 2008 for
submission of the application. He testified before the NRC’s Advisory Committee on Nuclear
Waste (ACNW) that "[t]hat’s no later than Monday, June 30, 2008. I know exactly when that
date is and everybody working on this program right now knows exactly when that date is."
ACNW meeting transcript for April 10, 2007, LSN# NEV000003601 at 10. This top-down

directive created a culture within the YMP where schedule was apparently deemed supreme.
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Accordingly, after DOE chose Sandia to be the Lead Lab to perform the TSPA, an internal
Sandia e-mail message was sent that emphasized, in no uncertain terms, the overriding
importance of the June 2008 application filing deadline. This statement, in an internal e-mail
message dated October 15, 2006, LSN# DN2002359161 at 1, instructs Sandia personnel that the
"TSPA needs to have form and function frozen by 12/15/06 in order to meet the June/2008 LA
submittal," and that "delays are not acceptable." As the statement explains further:

It is clear from the words of Ward Sproat that a License Application will be

submitted in June of 08. It was clear from Andrew [S. Andrew Orrell, Sandia’s

Senior Program Manager for Yucca] that Ward Sproat has every confidence in

Sandia that we will meet this schedule and that Sandia will not let DOE down. As

Andrew said, it is time to put pencils down and wrap-up this work. We need to

identify risks and then mitigate them in such a way that we have product that is

docketable and adequately defensible for submittal in June of 08. Delays in

schedule can no longer be tolerated if we are to succeed. While some risk can be

carried forward into License Defense space we must endeavor to develop a

defensible LA on time.

Thus, the document indicates that schedule clearly drives the product. If Sandia cannot
complete all of the scientific analyses recommended in support of the application in time to meet
the schedule, it will deal with this by "mitigating" those risks. But what if "mitigation" results in
the safety evaluation being incomplete? Is meeting a schedule more important than eliminating
gaps in the safety analysis? And what happens if someone believes more time or analysis is
technically necessary to ensure a credible safety evaluation? The answers appear to be provided
in another broadly distributed internal Sandia e-mail message dated October 10, 2006, only a few
days later. LSN# DN2002319598 refers to an "all hands" meeting of Sandia personnel, held in
order to present "Lead Lab kick-off information." At the meeting, Sandia’s entire Yucca work
force was apparently told specifically that they would be "all out of a job" if the June 30, 2008

DOE deadline for submission of the application was not met. /d. at 1. "Any slips in schedule

will be recovered by cutting scope. There is no allowance for not meeting schedule." Id.



20

Indeed, the author of the e-mail explains that "my responsibility, as NFE Manager, is to ensure
that the 3 priorities schedule, defensibility, and credibility in that order, are satisfied." Supra at 2
(emphasis added). In other words, it was more important to meet an arbitrary deadline for
getting the application filed than it was for the application to be defensible, and more important
to make the application defensible than for it to be technically credible. And this skewed
ordering of priorities was enforced under the premise that if the arbitrary schedule was not met
"we are all out of a job."

The unfortunate results of DOE’s skewed priorities are manifested in other internal
e-mail messages and Yucca Project documents. For example, a "technical work plan" prepared
by Sandia for the "defensibility of technical products" states that "residual vulnerabilities [in the
LA] for which resolution must be deferred for reasons of priority or time constraints will be
reflected in the project Risk Register and addressed prior to the hearing on the LA [license
application]." LSN# DN2002502865 (1/25/2007) at x. DOE’s comments on the document,
DN2002379717 at 1, suggest that DOE had no problem with the cited excerpt. Therefore, it was
acceptable to DOE if the LA filed with the NRC included known but undisclosed "residual
vulnerabilities" in safety evaluations but, if NRC Staff, Nevada or some other stakeholder were
to find out about them, DOE (with Sandia’s assistance) would need to be ready with some
explanation.

Other, earlier e-mail messages are even worse. They show: (1) some YMP personnel
adopting the position that NRC should be given "minimum information" (e-mail message from
R. Rickertsen to P. Swift, dated August 1, 2002, DEN001231578 at 1); (2) some YMP personnel
believing that "proof that will get us through the regulatory hoops" need not be "rigorous" (e-

mail string from L. Rickertsen to L. Rickertsen, last dated September 3, 1996, LSN#
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DENO001222278 at 1); (3) sustained efforts to "keep some people in blissful ignorance" about
technical problems (e-mail message from L. Rickertsen to M. Scott, dated June 25, 1998, LSN#
DN2000734458 at 1); (4) a program that carefully manipulates statistics to assure that the results
are always "in the right place" (email string from L. Rickertsen to E. Taylor, last dated January
28, 1998, LSN# DEN001212230 at 1); (5) a program where a senior scientist expresses a
concern about "how to fight lies and misinformation" and opines that "no one seems to care
about the truth" (e-mail string from L. Rickertsen to J. Docka, last dated March 3, 1998, LSN#
DENO001225591 at 1); and (6) a project where technical experts call senior officials "swindlers,"
"certifiable jerks" (and worse), the management of the principal contractor is called "craven and
ignorant," and there is concern about what would happen if Nevada learned about certain internal
communications (e-mail string from L. Rickertsen to E. Taylor, last dated September 28, 1998,
LSN# DN2001131123 at 4).

Before tunnel construction began for the exploratory study facility at Yucca Mountain,
DOE knew that tunneling would release toxic respirable silica, that harm from respirable silica
was completely preventable, and that engineering and administrative controls along with
respiratory protection were necessary to protect its workers from that dust. But, because of
concerns about schedule and possible litigation, DOE failed to implement any controls or
respiratory protection for almost three miles of tunneling, leaving its workers unprotected and
overexposed. The details of this sorry episode are provided below. While this episode deals
with non-radiological hazards, it offers another example where DOE elevated schedule and cost
(litigation cost) over safety, and buttresses the contention that DOE has a deficient safety culture.

Long before construction began on the Exploratory Site Facility ("ESF") tunnels at Yucca

Mountain in October 1994, DOE knew that toxic silica dust would be a hazard, and as of 1988,



22

DOE knew that Yucca Mountain was laden with silica. See "Comments for the Exploratory
Studies Facility, North Area Design Studies Review," 06/26/1991, LSN# DEN000129132 at 1;
and "Letter regarding the opportunity to submit comments in the Title I design review for the
Exploratory Shaft Facility (ESF) portion of the Nevada Nuclear Waste Storage Investigations
Project," 04/20/1989, LSN# DEN000596707 at all pages. Further, DOE knew that dry-drilling
silica-laden rock would release respirable silica, which was extremely hazardous to health. See
"Evaluation of potential dust-related health hazards associated with drilling," 01/29/1988, LSN#
DENO000556071, pages unnumbered but see generally §§ 1.0 and 4.0. DOE further knew that
the harm from exposure to respirable silica in the tunnels was completely preventable. See
NIOSH ALERT "Preventing Silicosis and Death in Rock Drillers" (08/1992), LSN#
NEV000004697 at 8; and "Update NIOSH issues nationwide alert on silicosis" (11/18/1992),
LSN# NEV000004578 at 1. DOE knew that prevention of that harm would require excellent
dust control (see "Evaluation of Dust Hazards in an Underground Dry Drilling Operation.
American Industrial Hygiene Conference: Joint activities in industrial hygiene" (04/11/1989),
LSN# DEN000076430 at 1), especially through engineering and administrative controls (see
LSN# DEN000076430 at 1), daily monitoring (see LSN# DEN000596707 at 2), and as a last
resort, with personal protective equipment (see LSN# DEN000076430 at 1).

But, as the NWTRB reported to Congress, DOE failed to incorporate necessary
engineering controls for dust management on the tunnel boring machine ("TBM"), for which it
alone designed the specifications, despite knowing that silica dust likely would be a hazard to all
in the tunnels. See "Underground Exploration and Testing at Yucca Mountain - A Report to
Congress and the Secretary of Energy, Nuclear Waste Technical Review Board, October 1993,"

10/01/1993, LSN# DN2001635791 at vii and 23. Instead, DOE focused on ways to make the
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TBM run faster. See "Yucca Mountain Site Characterization Project, Tunnel Boring Machine
Modifications Report, Exploratory Studies Facility," 10/19/1995, LSN# DEN001275498 at 25.
Moreover, even though the federal government's tunneling experts, Mine Safety and Health
Administration ("MSHA"), advised DOE to sample daily for dust, see LSN# DEN000596707 at
2, DOE took only 95 samples from roughly October 1994, when the TBM began (see "Tunnel
activity report for Sta. 0+58.30 to Sta. 27+94.53 dated from October 30, 1994 to November 15,
1995, at 01 thru 75" (11/15/1995), LSN# DEN000020399 at 1), until mid-December 1995, when
the tunnel was two miles long (see "Tunnel activity reports - from Sta. 27+95.90 to Sta.
56+25.23 dated from November 15, 1995 to June 10, 1996" (06/10/1996), LSN#
DENO001255756 at 76 thru 153 (in particular, see entry for December 13, 1995 at 87)).

Worried about "collection of data from which technical disputes [could] arise," in
November 1995 DOE delayed conducting a long-overdue baseline air quality assessment of the
ESF. See "Exploratory Studies Facility (ESF) Air Quality Assessment" (11/03/1995), LSN#
DENO001377103 at 1. Until mid-1996 DOE made available paper dust masks, utterly useless
protection against respirable silica. See "Respirator Program" (03/28/1996), LSN#
DENO001389652 at 1. After Christmas 1995, a concerned LANL industrial hygienist broke ranks
to take dust samples and have them analyzed without permission. The results showed
overexposures to respirable silica. See "Air Sampling Results of the Exploratory Studies
Facilities (ESF) Tunnel Operations" (02/01/1996), LSN# DEN000746512 at 1, 2.
Simultaneously, the TBM was advancing at an expectation-breaking rapid pace, 110 days ahead
of the "Program Plan." See "Tunnel Boring Machine Modifications Report 1995, Year in

Review, Exploratory Studies Facility" (01/25/1996), LSN# DN2001654959 at 1.
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Thanks to the LANL whistle-blower, sampling began in earnest in February 1996.
However, DOE did not prepare a silica respiratory program until late spring, long after it was
needed and after the tunnel was three miles long. See LSN# DEN001389652 at 1. DOE did not
implement fully the silica respiratory program until November 1996, when the tunnel was more
than four miles long. See "Respirator Requirements" (11/21/1996), LSN# NEV000004571 at 1-
3. Hole-out for the five-mile ESF was only five months later, 25 April 1997. See "Tunnel
Activity Reports - from Sta. 56+26.46 to Sta. 78+76.68 dated from June 10, 1996 to June 04,
1997" (06/04/1997), LSN# DEN000342431 at 154 thru 214 (in particular, see Entry for April 25,
1997 at 214).

Respirable silica exposures continued during cross-drift ("ECRB") construction (March —
October 1998) and DOE's patchwork engineering controls proved ineffective, despite the
"lessons learned" from ESF construction regarding the need for engineering controls to manage
dust. See "Dust and Ventilation Update from the IH Perspective" (08/12/1998), LSN#
DN2000818181 at 1, 2. DOE quickly created a Silica Protection Program in April 1998, with
the bottom line concern to "reduce potential for litigation," despite its expressed exalted interest
in safety and health. "Silica Protection Program (SPP) Implementation" (03/24/1998), LSN#
NEV000004611 at 9. DOE hurriedly approved protective clothing "to highlight our attention to
worker health and further reduce liability associated with the innate silica contamination . . . ."
"Protective Clothing" (04/23/1998), LSN# DEN000600033 at 1. In April 2001, a certified
industrial hygienist responding to DOE's concerns about silica issues, advised DOE that silica
was a known problem at the ESF and, if left untended, would result in disastrous effects,
including, and especially, lawsuits, "even class actions," for DOE's lack of concern. "Silica,

Sampling, and Surveillance - An Issue Paper" (04/04/2001), LSN# DEN001008959 at 1, 2.
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Nonetheless, as late as March 2000, DOE still had no apparent risk criteria established for
the abnormally high silica concentrations present. See "Dust and Silica Control" (03/13/2000),
LSN# DN2000153826 at 1, 2; and "Civilian Radioactive Waste Management System
Management and Operating Contractor (M&O) Environmental, Safety and Health (ES&H)
Monthly Report for May 2000" (06/22/2000), LSN# DN2001871427 at 2. DOE focused more
on the cost to protect workers from silica, underfunding the project, which has prevented
necessary repairs and engineering controls to safeguard the workers from toxic dust. See "Re:
Silica Control" (06/21/2000), LSN# DN2001845014 at 1, 2; and "Email - System Structure &
Component Status of ESF/ECRB Which Could Impact Near Term Testing Activities"
(05/07/2002), LSN# DEN000496624 at 1. Further, eight years after tunneling began, in 2002 a
Bechtel/SAIC ("BSC") Assessment Report showed that (a) the current work order indicated no
specifications for dust/silica control processes or equipment, (b) there were no records to
establish appropriate sampling, (3) housekeeping was deficient for dust removal underground,
and (4) there was no silica training tailored to the Yucca Mountain project. "Assessment Report
02-06, Silica" (06/10/2002), LSN# DEN001376705 at 3, 4, 14, 17, and 21-22.

In response to a worker's written concern about his exposure to toxic minerals during the
ESF/ECRB construction period, DOE whitewashed its slow, obviously unplanned, and
ineffective response to the dust situation, of which it was aware long before tunneling began.
See, e.g., "3 12 2003 Griego Complaints Re Toxic Exposure" (03/12/2003), LSN#
NEV000004714, all; OCRWM Report on Their Investigation of Griego Allegations
(10/15/2003), LSN# NEV000004718, all; and "Employee Concern 01-128(C)" (02/07/2002),
LSN# NEV000003941, all. Thanks only to that persistent worker, in 2004 DOE finally

instituted a Silicosis Screening Program for the 1200-1500 workers who, as DOE put it, "may
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have been exposed to airborne silica" in the tunnels. "Announcement of Silicosis Screening
Program" (02/18/2004) LSN# DEN001223377 at 1, 2.

These examples of a lack of integrity and a deficient safety culture are not confined to the
past. They continue to the present. For example, the license application omits any mention
whatsoever of the independent review of DOE’s infiltration model performed at DOE’s request
by ORISE (Oak Ridge Institute for Science and Education). ORISE provided the results of this
independent review to DOE’s Yucca Mountain Project on April 30, 2008, after considering
comments on a January 2008 draft of the report submitted by DOE on February 14, 2008 (see
generally LSN# DEN001594989 and LSN# DEN001595302). The conclusions of this
independent review are stark and unquestionably material. ORISE concludes (Summary at 1)
that "the model report does not provide a technically credible spatial representation of net
infiltration at Yucca Mountain." The report cites here (Summary, page 1) to the following
issues:

(1) a "critical lack of site-specific hydrological, surface, and subsurface
information,"

(2) a failure to incorporate "at least one potentially important hydrologic
process," which "may be one reason the model results appear to
underestimate net infiltration beneath wash environments and therefore
imprecisely represent the spatial variability in net infiltration," and

3) "assumptions [that] oversimplify a complex landscape and associated
hydrologic processes" and that "have not been adequately corroborated by
field and laboratory observations at Yucca Mountain."

One searches in vain for any mention of this report in section 2.3.1.3.2.1.3 of the LA

SAR entitled "Soil Properties," which would be the most pertinent section, in any other part of

the LA, or in any LA reference. This is a willful omission of important safety information.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

DOE’s application does not address integrity, and no particular sections of the application
are directly pertinent to this issue. This is because there is no requirement in any of the
Commission’s regulations for any applicant to affirmatively demonstrate its integrity. However,
concerns about integrity present material issues, as explained above, and an allegation that DOE
lacks sufficient integrity presents a genuine dispute with DOE. Supporting reasons are given in
"Supporting facts and opinions" above, and may be summarized as follows. DOE and its
contractors’ continuing and past actions related to Yucca Mountain reveal a pattern of material
false statements and omissions and elevation of schedule considerations over safety and
compliance. These actions indicate that safety is not an overriding priority within DOE’s Yucca
Mountain project, and that DOE has a defective safety culture and lack of integrity that are

utterly inconsistent with being a responsible NRC licensee.
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NEV-SAFETY-02 - DOE MANAGEMENT

1. A statement of the contention itself

The LA cannot be granted because DOE lacks the requisite management ability to
construct and operate a safe repository.

2. A brief summary of the basis for the contention

DOE's current and past activities related to Yucca Mountain, as well as its activities with
respect to its uniform mismanagement of other large projects, establishes a level of management
incapacity on the part of DOE that would jeopardize the design, construction, and operation of a
proposed Yucca Mountain repository, would fail to protect the public health and safety and that
would fail to comply with NRC requirements, thus rendering DOE unqualified to be an NRC
licensee.

3. A demonstration that the contention is within the scope of the hearing

The issue of DOE's management competence must be addressed and resolved in order for
the NRC to find, as required by 10 C.F.R. §§ 63.31(a)(1) and (2), that there is reasonable
assurance that the health and safety of workers and the public will be protected and NRC
requirements will be met, and the issue is within the scope of the hearing as specified in section
II, paragraph 1 of the Notice of Hearing. Settled NRC case law stands for the proposition that an
applicant's management competence is a proper consideration in a licensing proceeding to
determine entitlement to an NRC license. Piping Specialists, Inc., 36 NRC 156, 1992 NRC
Lexis 63 (1992); Louisiana Energy Services, LP, 34 NRC 332, 1991 NRC Lexis 68 (1991);

Sequoyah Fuels Corp., 24 NRC 489, 1986 NRC Lexis 42 (1986).
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4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

The issue of DOE's management competence must be addressed and resolved in order for
the NRC to find, as required by 10 C.F.R. §§ 63.31(a)(1) and (2), that there is reasonable
assurance that the health and safety of workers and the public will be protected and NRC
requirements will be met, and the issue is therefore material to the findings NRC must make.
Settled NRC decisions establish the importance of the management competence of a prospective
NRC licensee as a condition precedent to its acquiring a license, and also recognize that the
pattern of its management performance in prior large projects is a cognizant factor to be
considered in determining the likelihood of management competence on the project for which an
NRC license is sought. Sequoyah Fuels Corp., 24 NRC 489, 1986 NRC Lexis 42 (1986) (the
propriety of dealing with the management competence issue was presumed, and the only issue
was whether a formal adjudicatory process need be interposed where none was required; finding
that convening a formal hearing would add appreciably to the administrative burden, the
Commission held "the question of management competence as a barometer for measuring the
likelihood of safe facility operation, while not a classic scientific or engineering issue,
nonetheless is a matter that generally involves the agency's technical judgment about the
adequacy of the structure and qualifications of applicant's management as it impacts upon the
applicant's ability to conduct its proposed activities in compliance with regulatory requirements
for the protection of the public health and safety").

In addition, NRC has acknowledged that the prior pattern of management competence of
a license applicant is relevant to its license entitlement in a new, unrelated licensing proceeding.
In Carolina Power & Light Co., 24 NRC 802, 1986 NRC Lexis 1 (1986), the parties to the

proceeding concurred and stipulated to a contention asserting: "The applicants have not
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demonstrated the adequacy of their managing, engineering, operating, and maintenance
personnel to safely operate, maintain, and manage the Shearon Harris Nuclear Power Plant as
evidenced by their record of safety and performance at their other nuclear power facilities.
A pattern of management inadequacies and unqualified and/or inadequate staff is likely to be
reproduced at Shearon Harris Nuclear Power Plant and result in health and safety problems."
Babcock & Wilcox Co., 41 NRC 1, 1995 NRC Lexis 1 (1995) (addressing past pattern of
management competence from the positive side, concluded "the evidence presented by B&W
and the NRC staff demonstrates that B&W has had an excellent record of performance at both its
Apollo and Parks Township facilities for at least the past 15 years and there is every reason to
expect that such performance will continue").

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Over the 20-plus years since Congress instructed DOE to evaluate only the Yucca
Mountain site in Nevada for the potential construction and operation of a nuclear waste
repository, DOE has been involved in a number of high-dollar, high-profile projects, establishing
an abysmal track record along the way, with schedule, cost, and contractor oversight particularly
out of control. A high-ranking DOE official discussed the future of the Department a decade
ago: "Regardless of the future of DOE, many long-term issues, such as contractor reform, major
acquisitions, and environmental cleanup and waste management, will need addressing. It is time
for a fundamental rethinking of DOE's missions" (GAO/T-RCED-96-224, LSN#
NEV000005434 at 1). Testifying before the United States Senate in 1996, the same DOE
official admitted that "its approach to contract management, first created during the World War
IT Manhattan Project, allowed private contractors to manage and operate billion-dollar facilities

with minimal direct federal oversight yet reimbursed them for all of their costs regardless of their
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actual achievements. . . . Weak management and information systems for evaluating a program's
performance has long hindered DOE from exercising effective oversight." /d. at 2.

Notwithstanding these admissions, DOE's management and contractor oversight
remained deficient. Thus, some eight years later, on the eve of a long-promised License
Application submittal by DOE to the NRC for the Yucca Mountain project in December 2004,
DOE found its general contractor entitled to a multimillion dollar bonus for completing the
License Application in a timely manner. "DOE Revises Yucca Schedule" (11/23/2004), Las
Vegas Review Journal. Then, only a week before the application was promised to be filed with
NRC (LSN# NRC000027221), DOE "pulled the plug" on that plan, and the License Application
was not filed (still incomplete) until almost four years later in June 2008.

DOE has admitted to Congress that its own survey of "nearly 44 former DOE executives
and experts on energy policy" resulted in a majority proposing to move DOE missions to other
agencies or entities, including moving "the management and disposal of civilian nuclear waste to
a new public-private organization, a new government agency, or the Environmental Protection
Agency." (NEV000005434 at 2.) Addressing contract oversight reform, DOE admitted "DOE
has a long history of management problems. At the core of many of these problems is its weak
oversight of more than 110,000 contractor employees, who perform nearly all of the
Department's work. Historically, these contractors worked largely without any financial risk,
they got paid even if they performed poorly, and DOE oversaw them under a policy of 'least

interference." Although more and greater delays were to come in the future, even in 1996, DOE
predicted its delay of the Yucca Mountain project: "Although an operational repository was

originally anticipated as early as 1998, DOE does not expect to determine until 2001 if the site at
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Yucca Mountain, Nevada, is suitable and, if it is, to begin operating a repository there until at
least 2010." Id. at 3.

DOE's euphemism that an operational repository was "anticipated" by 1998 sidesteps the
more damning fact that DOE was required by law to open a repository by 1998, and its failure
to do so resulted in successful lawsuits by nuclear utilities which have already cost DOE billions
of dollars (Indiana Michigan Power Co. v. Department of Energy, 88 F.3d 1272 (D.C. Cir.
1996)), and promise to continue to cost DOE billions of dollars more until a repository is
available, a hypothetical which DOE now postpones until at least 2020. What is particularly
stunning is not merely the repeated postponement by DOE of its schedules for completing YMP,
but the duration of those postponements and their regularity. Thus, in 1997, DOE told the GAO
("Nuclear Waste: Impediments to Completing the Yucca Mountain Repository," GAO/RCED-
97-30 (01/17/1997), LSN# NEV000003693 at 4) that it anticipated submitting a License
Application to NRC in March 2002 — in other words, a five-year forecast. Instead, DOE
submitted its LA in June 2008, 11 years (double the amount of time) later.

In 1999, a high-level White House panel condemned DOE as a "dysfunctional
bureaucracy that has proven it is incapable of reforming itself" while pointing out that DOE had
more than 50 major facilities in 35 states, that it typically contracts for the management and
operation of its major facilities, and that it has more than 100,000 contractor employees at those
facilities ("Government at the Brink, Vol. II, An Agency by Agency Examination of Federal
Government Management Problems Facing the Bush Administration," Committee on
Governmental Affairs, U.S. Senate (06/2001), LSN# NEV000005493 at 30-32). GAO reiterated
in 2001, "For years, we and others have reported on problems with [the Department of Energy's]

contract management, which we have defined broadly to include contract administration and
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project management. These problems have included non-competitive awards, cost and schedule
overruns, inadequate oversight of contractors' activities, over-reliance on cost-reimbursement
contracts, and an inability to hold contractors accountable" ("Major Management Challenges and
Risks, Department of Energy," GAO-01-263 (01/01/2001), LSN# DN2001769384 at 40).

The Senate Committee adopted a GAO conclusion that "DOE's lack of technical
expertise to oversee the design, construction, and operation of its major system acquisitions . . .
has been chronicled since DOE's early years" ("Department of Energy: Improving Management
of Major System Acquisitions," GAO/T-RCED-97-92 (03/06/1997), LSN# NEV000005468 at
5); and "[the Department] has difficulty managing other large projects. Our past reviews have
shown a consistent pattern of poor management and oversight by [the Department of Energy]"
("Nuclear Waste: Department of Energy's Hanford Tank Waste Project — Schedule, Cost and
Management Issues," GAO/RCED-99-13 (10/01/1998), LSN# NEV000005485 at 18).

In January 1999, GAO, observing that DOE relied on contractors to perform about 90
percent of its work, found that, from 1980 through 1996, DOE had terminated 31 out of 80 major
projects after expenditures of $10 billion and had completed only 15, most of which were behind
schedule and over-budget. With respect to 34 ongoing projects, GAO found that 27 had cost
overruns averaging over 70 percent, and many were behind schedule ("Major Management
Challenges and Program Risks, Department of Energy," GAO/OGC-99-6 (01/01/1999), LSN#
NEV000005420 at 6.

The Senate Committee focused its examination of DOE on its health and safety record,
finding that "ensuring the safety and health of its workforce and the public is one of the
Department's most difficult long-term challenges. Safety and health issues encompass all

activities relating to the identification, testing, handling, labeling, cleanup, storage, and disposal
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of radioactive and hazardous waste. The Department has had a troubled history when it comes to
this issue" (NEV000005493 at 37). The so-called Safety Conscious Work Environment aspect
of DOE's culture has been addressed in a different contention (see NEV-SAFETY-01).

GAO did a "Fundamental Reassessment" of DOE's performance in 2001
(NEV000003676) in which it noted that "The Department has persistent management
weaknesses that have led directly to a wide range of performance problems, including major cost
overruns and schedule delays in a variety of noteworthy projects." See GAO-02-51,
"Department of Energy: Fundamental Reassessment Needed to Address Major Mission,
Structure and Accountability Problems" (12/2001), NEV000003676 at 2. The GAO criticized
DOE's weak culture of accountability, concluding that DOE has not been able to develop a
technically competent work force to oversee its contractors nor hold its own staff accountable.
GAO found this particularly significant "given that DOE spends most of its budget through these
contractors" making its oversight "crucial for its mission's success and overall effectiveness." Id.
at 6. GAO (id. at 19) quotes the National Research Council as calling DOE one of the most
inefficient organizations in the federal government and finding that:

DOE projects commonly overrun their budgets and schedules, leading to pressures

for cutbacks that have resulted in facilities that do not function as intended,

projects that are abandoned before they are completed, or facilities that have been

so long delayed that, upon completion, they no longer serve any purpose. In

short, DOE's record calls into question the credibility of its procedures for

developing designs and cost estimates and managing projects.

As recently as September 2008, GAO again looked at DOE's track record for large
projects, concluding that nine out of ten major projects it reviewed had life-cycle baseline cost
increases from a low of $139 million for one project to a high of nearly $9 billion for another,

and life-cycle baseline schedule delays from 2 to 15 years. For one project, the baseline was

significantly modified only seven months after it had been updated and "validated" by an



35

independent review, while other projects experienced life-cycle cost increases of as much as $9
billion and delays of up to ten years, only one or two years after such independent reviews and
validations of cost and budget ("Action Needed to Improve Accountability and Management of
DOE Major Cleanup Projects," GAO-08-1081 (09/26/2008), LSN# NEV000005496 at 5, et
seq.). The GAO laid the blame at the foot of DOE's failure to effectively use management tools
to oversee the scope of work, costs and schedule. Ironically, the release of this GAO report
coincided with a new DOE cost estimate for completion of YMP: only seven years after DOE
had predicted a total cost of $72 billion, it ballooned its estimate to $96 billion ("Analysis of the
Total System Life Cycle Cost of the Civilian Radioactive Waste Management Program,
FY2007" (07/23/2008), LSN# NEV000005495 at 1-3). The occasions during its YMP work
have been legion where DOE has exhibited its chronic incompetence in large project
management, particularly poor oversight of its contractors, and a poor record on health and
safety, which provide the opposite of any reasonable assurance that management of the design,
construction, and operation of YMP would be addressed competently by DOE, if it were
awarded a license. Following are just a few examples:

a. DOE Oversight of Its Contractors: DOE's failed oversight on YMP has
included two of its national laboratory contractors, the "lead lab," Sandia National Laboratory
(SNL) and Lawrence Livermore National Laboratory (LLNL). Among many instances of lesser
significance, SNL erred by hundreds of feet in locating geologic faults ("Preliminary 2007
Geotechnical Drilling Results — for the Waste Handling Buildings and Aging Pad Areas, Yucca
Mountain, Nevada" (5/21/2007), LSN# DN2002502636) nearby aging pad locations which it
proposed to utilize for storage of spent fuel (again, the analysis by DOE's contractors of the

"most studied piece of real estate in the world" still contained monumental deficiencies 20 years
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after site characterization began). In the case of LLNL, QA audits of its laboratory experiments
disclosed (in one corrosion experiment) the use of an improperly calibrated Visaila temperature
humidity probe ("Observation Audit of Bechtel SAIC Company, LLC, Audit of Scientific
Investigation, Waste Package, and Drip Shield Degradation" (1/9/2006), LSN#
DN20002478075), which rendered indeterminate the entire results of the LLNL experiments;
likewise, LLNL's "general corrosion" experiments ("Technical Work Plan for: Weight-Loss
Measurements on Alloy 22 Coupons" (9/2008), LSN# DEN001601911 at 1) were rendered
indeterminate due to inept laboratory techniques which allowed uncleaned plates to be utilized in
measuring the amount of Alloy-22 "shed" by experimental samples. DOE's accordingly
deficient oversight of its contractors remains unabated decades after and numerous GAO reports
after it came to prominence as a DOE chronic problem area.

b. Exploratory Studies Facility Engineering Controls: Bearing ultimate
responsibility for all facets of the Yucca Mountain Project, including and especially worker
safety and health, DOE failed its duty to incorporate and implement engineering controls in order
to protect the workers from the known silica-dust hazards that would result from dry-drilling the
Exploratory Site Facility ("ESF") tunnels in Yucca Mountain. DOE knew the mountain's
mineralogy, containing approximately 70-75 percent silica by weight. "Comments for the
Exploratory Studies Facility, North Area Design Studies Review" (06/26/1991), LSN#
DENO000129132 at 1; Letter regarding the opportunity to submit comments in the Title I design
review for the Exploratory Shaft Facility (ESF) portion of the Nevada Nuclear Waste Storage
Investigations Project (04/20/1989), LSN# DEN000596707 at 1-2; "Occurrence of Silica Phases
in Welded Ash" (06/11/1992), LSN# NEV000004459 at 1, 13-17. DOE knew that the harm

from exposure to respirable silica was completely preventable. "Preventing Silicosis and Death
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in Rock Drillers" (08/1992), LSN# NEV000004697 at 2-11; "Update NIOSH issues nationwide
alert on silicosis" (11/18/1992), LSN# NEV000004578 at 1-3. DOE knew that prevention of that
harm would require excellent dust control, especially through engineering and administrative
controls, "Evaluation of Dust Hazards in an Underground Dry Drilling Operation," American
Industrial Hygiene Conference: Joint activities in industrial hygiene (04/11/1989), LSN#
DENO000076430 at 1, daily monitoring, DEN000596707 at 2, and as a last resort, with personal
protective equipment. DEN000076430 at 1. Nonetheless, despite being fully informed, DOE
failed to prepare properly key components to control toxic dust in the ESF. One key component
was the TBM itself. Although fully informed of the need, DOE failed to incorporate appropriate
dust collection and containment engineering controls on the tunnel boring machine ("TBM").
DOE hired costly experts, after the ESF was roughly three miles long, who recommended post-
design modifications to the TBM to control dust, such as dry scrubbers, wet scrubbers, a
baghouse, additional local exhaust, dust curtains, and spot dust collectors. "Abatement Plan:
Respirable Silica Dust" (10/01/1997), LSN# DN2001500115 at 3-5. By August 1996 these post-
design controls still were not in place. "Transmittal and follow-up analysis to July 15 report of
the Compliance Assistance Visit (CAV) conducted at Yucca Mountain by Mine Safety and
Health Administration (MSHA) personnel on April 24-26, 1996" (10/08/1996), LSN#
DEN000569938 at 1-2. Little wonder, as DOE considered the equipment for engineering
controls overall too expensive and hard to justify with the tunnel over 80% complete. "Air
Quality Report; informal memorandum" (08/08/1996), LSN# NEV000004432 at 3-25. Yet,
incredibly, DOE contended in March 2004 that the TBM original design was "adequate for
controlling dust." "Potential questions: Silica Document - Sid Dodd" (03/08/2004), LSN#

DN2001082971 at 3 of 6 unnumbered pages. In October 1993, the NWTRB chastised DOE for
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its failures regarding the TBM design and purchase and overall project management.
"Underground Exploration and Testing at Yucca Mountain - A Report to Congress and the

Secretary of Energy," NWTRB (10/01/1993), LSN# DN2001635791 at v-vii, 1-28. The Board

found that:
o DOE violated industry practice in developing its own specifications for the
TBM. DN2001635791 at vii, 23.
o DOE placed greater emphasis on developing "a more efficient system for

managing the exploratory facility design and construction."
DN2001635791 at vii, 25-26.

Finally, the Board concluded that DOE was underfunding the project, ignoring cost incentive
practices, and making decisions through "many different contractor organizations, multiple
levels of management, and unclear accountability." DN2001635791 at 25-26. Further indicating
DOE's ineptitude, DOE's own ES&H Management Plan Information System indicated in 1994
that the project lacked an overall Industrial Health program to manage a hazardous environment
and that the potential harm from toxic dusts could be "catastrophic" in terms of human life,
manpower, and overall project costs. "U.S. Department of Energy ES&H Management Plan,
Information System Activity Data Sheet, Yucca Mountain Project Office, Open ES&H ADS
REECo YMP Industrial Hygiene" (07/15/1994), LSN# DN2000000884 at §§ 28, 35. DOE
insisted that the identified (post-design) engineering controls "would hurt the schedule and
increase costs." "Air Quality Problem Status" (06/04/1996), LSN# NEV000004572 at 17-18. In
September 1997, DOE conceded its failures: "The lack of consideration of possible health
hazards in the planning, design, and installation of key ESF components resulted in significant
cost and schedule impact, as well as unnecessary exposure to personnel when the health hazards

became apparent."
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c. Poor Health and Safety Oversight: DOE had and has the duty to ensure that all
participants at Yucca Mountain comply with federal regulations for safety and health and
industrial hygiene, but failed that duty by not controlling its contractors. The Secretary of
Energy obligated DOE to ensure that all participants at Yucca Mountain comply fully with DOE
Orders. "Environmental Protection Safety and Health Protection Standards; DOE Order 5480.4"
(01/07/1993), LSN# NEV000004414 at 1-9 (and 10); "Federal Employee Occupational Safety
and Health Program; DOE 3790.1B" (01/07/1993), LSN# NEV000004766 at 1-5 (and 6);
"Worker Protection Management for DOE Federal and Contractor Employees; DOE 440.1"
(09/30/1995), LSN# NEV000004461 at 1-6; "Order Worker Protection Management for DOE
Federal and Contractor Employees; DOE 440.1A" (03/27/1998), LSN# NEV000004649 at 1-8;
DOE Order 440.1B. DOE had and has the duty and authority to (a) ensure, among many other
things, that its agents and contractors effectively implement worker protection programs and
comply with those program requirements; (b) provide contractors with technical direction and
criteria for contractor goals; (c) hold line personnel accountable for providing that direction; and
(d) ensure immediate and effective remedial actions for imminent danger in order to remove
workers from the hazard. NEV000004414 at 1-9 (and 10); NEV000004766 at 1-5 (and 6); Att. 1
at 1-2; Att. VII at 1-11; NEV000004461 at 1-6; Att. 1 at 1, 4; Att. 2 at 1; NEV000004649 at 1 -
8; Att. 1 at 2, 5; Att. 2 at 1 - 3, §; [DOE Order 440.1B] LSN# NEV000004764 at 2-8. Regarding
worker protection programs under the Orders, DOE was and is obligated to ensure that its
contractors (a) identify existing and potential workplace hazards, such as silica-laden toxic dust;
(b) assess worker exposure to those hazards; (c) implement hazard prevention/abatement
processes to manage those hazards; and (d) control those hazards through engineering controls

supplemented with administrative controls, and personal protective equipment if necessary
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thereafter. NEV000004766 at 1-5 (and 6); Att. VII at 4-9; NEV000004461 at 1-6; Att. 2, all
pages (unnumbered); NEV000004649 at 1 - 8; Att. 2 at 1-16; [440.1B] NEV000004764 at 3-5;
Att. 1 at 1-9 (and 10). DOE had little control over its tunnel construction manager, REECo, and
the actual tunneling organization, Kiewit — the world's self-proclaimed largest and proudest
tunneling company, boasting record-breaking production rates — and Kiewit's engineering
subcontractor, Parsons Brinkerhof ("K/PB"). In May 1994, REECo advised DOE that K/PB was
fully aware of the required respiratory protection requirements and planned to follow them. In
August 1994, roughly 6 weeks before tunneling began, DOE told REECo/K/PB to put folks in
respiratory protection because of the possibility of exceeding silica PELs. "Exploratory Study
Facility Industrial Hygiene Program for Tunnel Boring Machine (TBM) Operations"
(08/11/1994), LSN# DEN001043195 at 1. K/PB all but refused, unilaterally declaring that it
would not tunnel at all if it had to comply with full-face power-air-purifying respirators.
"Reynolds Electrical & Engineering Company, Inc,/Kiewit/Parsons Vertical Slice Management
Assessment" (08/12/1994), LSN# DEN000322714 at A-17. K/PB directed paper dust masks to
"give DOE some level of comfort." LSN# NEV000004713 at 2. DOE's lame response,
apparently placing schedules above human health, was to remind K/PB to monitor and use
respirators, if needed. DEN001043195 at 1. In fact, DOE did not make K/PB implement
respiratory protection fully until November 1996, when the planned five-mile tunnel was more
than four miles long, "Respirator Requirements" (11/21/1996), LSN# DEN001390562 at 1, with
enclosure, DEN001376363 at 1-2, and then only after DOE issued a stop work order due to
soaring respirable silica conditions and respiratory noncompliance in the ESF. LSN#
DN2001653109 at 1. DOE's approved ventilation design called for two 66-inch ducts, but DOE

caved to K/PB's demand to install only one. "Air Quality Report; Informal Memorandum"
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(08/08/1996), LSN# NEV000004432 at 3-25; "Yucca Mountain Site Characterization Project,
Tunnel Boring Machine Modifications Report, Exploratory Studies Facility" (10/19/1995),
LSN# DEN001275498 at 8. Further, DOE failed to control the quality of K/PB's work. K/PB
used inferior, unapproved materials to construct and install that one duct. "Exploratory Studies
Facility (ESF) Lessons Learned, Revision 0 with Planning Sheets" (09/01/1997), LSN#
DN2001656257 at A-25. Not only did the vent-line collapse (a completely avoidable situation),
DN2001656257 at A-25, it leaked miserably. "Air Sampling Results of the Exploratory Studies
Facilities (ESF) Tunnel Operations" (02/01/1996), LSN# DEN000746512 at 2; "ESF Tunnel Air
Quality" (03/21/1996), LSN# DEN000728126 at 1. DOE eventually admitted that it had no
control over K/PB's vent-line construction in the ESF. DN2001656257 at A-25. Yet, despite
that supposed "lesson learned," DOE failed to control K/PB's construction and installation of the
ECRB vent-line, which also collapsed and leaked. "Yucca Mountain Project TFDS Title Daily
Activities for December 2000, Report # 3887, 3888, 3889, 3890, 3891, 3892, 3893, 3894, 3895,
3896, 3897, 3898, 3899, 3900, and 3901" (12/06/2000), LSN# DEN001404059 at 1 - 5, Reports
3887-3891; "Dust and Ventilation Update from the IH Perspective" (08/12/1998), LSN#
DN2000818181 at 1-2. DOE also did not have full control over its own on-site Manager and
Operator ("M&O"), TRW. By end March 1996, when the tunnel was almost three miles long,
DOE ordered TRW to implement a respiratory protection program immediately, one that,
pursuant to 29 CFR 1926.103, DOE should have made TRW implement prior to tunneling.
"Respirator Program" (03/28/1996), LSN# DEN001389652 at 1. TRW balked, insisting that
sample data would validate TRW's current strategy to use dust masks, which TRW claimed were
adequate to protect the workers, "Your Letter, Respirator Program, Dated March 28, 1996"

(04/08/1996), LSN# DEN001367471 at 1-2, in the face of contrary advice from DOE's hired
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expert who stated that they were not adequate. "Exploratory Studies Facility Air Quality Report
December 1995 through September 1996" (11/20/1996), LSN# NEV000004496 at 1-2. Unable
to control its contractors, DOE resorted to taking over construction management and conceded
publicly in May 1999 that it still had little effective control of the overall project. "Oversight:
Focused Review of the Yucca Mountain Project" (05/01/1999), LSN# NEV000003547 at 1-27.

d. Titanium-7: DOE's proposal to install some 11,000 drip shields is so far from
reality that, despite having filed its License Application, it recently admitted to the NRC that it
could not even provide to the NRC a simple sample of the Titanium-7, tons of which DOE
proposes to use in fabricating drip shields. Instead, DOE suggested that it might be years before
it could produce even a sample of the Titanium-7 to NRC of the type to be used in fabricating
drip shields ("Response to the U.S. Nuclear Regulatory Commission (NRC) Request for Samples
of Welded Titanium Plate" (1/4/2008), LSN# DEN001583135 at 1).

e. Empirical Data: Despite spending decades of time and billions of dollars
assessing "the most studied piece of real estate in the world," DOE failed to acquire hard data to
support many of its analyses (e.g., soil and vegetation, volcanism, seismic, net infiltration, dust
deliquescence, localized corrosion, microbially induced corrosion, and others) relying instead on
modeling or expert elicitation where hard data could have and should have been acquired. Now,
it intends to gather this information after the LA. For instance, DOE recently adopted a decades-
long waste container corrosion test plan ("Long-Term Corrosion Testing Plan" (8/4/2008), LSN#
DENO001600862, all pages) which anticipates DOE conducting long overdue experiments on
corrosion of its planned waste container long after submittal of its License Application, on the
basis that it did not conduct those tests earlier, and it did not even have the facilities to do so,

which it plans instead to build in the future.
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f. Rock Fall: NRC's contractor, the CNWRA, prepared an analysis in 2007
("Summary of Current Understanding of Drift Degradation and Its Effects on Performance at a
Potential Yucca Mountain Repository" (1/2007), LSN# NRC000029022 at xiii, xiv) in which it
found that anticipated rock fall in the waste emplacement drifts would adversely impact waste
containers both mechanically (physically) and thermally (by surrounding waste containers with
debris and changing the thermal cooling mechanisms assumed by DOE). The CNWRA urged
DOE to conduct analyses to resolve these issues, which DOE failed to do, allowing them to
remain open issues.

g. PVHA-U: After preparing a PVHA in 1996, DOE acquired additional
information of greater quality and critical importance through aecromagnetic testing in 2004.
DOE attempted to explain the insignificance of the new information, but the NRC would not
accept that the technical basis of DOE's volcanism analysis was any longer valid in view of the
new information, and DOE formally committed to performing an updated expert elicitation on
volcanism (PVHA-U). In the interim between the inception of DOE's PVHA-U (2004) and its
LA filing (06/2008), the CNWRA performed an analysis of the new volcanism data acquired by
DOE finding it critically important, and pointing out in particular the discovery of a sill
formation under Yucca and additional volcanic anomalies resulting in a much greater likelihood
of volcanic activity impacting Yucca than DOE's 1996 PVHA had found. Although DOE's
contractor announced in May 2007 that final reports from all of the PVHA-U panelists would be
in hand by July 2007, this did not occur, and at the time of LA, four years after beginning its
marathon PVHA-U, DOE mysteriously still had not completed it and instead utilized its 12-year-
old analysis of obsolete information as part of its TSPA analysis in the LA. Whether DOE's

failure to complete and incorporate in its LA an analysis of critical information discovered in
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2004 was mere ineptitude or a conscious effort to exclude new unfavorable information from the
LA; either way, it is another example of DOE management incompetence which renders it
unqualified for receipt of an NRC license for the nation's first nuclear waste repository.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

DOE’s application does not address management capability, and no particular sections of
the application are directly pertinent to this issue. This is because there is no requirement in any
of the Commission’s regulations for any applicant to affirmatively demonstrate its management
capability. However, concerns about management capability present material issues, as
explained above, and an allegation that DOE lacks sufficient management capability presents a
genuine dispute with DOE. Supporting reasons are given in "Supporting facts and opinions"
above, and may be summarized as follows. DOE has demonstrated on the YMP, on other
pending large projects, and on prior large projects, most of them cancelled, that it lacks the
management capability to construct and operate a nuclear waste repository at Yucca Mountain,

and it is unqualified to be an NRC licensee.
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NEV-SAFETY-03 - QUALITY ASSURANCE IMPLEMENTATION

1. A statement of the contention itself

SAR Subsections 5.0, 5.1, 5.1.2, and similar subsections and DOE's QARD (incorporated
by reference in the License Application in Chapter 5), which promise DOE compliance with
quality assurance (QA) requirements in the future, ignore the facts that DOE has been and
continues to be unable to implement an adequate QA program and that there exists no basis for a
reasonable assurance that DOE will do so in the future.

2. A brief summary of the basis for the contention

SAR 5.1 adopts DOE's QARD as embodying the requirements of the QA program
applicable to quality related activities at the Yucca Mountain repository, addressing the
requirements of 10 C.F.R. § 63.21(c)(20), 10 C.F.R. Part 63 Subpart G, and guidance in Section
2.5.1.3 of NUREG-1804; however, the QARD's mere regurgitation of the regulations'
requirements cannot substitute for actual implementation which has been, continues to be, and in
the future likely will be woefully deficient in the YMP.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain in Subpart G of 10 C.F.R. Part 63, Subpart G, and falls within the
scope of the hearing as specified in section II, paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.21(c)(20) requires that DOE describe the QA program to be applied to the
structures, systems, and components important to safety and to the engineered and natural
barriers important to waste isolation. Before the Commission may authorize construction of a

geologic repository operations area at the Yucca Mountain site, as stated at 10 C.F.R. §
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63.31(a)(3)(ii1) it must first determine that DOE's QA program complies with the required
elements of Subpart G of 10 C.F.R. Part 63. Subpart G is comprised of 10 C.F.R. §§ 63.141
through 63.144. 10 C.F.R. § 63.142 contains a detailed explanation of the required component
parts of an adequate QA program, and § 63.143 contains the simple mandate: "DOE shall
implement a quality assurance program based on the criteria required by § 63.142." This
contention challenges whether there is reasonable assurance DOE will in the future comply with
§§ 63.142 and 63.143, and therefore raises a material issue.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

DOE's QARD document, which is incorporated by reference in its SAR at Section 5.1,
recites the requirements of NRC's regulation 10 C.F.R. Part 63, as well as the detailed criteria of
10 C.F.R. Part 63 Subpart G. However, as observed in NRC's Yucca Mountain Review Plan
(YMRP), NUREG-1804 Rev. 2, at Section 2.5.1.3, "It is not sufficient for the U.S. Department
of Energy documents to assert that particular requirements are met or provided for." Indeed, the
YMRP specifically provides that the acceptability of DOE's QA program is evaluated by, in part,
an NRC Staff assessment of the ongoing QA program activities. NUREG-1804 Rev. 2 § 2.5.1.2.

Beginning in the mid-1980s, and continuing beyond the time when DOE filed its License
Application, to this very day, DOE has demonstrated that it is incapable of fully implementing an
adequate QA program as mandated by 10 C.F.R. §§ 63.21(c)(20), 63.31(a)(3)(iii), 63.142, and
63.143.

DOE is required at 10 C.F.R. § 63.142(b) to establish and execute a compliant QA
program; this compliant QA program must be applied to all structures, systems, and components
important to safety, to design and characterization of barriers important to waste isolation, and to

related activities. These activities include, among others, site characterization; acquisition,
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control, and analysis of samples and data; tests and experiments; scientific studies; facility and
equipment design and construction; and performance confirmation (see 10 C.F.R. § 63.142(a)).
DOE is required to establish its QA program compliant with the requirements of Section 63.142
at the earliest practicable time and must carry it out throughout the life of the facility (10 C.F.R.

§ 63.142(c)). 10 C.F.R. Part 63 Subpart G prescribes the myriad exacting components of an
adequate QA program with which DOE must comply as a prerequisite to receiving a construction
authorization from NRC.

The regulatory prerequisite components include: regular reviews of the status and
adequacy of the QA program; control conditions, including appropriate equipment and suitable
environmental conditions, such as adequate cleanness; assurance that applicable regulatory
requirements, design basis, and other requirements necessary to assure quality are suitably
included or referenced in the documents for procurement of material, equipment, and services,
whether purchased by the licensee or applicant or by its contractors or subcontractors, including
the requirement that contractors or subcontractors provide a QA program consistent with Subpart
G; measures established to assure that purchased material equipment and services, whether
purchased directly or through contractors or subcontractors, conform to the procurement
documents; appropriate provisions for source supplier evaluation and selection, objective
evidence of quality furnished by the contractor or subcontractor, inspection at the contractor or
subcontractor source, and examination of products on delivery; assessment of the effectiveness
of quality control by contractors and subcontractors; inspection of activities affecting quality to
verify conformance with instructions, procedures, and drawings performed by individuals other
than those who performed the activity being inspected; measures taken to assure that conditions

adverse to quality are promptly identified and corrective action taken to preclude repetition; and
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the maintenance of records sufficient to furnish evidence of successful implementation of
activities affecting quality (see 10 C.F.R. §§ 63.142(a), (b), (c), (c)(2), (c)(4), (e), (h), (h)(1),
(1)(3), (k), (1), and (s)).

DOE acknowledges that the requirements of the QA program are equally applicable to
DOE's contractors and suppliers for repository design and construction activities (SAR Section
5.0).

DOE also committed in its License Application (SAR 5.1) to address each of the
acceptance criteria in NUREG-1804 Rev. 2 for QA requirements. DOE knew when it made this
commitment that NRC was required to evaluate the acceptability of the QA program by, among
other things, the assessment of ongoing QA program activities and the evaluation of whether
DOE is capable of implementing the complex QA responsibilities required of an effective QA
program. Some of the component parts of that capability which NRC must review and confirm
(and which DOE has committed to implement) include:

o assuring that verification of conformance to established requirements is
accomplished by individuals or groups within the QA organization that do not
have direct responsibility for performing the work being verified (NUREG-1804
Rev. 2 at 2.5-7);

o assuring that DOE must apply the controls of its QA program, inter alia, to site
characterization, acquisitions and analyses of samples and data, tests and
experiments, scientific studies, facility and equipment design and construction,
and performance confirmation (NUREG-1804 Rev. 2 at 2.5-8);

o assuring that the development, control, and use of computer software supporting a
safety or waste isolation function is conducted in accordance with the QA
program (NUREG-1804 Rev. 2 at 2.5-8);

o assuring that quality-related activities, such as design and procurement, initiated
before the NRC issuance of a license are controlled under an NRC-approved QA
program in accordance with the requirements of 10 C.F.R. Part 63 Subpart G
(NUREG-1804 Rev. 2 at 2.5-12);

o assuring that procurement documents require contractors and subcontractors to
provide an acceptable QA program (NUREG-1804 Rev. 2 at 2.5-22);
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o assuring that procurement documents include a statement of work (SOW) to be
performed by the contractor containing the myriad requirements of the work or
service to be performed (NUREG-1804 Rev. 2 at 2.5-22);

o assuring that suppliers' activities be verified to assure conformance to purchase
order requirements and to QA requirements (NUREG-1804 Rev. 2 at 2.5-24);

o assuring that selection of suppliers is documented (NUREG-1804 Rev. 2 at 2.5-
24);

J assuring that an effective Corrective Action Program has been established
(NUREG-1804 Rev. 2 at 2.5-37); and

o assuring that conditions adverse to quality are identified and corrected promptly
so that the QA organization is involved in concurrence of the adequacy of the
corrective action (NUREG-1804 Rev. 2 at 2.5-37).

Table 1 contains only a small sample of internal and external QA inspections,
assessments, audits, and critiques whose chronically unsatisfactory findings plagued DOE's QA
program in the years leading up to its submission of its LA. Beginning with stop-work orders
issued against each of its four major contractors in 1986 for their noncompliant QA programs,
the QA audit paper trail found fault with virtually every aspect of DOE's QA program, including
its failures with respect to calibration of test equipment, software, the quality culture of line
personnel, and (presaging the most serious QA shortcomings which exist to this day) DOE's
ineffective Corrective Action Program and its inadequate oversight of its contractors,
subcontractors, suppliers, and sub-tier suppliers and its abdication of the necessary QA paper
trail associated with their qualification and engagement. NRC's summary of the NRC/DOE
Quarterly Management Meeting on April 19, 2002 (LSN# DEN001237845 at 1), reflects that Dr.
Margaret Chu, Director of the Office of Civilian Radioactive Waste Management (OCRWM),
reiterated her position stated at an earlier meeting that "The current YMP QA program is not
ready for licensing." She focused on the issue that "problem identification must be accompanied

by a dedicated approach to effective corrective action." While DOE expressed optimism at the

meeting that "QA programmatic issues were moving in the right direction," NRC "took a more
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somber view," with its representative expressing concern over "why it has taken so long to start

down a path toward resolution of the QA issues." Dr. Chu agreed that this was a legitimate

concern. Id. at 4.

More recently, DOE Acting OCRWM Director Paul Golan, addressing a May 9, 2006

meeting with the NWTRB, explained that "We're working on improving the quality and the

culture of the organization. We're going to have to demonstrate to the NRC . . . that our quality

standards have been met, and that we're operating consistent with a quality program before we

submit that license application to the NRC. And I would submit to you we're not there yet."

NWTRB 5/9/2006 Tr. at 49-50 (LSN# NEV000003413).

Table 1
Date Document Name Description
06/10/1986 | "Nuclear Waste: ¢ DOE issued a stop-work order on SAIC. Surveillance
Repository Work on March 13-19, 1986 found that SAIC was operating
Should Not Proceed without approved quality assurance level assignments.
Until Quality e DOE issued a stop-work order on Los Alamos.
Assurance is Surveillance on February 26-27, 1986 found that LANL
Adequate," RCED- was operating without approved quality assurance level
88-159, at 55 (LSN# assignments or to unapproved quality assurance level
NEVOOOOO4247) assignments_
¢ DOE issued a stop-work order on Lawrence Livermore.
Surveillance on February 18-21, 1986 found that LLNL
was operating without quality assurance levels assigned
to work efforts.
¢ DOE issued a stop-work order on Sandia. Surveillance
on February 25-26, 1986 found that SNL was operating
without approved quality assurance level assignments or
to unapproved quality assurance level assignments.
03/07/1988 | "Nuclear Waste: NRC identified broad concerns related to DOE’s

Repository Work
Should Not Proceed
Until Quality
Assurance is
Adequate," RCED-
88-159, at 18, 37
(LSN#
NEV000004247);
"Nuclear Waste:

management approach to quality assurance. NRC
believed that DOE’s repository program was vulnerable
unless weaknesses in DOE’s quality assurance program
were detected and corrected early. One of NRC’s
objections pertained to the adequacy of DOE’s quality
assurance program for site characterization work. NRC
also found that DOE staff and contractors exhibited
negative attitudes toward the function of quality
assurance, noting that participants appeared to lack a full
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Date Document Name Description
Quarterly Report on | appreciation for what it took to get a facility licensed by
DOE's Nuclear Waste | NRC.
Program as of
03/31/1988," RCED-
88-163BR, at 2
(LSN#
NEV000005433)
05/10/1988 | "Forensic Review of | A "forensic" report on NNWSI drilling activities lays out
USW-G4 Borehole a strategy for qualifying borehole data on the basis that
Data as Existing Data | there was a "project-wide failure in the implementation of
in Licensing -An an effective QA program." [p. 21, emphasis added].
Investigative Report, | "The QA questions raised over the activities associated
with Enclosure" with USW-G4 open up the real possibility that data
(LSN# derived from this borehole could be declared unqualified
DN2002168602) at for use in licensing documents. Such data are
21 fundamental to many of the major scientific questions
regarding the suitability of Yucca Mountain as a geologic
repository and the risk is that unqualified data would
disqualify the site." "If this report accomplishes nothing
else, it should serve as a warning to Project management
that the first priority is to put in place a fully implemented
and effective QA Program."
06/30/1988 | "Nuclear Waste: An OCRWM letter of this date to USGS stated that
Repository Work preliminary audit results indicated that USGS work "is
Should Not Proceed | not being performed in the manner necessary for the
Until Quality nuclear licensing environment." The recent deficiencies
Assurance is "reflect a fundamental and continuing problem in the
Adequate," RCED- attitude of some USGS personnel regarding quality
88-159, at 62 (LSN# | assurance requirements."
NEV000004247)
09/29/1988 | "Nuclear Waste: NRC identified a significant number of weaknesses in
Repository Work DOE’s quality assurance program indicating that
Should Not Proceed | problems were widespread throughout the quality
Until Quality assurance program. The need to implement effective

Assurance is
Adequate," RCED-
88-159, at 19, 32
(LSN#
NEV000004247)

quality assurance programs was especially important
because of DOE’s reliance on contractors.
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Date Document Name Description
09/1989 "Nuclear Waste: None of DOE’s quality assurance programs met NRC’s
Quality Assurance requirements at this time.
Auditors Need
Access to Employee
Records," RCED-91-
7, at 5 (LSN#
NEV000003790)
10/1994 "Yucca Mountain: NRC found problems with QA, particularly with the site
Quality Assurance at | contractor’s ability to effectively implement corrective
DOE's Planned actions and DOE’s ability to oversee the site
Nuclear Waste contractor’s QA program.
Repository Needs
Increased
Management
Attention," GAO-06-
313, at 15 (LSN#
NEV000003795)
09/04/1996 | "Department of DOE had a long history of management problems and at
Energy: Observations | the core of many of these problems was its weak
on the Future of the oversight of more than 110,000 contractor employees
Department," T- who performed nearly all of the Department’s work.
RCED-96-224, at 7-8 | These contractors got paid even if they performed poorly,
(LSN# and DOE oversaw them under a policy of "least
NEV000005434) interference." Historically DOE was unsuccessful in
managing its many large projects, referred to as "major
acquisitions"— those costing $100 million or more and
which were important to the success of its missions.
Since 1980, DOE was involved with more than 80 major
acquisitions and many more of these projects were
terminated prior to completion than were actually
completed, and many had large cost overruns and delays.
2001 "Nuclear Waste: Model validation and software development problems

Preliminary
Observations on the
Quality Assurance
Program at the Yucca
Mountain
Repository," GAO-
03-826T, at 4 (LSN#
NEV000003720);
"Yucca Mountain:
Quality Assurance at
DOE's Planned
Nuclear Waste
Repository Needs

resurfaced. New QA audits found that project personnel
had not followed the required procedures for model
development and validation or established a timeline for
completing the models. These audits also identified that
project personnel had not followed the software
development process, prompting a prohibition on further
software development without prior management
approval. DOE attributed the recurrence to ineffective
procedures and corrective actions, improper
implementation of quality procedures by line managers,
and personnel who feared reprisal for expressing quality
concerns. According to DOE, the significance of these
new observations was compounded by their similarity to




53

Date Document Name Description
Increased those problems previously identified. Recognizing a need
Management to correct these recurring problems, DOE conducted a
Attention," GAO-06- | comprehensive root analysis.
313, at 15 (LSN#
NEV000003795)

06/2001 "Yucca Mountain: DOE was unable to close a June 2001 software corrective
Persistent Quality action report because auditors in 2003 found several
Assurance Problems | ineffective software processes similar to previously
Could Delay identified problems, indicating that previous actions were
Repository Licensing | ineffective in correcting the problems.
and Operation,"
GAO-04-460, at 10-
11 (LSN#
NEV000004130)

07/2002 "Nuclear Waste: DOE provided NRC with a revised management plan to
Preliminary correct its QA problems, including problems with
Observations on the | scientific models and software codes which also included
Quality Assurance performance measures to assess the effectiveness of the
Program at the Yucca | actions. DOE identified a total of 72 actions needed to
Mountain correct the QA program. — 35 to address the five key
Repository," GAO- areas, 12 to address model development issues, and 25 to
03-826T, at 4-5 address software development issues.
(LSN#
NEV000003720)

Early 2003? | "Nuclear Waste: DOE reported that the project still lacked complete and
Preliminary useful performance measures and stated its intention to
Observations on the | have the appropriate performance measures in place by
Quality Assurance September 2003.
Program at the Yucca
Mountain
Repository," GAO-
03-826T, at 5 (LSN#
NEV000003720)

03/2003 "Nuclear Waste: DOE issued a "stop-work" order preventing any further
Preliminary use of a procedure intended to help improve DOE and

Observations on the
Quality Assurance
Program at the Yucca
Mountain
Repository," GAO-
03-826T, at 5 (LSN#
NEV000003720)

contractor QA procedures. According to DOE, they
canceled the use of the procedure and reverted back to the
existing procedure.
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Date Document Name Description

04/2003 "Nuclear Waste: An NRC official commented that the QA program still
Preliminary had not produced the outcomes necessary to ensure the
Observations on the | program was compliant with NRC requirements.
Quality Assurance
Program at the Yucca
Mountain
Repository," GAO-
03-826T, at 5 (LSN#
NEV000003720)

05/28/2003 | "Nuclear Waste: Whether DOE can correct its QA problems in time to
Preliminary meet its milestone for submitting an application that was
Observations on the | acceptable to NRC was not clear. DOE’s unsuccessful
Quality Assurance efforts to address recurring QA problems, the
Program at the Yucca | identification of new problems since the issuance of its
Mountain 2002 improvement plan, and NRC’s recent comment that
Repository," GAO- DOE’s QA plan had yet to produce outcomes necessary
03-826T, at 5-6 to ensure that the program met NRC requirements left the
(LSN# future success of the QA program uncertain.
NEV000003720)

Late 2003 "Yucca Mountain: Three of four management assessments identified
Persistent Quality significant continuing problems with the delineation and
Assurance Problems | definition of roles and responsibilities for carrying out the
Could Delay QA program.
Repository Licensing
and Operation,"
GAO-04-460, at 12
(LSN#
NEV000004130)

04/2004 "Yucca Mountain: Because of the limitations noted in the Longenecker

Persistent Quality
Assurance Problems
Could Delay
Repository Licensing
and Operation,"
GAO-04-460, at 21-
22 (LSN#
NEV000004130)

review, DOE had not yet evaluated the effectiveness of
corrective actions. GAO concluded that despite working
nearly three years to address recurring QA problems,
recent audits and assessments found that problems
continued with data, models and software, and that
management weaknesses remained. GAO concluded that
recurring problems could create the risk of introducing
unknown errors into the design and construction of the
repository that could lead to adverse health and safety
consequences. Because of its lack of evidence that its
actions were successful, DOE was not yet in a position to
demonstrate to NRC that its QA program could ensure the
safe construction and long-term operation of the
repository. GAO recommended that DOE SECY direct
the Director, OCRWM, to revise the performance goals in
the 2002 action plan to include quantifiable measures of
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Date Document Name Description
the performance expected and time frames for achieving
and maintaining this expected level of performance and
close the 2002 plan once sufficient evidence showed that
the recurring QA problems and management weaknesses
that were causing them were successfully corrected.
03/2005 "Yucca Mountain: Emails from USGS employees written between May 1998
Quality Assurance at | and March 2000 implying that employees had falsified
DOE's Planned documentation to avoid QA standards were discovered.
Nuclear Waste After announcing the discovery of USGS emails
Repository Needs suggesting possible violation of QA requirements,
Increased including the falsification of records, DOE took steps to
Management address lingering concerns about the adequacy of the
Attention," GAO-06- | scientific work related to the flow of water into the
313, at 19, 33, 35 repository and whether similar QA problems were
(LSN# evidenced in other emails relevant to the licensing
NEV000003795) application. NRC encouraged DOE to take the time and
actions necessary to fully and adequately resolve these
and other QA issues.
08/2005 "Yucca Mountain: After observing a DOE QA audit of LLNL THC Seepage
DOE's Planned Model, NRC staff expressed concern that humidity
Nuclear Waste gauges were not properly calibrated. According to an
Repository Faces NRC official, NRC communicated its concerns on the
Quality Assurance LLNL audit findings to DOE and BSC project officials on
and Management six occasions between August and December 2005.
Challenges," GAO-
06-550T, at 14
(LSN#
NEV000003778)
10/2005 "Yucca Mountain: DOE began to develop an action plan for reviewing,

Quality Assurance at
DOE's Planned
Nuclear Waste
Repository Needs
Increased
Management
Attention," GAO-06-
313; at 35 (LSN#
000003795);

"Yucca Mountain:
DOE's Planned
Nuclear Waste
Repository Faces
Quality Assurance
and Management
Challenges," GAO-

validating, augmenting and replacing USGS work
products that had come under scrutiny. However, in
December 2005 and again in February 2006, some project
work was stopped due to continuing QA problems.
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Date Document Name Description
06-550T, at 2 (LSN#
NEV000003778)
11/09/2005 | "Yucca Mountain: The DOE IG found emails containing possible conditions
Quality Assurance at | adverse to quality among ten million that had already
DOE's Planned been reviewed for relevancy to the licensing process.
Nuclear Waste Further, a number of them were deemed not relevant to
Repository Needs the licensing process. The IG recommended that
Increased OCRWM (1) expand its quality-assurance-related search
Management effort to include a more comprehensive review of the ten
Attention," GAO-06- | million archived emails to assure that all conditions
313, at 34 (LSN# adverse to quality were appropriately identified,
000003795) investigated, reported and resolved and (2) ensure that
current and future emails were reviewed for possible
conditions adverse to quality, and that such conditions be
appropriately addressed under the Corrective Action
Program.
02/07/2006 | "Yucca Mountain: Stop-work order issued by BSC on the use of Visaila
DOE's Planned relative humidity/temperature probes affecting the LLNL
Nuclear Waste THC Seepage Model scientific work due to concerns that
Repository Faces QA requirements had not been followed and the length of
Quality Assurance time it took top management to become aware of the
and Management issue. In August 2005, NRC observed a DOE QA audit at
Challenges," GAO- LLNL and expressed concern that humidity gauges used
06-550T, at 14 in scientific experiments at the project were not properly
(LSN# 000003778) calibrated — an apparent violation of QA requirements.
This delay was an example of the project’s management
tools not being effective in bringing QA problems to top
management’s attention.
03/2006 "Yucca Mountain: After more than twenty years of project work, DOE again
Quality Assurance at | faced substantial QA and other challenges to plans to
DOE's Planned submit a fully defensible license application to the NRC.
Nuclear Waste DOE’s Initiatives raised concerns about five key areas of
Repository Needs management weakness adversely affecting the
Increased implementation of QA requirements.
Management
Attention," GAO-06-
313, at 21, 42 (LSN#
000003795)
Spring 2006 | "Yucca Mountain: DOE requested that a team of external QA experts review
DOE Has Improved | the performance of the QA program. The experts

its Quality Assurance
Program, But
Whether its
Application for a
NRC License Will be

concluded that 8 of the 10 topics they studied had not
been effectively implemented. The team found the
corrective action program did not ensure that problems
were either quickly or effectively resolved. A follow-up
DOE root cause analysis report concluded that the
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Date Document Name Description
High Quality is corrective action program was ineffective primarily
Unclear," GAO-07- because senior management had failed to recognize
1010, at 19 (LSN# the significance of repeated internal and external
NEV000005413) reviews and did not aggressively act to correct

identified problems and ensure program effectiveness.
In response, DOE revised the CAP to change
organizational behaviors and provide increased
management attention.

12/2006 "Yucca Mountain: External review of the QA program found that OCRWM
DOE Has Improved | staff had focused its efforts on trying to downgrade the
its Quality Assurance | significance of condition reports to deflect individual and
Program, But departmental responsibility, rather than ensuring that the
Whether its underlying causes and problems were addressed.
Application for a
NRC License Will be
High Quality is
Unclear," GAO-07-

1010, at 19 (LSN#
NEV000005413)

01/19/2007 | "Yucca Mountain GAO estimated costs for DOE’s response to the USGS
Project: Information | employee email issue: review of project emails and other
on Estimated Costs to | relevant documents to determine the extent and nature of
Respond to Employee | problems similar to those suggested by the USGS emails
E-Mails that Raised — $4.2 million; scientific rework related to the USGS
Questions about water infiltration analysis — $21.1 million; management
Quality Assurance," | and QA training for personnel — $340,000.
GAO-07-297R, at 2
(LSN#

NENO000000578)

06/2007 "Yucca Mountain: OCRWM project managers told GAO that because QA
DOE Has Improved | rules were not followed at LLNL [THC Seepage Model,
its Quality Assurance | gauges were not properly calibrated], DOE could not use
Program, But this scientific work to support the license application.
Whether its
Application for a
NRC License Will be
High Quality is
Unclear," GAO-07-

1010, at 15 (LSN#
NEV000005413)

08/2007 "Yucca Mountain: DOE had again implemented changes to its corrective

DOE Has Improved | action program, the broader system for recognizing

its Quality Assurance
Program, But
Whether its

problems and tracking their resolution. It was one of the
key elements of the project’s QA framework.
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Date Document Name Description

Application for a
NRC License Will be
High Quality is
Unclear," GAO-07-
1010, at 19 (LSN#
NEV000005413)

08/2007 "Yucca Mountain: DOE’s root cause analysis team found no apparent
DOE Has Improved | widespread or pervasive pattern of a negative attitude
its Quality Assurance | toward QA or willful noncompliance with QA

Program, But requirements. Analysis did find that OCRWM senior
Whether its management failed to (1) hold USGS personnel
Application for a accountable for the quality of the scientific work; (2) fully
NRC License Will be | implement QA requirements; and (3) effectively

High Quality is implement the corrective action program.

Unclear," GAO-07-
1010, at 20-21 (LSN#
NEV000005413)

Table 2 contains just a sample of QA evaluations or surveillances or audits assessing the
current status of DOE's deficient QA, after the time it filed its LA on June 3, 2008. The
documents and findings enumerated in Table 2 particularly illustrate the poor QA performance
of DOE and its contractors, especially in the areas of Corrective Action Program and oversight of
contractors/suppliers, in the face of newly adopted procedures and programs supposedly
designed to fix those very problems, symptomatic of DOE's QA shortcomings for the last two
decades. The OQA organization demonstrates an ability to locate and articulate problem areas,
but DOE's lack of quality culture results in the deficiencies not being timely corrected, huge
corrective action backlogs, and repetition of the same kinds of deficiencies year after year. As
reflected in DOE's own documents, one of its errant responses to the problem has been to remove
corrective action oversight responsibilities from the QA program and return them to the very line

organizations whose insensitivity to quality work spawned the problems in the first place.
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Date

Document Name

Description

07/11/2008

"Review of Oversight
of the OCRWM
Corrective Action
Program" (4/1/2008-
6/30/2008) (LSN#
DENO001600603)

e p. 2 The scope of this independent surveillance of the
CAP included ensuring that effective corrective actions
are taken to address the problems identified and to
prevent recurrence.

e p. 3 The QA CAP oversight team has developed a
backlog of CRs to review from the last three months.

¢ [t was noted that there continues to be some
longstanding poor performance CAP PIs (performance
indicators) mainly in the DOE organization.

e p. 5 "DOE continues to struggle with CAP
implementation performance."

e p. 5-6 As part of the CAP oversight team's effort, the
team conducted a surveillance on the closure of CR-
9774 ("Ineffective Implementation of the CAP"); as a
result of this evaluation, the team identified four more
CRs relative to the closure of CR-9774.

e p. 8 Other conclusions included: "The timeliness and
completeness of corrective action closeouts require the
most immediately management attention." "The focus
of this attention needs to be on CAP timeliness,
completeness, and improvement in overall CAP
performance accountability." Also, "improve the
timeliness of corrective action implementation."

07/10/2008

"Effectiveness of the
Quality Assurance
Program
Implementation
0QA2008-02"
(LSN#
DENO001603133)

In a quality assurance report signed on July 10 (a month
after the LA was filed), QA "chief" Larry Newman
admitted:

¢ "QA has not provided effective oversight of the self-
assessment program."

e "Numerous condition reports were written to address
issues raised by the 2006 NEI Independent Assessment
of Quality Assurance [i.e., two years before the LA];
however, some of those issues . . . continue to be
present."

e "A culture issue exists within QA. ... The QA
organization is still not aligned internally. Confusion
exists with the direction that QA is taking."

¢ "During the self-assessment it was acknowledged by
QA and YMP management that a considerable effort
remains to sustain Corrective Action Program
effectiveness. The timeliness and completeness of
corrective action close-outs require the most immediate
management attention."
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06/30/2008

"Yucca Mountain
Project Quality
Performance
Assessment Report
(QPAR)" (May 1 to
May 31, 2008)
(LSN#
DENO001598783)

Published June 30, 2008, a month after LA, this document
defines DOE's status as of the filing date. Some of its key
findings:

e Work remains to be done in some areas to bring the
Corrective Action Program to the next level of
performance, most particularly on the timeliness of
corrective action close-outs.

e [ssue resolution timeliness remains a problem area
particularly in DOE and SNL-LL, and requires
continued management attention.

e Timely corrective action completion and closure
continue to require management attention across the
project.

e The timeliness and completeness of corrective action
close-outs require the most management attention.
More urgency and accountability is needed.

e DOE's overall Corrective Action Program performance
index as of the end of May 2008 was rated 59.6 percent
(defined as "less than adequate performance").

e SNL-LL (Sandia-Livermore) overall CAP performance
index as of the end of May 2008 was 68.3 percent (also
defined as "less than adequate performance").
Moreover, the SNL-LL index was characterized as
"declining" rather than improving.

e Issue resolution timeliness has slightly improved, but
remains a problem, particularly in DOE and SNL-LL,
which continue to show unsatisfactory performance in
at least two of the six CAP timeliness performance
measures.

e Overall project timeliness in completing CRs
(Condition Reports), based on original completion
dates, has further declined from 37.9 percent in April
2008 to 20.3 percent in May 2008, against the
established goal of 95 percent. (Performance in DOE
improved in this area, but declined in Bechtel and
Sandia.)

e The average age of QA identified significant issues has
increased from 648 days last month to 672 days during
this month, remaining well above the 90-day goal.

e A chart detailing the 20.3 percent overall project
timeliness in completing Condition Reports breaks
down the figure by organization: DOE 29.4 percent;
Bechtel 23.1 percent; Sandia/Livermore 15.4 percent.

07/01/2008

"Construction
Management and Site

This document was issued July 1, 2008, a month after the
LA was filed. Some of its key findings include:
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Operations Office
Focused Self-
Assessment 'Effective
Implementation of
OCRWM Corrective
Action Program''
(May-June 2008)
(LSN#
DENO001599193)

o A review of Corrective Action Program (CAP) database
metrics disclosed:

o With respect to the identification of new Condition
Reports, the performance indicators ranged from less
than adequate to unsatisfactory. Except for one
isolated incident where the performance indicator
showed adequate, the remaining performance
indicators are less than adequate (13) and
unsatisfactory (2), indicating that improvements are
needed.

o Self-identification of problems - performance
indicators ranged from unsatisfactory to adequate.
While seven performance indicators showed
adequate, there were four performance indicators
that were unsatisfactory and seven performance
indicators that were less than adequate.

o Line identification of problems - performance
indicators ranged from unsatisfactory to sustained
adequate. There was an isolated sustained adequate
performance indicator, but otherwise, it was split
between meets goal (6), unsatisfactory (6), and less
than adequate (5). The predominate performance
indicators are either unsatisfactory or less than
adequate.

e The requirement for a "previous occurrence review"
became effective on 10/29/2007. The audit team
reviewed five CRs for the adequacy of the "previous
occurrence review." In four of the five, a "previous
occurrence review" was simply not found at all.

e A sample of nine Condition Reports (CRs) were
reviewed to assess the effectiveness and adequacy of
"interim corrective actions."

o The CRs had been open for a period in excess of
160 days, and were examined to gauge if interim
actions were put in place to address the identified
deficiencies.

o Of the nine CRs evaluated, three had no interim
actions taken, where interim actions "should have
been conducted."”

o One of those CRs involved worker safety, and the
audit team found that the justification provided
under a "worker safety and health program review"
provided "NO technical data to support the
conclusion that the overall risk to worker safety and
health is negligible."
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e The audit report lists some 15 separate Condition
Reports which were issued as a result of OCRWM's
self-assessment of its Corrective Action Program
(CAP), this coming after it had filed its License
Application.

07/31/2008

"DOE Quality
Performance
Assessment Report
(April 1 to June 30,
2008)" (LSN#
DENO001603345)

e Report is signed off by OQA Director Newman, and
lists the Corrective Action Program as the number one
problem area in quality assurance, specifically focusing
on the continuing problem with timely corrective action
completion and closure.

e Newman provides statistics illustrating that, with
respect to their CAP performance indices (separately
calculated by organization), DOE's has declined,
Bechtel's has declined, and the project overall has
declined, with only a slight improvement shown by
Sandia.

e DOE rates overall CAP performance pattern by colors,
with green representing adequate performance for three
straight months: neither DOE nor Bechtel nor Sandia
nor the project as a whole is rated green, with DOE's
performance dropping from yellow (59.6%) to red
(44.8%).

08/01/2008

"Office of the Chief
Scientist Self-
Assessment of the
OCRWM Control
Procedures to
Identify Schedule-
Driven Processes: A
Focused Self-
Assessment Report"
(LSN#
DENO001603571)

e The purpose of the report is to examine all OCRWM
administrative and line procedures, to determine which
ones contain schedule deadlines to be met according to
the procedure.

e Those procedures which require performance in
adherence to one or more deadlines are looked at more
closely, to determine whether the deadlines are required
regulatory or are merely, in DOE's words, "SME"
(Senior Management Expectations).

e Those which are merely SME are then reconsidered
with Russ Dyer (DOE Chief Scientist) then making a
recommendation with respect to revising the schedule
requirement out of the procedure.

e Dyer's rationale for eliminating schedule deadlines is
"to reduce adverse impacts of existing prescribed
schedule constraints on the efficient conduct of business
within the OCRWM program."

e In stark contrast to the reality of the problems besetting
the Corrective Action Program, Dyer reflects DOE's
mindset by recommending modification of schedule
deadlines prescribed by the procedures for
"management of conditions adverse to quality for
external organizations" and corrective action
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requirements in the OCRWM procedure for safety &
health program inspection.

In recommending modification or deletion of all of the
schedule deadlines for corrective action in these areas,
Dyer's justification is "schedule related issues in the
corrective action program common a year ago are less
of'a concern today." One could not seriously contend
this to be true in view of the myriad audits and
assessments during this period critical of the timely
completion of corrective actions in the Corrective
Action Program, including the Quality Performance
Assessment Report signed off on just the day before by
OQA Director Newman.

08/07/2008

"OCRWM Corrective
Action Program
Condition Screening
Team" (LSN#
DEN001601246)

DOE adopts another "get-well" program for its CAP,
with a whole new group with a whole new membership.
It is assigned the task of ensuring prompt and accurate
corrective action when Condition Reports arise.

The CST (Condition Screening Team) is established to
support management in the effective implementation of
the Corrective Action Program.

(All this is a tacit admission by DOE that, as of two
months after the LA, its CAP is still in total disarray
and DOE is throwing a new fix-it program at the
problem.)

08/22/2008

"Bechtel Quality
Assurance
Surveillance Report
BQA-SE-08-030"
(LSN#
DENO001600946)

Surveillance of a supplier (American Tank and
Fabricating Company) quality assurance program.
Contract was fabrication of waste package closure
mockup.

The surveillance was performed to document
verification of the activities associated with the first
welding operation of the waste package closure
mockup.

The surveillance found flow meters used during the
welding process improperly calibrated.

The flow meter was sent to an unapproved supplier for
calibration.

The meter was delivered to the unapproved supplier on
July 24, 2008, while procurement documentation was
not generated until August 8, 2008.

Stork Herron Material Testing issued a calibration
certification on August 11, 2008. In fact, Stork Herron
Material Testing was never in possession of the flow
meter, yet issued a calibration certificate indicating that
the calibration activity was performed in accordance
with their quality program, including 10 C.F.R. Part 21.
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o Surveillance found that this incident indicates a serious
breakdown in the implementation of the AT&F quality
assurance program.

e The incident was identified as a significant condition
adverse to quality, and a stop work was initiated against
all quality-related fabrication activities of the waste
package closure mockup.

o AT&F developed a project-specific procedure
identifying the cleaning processes employed prior to
and after welding. This procedure was not submitted to
BSC for approval prior to the beginning of
manufacturing. This is considered a condition adverse
to quality.

e Bechtel's applicable specification provided
"subcontractor shall select sub-tier suppliers based on
formal audit and evaluation of the sub-tier supplier's
capability to provide items and services in accordance
with the contractor's procurement documents and
placement of the sub-tier supplier on subcontractor's
supplier list." Contrary to this requirement, AT&F
utilized an unapproved supplier to calibrate the argon
flow meter used during the welding operations.

07/21/2008

"Quality Assurance
Internal Audit IA-08-
07 Checklist" (LSN#
DENO001599173)

e Implementation of QARD is the focus.

¢ Found that procurement review record dated 11/1/2006
for PO-704343 to Northwest Geophysical Associates
indicates a "Q" procurement requiring approval by audit
and includes a QA requirement in statement of work
(SOW) that an audit will be performed prior to start of
work. Supplier was not on qualified supplier list and no
audit was performed.

e Found that SOW reviews to ensure correct translation to
the ORACLE system are being performed by the lead
lab procurement coordinator, but the reviews are not
being documented. The consequence of this happening
could be a complete redo of the work by the supplier,
unqualified data being submitted erroneously, or errors
caused by incorrect or missing technical requirements.

e Found that the lead lab procurement process does not
address all applicable QARD requirements for
documents associated with purchase orders.

¢ Found there are no roles, responsibilities or procedural

controls for reviews to ensure the actual contract
document (the purchase order) that transmits technical
and quality requirements to suppliers matches the
reviewed and approved SOW.
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e The lead lab procurement process is not in full
compliance with QARD requirements, which could
result in inadequate quality work being performed.

e (p. 15) Found that numerous suppliers had no audit
performed on them prior to the audit due date listed on
the qualified suppliers list. Included critical suppliers
such as Oak Ridge National Lab, AREVA, efc.

¢ (p. 16) Overall maintenance of the OCRWM qualified
suppliers list (QSL) is inadequate.

07/29/2008

"Apparent Cause
Analysis Report (CR
#12353): QSL (and
Supplier)
Maintenance Issues"
(LSN#
DENO001602079)

e The problem statement for this Condition Report
observed that some suppliers were not audited or
evaluated when due, supplier evaluation reports (SERs)
were not completed as required, the QSL was not
updated to accurately reflect the approved supplier
evaluation reports; also, errors were found on the
OCRWM QSL along with a failure to audit or evaluate
qualified suppliers which it was deemed could impact
the quality of products or services since the list is used
to place orders and approve suppliers.

08/19/2008

"Condition Adverse
to Quality RDH-6
Problem Statement"
(LSN#
DENO001599808)

¢ Lead lab management attention is needed to ensure that
the procurement process is adequately described,
formally documented, and adequate records are
maintained. It is recommended that OQA be involved
in the CR planning and corrective action
implementation.

e Recommendation — institute immediate corrective
actions to document that QA and technical requirements
contained in previously processed purchased orders
align with the SOW (statement of work) documents that
were reviewed and approved.

e Recommendation — revise the appropriate lead lab
procedures to ensure that adequate documentation
exists, that the reviewed and approved SOW matches
the technical and quality requirements reflected in the
purchase order sent to suppliers.

07/15/2008

"OCRWM Report
for Audit IA-08-07
of the QA Program
Implementations of
QARD (by
OCRWM, Bechtel,
and Sandia)" (April
28 - July 8, 2008)
(LSN#
DEN001599605)

This assessment includes a period of about a month before
the LA issuance and about a month after, and was
published on July 15, 2008. Some of its key findings
include:

e The primary objective of the audit was to determine
whether OCRWM and principal contractors were
effectively implementing the requirements in the
QARD for procurement document control and
control of purchased equipment. Serious deficiencies
were found with supplier documentation. The audit
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team issued a "QA organization finding" stating that all

applicable QARD and procedure requirements are not

being followed specific to the supplier qualification
process. A review of the supplier files reveals that not
all suppliers were audited or evaluated when required.

The audit found that the actual Sandia purchase orders

and amendments did not reflect the same technical and

quality requirements reviewed and approved in the

"statement of work" (SOW), the primary document

underlying the purchase in question. The audit team

found that Sandia would develop a SOW for technical
and quality requirements, but entered it into an
unqualified database to produce the purchase order.

The purchase order, not the SOW is then forwarded to

the supplier.

"The lack of purchase order and lack of evidence of

actual transmittal of quality and technical requirements

could impact Sandia's ability to provide QA records that
may be needed during the licensing period." An
example was cited during the audit whereby the
requirements in the SOW were different than those in

the purchase order transmitted to the supplier. As a

result of this issue, the procedure controls in the lead lab

are not considered adequate.

The audit team examined procurement documents at

DOE, Bechtel, and Sandia, and found "the lead lab

procurement process does not provide documented

reviews, approval, or retention of the actual Sandia

Corporation (subcontractor to SNL) issued purchase

order." Additionally, the purchase orders are not

classified as OCRWM QA records retrievable from the

RPC (Requirements Package Checklist).

The audit team reviewed SERs (Supplier Evaluation

Reports) initiated by DOE, Bechtel, and Sandia and

found:

o Suppliers were not audited by the required audit due
date.

o Annual evaluations were not performed by due dates,
and no evidence that evaluations included recent
supplier audit results.

o The QSL (Qualified Supplier List) database was
changed without an approved SER (Supplier
Evaluation Report).

o Several errors were identified when comparing the
QSL to the SER. (A Condition Report was issued as
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a QA finding to document these conditions adverse
to quality.)

e The recent accumulation of errors and implementation

of the QSL maintenance process and weaknesses in the
program warrants a need for the QA organizations to
ensure that the roles and responsibilities for maintaining
the QSL are clearly defined and consistently
implemented by all QA organizations.

08/13/2008

"Bechtel QA
Surveillance BQA-
SI-08-065" (LSN#
DEN001600918)

Surveillance concerned control of purchased items and
services, supplier evaluations, and maintenance of
supplier list.

The surveillance concluded implementation of
requirements unsatisfactory; and effectiveness of
implementation unsatisfactory.

"It is concluded that the environmental safety and health
(ES&H) organization has not satisfactorily implemented
requirements specified in the QMD and implementing
procedures for the procurement of analytical services.
Specifically, laboratories that provide analytical
services to the ES&H organization have not been
evaluated in accordance with requirements to perform
this work. Additionally, laboratories providing
analytical services have not been placed on the supplier
list."

A Condition Report was initiated to address the
condition adverse to quality regarding the procurement
of analytical services by the Bechtel ES&H
organization.

DOE's QA requires that verification and evaluation of
suppliers providing analytical services has been
performed: contrary to this requirement, three
laboratories have been used for the performance of
analytical services; upon review it was determined that
none of these three laboratories was evaluated as
required.

DOE QA also requires that the performance of suppliers
be evaluated and documented on a periodic basis:
contrary to this requirement, no evaluation of the
performance of the same three laboratories (Datakim
Laboratories, EFFEX Analytical Services, and
Armstrong Forensic Laboratory, Inc.) had been
conducted as required.

The Bechtel QA organization was not even informed of
the services being provided by the three laboratories.
DOE QA requires that a supplier list be maintained,
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including any suppliers providing analytical services:
contrary to this requirement, the same three analytical
service providers were not evaluated and placed on the
suppliers list as required.

DOE QA requires a formal acceptance of services take
place for services provided by analytical laboratories:
contrary to this requirement, the products of the three
labs in question were not evaluated for acceptance,
including the completion of acceptance reports as
required by QA-PRO-1071.

08/12/2008

"Bechtel QA
Surveillance BQA-
SI-08-065" (LSN#
DEN001600918)

In a sample size of three, all three suppliers checked
were found to be unapproved.

The laboratories performing analysis of samples in
support of ES&H work activities had not been
evaluated, and were not on the approved suppliers list.
The audit recommended that an extent of condition be
performed to evaluate the length of time that the
Bechtel ES&H organization has been out of compliance
and determine if analytical services have been provided
by other laboratories.

08/19/2008

"OCRWM Supplier
Audit SA-08-29
(Project Management
and Oversight of
Engineering Services
at AREVA Federal
Services, LLC)"
(LSN#
DENO001601470)

AREVA is subcontracting all TAD canister system
engineering and design work to Transnuclear, an
AREVA company, through the procurement process.
AREVA's project plan did not clearly identify which
QA program (AREVA or Transnuclear) applies to each
part of the scope of work in the DOE contract, does not
explain the contractual interface between AREVA and
Transnuclear, and does not contain all required
approvals on the plan.

Transnuclear was added to the AREVA approved
supplier list in accordance with a procedure requiring a
supplier evaluation to be performed. AREVA did not
comply with this procedure and could not provide
objective evidence of a supplier evaluation or a
documented review of the Transnuclear QA program.
AREVA is using AREVA-NP (a subsidiary) for QA
records storage and AREVA-NP is not on the AREVA
approved supplier list for this scope of work.

AREVA's audit team was not sufficiently independent
(i.e., the same people were evaluating work done as
were directly involved in the performance of the work).

07/31/2008

"Bechtel Quality
Assurance
Surveillance No.:
BQA-SI-08-054 (July

This surveillance by Bechtel investigated the proper
processing of Design Change Requests (DCRs),
particularly those which impact the License
Application.
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31, 2008)" (LSN#
DEN001601221)

e The surveillance found: "The examined activity
integrates LA affected design change control processes
between Bechtel Engineering, Bechtel Repository
Project Management Integration, and DOE. This
surveillance identified six issues adverse to quality
regarding Bechtel Engineering noncompliance with the
design change control process and Bechtel Repository
Project Management Integration noncompliance with
the License Application change control process and
TMRB (Technical Management Review Board)
operations."

e The surveillance found: "Conclusion: The final results
of Bechtel Surveillance BQA-SI-08-054 identified: (1)
ineffective implementation of the Bechtel Engineering
design change control process; (2) ineffective
implementation of the Bechtel RMP licensing TMRB
process; (3) confusing interface implementing steps;
and (4) poor recordkeeping practices."

e The surveillance summary reflected:

o Adequacy of requirements: unsatisfactory
o Implementation of requirements: unsatisfactory
o Effectiveness of implementation: unsatisfactory

¢ In one instance, 18 Document Change Requests (DCRs)
were examined; 8 of them did not have the required
signature indicating authorization to continue; and 16 of
the 18 did not have the Technical Management Review
Board information recorded after TMRB decision
proposals were closed.

e Another 18 DCRs examined reflected 16 which did not
have the required signature indicating approval for work
to proceed; and 16 of the 18 were also not registered as
closed, as required.

¢ In another group of 17 TMRB decision proposals
reviewed, 14 were found to be unsatisfactory.

¢ In another group of 18 DCRs examined, 8 did not
include the required signature authorizing work to
continue; 16 of the 18 did not have the TMRB
disposition recorded.

e In a different group of 18 DCRs reviewed, 16 did not
receive project engineering approval for work to
proceed; did not receive the engineering manager
approval of the DCR; nor was necessary information
forwarded to project document control.

¢ In another sample of 17 DCRs, 14 were found not to
meet requirements.
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Again, in another group of 17 DCRs, 14 TMRB
decision proposals reviewed did not have the
implementing actions recorded in the DCR.

Finally, in another group of 17 DCRs sampled by the
surveillance team, 16 of the 17 did not meet
requirements because the responsible manager signed
off on all of them as implementation completed, prior to
the requested change and other implementing actions
actually being conducted.

08/13/2008

OCRWM "Report for
Surveillance:
Independent
Assessment Issues"
(June 25-July 25,
2008) (LSN#
DENO001601259)

This document was issued August 8, more than two
months after the LA filing.

The purpose of the surveillance was to perform a review
of three previous QA assessments to confirm corrective
action had taken place. The three were a Quality
Assurance Management Assessment done in 2007, an
Independent Review Team (IRT) Assessment done in
2007, and an NEI Independent Assessment done in
2006. In other words, all the issues were on the table
for a year or two before this evaluation was conducted.
No personnel were contacted by the review team. It
based its review on a search of Corrective Action
Program (CAP) records regarding the issues and
recommendations identified in the aforementioned three
QA assessments.

In its conclusion, OCRWM concludes: "The YMP
inconsistently addressed problems identified by the
three independent assessment teams (i.e., 2006 NEI,
2007 QAMA, and 2007 IRT)."

About 35 percent of all the issues evaluated have not
been effectively implemented.

One major area in which a deficiency (CR 10174b)
remained totally open was the criticism that "line
management hasn't taken the next step in translating
their expectations to assure that an effective safety
culture (defined areas important to safety, important to
waste isolation, and License Application/submittal) is
implemented."

One of the so-called "closed-satisfactory"
recommendations confirmed by this audit was:
"OCRWM, BSC and SNL should evaluate their
respective QA program plans and practices to identify
responsibilities that have been assigned to the QA
organization that potentially undermine line
management responsibility and accountability for
quality. Where such situations are identified, a strategy
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for the smooth transition of the responsibility from the
QA organization to the line organization should be
developed and implemented."

e Another recommendation "satisfactorily" implemented:
"Discontinue 100 percent review by Office of Quality
Assurance of all Condition Reports."

¢ Another: "The Yucca Mountain QA organizations
should remove themselves from inline procurement
document reviews, turning the process over to the line
organizations."

¢ Another example of a recommendation "satisfactorily"
implemented: "Close Condition Reports upon
execution of the corrective actions as approved by the
responsible line manager. Assign subsequent
effectiveness assessments to the line organization.
Eliminate QARD Section 16.2.5 and the associated
actions in AP-16.1Q that require verification of
corrective actions."

08/26/2008 | Condition Report No. |e The CR lists seven different DOE procedures which do
10268 (LSN# not meet the required QARD requirements and need to
DENO001601739) be redone.

A comprehensive and effective QA program is prerequisite to ensuring the health and
safety of employees and the public and the protection of the environment, and the recurring
problems evidenced in DOE's QA program up to this very day create the risk of introducing
unknown errors into the design and construction of the repository that could lead to adverse
health and safety consequences and dispel any suggestion that DOE has had in the past, does
have presently, or has any reasonable expectation that it will have in the future, such an effective
QA program at YMP.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the hollow speculation of SAR Subsection 5.0, 5.1, 5.1.2, and
similar subsections and DOE's QARD (incorporated by reference in the License Application in

Chapter 5), regarding DOE's high hopes for quality assurance (QA) in the future, because they
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ignore the facts that DOE has been and continues to be unable to implement an adequate QA
program and that there exists no basis for a reasonable expectation that DOE will do so in the

future.
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NEV-SAFETY-04 - CONTENT OF QUALITY ASSURANCE PROGRAM

1. A statement of the contention itself

Legal issue: SAR Subsection 5.1.2, which states that the Quality Assurance
Requirements and Description (QARD) addresses design, analysis, fabrication, construction and
testing of the repository, fails to comply with applicable quality assurance criteria because the
SAR does not address repository operation, permanent closure, and decontamination and
dismantling of surface facilities.

2. A brief summary of the basis for the contention

DOE admits in SAR Subsection 5.1.2 that the QARD will be revised in the future to
address future activities related to facility operations, permanent closure of the repository, and
decommissioning and dismantling of the surface facilities; however, DOE is required to include
in its safety analysis report a description of the quality assurance program to be applied to all
structures, systems and components important to safety, all activities important to waste
isolation, and all activities important to safety functions of those structures, systems, and
components, specifically including operations, permanent closure, decontamination and
dismantling of surface facilities.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the applicable NRC
requirements application to Yucca Mountain, and falls within the scope of the hearing as
specified in section II, paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(3) provides that a construction authorization will not be issued

unless the LA satisfies the requirements of 10 C.F.R. § 63.21 and the quality assurance program
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complies with the requirements of 10 C.F.R. Part 63, Subpart G. 10 C.F.R. § 63.21(c)(20)
requires a description of the quality assurance program to be applied to the structures, systems,
and components important to safety and to the engineered and natural barriers important to waste
isolation, 10 C.F.R. § 63.142(a) (part of Subpart G) restates the requirements of 10 C.F.R. §
63.21(c)(20), and adds that DOE is required to include in its safety analysis report a description
of the following quality assurance program activities (and how the applicable quality assurance
requirements will be satisfied): site characterization; acquisition, control, and analyses of
samples and data; tests and experiments; scientific studies; facility and equipment design and
construction; facility operation; performance confirmation; permanent closure; and
decontamination and dismantling of surface facilities. This contention alleges non-compliance
with these regulatory provisions and therefore raises a material issue within the scope of the
licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 5.1, at 5.1-1, states that the QARD, which is specifically incorporated by
reference in the license application, describes the requirements of the quality assurance program
that apply to quality-related activities at the Yucca Mountain repository. SAR Subsection 5.1.2,
at 5.1-1 and 5.1-2, states that for the design, analysis, fabrication, construction and testing of the
repository the present revision of the QARD describes the quality assurance requirements and
strategies that DOE is required to implement, and that the QARD will be revised at appropriate
times to reflect future activities related to facility operations, permanent closure of the repository,
and decontamination and dismantling of surface facilities. "Quality Assurance Requirements
and Description, DOE/RW-0333P Rev. 20" (10/01/2008), LSN# DEN001574022 at 29-30,states

in Subsection 2.2.2 that the QA program shall apply to all structures, systems and components
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(SSCs) important to safety, design and characterization of barriers important to waste isolation,
and related activities. Related activities are identified as including site characterization;
acquisition, control, and analysis of samples and data; tests and experiments; scientific studies;
performance of the pre-closure safety analysis, total system performance assessment (post-
closure safety analysis), and qualification of their inputs; and performance confirmation. Id. at
30. Since the QARD does not apply the QA program to facility operation, permanent closure, or
decontamination and dismantling of surface facilities, and since the SAR states that the QARD
will be revised in the future in application to facility operations, permanent closure of the
repository, and decommissioning and dismantling of the surface facilities, the LA fails to comply
with the requirements of 10 C.F.R. §§ 63.21(¢c)(20) and 63.142(a), and thus the Yucca Mountain
repository cannot be licensed pursuant to 10 C.F.R. § 63.31(a)(3).

6. There must be sufficient information to show that there is a genuine dispute with DOE.,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 5.1.2, which in turn relies on DOE reference
document DEN001574022, which states that states that the QA program only addresses design,
analysis, fabrication, construction and testing for the Yucca Mountain repository but will be
revised in the future to address facility operation, permanent closure, decontamination and
dismantling of surface facilities. As indicated above, there is sufficient information to believe
that DOE’s discussion in SAR Subsection 5.1.2 is materially incomplete because it fails to
address the QA program’s applicability to facility operation, permanent closure, or
decontamination and dismantling of surface facilities. As a result, SAR Subsection 5.1.2 does
not comply with the requirements of 10 C.F.R. §§ 63.21(¢)(20) and 63.142(a), and as a result, the

Yucca Mountain repository cannot be licensed pursuant to 10 C.F.R. § 63.31(a)(3).
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NEV-SAFETY-05 - EMERGENCY PLAN

1. A statement of the contention itself

Legal issue: SAR Subsection 5.7 (and subsections therein), which states that an

emergency plan will be provided to the NRC no later than 6 months prior to the submittal of the

updated application for a license to receive and possess spent nuclear fuel and high-level

radioactive waste, contains a mere commitment to develop an emergency plan as opposed to the

plan itself or even a description of the plan.

2. A brief summary of the basis for the contention

Despite the statement that SAR Subsection 5.7 is as complete as possible in light of

information that is reasonably available, DOE has not submitted an emergency plan or even a

description of an emergency plan but instead, throughout SAR Subsection 5.7, provides mere

commitments to provide various elements of an emergency plan and thus:

(@)

(ii)

(iii)

(iv)

v)

(vi)

(vii)

coordination efforts between emergency response plans of state and local
authorities for actions outside the GROA are missing from SAR Subsection
5.7.1.1;

maps identifying primary routes for emergency response equipment access or
evacuation are missing from SAR Subsection 5.7.2.2.4;

letters of agreement and memoranda of understanding with local emergency
response and support organizations to provide firefighting, ambulance, and
emergency medical services are missing from Subsection 5.7.2.2.4;

the protective actions to be taken to protect the health and safety of the public are
missing from SAR Subsection 5.7.5.1;

the off-site location of the emergency operations facility and the joint information
center is missing from SAR Subsection 5.7.8.1;

the required quarterly communication and equipment checks and drills with
offsite response organizations are missing from SAR Subsection 5.7.12.1; and

copies of letters of agreement and memoranda of understanding to allow
participation by government agencies in emergency response and planning
activities are missing from SAR Subsection 5.7.15.2.
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3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the applicable NRC
requirements application to Yucca Mountain, and falls within the scope of the hearing as
specified in section II, paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(3) provides that a construction authorization will not be issued
unless the LA satisfies the requirements of 10 C.F.R. § 63.21 and the emergency plan complies
with the requirements of 10 C.F.R. Part 63, Subpart . 10 C.F.R. § 63.21(c)(21) requires a
description of the plan for responding to, and recovering from, radiological emergencies that
may occur at any time before permanent closure and decontamination and dismantling of surface
facilities. 10 C.F.R. § 63.161 (part of Subpart I) restates the requirements of 10 C.F.R. §
63.21(c)(21), and adds that the plan must be based on the criteria of 10 C.F.R. § 72.32(b). This
contention alleges non-compliance with these regulatory provisions and therefore raises a
material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 5.7 states that the information contained within the section is as
complete as possible in light of information that is reasonably available, and that an emergency
plan compliant with 10 C.F.R. § 72.32(b) will be provided to the NRC no later than 6 months
prior to the submittal of the updated application for a license to receive and possess spent nuclear
fuel and high-level radioactive waste.

SAR Subsection 5.7.1.1 states that the emergency plan will include coordination with
other emergency plans and related actions for activities outside the GROA. SAR Subsection

5.7.2.2.4 states that the emergency plan will include a general map that identifies primary routes
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for emergency response equipment access or evacuation. SAR Subsection 5.7.2.2.4 also states
that the emergency plan will identify the locations of hospitals, fire and police stations, and
locations of other offsite emergency support organizations with which a memorandum of
understanding has been executed and training offered. SAR Subsection 5.7.5.1 states that the
emergency plan will include a description of the protective actions to be taken to protect the
health and safety of the public. SAR Subsection 5.7.8.1 states that the emergency plan will
identify the off-site location of the emergency operations facility and the joint information
center. SAR Subsection 5.7.12.1 states that the emergency plan will include a description of the
required quarterly communication and equipment checks and drills with offsite response
organizations. SAR Subsection 5.7.15.2 states that copies of letters of agreement and
memoranda of understanding (to allow participation by government agencies in emergency
response and planning activities) will be included in the emergency plan.

Since each of the above-referenced SAR subsections only includes a commitment to
provide information for the emergency plan and does not include the required aspects of an
emergency plan or even a description of those aspects, and since such information is reasonably
available now, the LA does not comply with the requirements of 10 C.F.R. §§ 63.21(c)(21) and
63.161, and thus the Yucca Mountain repository cannot be licensed pursuant to 10 C.F.R. §
63.31(a)(3).

6. There must be sufficient information to show that there is a genuine dispute with DOE.
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 5.7 (and subsections therein), which states
that the information contained within the section is as complete as possible in light of
information that is reasonably available, and that an emergency plan compliant with 10 C.F.R. §

72.32(b) will be provided to the NRC no later than 6 months prior to the submittal of the updated
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application for a license to receive and possess spent nuclear fuel and high-level radioactive
waste. SAR Subsections 5.7.1.1,5.7.2.2.4,5.7.5.1,5.7.8.1, 5.7.12.1 and 5.7.15.2 each contain a
commitment to provide information for the emergency plan even though the subject information
is reasonably available now. As indicated above, there is sufficient information to believe that
the referenced SAR subsections are materially incomplete because they each fail to provide the
emergency plan or even a description of the emergency plan, providing instead only a
commitment to develop an emergency plan. As a result, the LA does not comply with the
requirements of 10 C.F.R. §§ 63.21(c)(21) and 63.161, and thus the Yucca Mountain repository

cannot be licensed pursuant to 10 C.F.R. § 63.31(a)(3).
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NEV-SAFETY-06 - PART 21 COMPLIANCE

1. A statement of the contention itself

Legal issue: SAR Subsections 1.5.1 and 5, which state that DOE will identify and
evaluate deviations and failures to comply and will report defects and failures to comply
associated with activities for and basic components supplied to the Yucca Mountain repository,
fails to address the elements of the program to govern such activities or the procedures for
implementing such activities, and therefore there is no assurance that such activities are currently
in place or functioning.

2. A brief summary of the basis for the contention

DOE’s mere statement that it will comply with the requirements of 10 C.F.R. Part 21 or
10 C.F.R. § 63.73 does not suffice when the operative regulations require a program and
procedures to be in place and functioning once DOE’s License Application is accepted for
docketing.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3)(vi) requires adequate

procedures to be in place to protect health and to minimize danger to life or property. In
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addition, 10 C.F.R. § 63.73 require DOE to promptly notify the NRC of certain deficiencies
found in the characteristics of the Yucca Mountain site, and design, and construction of the
GROA based upon a program for evaluating and reporting deviations and failures to comply.
Furthermore, 10 C.F.R. §§ 21.1 and 21.2(a)(2) require DOE to have in place a program to ensure
that individuals, corporations, partnerships, or other entities doing business with DOE properly
identify, evaluate or report failures to comply or defects associated with activities for or basic
components supplied to DOE for the Yucca Mountain repository. This contention alleges non-
compliance with these regulatory provisions and therefore raises a material issue within the
scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Section 5 at 5-2 states that DOE will "comply with 10 C.F.R. Part 21," and that
"deficiencies will be identified, evaluated and reported in accordance with approved repository
procedures." DOE specifically commits to comply with the requirements of 10 C.F.R. §§ 21.21,
21.41, and 21.51 (see SAR Tables 5.2-1, 5.2-2, and 5.2-5). Finally, DOE states in SAR
Subsection 1.5.1 at 1.5.1-6 that "Environmental Management implements the applicable
requirements of 10 C.F.R. Part 21 for components it, or its principal contractors, provide to be
used or accepted at the repository."”

With the exception of these simple references and statements, DOE provides no
additional information within the License Application with regard to the requirement to comply
with 10 C.F.R. Part 21. In addition, DOE does not reference or address in any manner any of the
"repository procedures" that allegedly are in place to govern its compliance (or that of its
contractors) with Part 21. Accordingly, contrary to the requirements of 10 C.F.R. §§ 21.1 and

21.2(a)(2), DOE does not have in place a functioning Part 21 program to ensure that individuals,
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corporations, partnerships, or other entities doing business with DOE properly identify, evaluate
or report failures to comply or defects associated with activities for or basic components supplied
to DOE for the Yucca Mountain repository.

The following general discussion with regard to evaluating deviations, defects, and
failures to comply, and reporting the same — i.e., the operative requirement contained within 10
C.F.R. §21.21 —is found in SAR Subsection 5.2.2 at 5.2-5 (emphasis added):

As required by 10 CFR 63.73(b), methods will be in place to evaluate and report

deviations and failures to comply, as well as to identify defects and failures to comply,

that are associated with substantial safety hazards at the GROA.
By the fact that DOE states that these methods "will be in place," it is clear that DOE has not yet
placed such methods in place. Accordingly, DOE has not yet complied with the requirements of
10 C.F.R. § 63.73(b), which requires DOE to "implement a program" for making such
evaluations and reports.

Finally, NRC Staff has recently made clear that it will inspect DOE’s compliance with 10
C.F.R. Part 21 after DOE’s License Application is accepted for docketing and during that period
of time that the License Application is undergoing NRC Staff review. See "Inspection Procedure
78010, 10 CFR Part 21 Program" (NRC Inspection Manual, 9/11/2008); and "Manual Chapter
2300, Yucca Mountain Inspection Program: License Application Review Period" (NRC
Inspection Manual, 9/11/2008). Inspections will be conducted to ensure, "If and when the
license application (LA) is docketed, DOE will also be subject to the regulations regarding 10
CFR Part 21," which "provides guidance for conducting inspections" pursuant to IP 78010 "to

determine if DOE and its suppliers have established a program and procedures to effectively

implement 10 CFR Part 21 . ..." NRC MC 2300, at Section 6.03. Since NRC has accepted for
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docketing DOE’s License Application, clearly NRC anticipates that DOE will have in place a
functioning and effective program and procedures to comply with Part 21.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the statements in SAR Subsections 1.5.1 and 5, that DOE will
identify and evaluate deviations and failures to comply and will report defects and failures to
comply associated with activities for and basic components supplied to the Yucca Mountain
repository, because there is neither a program to govern nor any procedures in place to
implement such activities. As a result, SAR Subsections 1.5.1 and 5 are both materially
incomplete and inaccurate because specific details are missing and therefore the conclusion
reached is unsubstantiated. Therefore, SAR Subsection 1.5.1 and 5 do not comply with the
requirements of 10 C.F.R. Part 21 and 10 C.F.R. § 63.73(b), and the Yucca Mountain repository

cannot be licensed pursuant to 10 C.F.R. § 63.31(a)(3).



84

NEV-SAFETY-07 - RETRIEVAL PLANS AND QA

1. A statement of the contention itself

DOE’s description of its plans for retrieval and its QA program are deficient because
structures, systems and components necessary for retrieval to be accomplished are not all subject
to QA.

2. A brief summary of the basis for the contention

The application of DOE’s QA program depends on a structure, system or component
being classified as ITWI (important to waste isolation) or ITS (or important to safety). The SAR
glossary at xlvi defines some structures, systems and component that are necessary for retrieval
as ITS, but the glossary at xIvi does not clearly define any structure, system or component that is
necessary for retrieval as ITWI. This means that the QA status of a structure, system or
component that is necessary for retrieval depends only on whether it is needed to provide
reasonable assurance retrieval will not lead to excessive doses in normal operation and in
category 1 and 2 event sequences, ignoring post-closure waste isolation. DOE should have
defined all structures, systems and components which are necessary for retrieval as [ITWI.

3. A demonstration that the contention is within the scope of the hearing

This contention challenges compliance with 10 C.F.R. Part 63, Subpart G, especially 10
C.F.R. § 63.141(a), and is within the scope of the hearing as provided in section II, paragraph 1
of the notice of hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

In order to issue the construction authorization, 10 C.F.R. § 63.31(a)(3)(iii) requires a
finding that DOE’s quality assurance program complies with Subpart G, and this contention

challenges compliance with Subpart G, especially 10 C.F.R. 63.141(a).
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The application of DOE’s QA program depends on a structure, system or component
being classified as ITWI or ITS. The SAR glossary at xlvi defines some structures, systems and
components that are necessary for retrieval as ITS, but the glossary at xIvi does not clearly define
any structure, system or component that is necessary for retrieval as ITWI. This means that the
QA status of a structure, system or component that is necessary for retrieval depends only on
whether it is needed to provide reasonable assurance retrieval will not lead to excessive doses in
normal operation and category 1 and 2 event sequences, ignoring post-closure waste isolation.
See also SAR Subsection 1.3.6.5 at 1.3.6-8. The SAR says in subsection 1.11.1.1 at 1.11-3 that
retrieval will use the same equipment as emplacement, but emplacement equipment can, at most,
be categorized ITS. This leads to important structures, systems and components that are
necessary for retrieval being omitted from the QA program. For example, while SAR subsection
1.3.4 at 1.3.4-1 and 1.3.4-8 says that the TEV is ITS, the ground support system is not, even
though both would be needed in order for retrieval to be accomplished. DOE should have called
all structures, systems and components that are necessary for retrieval as ITWI, since section 122
of the NWPA and 10 C.F.R. § 63.21(c)(7) require the ability to retrieve spent fuel, and this
ability to retrieve must be considered an essential aspect of providing assurance that the ability of
the repository to achieve waste isolation will not be compromised.

6. There must be sufficient information to show that there is a genuine dispute with DOE.
along with specific references to the portions of the LA being controverted

This contention challenges whether the cited provisions of the SAR (glossary at xlvi,
subsection 1.3.6.5 at 1.3.6-8, subsection 1.11.1.1 at 1.11-3, subsection 1.3.4. at 1.3.4-1 and 1.3.4-

8) and related subsections comply with the Commission regulations. Supporting reasons are that
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the application of DOE’s QA program depends on structures, systems and components being
classified as ITWI or ITS, but none of the structures, systems and components that are necessary
for retrieval are classified as ITWI. This means that the QA status of a structure, system and
component which is necessary for retrieval depends only on whether it is ITS, or needed to
provide reasonable assurance retrieval will not lead to excessive doses in normal operation and
category 1 and 2 event sequences, a criterion that ignores waste isolation. DOE should have
defined all structures, systems and components that are necessary for retrieval as ITWI, as the
ability to retrieve must be considered an essential aspect of providing assurance that the ability of

the repository to achieve waste isolation will not be compromised.
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NEV-SAFETY-08 - ALARA AND THE AGING FACILITY

1. A statement of the contention itself

The discussion of the Aging Facility in SAR Subsection 1.2.7, and related subsections, is
insufficient to establish compliance with NRC requirements that occupational exposure to
radiation be "as low as reasonably achievable" (ALARA).

2. A brief summary of the basis of the contention

Because specific aging overpack shielding design and Aging Facility layout and loading
plans are not provided in the SAR, simplifying assumptions are made in the physical modeling of
radiation sources and worker exposure, precluding any credible demonstration that ALARA
requirements have been met.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue of whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(2) requires information on general arrangement and
approximate dimensions of structures at the GROA. 10 C.F.R. § 63.21(c)(6) requires a program

for control and monitoring of occupational radiological exposures in accordance with the
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requirements of 10 C.F.R. § 63.111. 10 C.F.R. § 63.111(a)(1) requires that the geologic
repository operations area to meet the requirements of 10 C.F.R. Part 20. 10 C.F.R. § 20.1101(b)
requires DOE to use, to the extent practical, procedures and engineering controls based upon
sound radiation protection principles to achieve occupational doses and doses to members of the
public that are as low as reasonably achievable (ALARA). 10 C.F.R. § 63.111(c) requires the
performance of a pre-closure safety analysis that meets the requirements of Section 63.112. 10
C.F.R. § 63.112(e)(2) requires the pre-closure safety analysis to include means to limit the time
required to perform work in the vicinity of radioactive materials, and Section 63.112(e)(5) the
analysis to include means to control access to high radiation areas or airborne radioactivity areas.
This contention alleges noncompliance with these regulatory provisions and therefore raises a

material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The Aging Facility is designated Radiation Zone R4, with contact dose rates in the range
of 15 to 100 mrem/hr with "infrequent occupancy."” SAR Table 1.10-1 at 1.10-49 and Figure
1.10-16 at 1.10-121. Further information on classification of radiation zones is provided in DOE
reference "Project Design Criteria Document” (10/2007), LSN# DN2002491974.
DN2002491974, Table 4.10-3 at 192 states that access in R4 areas is infrequent, and occupancy
is expected to be less than 35 hours per year per worker. In addition, "Access to zones R4 and
R5 (dose rate greater than 100 mrem/hr) normally requires an ALARA evaluation and approval
from higher levels of management." /d. DN2002491974 at 189 also identifies the Project
Design Criteria (PDC) design goal for the Aging Facility to be 500 mrem/yr.

Notwithstanding the foregoing, the "Hazard Analysis Report: Aging Facility" (04/2008),

LSN# DENO001591110 at 45 states that with regard to the Aging Facility, "Routine placement
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and retrieval operations and routine inspection operations will require occupancy exceeding the
defined time and can result in personnel radiation dose exceeding the PDC design goal."
DENO001591110 at 51 concludes that these operations are not in keeping with ALARA pursuant
to 10 C.F.R. Part 20.

SAR Subsection 1.2.7.1.1 at 1.2.7-4 states that one function of the Aging Facility is that it
"protects the workers and the public from radiation." SAR Subsection 1.2.7.6.3 at 1.2.7-12
states, "The aging overpacks are designed to limit the dose rates to less than 40 mrem/hr on
contact." "At the aging pad, shielding and loading plans are utilized to reduce the amount of
radiation exposure to the workers by reducing the amount of time that they are in proximity to
multiple aging overpacks on the same pad." SAR Subsection 1.2.7.2.1 at 1.2.7-9. However, the
shielding of the aging overpack has yet to be designed, see SAR Subsection 1.10.2.11.1 at 1.10-
20, and the ability to accurately project exposures to radiation workers is uncertain because
worker tasks are not sufficiently detailed to accurately analyze the dose consequences of
operating the Aging Facility. "Because of uncertainties in the final configuration of facilities and
equipment, simplifying assumptions are made in the physical modeling of radiation sources and
worker exposure pathways. These assumptions will be revised to more realistically reflect
expected source terms, shielding design, and layout." Id. The existing lack of specific design
information and configuration uncertainties precludes any credible demonstration that ALARA
requirements have been met with regard to the Aging Facility.

Also with regard to the Aging Facility, the License Application does not conform to two
of the ALARA design principles stated in SAR Subsection 1.10.2 at 1.10-5: (a) "Design of
SSCs to reduce radiation and contamination levels to ensure that operations and maintenance,

including inspection activities, can be performed in lower radiation environments," and (b)
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"Design of SSCs to reduce the time spent in radiation environments during operations and
maintenance."

From the foregoing, it is apparent that the exposure rate for the Aging Facility is
inconsistent with the need for routine worker occupancy on a daily basis during the decades-long
repository operations period, and thus is not ALARA. In addition, the SAR does not include a
specific plan for limitation of worker occupancy time. Furthermore, the security fence
surrounding the Aging Facility, see SAR Figure 1.10-16 at 1.10-121, does not fully limit access
to non-involved workers and visiting public who could receive exposures of up to 2.5 mrem/hr in
unfenced areas outside the Aging Facility.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the SAR’s compliance with the requirements of 10 C.F.R. §§
20.1101(b), 63.21(c)(6) and 63.111(a)(1), that occupational exposure to radiation associated with
the Aging Facility be "as low as reasonably achievable" (ALARA), and 10 C.F.R. §§
63.112(e)(2) and 63.112(e)(5), that the pre-closure safety analysis include means to limit the time
required to perform work in the vicinity of radioactive materials and control access to high

radiation areas or airborne radioactivity areas.
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2) Post-Closure Safety (including TSPA)

(a) Future Overall Patterns of Climate
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NEV-SAFETY-09 - INCREASING CO; LEVELS ON FUTURE CLIMATE
PROJECTIONS

1. A statement of the contention itself

SAR Subsections 2.3.1.2.1.2, 5.1.6.5, and similar subsections, which state that the
infiltration model used for Yucca Mountain applies current meteorological data for the
generation of meteorological conditions for predicted future climates in the Yucca Mountain
region over the next 10,000 years, fail to acknowledge that atmospheric CO, concentrations are
increasing at a rate of 1 to 2 ppmv per year, and as a result, the climate states adopted by DOE
for the next 10,000 years cannot be justified.

2. A brief summary of the basis for the contention

It is well known to the paleoclimate research community that one of the key forcing
functions (that changes through time) for predicting future climate is the concentration of
atmospheric CO, (and other greenhouse gases), which is currently at approximately 385 ppmv
and increasing at a rate of 1 to 2 ppmv per year, and as a result, the climate states adopted by
DOE for the next 10,000 years cannot be justified.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials

described in the application can be disposed of without unreasonable risk to the health and safety
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of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. §§ 63.21(c)(11) and (c)(12) require DOE to assess the ability
of the Yucca Mountain repository to limit radiological exposures and to limit release of
radionuclides as required by 10 C.F.R. §§ 63.113(b) and (c). 10 C.F.R. §§ 63.113(b) and (c)
(part of Subpart E of Part 63) require DOE to complete a post-closure performance assessment
for the Yucca Mountain repository that meets the requirements of 10 C.F.R. §§ 63.303 and
63.305. 10 C.F.R. § 63.303 (part of Subpart L of Part 63) requires DOE to demonstrate that
there is a reasonable expectation of compliance with the requirements in Subpart L of Part 63
before a license can be issued. 10 C.F.R. § 63.305(c) (also part of Subpart L) requires DOE to
vary factors related to climate based upon cautious but reasonable assumptions consistent with
present knowledge of factors that could affect the Yucca Mountain disposal system over the next
10,000 years. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 5.1.6.5 at 5-26 states that meteorological data at Yucca Mountain has
been collected since 1985. A numerical analysis was conducted to identify, extract and reformat
those data for use as inputs to an infiltration model within the Yucca Mountain region. The
analysis used current meteorological data (e.g., temperature and precipitation) for the generation
of meteorological conditions for predicted future climates in the Yucca Mountain region over the
next 10,000 years. SAR Subsection 2.3.1.2.1.2 provides more detail on how future climates are

predicted.
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A primary basis document for the discussion in SAR Subsections 2.3.1, 5.1.6.5 and
similar subsections regarding future climates is Forester, et al. (8/19/1998), "The Climate and
Hydrologic History of Southern Nevada During the Late Quaternary," LSN# DEN001358010.
Forester, et al., state (at 7-8) as their central hypothesis that future insolation-correlated climate
patterns may resemble those of past periods with similar insolation. However, Forester, et al., do
not address the consideration that both insolation and greenhouse gas concentrations are
fundamental forcing factors of climate change. See "Development and Application of a
Methodology for taking Climate-driven Environmental Change into account in Performance
Assessments" (BIOCLIM, 2004, Deliverable D10-12) (Chatenay-Malabry, France); and
"Climate Change 2007: The Physical Science Basis/Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change" (IPCC, 2007)
(Solomon, S., et al. (eds.) Cambridge University Press, 32 Avenue of the Americas, New York,
NY 10013-2473). Thus, the central hypothesis in Forester, ef al., is flawed and untenable.
Because the work of Forester, et al., is used to define the three climate states adopted by DOE
for the period up to 10,000 years post-closure, the failure to consider greenhouse gas forcing
means that an analysis constrained by those three climate states cannot be supported.

Also, in an internal USGS memorandum from Ike Winograd to Celso Puente dated
February 8, 1999, Winograd writes, "I could not help but note on the Manuscript Routing Sheet
that this manuscript has received no technical review outside the YMP" (DEN001358010 at 82
of 107). Puente responds by memorandum to Robert Brady dated March 20, 1998, and states,
"Another major concern with this report is that the manuscript has received no technical review
from outside the Yucca Mountain Project. This is contrary to U.S. Geological Survey reports

policy that requires at least two colleague reviews — one internal and one external of the office
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from which the report originated — by competent reviewers with the appropriate background and
expertise" (DEN001358010 at 80-81 of 107). Finally, on September 28, 1998, Forester himself
responds with, "I agree with Ike that getting reviews outside of the Yucca Mountain Branch,
especially for the countless milestones we produce would be beneficial, but then we would rarely
meet the M&O/DOE production schedules" (DEN001358010 at 98 of 107). These remarks
clearly demonstrate that Forester, et al., has received inadequate peer review and this may help to
explain why it takes such a limited and inadequate view of factors that will affect future changes
in climate.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 5.1.6.5 and similar subsections, which state
that the infiltration model used for Yucca Mountain applies current meteorological data for the
generation of meteorological conditions for predicted future climates in the Yucca Mountain
region over the next 10,000 years, because they fail to acknowledge that atmospheric CO,
concentrations are increasing at a rate of 1 to 2 ppmv per year, and as a result, the climate states
adopted by DOE for the next 10,000 years cannot be justified. On this basis, SAR Subsection
5.1.6.5 does not comply with the requirements of 10 C.F.R. § 63.305(c), which requires DOE to
vary factors related to climate based upon cautious but reasonable assumptions consistent with
present knowledge of factors that could affect the Yucca Mountain disposal system over the next
10,000 years.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether

acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
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standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.



97

NEV-SAFETY-10 - CONSIDERATION OF FORCING FUNCTIONS ON FUTURE
CLIMATE PROJECTIONS

1. A statement of the contention itself

SAR Subsections 5.2.5.3 (and subsections therein) and 5.2.5.4 and similar subsections,
ignore basic aspects of climate forcing relevant to the prediction of climate change over the next
10,000 years, and thus conclusions regarding long-term climate projections are inaccurate and
incomplete.

2. A brief summary of the basis for the contention

Although DOE has used orbital precession and eccentricity, paleoclimatic indicators from
Devils Hole and Owens Lake, and readings from present-day meteorological analogue stations to
predict future climate changes, DOE has failed to consider changes in variance, climate change
on time scales that are sub-orbital and longer than inter-annual, and atmospheric circulation
alterations caused by loss of ice sheets and rises in sea level, as well as increasing greenhouse
gases, in developing long-term climate projections, and as a result, the climate states adopted by
DOE for the next 10,000 years cannot be justified.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials

described in the application can be disposed of without unreasonable risk to the health and safety
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of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. §§ 63.21(c)(11) and (c)(12) require DOE to assess the ability
of the Yucca Mountain repository to limit radiological exposures and to limit release of
radionuclides as required by 10 C.F.R. §§ 63.113(b) and (c). 10 C.F.R. §§ 63.113(b) and (c)
(part of Subpart E of Part 63) require DOE to complete a post-closure performance assessment
for the Yucca Mountain repository that meets the requirements of 10 C.F.R. §§ 63.303 and
63.305. 10 C.F.R. § 63.303 (part of Subpart L of Part 63) requires DOE to demonstrate that
there is a reasonable expectation of compliance with the requirements in Subpart L of Part 63
before a license can be issued. 10 C.F.R. § 63.305(c) (also part of Subpart L) requires DOE to
vary factors related to climate based upon cautious but reasonable assumptions consistent with
present knowledge of factors that could affect the Yucca Mountain disposal system over the next
10,000 years. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The methodology DOE uses to assess how climate could change in the next 10,000 years
assumes that future climate can be constrained using orbital-scale climate forcing, along with
modern-day analog meteorological stations whose variance is assumed to be invariant in time.
This methodology is flawed in that it ignores basic aspects of climate forcing and change
relevant to the prediction of climate change over the next 10,000 years. See, generally, (1)
"Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change" (IPCC, 2007)

(Solomon, S., et al. (eds.), Cambridge University Press, 32 Avenue of the Americas, New York,
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NY 10013-2473), (2) "Scientific Assessment of the Effects of Global Change on the United
States: A Report of the Committee on Environment and Natural Resources of the National
Science and Technology Council" (05/2008) (U.S. Climate Changes Science Program, Suite 250,
1717 Pennsylvania Avenue, N.W., Washington, D.C. 20006), and (3) "Climate Change Science:
An Analysis of Some Key Questions" (2001) (U.S. National Research Council, Committee on
the Science of Climate Change, National Academy Press, 2101 Constitution Avenue, N.W.,
Lockbox 285, Washington, D.C. 20055).

First, human activities are resulting in massive emissions of greenhouse gases (e.g.,
carbon dioxide) to the atmosphere (i.e., an increase of over 35 percent since pre-industrial times,
and growing faster in the 21 century than in the late 20" century). At present there is no U.S.
federal program being implemented that will eliminate, or even reduce, these anthropogenic
levels of greenhouse gases to the atmosphere. Thus, these greenhouse gases will likely result in
future climates, centuries to possibly millennia into the future, that are substantially different
from those of the past and that are assumed plausible by DOE.

Second, increasing atmospheric greenhouse gas concentrations, unless abated, could
result in major changes in ice sheets and ocean circulation, that could, in turn, create future
climates even more distinct from past climates, and those assumed for the future by DOE. DOE
climate predictions fail to include these possible changes in assessing the range of future climate
that could occur in the future, and thus likely underestimate the range of possible future climate
change that could occur in the future.

Third, DOE fails to include possible decadal- to millennial-scale variability in their
predictions of future climate, even though this scale of variability is known to have been

substantial in the past, and could thus be so in the future.
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Fourth, DOE fails to include possible abrupt climate in their predictions of future climate,
even though significant abrupt climate change has occurred in the past, and could thus occur in
the future. See "Abrupt Climate Change: Inevitable Surprises" (2002) (National Research
Council, National Academy Press, 2101 Constitution Avenue, N.W., Lockbox 285, Washington,
D.C. 20055).

All of the above-mentioned omissions mean that future climates at Yucca Mountain
could be different from those assumed by DOE. In particular, those climates could be without
modern analog. Thus, the use of present-day meteorological station data as analogs for future
climate is flawed.

As present-day climate stations are not an adequate analog for future climatic conditions
at Yucca Mountain, infiltration, which is determined by climate, will be different from that
which DOE has assumed. In turn, this implies that DOE has used unsubstantiated estimates of
the amount and chemical composition of seepage waters in the drifts with effects on corrosion,
radionuclide transport, and radiological impact on the RMEL

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges that SAR Subsections 5.2.5.3 (and subsections therein) and
5.2.5.4 and similar subsections, which ignore basic aspects of climate forcing relevant to the
prediction of climate change over the next 10,000 years, and thus conclusions regarding long-
term climate projections are inaccurate and incomplete. Thus, these subsections do not comply
with 10 C.F.R. § 63.305(c), which requires DOE to vary factors related to climate based upon
cautious but reasonable assumptions consistent with present knowledge of factors that could

affect the Yucca Mountain disposal system over the next 10,000 years.
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Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-11 - HUMAN-INDUCED CLIMATE CHANGES ON PREDICTION OF
THE NEXT GLACIAL PERIOD

1. A statement of the contention itself

SAR Subsection 5.2.5.4 and similar subsections, which state that a cooling trend will be
initiated within the first 10,000 years leading to a period of full glacial conditions at about 30,000
years after present, fail to accurately calculate the characteristics of the trend in climate or the
timing of the next glacial period because recent studies suggest that, due to human-induced
climate changes, it is possible that the Earth will not enter another glacial period for at least
200,000 to 500,000 years, and thus precipitation in excess of that predicted could occur at Yucca
Mountain.

2. A brief summary of the basis for the contention

Given the expectation that, due human-induced effects, greenhouse gas concentrations in
the atmosphere will continue to increase, the scientific community agrees that the likely human
perturbation to the Earth’s climate will likely be large and long-lived — possibly lasting hundreds
of thousands of years into the future. This means that cooling to glacial conditions could be
deferred by 100,000 years or more into the future.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at

the Yucca Mountain site if it determines that there is reasonable expectation the materials
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described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. §§ 63.21(c)(11) and (c)(12) require DOE to assess the ability
of the Yucca Mountain repository to limit radiological exposures and to limit release of
radionuclides as required by 10 C.F.R. §§ 63.113(b) and (c). 10 C.F.R. §§ 63.113(b) and (c)
(part of Subpart E of Part 63) require DOE to complete a post-closure performance assessment
for the Yucca Mountain repository that meets the requirements of 10 C.F.R. §§ 63.303 and
63.305. 10 C.F.R. § 63.303 (part of Subpart L of Part 63) requires DOE to demonstrate that
there is a reasonable expectation of compliance with the requirements in Subpart L of Part 63
before a license can be issued. 10 C.F.R. § 63.305(c) (also part of Subpart L) requires DOE to
vary factors related to climate based upon cautious but reasonable assumptions consistent with
present knowledge of factors that could affect the Yucca Mountain disposal system over the next
10,000 years. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Given the expectation that concentrations of greenhouse gases in the atmosphere will
continue to increase, the scientific community agrees that the likely human perturbation to the
Earth’s climate will likely be large and long-lived — perhaps lasting hundreds of thousands of
years into the future if significant actions are not taken to limit emissions of carbon dioxide to
the atmosphere.

o Archer, D. (2005), "The fate of fossil fuel CO, in geologic time," JOURNAL OF

GEOPHYSICAL RESEARCH, Vol. 110, C09505, estimates that the mean lifetime of a
5000 Gton CO, release would be long, with a significant portion (ca. 6%)
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persisting after 100,000 years. This view is updated and strengthened in Archer,
D., and Brovkin, V. (2008), "The millennial atmospheric lifetime of
anthropogenic CO,," CLIMATIC CHANGE Vol. 90, No. 3, 283-297, which
highlights that the likely very long residence time of CO, means the ocean and ice
sheets will be impacted, hence changing global climate in even more complex
ways than are likely just in the next few centuries.

° Montenegro, A., Brovkin, V., Eby, M., Archer, D., and Weaver, A.J. (2007),
"Long term fate of anthropogenic carbon," GEOPHYSICAL RESEARCH LETTERS,
Vol. 34, L19707, 10.1029/2007GL030905, estimates that 25% of a release would
persist in the atmosphere much longer than 5000 years, and result in global
temperature increases above present of 6-8°C 6800 years into the future.

° Tyrrell, T., Shepherd, J.G., and Castle, S. (2007), "The long-term legacy of fossil
fuels," TELLUS SERIES B-CHEMICAL AND PHYSICAL METEOROLOGY, Vol. 59, No.
4, 664-672, discusses recent model results suggesting that significant impacts will
persist for hundreds of thousands of years after emissions cease.

o Archer, D., and Ganopolski, A. (2005), "A movable trigger: fossil fuel CO, and
the onset of the next glaciation," GEOCHEM., GEOPHYS., GEOSYSTEMS 6, Q05003,
estimate that a release of 5000 Gton C to the atmosphere from fossil fuel burning
and/or methane clathrate release would likely preclude the Earth from entering
another full glacial state for up to 500,000 years. And even if CO, emissions are
greatly reduced in the future and that human emissions only lead to a doubling of
pre-industrial CO, levels, then it is still possible that the earth would not enter
another full glacial state for 200,000 years.

Thus, contrary to SAR Subsection 5.2.5.4 and similar subsections, which state that a
cooling trend will be initiated within the first 10,000 years leading to a period of full glacial
conditions at about 30,000 years after present, the scientific expectation is of a warming trend
initiated within the next 10,000 years and resulting in a suppression of glacial conditions for
200,000 years or more. This difference in the trend in climate characteristics over time has the
potential to affect the characteristics of precipitation at Yucca Mountain both within the next

10,000 years and thereafter, with implications for infiltration, EBS performance and radionuclide

transport.
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6. There must be sufficient information to show that there is a genuine dispute with DOE.,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 5.2.5.4 and similar subsections, which state
that a cooling trend will be initiated within the first 10,000 years leading to a period of full
glacial conditions at about 30,000 years after present, because recent studies suggest that, due to
human-induced climate changes, the scientific expectation is of a warming trend initiated within
the next 10,000 years and resulting in a suppression of glacial conditions for 200,000 years or
more. Therefore, SAR Subsection 5.2.5.4 and similar subsections fail to satisfy the requirements
of 10 C.F.R. § 63.305(c) which requires DOE to vary factors related to climate based upon
cautious but reasonable assumptions consistent with present knowledge of factors that could
affect the Yucca Mountain disposal system over the next 10,000 years.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to

each broad aspect of the TSPA were considered together in defining the variant cases. This
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vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-12 - PROJECTIONS OF FUTURE WETTER CLIMATE CONDITIONS

1. A statement of the contention itself

SAR Subsection 2.3.1.2.3.1.2 at 2.3.1-27 through 2.3.1-31, and similar subsections,
which define the Analogue Meteorological Stations used for the Yucca Mountain climate
forecast for the next 10,000 years, fail to account for the significantly greater summer monsoon
rainfall amounts that could occur as a result of continued global warming.

2. A brief summary of the basis for the contention

Climate modeling indicates that continued global warming could lead to greater summer
monsoon rainfall at Yucca Mountain over the next 10,000 or more years than is associated with
the monsoon meteorological analog sites in New Mexico and Arizona.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. §§ 63.21(c)(11) and (c)(12) require DOE to assess the ability
of the Yucca Mountain repository to limit radiological exposures and to limit release of

radionuclides as required by 10 C.F.R. §§ 63.113(b) and (c). 10 C.F.R. §§ 63.113(b) and (c)
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(part of Subpart E of Part 63) requires DOE to complete a post-closure performance assessment
for the Yucca Mountain repository that meets the requirements of 10 C.F.R. §§ 63.303 and
63.305. 10 C.F.R. § 63.303 (part of Subpart L of Part 63) requires DOE to demonstrate that
there is a reasonable expectation of compliance with the requirements in Subpart L of Part 63
before a license can be issued. 10 C.F.R. § 63.305(c) (also part of Subpart L) requires DOE to
vary factors related to climate based upon cautious but reasonable assumptions consistent with
present knowledge of factors that could affect the Yucca Mountain disposal system over the next
10,000 years. DOE must also address post-10,000 year impacts consistent with the newly
promulgated rule by the U.S. Environmental Protection Agency at 40 C.F.R. Part 197, 73 Fed.
Reg. 61256 (10/15/2008). This contention alleges non-compliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

More than one of the 22 climate models used by the Intergovernmental Panel on Climate
Change Fourth Assessment simulated an increase in summertime (monsoonal) rainfall in the
Southwest, including the region encompassing Yucca Mountain. See "Climate Change 2007:
The Physical Science Basis, Contribution of Working Group I to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change" (IPCC, 2007) (Solomon, S., et al. (eds.),
Cambridge University Press, 32 Avenue of the Americas, New York, NY 10013-2473). In at
least one case, the simulated increase was enough to at least double the rainfall amounts
estimated by the use of monsoon analogue meteorological stations in SAR Subsection
2.3.1.2.3.1.2 if global greenhouse gas emissions to the atmosphere continue at their recent pace.
In addition, summer rainfall would likely occur in a manner more intense than at present, or as

estimated for the future by DOE, due both to its convective nature and a warmer future
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atmosphere. See IPCC, 2007; and "Weather and Climate Extremes in a Changing Climate,
Regions of Focus: North America, Hawaii, Caribbean, and U.S. Pacific Islands, A Report by the
U.S. Climate Change Science Program and the Subcommittee on Global Change Research,"
CCSP (2008) (Karl, T.R., et al. (eds.) U.S. Department of Commerce, NOAA’s National
Climatic Data Center, Federal Building, 151 Patton Avenue, Asheville, Nye County 28801-
5001).

Available paleoclimate data also support the possibility that the Yucca Mountain region
will be wetter than assumed in SAR Subsection 2.3.1.2.3.1.2 as continued global warming
increases the temperature of North America. For example, one of the wettest periods in the last
500,000 years appears to have been the last interglacial period (MIS 5 or "Eemian" in normal
paleo terminology) about 130,000 to 116,000 years ago. That period was at least as warm as
today, and probably at least 2-3°C warmer in the Western U.S., due to more insolation in
summer as a result of changes in the Earth’s orbit. See (1) Montoya, M., von Storch, H., and
Crowley, T.J. (2000), "Climate simulation for 125 kyr BP with a coupled ocean-atmosphere
general circulation model," JOURNAL OF CLIMATE, Vol. 13, No. 6 at 1057-1072; (2) Otto-
Bliesner, B.L., Marshall, S.J., Overpeck, J.T., Miller, G.H., Hu, A., and CAPE-Project-Members
(2006), "Simulating arctic climate warmth and icefield retreat in the Last Interglaciation,"
SCIENCE Vol. 311, No. 5768 at 1751-1753; and (3) Jansen, E., Overpeck, J.T., and 47 others
(2007), "Chapter 6: Paleoclimate, in: Climate Change 2007: The Physical Science Basis,
Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change" (Solomon, S., et al. (eds.), Cambridge University Press, 32 Avenue of
the Americas, New York, NY 10013-2473), at 433-497. Evidence of wetter monsoonal climate

than present at Yucca Mountain includes both diatom assemblages (see Forester, ef al.
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(8/19/1998), "YMP-USGS Open File Report 98-635 - The Climatic and Hydrologic History of
Southern Nevada During the Late Quaternary" LSN# DEN001358010), as well as more recent
geochemical data (see Li, H.C., Bischoff, J.L., Ku, T.L., and Zhu, Z.Y. (2004), "Climate and
hydrology of the Last Interglaciation (MIS 5) in Owens Basin, California: isotopic and
geochemical evidence from core OL-92, 2004," QUATERNARY SCIENCE REVIEWS, Vol. 23, No. 1-
2 at 49-63), which indicates that Owens Lake was overflowing during at least part of this period.

Fracture flow and calcite/opal precipitation occurred during the warm/wet conditions of
the last interglacial period (DEN001358010). DOE acknowledges that wet interglacial climates
have occurred and could occur again in the future. Id. at 13, 24; "Future Climate Analysis, ANL-
NBS-GS-000008 Rev. 001" (9/3/2004), LSN# DN2001637047. There were also interglacial
periods in the Yucca Mountain region that appear to have been warmer and wetter than the
"typical" interglacial period. See Forester, ef al. (1998), USGS Open File Report. During these
periods, the Subtropical Highs would have expanded and/or intensified, resulting in a northward
shift of the southwestern monsoon. Summer precipitation probably increased dramatically.

In summary, both simulations of future climate under continued global warming, as well
as paleoclimatic evidence from the Yucca Mountain region, support the possibility that summer
monsoonal rainfall could be significantly greater, and more intense, than assumed by DOE. The
significance of this possibility is made greater by the likelihood that hot monsoonal climates
could also be much more the norm at Yucca Mountain than assumed by DOE as a result of
DOE’s failure to consider not only that global warming is likely to be a factor but that it could be
a factor for many thousands of years to come. See, e.g., Archer, D., and Brovkin, V. (2008),
"The millennial atmospheric lifetime of anthropogenic CO,," CLIMATIC CHANGE, Vol. 90, No. 3

at 283-297.
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6. There must be sufficient information to show that there is a genuine dispute with DOE.,
along with specific references to the portions of the LA being controverted

SAR Subsection 2.3.1.2.3.1.2, which defines the Analogue Meteorological Stations use
for the Yucca Mountain climate forecast for the next 10,000 years, fails to account for the
significantly greater summer monsoon rainfall amounts that could occur as a result of continued
global warming. Thus, this subsection does not comply with 10 C.F.R. § 63.305(c), which
requires DOE to vary factors related to climate based upon cautious but reasonable assumptions
consistent with present knowledge of factors that could affect the Yucca Mountain disposal
system over the next 10,000 years.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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(b) Spatial and Temporal Distribution of Precipitation
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NEV-SAFETY-13 - FUTURE CLIMATE PROJECTIONS NEED TO INCLUDE
EXTREME PRECIPITATION EVENTS

1. A statement of the contention itself

SAR Subsection 2.3.1.2.3.1.2 and similar subsections, which define the climate forecast
at Yucca Mountain for the next 10,000 years, fail to accurately account for the more frequent
intense rainfall or for the large storm-related rainfall events that could occur as a result of
continued global warming.

2. A brief summary of the basis for the contention

Climate theory, observations and models indicate that continued global warming could
lead to more frequent intense rainfall events and more large moisture-laden remnant tropical
storms at Yucca Mountain over the next 10,000 or more years, all generating larger rainfall
amounts at the site than currently estimated.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart

E of 10 C.F.R. Part 63. 10 C.F.R. §§ 63.21(c)(11) and (c)(12) require DOE to assess the ability
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of the Yucca Mountain repository to limit radiological exposures and to limit release of
radionuclides as required by 10 C.F.R. §§ 63.113(b) and (c). 10 C.F.R. §§ 63.113(b) and (c)
(part of Subpart E of Part 63) require DOE to complete a post-closure performance assessment
for the Yucca Mountain repository that meets the requirements of 10 C.F.R. §§ 63.303 and
63.305. 10 C.F.R. § 63.303 (part of Subpart L of Part 63) requires DOE to demonstrate that
there is a reasonable expectation of compliance with the requirements in Subpart L of Part 63
before a license can be issued. 10 C.F.R. § 63.305(c) (also part of Subpart L) requires DOE to
vary factors related to climate based upon cautious but reasonable assumptions consistent with
present knowledge of factors that could affect the Yucca Mountain disposal system over the next
10,000 years. DOE must also address post-10,000 year impacts consistent with the newly
promulgated rule by the U.S. Environmental Protection Agency at 40 C.F.R. Part 197, 73 Fed.
Reg. 61256 (10/15/2008). This contention alleges non-compliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

There is growing confidence in the climate science community that the intensity of
rainfall will increase as the global warming continues. See, e.g., (1) "Climate Change 2007: The
Physical Science Basis, Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change" (2007) (Solomon, S., ef al. (eds.), Cambridge
University Press, 32 Avenue of the Americas, New York, NY 10013-2473); (2) "Scientific
Assessment of the Effects of Global Change on the United States: A Report of the Committee on
Environment and Natural Resources National Science and Technology Council" (2008) (U.S.
Climate Change Science Program, Suite 250 1717 Pennsylvania Avenue, Washington, D.C.

20006); (3) "Weather and Climate Extremes in a Changing Climate, Regions of Focus: North
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America, Hawaii, Caribbean, and U.S. Pacific Islands, A Report by the U.S. Climate Change
Science Program and the Subcommittee on Global Change Research" (2008) (Karl, T.R., et al.
(eds.), Department of Commerce, NOAA’s National Climatic Data Center, Federal Building, 151
Patton Avenue, Asheville, Nye County 28801-5001); and (4) Allan, R.P., and Soden, B.J.
(2008), "Atmospheric warming and the amplification of precipitation extremes," SCIENCE, Vol.
321, No. 5895 at 1481-1484. This is a consequence of the increased moisture-holding capacity
of a warmer lower atmosphere relative to evaporation. See Trenberth, K.E., Dai, A.G.,
Rasmussen, R.M., and Parsons, D.B. (2003), "The Changing Character of Precipitation,"
BULLETIN OF THE AMERICAN METEOROLOGICAL SOCIETY, Vol. 84, Issue 9 at 1205-1217.
Because anthropogenic carbon-dioxide emissions could remain in the atmosphere for thousands,
tens of thousands, and even hundreds of thousands of years, greater rainfall intensity is possible
at Yucca Mountain during and beyond the next 10,000 years.

Continued global warming may also increase the strength and intensity of tropical storms
and hurricanes. See, e.g., (1) Climate Change, 2007, supra; (2) Scientific Assessment, 2008,
supra; and (3) Weather and Climate Extremes, 2008, supra. This means these storms may be
able to rain out more water in the future, even as they move over land and weaken into remnant
tropical storms. Also as a result of continued global warming and circulation changes, it is
possible that large storm-related rainfall events will be able to reach the Yucca Mountain region
with greater frequency than observed in the period of instrumental observation. Rainfall events
lasting up to a week (e.g., when a tropical storm collides with a frontal storm) and exceeding 50
cm are possible. Such events could occur several times per year. Already, some areas of the
southwest United States experience several intense storms in a year, and climate change has the

potential to induce changes in atmospheric circulation that would favor the induction of more
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such storms, increase the power of individual storms, and increase the likelihood of such storms
reaching the area of Yucca Mountain. Because anthropogenic carbon-dioxide emissions could
remain in the atmosphere for thousands, tens of thousands, and even hundreds of thousands of
years, greater rainfall amounts are possible at Yucca Mountain during and beyond the next
10,000 years.

There is also paleoclimate evidence for multiple wetter — and more flood prone — periods
in the Southwestern U.S. than previously assumed for the last 7000 years. See Ely, L.L., Enzel,
Y., Baker, V.R., and Cayan, D.R. (1993), "A 5000-Year Record of Extreme Floods and Climate-
Change in the Southwestern United-States," SCIENCE, Vol. 262, No. 5132 at 410-412. Although
the cause of these events has not yet been determined, consideration should be given to such
century-to-millennia length wet events occurring again in the future. These paleoclimatic events
make it clear that use of average modern-day precipitation conditions, as well as ignoring
century-to-millennium scale climate variability, can create misleading results regarding the
amount of rainfall that will occur at Yucca Mountain in the future.

DOE has failed to consider how the infiltration responds to large events (e.g., intense rain
storms, including the sustained presence of remnant tropical storms, or the type that caused
increased Southwest U.S. flooding in the last 7000 years) that could be more common in the
future. In addition, DOE’s conclusions regarding extreme events (e.g., wet) are based on analog
sites and their expanded standard deviations which are flawed for two reasons. First, the climate
dynamics of the analog sites are not the same as at Yucca Mountain. For example, Yucca
Mountain can theoretically experience flooding due to rain or snow events, exceptional
convection with rare moisture-laden frontal storms, and remnant tropical storms perhaps

coincidental with exceptional monsoons. However, none of these types of flooding scenarios
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may be true for the analog sites. Second, the largest extremes are usually, if not always, found in
paleo records, and the paleo record for Yucca Mountain is sparse. For example, Devils Hole
samples average a sampling interval of ca. 1,500 years, effectively smoothing out any
exceptional extremes. The same may be true for Owens Lake.

6. There must be sufficient information to show that there is a genuine dispute with DOE.,
along with specific references to the portions of the LA being controverted

SAR Subsection 2.3.1.2.3.1.2, which defines the climate forecast at Yucca Mountain for
the next 10,000 years, fails to accurately account for the more frequent intense rainfall, or for the
large storm-related rainfall events that could occur as a result of continued global warming.
Thus, this subsection does not comply with 10 C.F.R. § 63.305(c), which requires DOE to vary
factors related to climate based upon cautious but reasonable assumptions consistent with present
knowledge of factors that could affect the Yucca Mountain disposal system over the next 10,000
years.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s

other contentions relating to different aspects of the TSPA, even if all contentions relating to
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each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.



119

NEV-SAFETY-14 - PRECIPITATION MODEL

1. A statement of the contention itself

The precipitation component of the net infiltration model, which is described in SAR
Subsection 2.3.1.3.2 and similar subsections, is fundamentally flawed because it relies upon
modeling that fails to represent physical and empirical aspects of the precipitation process, and
because no attempt has been made to investigate important aspects of its performance.

2. A brief summary of the basis for the contention

The precipitation component of the net infiltration model does not adequately incorporate
important physical phenomena, uses inappropriate assumptions that are not consistent with the
body of data presented in the description, provides results that are not consistent with empirical
observations, and does not attempt to evaluate important aspects of performance such as
extremes.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart

E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
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to which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of 10 C.F.R. § 63.113. 10 C.F.R. § 63.114(e) requires the
performance assessment to provide the technical basis for either inclusion or exclusion of
specific features, events and processes, and to evaluate specific features, events and processes in
detail if the magnitude and time of the resulting radiological exposures to the reasonably
maximally exposed individual, or radionuclide releases to the accessible environment, would be
significantly changed by their omission. This contention alleges non-compliance with these
regulatory provisions and therefore raises a material issue within the scope of the licensing
proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsections 2.3.1 and 2.4.2.3.2 explain how the MASSIF net infiltration model uses
simulated precipitation sequences to derive estimates of net infiltration for use in the unsaturated
zone flow component of the TSPA model. SAR Subsection 2.3.1.1 at 2.3.1-4 explains that in the
arid climate of Yucca Mountain, "precipitation events are intermittent and result in long periods
of time when there is a net evapotranspiration from the surficial soils interspersed with short-
duration precipitation events that can result in some infiltration." For the purposes of the LA,
therefore, it is important that the precipitation component of the net infiltration model is able to
reproduce the characteristics of short-duration precipitation events, and in particular the extreme

events that are expected to dominate the occurrence and magnitude of net infiltration. For
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example, the 1997 Unsaturated Zone Flow Modeling Expert Elicitation Panel, LSN#
NRC000010491 at 3-7 and 3-8, concluded that significant infiltration was likely to arise only
from episodic events which occurred with frequencies ranging from annual to decadal, and that
hourly data resolution was required to define them.

In fact, the precipitation input for net infiltration is modelled on a daily time step, but
even at this time-scale no evaluation is made of critically important effects such as persistence
and extremes. The only features considered (see SAR Subsection 2.3.1.3.4) are the reproduction
of the seasonal cycle and the distribution of mean annual precipitation (MAP) and the results
from these are unconvincing. For example, different descriptive criteria are used to justify the
performance with respect to MAP for each climate state. The results show that at half of the
sites considered there are two distinct wet seasons and that the precipitation model is not capable
of representing this behaviour. See "Simulation of Net Infiltration for Present-Day and Potential
Future Climates, MDL-NBS-HS-000023 REV 01 ADD 01" (01/28/2008), LSN#
DENO001575070, Section 7.1.1.1 at 7-4.

At SAR page 2.3.1-76, DOE argues that the effect of this is unclear because "the average
annual precipitation is preserved, and only the monthly distribution is affected." However, this
argument is incorrect because the effect is to smooth out the seasonal variation (see, e.g.,
DENO001575070 at Figure 7.1.1.1-6) and hence to under-represent the occurrence of the types of
precipitation events that will result in infiltration.

Another flaw in the precipitation component of the model relates to the elevation
relationships used to adjust present-day climate parameters to a reference elevation of 1,524
meters, and to those used to produce spatial precipitation fields by scaling the generated

precipitation sequences. See DEN001575070, Appendix F2.1at F-14 through F-21. Separate
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linear relationships are used to adjust four of the precipitation model parameters (as described in
Tables F.4 and F.5 of DEN001575070) and the MAP. However, these relationships are mutually
inconsistent since, if the expected MAP is calculated from the adjusted precipitation parameters,
the result does not vary linearly with elevation. See "Simulation of Net Infiltration for Present-
Day and Potential Future Climates, MDL-NBS-HS-000023 REVO01" (05/24/2007), LSN#
DN2002482668, Eq. F.41 and F.42 at F-11.

A further example of a flaw in the precipitation model is that it is parameterized in such a
way that logical impossibilities such as negative probabilities can arise (e.g., if the parameter
boo>ano in SAR Equation 2.3.1-1). This causes complications for uncertainty analyses, where
parameter ranges are subject to constraints. See, e.g., DN2002482668 at F-32.

In sum, the precipitation component of the net infiltration model does not adequately
incorporate important physical phenomena, uses inappropriate assumptions that are not
consistent with the body of data presented in the description and provides results that are not
consistent with empirical observations. Furthermore, no attempt has been made to evaluate
important aspects of performance such as extremes. Flaws in the model itself include failure to
represent seasonality adequately at half of the sites considered and erroneous representation of
the rainfall-elevation relationship which is relied upon to generate spatial rainfall for input into
the net infiltration model. Both of these are important physical phenomena that may have a
substantial impact on net infiltration estimates, whence their omission may significantly change
estimates of radiological exposure. Furthermore, the model assumptions are such that it has the
potential to produce physically impossible parameter combinations (for example, probabilities

outside the range [0,1]).
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The effect of the mischaracterization of precipitation will be to induce a downward bias
in estimates of net infiltration. In consequence, seepage at the repository level would be altered
with potentially significant changes to corrosion, radionuclide release and transport, and
radiological impacts on the RMEI.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the precipitation component of the net infiltration model as
described in SAR Subsection 2.3.1.3.2, which in turn relies on DN2002482668 and
DENO001575070, because it fails to adequately incorporate important physical phenomena, uses
inappropriate assumptions that are not consistent with the body of data presented in the
description, provides results that are not consistent with empirical observations, and no attempt
has been made to evaluate important aspects of performance such as extremes. As a result, SAR
Subsection 2.3.1.3.2 is both materially incomplete and inaccurate, and therefore does not comply
with the requirements of 10 C.F.R. §§ 63.21(¢c)(9) and (c)(15) and 63.114(e). Therefore, the
Yucca Mountain repository cannot be licensed pursuant to 10 C.F.R. § 63.31(a)(3).

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many

thousands of possible changes that would need to be made to DOE’s TSPA approach to include
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the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-15 - ALTERNATIVE PRECIPITATION MODELS AND WEATHER
VARIABLES

1. A statement of the contention itself

The precipitation and weather components of the net infiltration model described in SAR
Subsection 2.3.1.3.2 are not sufficient because alternative conceptual models exist that are
consistent with the available data and with current scientific understanding, and by neglecting
these, DOE has substantially underestimated the uncertainty inherent in the results of the
performance assessment.

2. A brief summary of the basis for the contention

Alternative conceptual models of the components of the net infiltration model relating to
precipitation and weather variables have not been considered despite the availability of
techniques that could provide a much improved representation of these processes.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart

E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
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to which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(c) requires
consideration to be given to alternative conceptual models of features and processes that are
consistent with available data and current scientific understanding, and to evaluate the effects
that alternative conceptual models have on the performance of the geologic repository. This
contention alleges non-compliance with these regulatory provisions and therefore raises a
material issue within the scope of the licensing proceeding.

5. Concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The precipitation component of the net infiltration model is deficient in several important
respects. Simplifying assumptions are made for components relating to other weather variables
such as temperature. Advanced precipitation models are available that could overcome these
deficiencies and avoid use of these assumptions. In order to meet the requirement of 10 C.F.R. §
63.114(c) it is necessary to evaluate the effects that the use of such models could have on the
performance of the geological repository. However, this has not been done by DOE.

The precipitation component of the net infiltration model is based on Woolhiser, D.A.
and Pegram, G.G.S., "Maximum Likelihood Estimation of Fourier Coefficients to Describe
Seasonal Variations of Parameters in Stochastic Daily Precipitation Models," JOURNAL OF
APPLIED METEOROLOGY, Vol. 18 AT 34-42, TIC: 257886 (Boston, Massachusetts: American

Meteorological Society, 1979). This type of model is known to perform poorly with respect to a
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number of hydrologically important features. See, e.g., Wilks, D.S. and Wilby, R.L., "The
Weather Generation Game: A Review of Stochastic Weather Models," PROGRESS IN PHYSICAL
GEOGRAPHY, 23(3):329-357 (1999). Advanced models have been developed over the last 30
years that perform much better with respect to features such as extremes and inter-annual
variability, have more flexibility to represent complicated seasonal patterns and also avoid
problems such as the potential to produce negative probabilities.

The precipitation component of the net infiltration model also contains an oversimplified
treatment of spatial variability. See "Simulation of Net Infiltration for Present-Day and Potential
Future Climates, MDL-NBS-HS-000023 REVO01" (05/24/2007), LSN# DN2002482668 at
Section 6.4.1.1. Spatial rainfall is generated, at a daily time-step, by multiplying a single-site
sequence (for a reference elevation of 1,524 meters) by an elevation surface derived from an
analysis of annual precipitation totals. One problem with this approach is that the derived
elevation surface is regionally based and will fail to reproduce the local-scale meteorological
controls on the spatial distribution of precipitation. Another problem with this approach is that
the use of annual relationships masks the variability that can be expected for daily precipitation.
It is acknowledged (DN2002482668 at 6-25) that "a more complicated model might allow
precipitation to occur in parts of the domain while other parts of the domain remain dry." In
reality, the spatial structure is complex on sub-daily time scales, particularly for convective
rainfall, and even if uniform spatial coverage were observed at the daily time-step (which is not
to be expected), the non-linear hydrological response to sub-daily sequences of spatially
localised precipitation would not be represented correctly by this assumption. It is necessary to
quantify the effect of this in order to justify the claim that "such sophistication was deemed

unnecessary for the current development." (DN2002482668 at 6-25).
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Elsewhere in the weather-related components of the net infiltration model, there are
several places (such as the representation of temperature and the derivation of rain event
durations from daily rainfall totals) where a quantity of interest is treated as a deterministic
function of some other quantities, but where the data show considerable scatter about the fitted
relationships. Elsewhere it is argued that the derivation of storm durations is flawed and
underestimates the intensity of short-duration high-intensity rainfall events. Similarly here, the
observed temperature time series show considerable scatter about the assumed deterministic
cycles. See, e.g., "Simulation of Net Infiltration for Present-Day and Potential Future Climates,
MDL-NBS-HS-000023 REV 01 ADD 01" (01/28/2008), LSN# DEN001575070, Fig. F-2 at F-
14. In addition, simplifying assumptions are made for several other weather variables as well —
for example, solar radiation is derived from air temperature (DN2002482668 at 6-38) and wind
speed is not adjusted for elevation (DN2002482668 at 6-41). Since net infiltration is a nonlinear
function of the weather inputs, any failure to account for variability in these inputs would
potentially affect the estimates of average infiltration and hence, ultimately, radiological
exposure. It is therefore necessary to consider alternative conceptual models that allow for
variability in the inputs, and to evaluate the effects that the use of such models would have on the
performance of the repository.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

As explained above, the precipitation and weather components of the net infiltration
model described in SAR Subsection 2.3.1.3.2 are not sufficient because alternative conceptual
models exist that are consistent with the available data and with current scientific understanding,
and by neglecting these, DOE has substantially underestimated the uncertainty inherent in the

results of the performance assessment. Thus, SAR Subsection 2.3.1.3.2 does not comply with 10
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C.F.R. § 63.114(c), which requires consideration to be given to alternative conceptual models of
features and processes that are consistent with available data and current scientific
understanding, and to evaluate the effects that alternative conceptual models have on the
performance of the geologic repository.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-16 - QUALIFICATION OF CLIMATE AND INFILTRATION MODELS

1. A statement of the contention itself

SAR Subsection 2.3.1, which describes the analysis and modeling underpinning the
climate and infiltration components of the TSPA, fails to provide details of data qualification
procedures used in this work and fails to identify any formal peer reviews used in its preparation.

2. A brief summary of the basis for the contention

The SAR does not contain a description of the quality assurance program applied to the
acquisition, control and analysis of samples and data.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(20) requires that the SAR to include a description
of the quality assurance program to be applied to the structures, systems and components
important to safety. 10 C.F.R. § 63.142(a) (part of Subpart E of 10 C.F.R. Part 63) extends the
requirement to apply to the components important to safety, to design and characterization of

barriers important to waste isolation, and to related activities, which include acquisition, control
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and analysis of samples and data. This contention alleges non-compliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials.

The cited provisions of 10 C.F.R. Part 63 require the SAR to include a description of the
quality assurance program, which covers the control and analysis of samples and data. NUREG-
1804, Section 2.2.1.3.5.3, Acceptance Criterion 1(8) sets out explicitly what is required to meet
Part 63 in this regard: "Guidance in NUREG—-1297 and NUREG-1298 . . ., or other acceptable
approaches for peer reviews and data qualification, is followed." The only mention of this in the
SAR is the following statement on page 2.3.1-1,

"scientific analyses, model development, and data qualification activities were conducted

in accordance with project procedures that comply with Quality Assurance Program

requirements. The project procedures governing data qualification are consistent with

NUREG-1298 (Altman, et al., 1988) in keeping with Acceptance Criterion 1(8)."

This statement does not constitute a description of the quality assurance program. In addition,
the SAR must therefore include a description of the procedures used for data qualification.

According to page 2.3.1-1 of the SAR, "no formal peer reviews were used to support
development of the current models and analyses discussed in Section 2.3.1." This constitutes a

failure to apply appropriate quality control procedures to the analysis of data.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

As noted above, this contention challenges the failure of SAR Subsection 2.3.1 to include
a description of the quality assurance program as applied to the acquisition, control and analysis
of samples and data (as opposed to a mere statement that such activities were conducted in
accordance with procedures that comply with a quality assurance program). As a result, SAR

Subsection 2.3.1 is materially incomplete, and therefore fails to comply with the requirements of
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10 C.F.R. §§ 63.21(c)(20) and 63.142(a). Therefore, the Yucca Mountain repository cannot be

licensed pursuant to 10 C.F.R. § 63.31(a)(3).



133

NEV-SAFETY-17 - CALIBRATION AND SIMULATION OF PRECIPITATION MODEL

1. A statement of the contention itself

The procedures used to calibrate and simulate the precipitation component of the
precipitation model, as referenced in SAR Subsection 2.3.1.3.2, are non-standard, not generally
accepted and, in the case of the simulation procedure as described, incorrect.

2. A brief summary of the basis for the contention

The precipitation component of the net infiltration model is calibrated using a non-
standard least squares procedure that is not generally accepted; the simulation methodology as
described adopts the dubious procedure of using the same pseudo-random number to generate
both rainfall occurrence and amounts of rainfall; and the procedure used for sampling from a
lognormal distribution is not generally accepted.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21. 10 C.F.R. § 63.21(¢c)(9) requires an assessment
to determine the degree to which those features, events and processes of the site that are expected

to materially affect compliance with Section 63.113 have been characterized, and paragraph
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(c)(15) requires an explanation of measures used to support the models used to provide the
information required in paragraph (c)(9). This contention alleges non-compliance with these
regulatory provisions and therefore raises a material issue within the scope of the licensing
proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The procedure for calibrating the precipitation component of the net infiltration model
was developed for the first time in "Simulation of Net Infiltration for Present-Day and Potential
Future Climates, MDL-NBS-HS-000023 REVO01" (05/24/2007), LSN# DN2002482668 , where
it is described in Appendix F1.1.2. This procedure is flawed because more widely accepted
superior procedures are available and in common use. The algorithm for simulating precipitation
sequences, as described at F.36 of DN2002482668, is also incorrect and does not use generally
accepted techniques for drawing from a lognormal distribution.

As acknowledged at F.5 of DN2002482668, precipitation models of the type considered
here are usually fitted using the method of maximum likelihood. This approach, which is
applicable here, has a number of desirable properties which are well understood, including the
availability of uncertainty estimates for all parameters. However, DOE did not follow this
approach and instead developed its own least squares procedure whose properties were not
explored. Moreover, DOE’s reason for not using the fitting method and instead using the least
squares method is inconsistent. DOE says that "it is desirable to have a procedure that is more
transparent than optimization software" (DN2002482668 at F.5), but then uses optimization
software to calibrate the temperature model (id. at F.12). Furthermore, the calibration procedure

is complicated by the amplitude-phase parameterization of the seasonal cycle. The accepted
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procedure here is to re-parameterize in terms of sine and cosine components, in which case the
problem becomes a standard application of regression techniques and their variants.

In terms of the TSPA, the main impact of the fitting methodology is that it provides no
objective basis for the assessment of parameter uncertainty. Had DOE used a standard procedure
then, in addition to generating best estimates of the parameters, justified estimates of the
uncertainties in those parameters would have been generated. However, because a non-standard
procedure was used, only best estimates of the parameters were made available and not justified
uncertainties on those parameters. The method adopted therefore fails to provide an objective
basis for undertaking calculations of infiltration, because it does not deliver the well-justified
parameter distributions that are required for a probabilistic assessment of the effects of parameter
uncertainty.

In addition to the problems associated with the calibration of the model, DOE’s
implementation of the model, as described at F.36 of DN2002482668, is incorrect since it uses
the same pseudo-random number to determine both the occurrence and amount of rainfall.
Moreover, the method utilized by DOE for generating pseudo-random numbers from lognormal
distributions (see DN2002482668, equations F-50 and F-51) is not generally accepted. The
method is also slow and could be relatively inaccurate, especially in the tails of the distribution,
since it requires inversion of the lognormal distribution function. Modern methods for
simulating from lognormal distributions rely on the relationship between the lognormal and
normal distributions, and the availability of efficient and exact methods for sampling from the
latter. See, e.g., A.C. Davison, "Statistical Models" (Cambridge University Press 2003) at

Section 3.3.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the procedures that were used to calibrate and simulate the
precipitation component of the precipitation model, as referenced in SAR Subsection 2.3.1.3.2,
because they are non-standard, not generally accepted and, in the case of the simulation
procedure as described, incorrect. As a result, SAR Subsection 2.3.1.3.2 does not comply with
the requirements of 10 C.F.R. § 63.21(c)(9), which requires an assessment to determine the
degree to which those features, events and processes of the site that are expected to materially
affect compliance with Section 63.113 have been characterized, and paragraph (c)(15) which
requires an explanation of measures used to support the models used to provide the information

required in paragraph (c)(9).
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NEV-SAFETY-18 - USE OF CLIMATE DATA FROM THE ANALOG SITES

1. A statement of the contention itself

SAR Subsection 2.3.1.2.3 and similar subsections, which describe the use of analog sites
to represent future climate states, make inappropriate use of information from the analog sites.

2. A brief summary of the basis of the contention

To support the modeling of net infiltration for each future climate scenario in the TSPA,
information from several analog sites is pooled, but the chosen sites have quite different
climatologies so that the result of the pooling cannot be considered to correspond to any single
physically plausible climate state and hence the use of the information is inappropriate.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether the DOE has complied with the NRC
requirements applicable to Yucca Mountain, and falls within the scope of the hearing as
specified in section II, paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.114 (part of Subpart E) requires a performance
assessment to be completed to evaluate the ability of the engineered barrier system along with
natural barriers to meet the performance objectives of 10 C.F.R. § 63.113. 10 C.F.R. § 63.114(b)

requires that any performance assessment must account for uncertainties and variabilities in
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parameter values and provide for the technical basis for parameter ranges, probability
distributions, or bounding values used in the performance assessment. Also, 10 C.F.R. §
63.21(c)(15) requires the SAR to contain an explanation of measures used to support the models
used to provide the information required in paragraphs (c)(9) through (c)(14). Furthermore, it
requires that analyses and models that will be used to assess performance of the geologic
repository must be supported by using an appropriate combination of such methods as field tests,
in situ tests, laboratory tests that are representative of field conditions, monitoring data, and
natural analog studies. This contention alleges non-compliance with these regulatory provisions
and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 2.3.1.2.3 explains how future climate regimes are represented in the
TSPA by fitting temperature and precipitation models to historical data from present-day analog
stations. The fitted models are used to generate 1,000-year synthetic weather sequences as input
to the net infiltration component of the TSPA. Two analog stations are chosen to represent the
upper-bound monsoon climate, three stations for the lower-bound glacial transition climate, and
two stations for the upper-bound glacial transition climate. The lower-bound monsoon climate
was represented using the present-day stations around Yucca Mountain. For each future climate
regime, uncertainty distributions for the model parameters were obtained by pooling results from
upper- and lower-bound sites representing that regime.

Although the analog stations are nominally chosen in such a way that DOE regards them
as representative of the forecast future regimes at Yucca Mountain, the subsequent results
presented in SAR Subsection 2.3.1.2.3 show that there are substantial differences between sites

that are supposed to represent the same climate. For example, for the upper-bound monsoon
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climate, the amplitudes of the seasonal cycles in precipitation model parameters at the two
selected stations differ by more than a factor of two in some instances (see SAR at 2.3.1-41); the
seasonal cycle in precipitation is reversed between the upper- and lower-bound monsoon
climates (id.); and the seasonal cycles at Spokane and Delta, representing upper- and lower-
bound glacial transitions, respectively, are completely different (compare "Simulation of Net
Infiltration for Present-Day and Potential Future Climates, MDL-NBS-HS-000023 REV 01
ADD 01" (1/28/2008), LSN# DEN001575070, Figures 7.1.1.1-5[a] and 7.1.1.1-6[a]). A
consequence of this approach is that the chosen sites cannot possibly all represent the same
climate regime, and the results obtained by pooling results from different sites are not shown to
correspond to any physically plausible climate state. DOE makes an attempt to justify the
pooling for the monsoon climate — "The climate during this period would vary from episodes of
intense summer rain to present-day-like climates with relatively more winter and less summer
precipitation." SAR at 2.3.1-41. However, the correct way to represent this in a 1,000-year
climate simulation is not by using a fixed parameter set drawn from the pooled results, but rather
by allowing the parameters to vary within the simulation so as to reflect the actual process that is
expected to occur. The data from the analog sites have therefore been used inappropriately, and
therefore the requirement in 10 C.F.R. § 63.21(c)15 — that "[a]nalyses and models that will be
used to assess performance of the geologic repository must be supported by using an appropriate
combination of such methods as . . . natural analog studies" — has not been met. Furthermore, the
parameter values derived do not comply with the requirement of 10 C.F.R. § 63.114(b), in that

the technical basis for the parameter ranges used to describe future climatic conditions is flawed.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted.

SAR Subsection 2.3.1.2.3 and similar subsections, which describe the use of analog sites
to represent future climate states, make inappropriate use of information from the analog sites.
In consequence, these subsections do not comply with 10 C.F.R. § 63.21(c)(15), which requires
that "[a]nalyses and models that will be used to assess performance of the geologic repository
must be supported by using an appropriate combination of such methods as . . . natural analog
studies." Furthermore, the parameter values derived do not comply with the requirement of 10
C.F.R. § 63.114(b), in that the technical basis for the parameter ranges used to describe future

climatic conditions is flawed.
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(c) Infiltration Modeling
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NEV-SAFETY-19 - FUTURE INFILTRATION PROJECTIONS NEED TO INCLUDE
REDUCED VEGETATION COVER

1. A statement of the contention itself

SAR Subsection 2.3.1.3.2.1.5 and related subsections, which state the nature of
vegetation cover predicted for the future at Yucca Mountain, fail to account accurately for the
possible impact of reduced vegetation cover that could result in increased rates of infiltration.

2. A brief summary of the basis for the contention

Continued global warming will likely result in hotter and drier winter climates at Yucca
Mountain within the next 10,000 years and this climatic change could cause vegetation to
become more sparse for extended periods, allowing for greater infiltration when intense rains
occur.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain.

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. §§ 63.21(c)(11) and (c)(12) require DOE to assess the ability

of the Yucca Mountain repository to limit radiological exposures and to limit release of
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radionuclides as required by 10 C.F.R. §§ 63.113(b) and (c). 10 C.F.R. §§ 63.113(b) and (c)
(part of Subpart E of Part 63) requires DOE to complete a post-closure performance assessment
for the Yucca Mountain repository that meets the requirements of 10 C.F.R. §§ 63.303 and
63.305. 10 C.F.R. § 63.303 (part of Subpart L of Part 63) requires DOE to demonstrate that
there is a reasonable expectation of compliance with the requirements in Subpart L of Part 63
before a license can be issued. 10 C.F.R. § 63.305(c) (also part of Subpart L) requires DOE to
vary factors related to climate based upon cautious but reasonable assumptions consistent with
present knowledge of factors that could affect the Yucca Mountain disposal system over the next
10,000 years. DOE must also address post-10,000 year impacts consistent with the newly
promulgated rule by the U.S. Environmental Protection Agency at 40 C.F.R. Part 197, 73 Fed.
Reg. 61256 (10/15/2008). This contention alleges non-compliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

In SAR Subsection 2.3.1.3.2.1.5, DOE outlines how vegetation cover at Yucca Mountain
is predicted. The methodology used fails to incorporate the likely impacts of anthropogenic
climate change that could affect vegetation for the next 10,000 or more years, and thus DOE has
failed to incorporate vegetation change that could result in greater infiltration of rain at Yucca
Mountain.

There is evidence that infiltration will increase if vegetation cover becomes reduced at
the location of the Yucca Mountain repository. See Scanlon, B.R., Levitt, D.G., Reedy, R.C.,
Keese, K.E., and Sully, M.J. (2005), "Ecological controls on water-cycle response to climate
variability in deserts," PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED

STATES OF AMERICA, Vol. 102, No. 17 at 6033-6038. This is because both above- and below-
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ground vegetation productivity intercepts and uses a significant fraction of available water,
preventing this fraction from infiltrating deeper into the soil and bedrock.

Future climate changes will likely result in substantial periods of time during which the
vegetation cover is reduced below that predicted by DOE. This is because human-caused climate
change (see "Climate Change 2007: The Physical Science Basis. Contribution of Working Group
I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change" (2007)
(Solomon, S., et al. (eds.), Cambridge University Press, 32 Avenue of the Americas, New York,
NY 10013-2473), and "Scientific Assessment of the Effects of Global Change on the United
States: A Report of the Committee on Environment and Natural Resources National Science and
Technology Council" (2008) (U.S. Climate Change Science Program, Suite 250, 1717
Pennsylvania Avenue, Washington, D.C. 20006)) will likely result in temperatures at Yucca
Mountain that are much hotter than assumed by DOE, as well as precipitation regimes that are
both drier on average during the winter, with episodic, likely more intense, rainfall at irregular
intervals, particularly in the summer or during increasingly infrequent wet winters. The hotter (5
to 10 or more degrees F warmer than present) and drier climate will make it more difficult, at
least during extended dry periods, for vegetation to grow. Reduced vegetation growth will
reduce the capture of soil moisture by above- and below-ground vegetation. This means that
during dry periods in the future, less frequent but more intense rainfall should be able to infiltrate
more freely than current, or DOE-predicted, vegetation cover allows. Thus, by assuming a
particular vegetation cover at Yucca Mountain, DOE has underestimated the potential for
infiltration.

The work of Scanlon, et al. (2005), demonstrates that non-vegetated desert sites typical of

the Yucca Mountain region typically see greater deep drainage, greater groundwater recharge,
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and thus greater infiltration into bedrock than vegetated sites. This relates to the lack of soil
water removal by plant roots, as well as above-ground water use by plants. The work of
Scanlon, et al. (2005), at 6038, has a focus on current and past climate and vegetation change
and states that "xeric vegetation can maintain dry conditions in the subsurface for millennial
timescales." Of course, this means that the converse is also true, if the vegetation cover is
removed, subsurface conditions will become wetter, and infiltration greater.

As described above, future anthropogenic climate change poses serious threats to the
vegetation cover at Yucca Mountain that were ignored by DOE. Evidence also suggests that
future human-driven climate change will also result in an accelerated ("flashier") hydrological
cycle, and thus more precipitation variability and more droughts. See (1) Trenberth, K.E., Dai,
A.G., Rasmussen, R.M., and Parsons, D.B. (2003), "The changing character of precipitation,"
BULLETIN OF THE AMERICAN METEOROLOGICAL SOCIETY, Vol. 84, Issue 9 at 1205-1217; and (2)
Allan, R.P., and Soden, B.J. (2008), "Atmospheric warming and the amplification of
precipitation extremes," SCIENCE, Vol. 321, No. 5895 at 1481-1484. The same theory,
observations and climate modeling also indicate that precipitation events will become more
intense as the climate warms in the future. Thus, greater rainfall intensity and duration could
couple with reduced vegetation cover to result in greater infiltration of water at Yucca Mountain.

6. There must be sufficient information to show that there is a genuine dispute with DOE.
along with specific references to the portions of the LA being controverted

SAR Subsection 2.3.1.3.2.1.5 and related subsections, which state the nature of
vegetation cover predicted for the future at Yucca Mountain, fail to account accurately for the
possible impact of reduced vegetation cover that could result in increased rates of infiltration.

Thus, they do not comply with 10 C.F.R. § 63.305(c), which requires DOE to vary factors related
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to climate based upon cautious but reasonable assumptions consistent with present knowledge of
factors that could affect the Yucca Mountain disposal system over the next 10,000 years.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-20 - NET INFILTRATION ALTERNATIVE CONCEPTUAL MODEL

1. A statement of the contention itself

SAR Subsection 2.3.1.3.3.1 and similar subsections, which state that the MASSIF model
estimates net infiltration at the Yucca Mountain site based on daily water balance calculation of
the near-surface soils, fails to apply alternative conceptual models to evaluate the performance of
the geologic repository.

2. A brief summary of the basis for the contention

The Mass Accounting System for Soil Infiltration and Flow (MASSIF) model (LSN#
DENO001575070) is a mass balance calculation of the surface and near-surface water that was
used as the net infiltration for Yucca Mountain; however, no alternative conceptual models have
been applied to represent net infiltration at Yucca Mountain.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree

to which those features, events and processes of the site that are expected to materially affect
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compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(c) requires
consideration to be given to alternative conceptual models of features and processes that are
consistent with available data and current scientific understanding, and to evaluate the effects
that alternative conceptual models have on the performance of the geologic repository. This
contention alleges non-compliance with these regulatory provisions and therefore raises a
material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

No alternative modeling approaches for net infiltration have been applied to Yucca
Mountain. Perverse logic is applied in an attempt to justify this failure to meet a basic modeling
criterion. For example, DOE reference document "Simulation of Net Infiltration for Present-Day
and Potential Future Climates" (01/28/2008), LSN# DENO001575070 at 6-13 notes that a number
of models exist, and defines two model categories (related to the representation of subsurface
water movement). The reference uses HYDRUS-1D as a single example of a Richards’
equation-based model, and then dismisses it as unsuitable for use at Yucca Mountain, partly on
the grounds that it is one dimensional and does not simulate surface water movement. The
reference also selects the HELP model as a single example of a water balance model, and
similarly dismisses it — "HELP was not used to estimate net infiltration at the Yucca Mountain
site primarily because it was developed for a different type of application." Id. at 6-16. Because

two unsuitable models were selected for consideration, and then rejected as unsuitable, DOE
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concludes that it need not demonstrate alternative models. The simple solution would be either
to select appropriate models (and numerous candidate models exist), or to develop an alternative
model for comparison.

For example, one candidate model that provides a physics-based representation of
hydrological processes, is widely available (with training material), and has been used for arid
and semi-arid areas in the US, is the MIKE-SHE model of the Danish Hydraulics Institute (see
"Danish Hydraulics Institute Software Information" (09/24/2008), LSN# NEV000005416). In
addition, models already available to the Yucca Mountain program could have been used for
evaluation of key aspects of MASSIF model performance. For example, there has been no
comparison of runoff and infiltration performance with the widely used KINEROS model, which
has been used by NRC to simulate the response of both Upper Split Wash at Yucca Mountain
and the adjacent Solitario Canyon watershed. See Woolhiser, D.A. and Fedors, R.W. (2000),
"Upper Split Wash Modeling in Support of Shallow Infiltration Estimates," LSN#
NRC000027373, NRC000027331, NRC000027267, all; and Woolhiser, D.A., Stothoff, S.A. and
Wittmeyer, G.W. (1998), "Estimating Channel Infiltration from Surface Runoff in the Solitario
Canyon Watershed, Yucca Mountain, Nevada," LSN# NRC000027227, all. In addition, the
HYDRUS-1D model has a 3D version that could have been used to explore issues of temporal
and spatial scaling.

The other reason given for rejecting HY DRUS-1D for application at Yucca Mountain
was because it "requires substantial and detailed information about the soil structure and
variability of properties," and "at the Yucca Mountain site, the available soil property dataset was
limited in the number of samples and the types of measurement made." DENO001575070 at 6-15.

DOE’s failure to provide appropriate data to support the necessary modeling cannot be supported



150

as a reason for rejecting suitable alternative models, particularly as the MASSIF model also uses
basic soil physical properties in its parameterization.

The peer review of net infiltration modeling, "Independent Review of Simulation of Net
Infiltration for Present-Day and Potential Future Climates" (Oak Ridge Institute for Science and
Education Report (ORISE) (04/01/2008), LSN# DEN001595302, Section 4.0b at 6-7 answered
the question — "Were alternative modeling approaches and their results and limitations
appropriately considered?" It noted that more suitable Richards’ equation models were not used
because "the available soil property dataset was limited." The conclusion of the peer review
panel was that, "The reasons given for not using such alternative modeling approaches are not
sufficient.”

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

SAR Subsection 2.3.1.3.3.1 only presents the MASSIF model to estimate for net
infiltration at Yucca Mountain, and fails to provide an alternative conceptual model to evaluate
the performance of the geologic repository. Given the uncertainty in how the available
information should be used or interpreted, DOE’s failure to consider one or more alternative
conceptual models results in a substantial underestimate of the uncertainty inherent in the results
of the performance assessment. As a result, DOE has failed to comply with the requirements of
10 C.F.R. §§ 63.21(¢c)(9), 63.21(c)(15), 63.113, and 63.114(c). Therefore, pursuant to 10 C.F.R.
§§ 63.31(a)(2) and (a)(3), the NRC cannot license the Yucca Mountain geologic repository.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether

acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
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standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-21 - INFILTRATION MODEL AND CHANGES IN SOIL AND ROCK
PROPERTIES

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2.1.2, 2.3.1.3.2.1.3, 2.3.1.3.2.1.4 and similar subsections, which
state that the MASSIF infiltration model was developed with bedrock hydraulic conductivity,
soil depth and soil properties assumed to be constant for the next 10,000 years, fails to account
for biogeochemical and geomorphological processes, including erosion and also fails to account
for uncertainties and variabilities in parameter values.

2. A brief summary of the basis for the contention

While the modeling of net infiltration under future climate considers changes to
vegetation, it neglects to consider change in soil depths, soil properties, fracture-fill material and
associated rock properties due to biogeochemical and geomorphological effects, including
erosion.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy

the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
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E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(b) requires the
performance assessment to account for uncertainties and variabilities in parameter values and
provide for the technical basis for parameter ranges, probability distributions, or bounding values
in the performance assessment. This contention alleges non-compliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Even though the modeling of net infiltration under future climates as input to the TSPA
includes expected changes to vegetation, no consideration is given to change in soil depth, soil
properties or bedrock conductivity over 10,000 years. Such changes are expected to occur, with
potentially important effects on the magnitude and spatial distribution of net infiltration. This
treatment is internally inconsistent, since vegetation is known to affect soil properties. It also
neglects any consideration of geomorphological change to soil depth and bedrock properties.

A key assumption of the net infiltration modeling is that "the physical properties of the
soil, bedrock, and water will remain constant over the time periods being considered in the
model (1 day to 10,000 years)." "Simulation of Net Infiltration for Present-Day and Potential
Future Climates" (01/28/2008), LSN# DEN001575070 at 5-4. It is recognized that soil

formation processes "can significantly change soil properties (conductivity, porosity, field
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capacity, etc.)," and that "it is likely that soil erosion and deposition processes will affect soil
properties and soil depth patterns over the site." Id. But it is assumed, without adequate
justification, that such effects are only significant over periods in excess of 10,000 years.

In contrast, when considering future climate states within this period, vegetation is
assumed to change. For Monsoon climate, it is assumed that current vegetation will continue,
but with a changed distribution. For Glacial Transition, juniper woodland is possible, or
bromegrass, which is assumed in the modeling. It is noted (DEN001575070 at 6-108) that
"increased net infiltration has been correlated with the presence of brome and other grass
monocultures. . . . This correlation has been attributed to increases in macroporosity and
permeability. . . ." So it is recognized that changes in soil properties are likely to occur, but such
effects have not been represented in the net infiltration modeling for the TSPA. In addition,
there are potentially significant changes to soil depth and rock properties that are expected to
occur on these time-scales due to geomorphological processes. See, e.g., Stuewe, K., Robi, J.,
and Matthai, S. (2008), "Erosional Decay of the Yucca Mountain Crest," GEOMORPHOLOGY (in
press), LSN# NEV000005187.

The introduction of changes in soil depth and rock properties would widen the range of
estimates of infiltration, including those associated with episodic events. In consequence,
seepage at the repository level would be altered with potentially significant effects on corrosion,
radionuclide release and transport, and radiological impacts on the RMEI.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2.1.2, 2.3.1.3.2.1.3, 2.3.1.3.2.1.4 and
similar subsections (which state that the MASSIF infiltration model was developed with soil

depth, soil properties and bedrock hydraulic conductivity assumed to be constant for the next
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10,000 years, and which fail to account for changes due to biogeochemical and
geomorphological processes, including erosion) because they fail to account for uncertainties and
variabilities in parameter values. Thus, these subsections do not comply with 10 C.F.R. §
63.114(b), which requires the performance assessment to account for uncertainties and
variabilities in parameter values and provide for the technical basis for parameter ranges,
probability distributions, or bounding values in the performance assessment.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-22 - NET INFILTRATION MODEL WATER BALANCE

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar subsections, which address the
hydrological processes represented in the net infiltration model, are inadequate because they fail
to address lateral subsurface flow and allow for the generation of surface runoff only when the
soil layers are saturated.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114(a), (b), (c), (¢), and (g)
because relevant hydrological processes — lateral subsurface flow and infiltration-excess runoff —
have not been represented in the MASSIF net infiltration model.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect

compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
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explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(a) requires the
performance assessment to include data related to geology, hydrology and geochemistry of the
Yucca Mountain site and the surrounding region to the extent necessary, paragraph (b) requires
an accounting for uncertainties and variability in parameter values, paragraph (c) requires
consideration of alternative conceptual models, paragraph (e) requires a technical basis for
inclusion or exclusion of FEPs, and paragraph (g) requires a technical basis for models used.
This contention alleges non-compliance with these regulatory provisions and therefore raises a
material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Both the design of the hydrological monitoring networks at Yucca Mountain and the
associated net infiltration modeling have focused on an inadequate conceptual model of
hydrological process response. The only observations of soil water response at Yucca Mountain
are from a network of vertical neutron probe monitoring sites, and these cannot capture lateral
subsurface flow. The MASSIF model fails to represent lateral subsurface flow. Also in the
model, surface runoff is generated only when the soil layers are saturated, i.e., infiltration excess
runoff is excluded, despite its acknowledged importance as a key process in arid areas.

The potential importance of lateral subsurface flow was emphasized in the expert
elicitation process. See "Unsaturated Zone Flow and Transport Modeling Expert Elicitation
(UZFTEE) Project" (CRWMS M&O, 1997), LSN# NRC000010491 at, for example, 3-7 to 3-10,

4-3, and SPN-9 to SPN-10. The importance of lateral subsurface flow was reiterated by the
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recent independent review of the net infiltration modeling. See "Independent Review of
Simulation of Net Infiltration for Present-Day and Potential Future Climates" (Oak Ridge
Institute for Science and Education Report (ORISE) (04/2008), LSN# DEN001595302 at v).
Following on from the USGS net infiltration modeling, the MASSIF model represents only
vertical soil water fluxes, and thus fails to represent an important process mechanism, with
implications for both the simulated volume of net infiltration and its spatial representation. A
second important process response is also omitted. Surface runoff generation due to
precipitation in excess of infiltration capacity is an important process response in arid areas and
is often observed in the vicinity of Yucca Mountain. "Simulation of Net Infiltration for Present-
Day and Potential Future Climates" (05/2007), LSN# DEN001575070 at 6-6, states that "water
applied to the soil surface at a rate that exceeds the infiltrability of the soil will pond at the
surface and/or run off." However, in the MASSIF net infiltration model, surface runoff is
generated only when the soil layers are saturated, i.e., infiltration excess runoff is excluded,
despite its importance for runoff generation and the associated focusing of flow and recharge in
alluvial channels.

The inclusion of these missing hydrological processes would widen the range of
estimates of infiltration, including those associated with episodic events. In consequence,
seepage at the repository level would be altered with potentially significant changes to corrosion,
radionuclide release and transport, and radiological impacts on the RMEI.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar and
related subsections, which address the hydrological processes represented in the net infiltration

model, as inadequate because they fail to address lateral subsurface flow and allow for the
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generation of surface runoff only when the soil layers are saturated. Thus, these subsections do
not comply with 10 C.F.R. § 63.114(a), (b), (c), (e), and (g), and therefore Yucca Mountain
cannot be licensed pursuant to 10 C.F.R. § 63.31.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-23 - EVALUATION OF ALTERNATIVE NET INFILTRATION
MODELS

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2, 2.3.1.3.3, and 2.3.1.3.4 and similar subsections, incorrectly
compare the MASSIF net infiltration model with an alternative model using other data sets.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114 because corroboration of
the MASSIF net infiltration model through comparison with an alternative model using other
data sets is flawed.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an

explanation of measures used to support the models used to provide the information required in
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paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(g) requires the
performance assessment to include the technical basis for models used, and to include
comparisons with outputs of detailed process-level models and/or empirical observations (e.g.,
laboratory testing, field investigations, and natural analogs). This contention alleges non-
compliance with these regulatory provisions and therefore raises a material issue within the
scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

DOE reference document "Simulation of Net Infiltration for Present-Day and Potential
Future Climates" (05/2007), LSN# DEN001575070, Section 7.1.2 at 7-13 through 7-29
compares the MASSIF net infiltration model with the HYDRUS-1D model (a one-dimensional
soil water model) on alternative, non-Yucca Mountain datasets. Lysimeter data from the Nevada
Test Site and Reynolds Creek were used. However, the following flaws in these comparisons
exist, some of which are pointed out by the recent independent review of the net infiltration
modeling. See "Independent Review of Simulation of Net Infiltration for Present-Day and
Potential Future Climates" (Oak Ridge Institute for Science and Education Report (ORISE)

(04/2008), LSN# DEN001595302 at D-11).

o Model calibration was used to fit the model to the data.

J The treatment of boundary conditions was different in the model to those of the
data.

o There was no observed occurrence of overland flow, so the ability of MASSIF to

generate this component was not tested.

o For the Reynolds Creek data set, no data were available for the wetting phases, so
again, testing was incomplete.
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o The comparisons considered soil water storage and did not evaluate net
infiltration.

In addition to these flaws, there is a fundamental problem in that the comparisons
between observed and simulated responses are poor. DEN001575070, in its commentary,
attempts to gloss over these discrepancies by considering average response over a year, but large
and important differences occur. In addition, with regard to the Nevada Test Site Lysimeter Site,
"The only interval with a noticeable difference between observed and calculated storages is
during February through April of 1998. This corresponds to a series of large precipitation events
...." Id. at 7-18. Apart from the fact that large precipitation events are the most important for
net infiltration, given the non-linearity of hydrological response, DEN001575070 at 7-18 shows
major differences between models and data, "The calculated increase in storages is about 40mm
smaller than was observed." Figures 7.1.2.1-3 and 7.1.2.2-2 show major discrepancies in the
dynamics of response as well as the magnitude of storage changes. The presentation of these
comparisons also demonstrates that long-term average performance for soil water storage is an
inappropriate measure for this comparison. Important differences in process representation are
disguised by these aggregate statistics.

Thus apart from the failure to meet the regulatory requirements for comparison with
detailed process-level models, the poor performance presented shows that the MASSIF model
does not provide an appropriate basis for the estimation of net infiltration. The net infiltration
simulations used in performance assessment have no credibility.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2, 2.3.1.3.3, and 2.3.1.3.4 because

they incorrectly compare the MASSIF net infiltration model with an alternative model using
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other data sets. As a result, DOE has failed to comply with 10 C.F.R. § 63.114(g), which
requires the performance assessment to include the technical basis for models used, and to
include comparisons with outputs of detailed process-level models and/or empirical observations

(e.g., laboratory testing, field investigations, and natural analogs).
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NEV-SAFETY-24 - PRECIPITATION DATA IN NET INFILTRATION MODEL

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar subsections, are flawed because
there are no reliable data at Yucca Mountain to quantify snowfall, and the network of
precipitation gauges is inadequate to characterize the rainfall spatial distribution for modeling of
infiltration.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114 because observed data at
Yucca Mountain are inadequate to characterize the spatial and temporal distribution of
precipitation for the modeling of net infiltration or for site-specific model validation.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect

compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
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explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(a) requires the
performance assessment to include data related to the hydrology of the Yucca Mountain site and
the surrounding region to the extent necessary. Section 63.114(b) requires the performance
assessment to account for uncertainties and variabilities in parameter values, and provide for the
technical bases for parameter ranges, probability distributions, or bounding values used in the
performance assessment. This contention alleges non-compliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The modeling of net infiltration to provide inputs to the TSPA requires appropriate
modeling of the spatial and temporal distribution of precipitation at Yucca Mountain for present
and future climates. This requires that data are adequate to define the spatial and temporal
distribution of precipitation to support the precipitation modeling. In addition, net infiltration
model verification requires that precipitation data are adequate to interpret observed hydrological
responses with respect to both infiltration and runoff processes.

USGS recommendations for an extensive precipitation monitoring network at Yucca
Mountain were ignored. See "Characterization of the Meteorology for Regional Hydrology
(Study Plan)" OCRWM, 1990, LSN# DN2000036430 at 3.1-52 through 3.1-55. See also
Ambos, D.S., Flint, A.L. and Hevesi, J.A., "Precipitation Data for Water Years 1992 and 1993
from a Network of Non-Recording Gauges at Yucca Mountain, Nevada," USGS Open-File

Report 95-146 (1995), LSN# DEN001273104 at 1 who state "a dense sampling network of 100-
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150 monitoring sites covering the area overlying and also directly adjacent to the potential
repository site was considered necessary to satisfy the data requirements for detailed 3-
dimensional site-scale unsaturated flow modeling." As a result, no reliable snow data are
available, and hence there is no data support for the modeling of snow depth and distribution as
input to the net infiltration model. Furthermore, the inadequacy of the rainfall data has led to the
use of inappropriate methods to represent the spatial distribution of precipitation as input to the
net infiltration modeling for TSPA, with respect to altitude effects and spatial variability.

The lack of snow and rainfall data has also meant that validation of the net infiltration
model using observed Yucca Mountain hydrological data cannot be achieved within reasonable
levels of confidence. See "Simulation of Net Infiltration for Present-Day and Potential Future
Climates" (05/2007), LSN# DEN001575070, Figure 7.1.3-2 at 7-33, which demonstrates that
simulated runoff varies significantly depending on which of the few available rain gauges is used
to define precipitation inputs, so that soil parameters cannot be validated by the available data.
And in a validation of simulated daily runoff for Wren Wash (id., Figure 7.1.3-3 at 7-34), the
"predicted" presence of snow is presented but there are no data available to validate snow
simulations. "This figure illustrates the fact that a comprehensive knowledge of precipitation
and temperature does not exist even when measured data exists." /d. at. 7-35. In other words,
the monitoring of precipitation is inadequate to characterize precipitation for net infiltration
modeling.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 because there are no
reliable data at Yucca Mountain to quantify snowfall, and the network of precipitation gauges is

inadequate to characterize the rainfall spatial distribution for modeling of infiltration. Thus,
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these subsections do not comply with 10 C.F.R. § 63.114(a), which requires the performance
assessment to include data related to the hydrology of the Yucca Mountain site and the
surrounding region to the extent necessary. Also, these subsections do not comply with 10
C.F.R. § 63.114(b), which requires the performance assessment to account for uncertainties and
variabilities in parameter values, and provide for the technical bases for parameter ranges,

probability distributions, or bounding values used in the performance assessment.
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NEV-SAFETY-25 - SITE-SPECIFIC DATA IN NET INFILTRATION MODEL

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar subsections contain site-specific data
at Yucca Mountain that are too limited to allow for validation of the net infiltration model, and
those data that are available demonstrate that performance of the model is unacceptably poor for
infiltration modeling.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114 because site-specific data
are inadequate for validation of the net infiltration model and those data which do exist
demonstrate the poor performance of the model.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect

compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
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explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(a) and (b) requires the
performance assessment to include data related to the hydrology of the Yucca Mountain site and
the surrounding region to the extent necessary, to account for uncertainties and variabilities in
parameter values, and to provide for the technical bases for parameter ranges, probability
distributions, or bounding values used in the performance assessment. 10 C.F.R. § 63.114(g)
requires the performance assessment to provide the technical basis for models used, including
comparisons with outputs of detailed process-level models and/or empirical observations (e.g.,
laboratory testing, field investigations, and natural analogs). This contention alleges non-
compliance with these regulatory provisions and therefore raises a material issue within the
scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The MASSIF model is required to estimate net infiltration using mathematical models at
appropriate time and space scales that are validated with site-specific climate, surface and
subsurface information. However, site-specific data at Yucca Mountain are too limited to allow
for reasonable validation of the net infiltration model, and those data that are available
demonstrate that performance of the model is unacceptably poor.

In the modeling of Upper Split Wash at Yucca Mountain (which overlays the repository
footprint), Woolhiser, D.A. and Fedors, R.W., "Upper Split Wash Modeling in Support of
Shallow Infiltration Estimates" (CNWRA, 05/2000, Part 1 of 3), LSN# NRC000027373 at 2-18

concur — "It is not possible to draw definitive conclusions . . . because the natural watersheds
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probably did not have the same rainfall depth or time pattern of rainfall as that measured at the
SAIC tipping bucket gage 8 located on YM crest north of the repository." "Simulation of Net
Infiltration for Present-Day and Potential Future Climates" (05/2007), LSN# DEN001575070 at
7-35 states "that a comprehensive knowledge of precipitation and temperature does not exist
even when measured data exists." In other words, the monitoring data are inadequate to
characterize precipitation (and temperature) for evaluation of hydrological response.

Stream flow data are important to evaluate a model of rainfall-runoff processes and have
been used by DEN001575070 for model validation. However, the available data are incredibly
limited, see, e.g., id. Table 7.1.3-1 at 7-31, which reveals that data from 6 gauges, installed in 4
of the washes are available for just 4 years — 1993, 1994, 1995 and 1998. But in 1993 there were
no data from 3 gauges, incomplete data from 2, and zero stream flow recorded from the third. In
1994 there were 3 incomplete records, and 3 recorded zero flows. In 1998 there were data from
3 sites and no data from the other 3 sites. 1995 was the most successful year, with recorded non-
zero flows from 5 gauges, although data quality concerns have been expressed by
NRC000027373. For example, they noted at 2-18 through 2-20 that, regarding the major event
of March 1995, "The hydrograph for Upper Pagany Wash had questionable data . . . [and] . . . the
peak run-off rate for Wren Wash is greater than the rainfall intensities measured at raingage 8."
NRC000027373 concludes that "this suggests that Wren Wash experienced greater rainfall
intensities, or that the stage rating curve used to calculate run-off rates is in error, . . . [and] . . .
the reported Wren Wash runoff values . . . appear to be incorrect." The limited data, and the
record of incomplete data, is an indictment of the monitoring program. Moreover, the available
data do not include any extreme events. For example, Woolhiser and Fedors (CNWRA,

05/2000, Part 3 of 3), LSN# NRC000027267 at 3-21 notes that with regard to the storms of 1995,
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"although these storm events are the largest in the YM meteorologic station data set available for
this work, their maximum intensities are nearly a factor of five lower than the intensity
associated with the 100-yr return run-off event . . . ."

DENO001575070 at Section 7.1.3 demonstrates that simulated runoff varies strongly with
soil saturated hydraulic conductivity (which is highly uncertain) and with the rain gauge used to
define precipitation, so that the validation using stream flow is indeterminate. The best that can
be said (id. at 7-35) is that "given the uncertainty in soil conductivity and weather data,
calculations of daily runoff are fairly good." However, this statement should be seen in the
context of Figure 7.1.3-15 at 7-47, for example, where for one event, simulated stream flows
appear to be an order of magnitude greater than those observed, for all weather stations and soil
parameter variations, and for the largest observed runoff, no flow is simulated. This is hardly
"fairly good" by any objective use of the term.

Observed flow is not an adequate constraint for the validation of net infiltration.
MASSIF was used on Pagany Wash in the simulation of a site where observed infiltration data
were available. The results showed that "the soil saturated conductivity must be increased by an
order of magnitude . . . to match the measured infiltration." DENO001575070 at 7-48. The
validation also showed that the spatial distribution of net infiltration could not be constrained by
the available data, "Despite the good agreement between the observed and predicted runoff in
both of these scenarios, there is a pronounced difference in the spatial distribution of net
infiltration for each of these scenarios . . . ." Id. at 7-50. So the results show that the prior
assumptions of soil properties, subsequently used for TSPA, are inappropriate, and the spatial
distribution indeterminate. As noted by DOE’s independent review panel, "the model was not

capable of representing observed infiltration beneath washes and ephemeral streams without
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significant calibration and alteration of assumed hydraulic properties that were used for the final
infiltration estimates." "Independent Review of Simulation of Net Infiltration for Present-Day
and Potential Future Climates" (Oak Ridge Institute for Science and Education Report (ORISE)
(04/2008), LSN# DEN001595302 at 4).

Finally, DEN001575070 notes that the representation of uncertainty propagated through
the TSPA is inadequate. "The present comparison suggests that there may be considerably more
uncertainty as to where net infiltration is occurring than is represented by 40 realizations used to
characterize infiltration uncertainty analysis . . . . In order to reduce this uncertainty for a given
watershed more detailed information concerning the spatial distribution of soil types and
properties would be required." Id. at 7-50. Similarly, DOE’s independent review panel notes
that "because of the lack of site-specific data and the use of an oversimplified model, the review
panel was unable to confirm whether the model uses parameter values, assumed ranges,
probability distributions, and bounding assumptions that are technically defensible, reasonably
account for uncertainties and variabilities, and do not result in an underestimation of the long-
term net infiltration." DENO001595302 at v and vi.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2 and 2.3.1.3.3, which fail to meet
the requirements of 10 C.F.R. § 63.114 because the site-specific data at Yucca Mountain are too
limited to allow for validation of the net infiltration model, and those data that are available
demonstrate that performance of the model is unacceptably poor and that it cannot be used for
infiltration modeling. Thus, these subsections do not comply with 10 C.F.R. § 63.114(a) and (b),
which requires the performance assessment to include data related to the hydrology of the Yucca

Mountain site and the surrounding region to the extent necessary, to account for uncertainties



173

and variabilities in parameter values, and to provide for the technical bases for parameter ranges,
probability distributions, or bounding values used in the performance assessment. Also, these
subsections do not comply with 10 C.F.R. § 63.114(g), which requires the performance
assessment to provide the technical basis for models used, including comparisons with outputs of
detailed process-level models and/or empirical observations (e.g., laboratory testing, field

investigations, and natural analogs).
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NEV-SAFETY-26 - SOIL PROPERTIES DATA IN NET INFILTRATION MODEL

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar subsections fail to properly
characterize model net infiltration because data to characterize soil depth and hydraulic
properties are limited and thus have no credibility for use in infiltration modeling.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114(a) and (b) because
available data at Yucca Mountain are inadequate to characterize the spatial distribution of soils
for the modeling of net infiltration or for site-specific model validation.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an

explanation of measures used to support the models used to provide the information required in
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paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(a) requires the
performance assessment to include data related to the geology, hydrology and geochemistry of
the Yucca Mountain site and the surrounding region to the extent necessary. Section 63.114(b)
requires the performance assessment to account for uncertainties and variabilities in parameter
values, and provide for the technical bases for parameter ranges, probability distributions, or
bounding values used in the performance assessment. This contention alleges non-compliance
with these regulatory provisions and therefore raises a material issue within the scope of the
licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Soil properties are fundamental to the modeling of net infiltration, and soil depth is one of
the most sensitive parameters in the MASSIF net infiltration model for Yucca Mountain.
However, data on soil depth and soil properties at Yucca Mountain are so limited that the net
infiltration modeling has no credibility as evidenced by the following conclusions.

J "Sensitivity analyses presented in Sections 7.1.3 and 6.7 suggest that there may be
insufficient characterization of soil properties (depth, holding capacity, and
hydraulic conductivity) over the modeling domain to obtain accurate and detailed
maps of net infiltration." "Simulation of Net Infiltration for Present-Day and
Potential Future Climates" (05/2007), LSN# DENO001575070 at 8-11.

o With respect to soil properties, "data required . . . include soil thickness. . ., soil
types and layering, and corresponding soil hydraulic properties. Most of these
data are not measured directly for the vast majority of the Yucca Mountain
domain and must be estimated from a few measurements, including soil thickness
and soil properties. There are few available measurements of soil hydraulic
properties, and very little information on subsurface soil characteristics such as
layering." Id. at 6-18.

o In fact, soil depth was found to be one of the single most sensitive parameters in
the net infiltration model, but "uncertainty in the soil depth representing the zone
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of shallow soils is significant . . . [and] very few qualified measurements of soil
depth were available upon which to base a model of soil depth across the site. . . .
As shallow soil depth is shown to be the most significant physical parameter
influencing mean net infiltration, the uncertainty in this parameter represents an
important limitation on the accuracy of the mean net infiltration over the site." /d.
at 1-4.

Soil hydraulic properties are also critically important, yet the data used for the MASSIF
net infiltration modeling at Yucca Mountain have been taken by using data on soil texture to
match soils from an "analogous" site at Hanford, WA, using a pedo transfer function approach.
However, the Hanford soils are substantially different from those of Yucca Mountain, having a
quite different pedo-genesis. See "Independent Review of Simulation of Net Infiltration for
Present-Day and Potential Future Climates" (Oak Ridge Institute for Science and Education
Report (ORISE) (04/2008), LSN# DEN001595302 at 5 and D1).

DOE has made a recent attempt to address acknowledged weaknesses with respect to soil
properties, and some limited additional soil depth data from CNWRA were included. See
"Addendum to Simulation of Net Infiltration for Present-Day and Potential Future Climates,"
2008, LSN# DEN001575070 at 7-69. However, having considered this additional information,
DENO001595302 at 9 discusses the "critically limited site-specific data" and concludes the
"current report clearly shows the need for additional site-specific data on soil hydraulic
properties and rooting depths, as well as soil distribution and soil thickness across Yucca
Mountain. Without a reliable independent dataset to verify the parameters used as input to
MASSIF, validation and uncertainty analyses will be inadequate." "The expert review panel

assembled by ORISE concluded that the model report does not provide a technically credible

spatial representation of net infiltration at Yucca Mountain." /d. at v.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 because they fail to
properly characterize model net infiltration because soil depth and hydraulic properties are
limited and thus have no credibility for use in infiltration modeling. Thus, these subsections do
not comply with 10 C.F.R. § 63.114(a), which requires the performance assessment to include
data related to the geology, hydrology and geochemistry of the Yucca Mountain site and the
surrounding region to the extent necessary. Also, these subsections do not comply with 10
C.F.R. § 63.114(b), which requires the performance assessment to account for uncertainties and
variabilities in parameter values, and provide for the technical bases for parameter ranges,

probability distributions, or bounding values used in the performance assessment.
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NEV-SAFETY-27 - ROCK PROPERTIES DATA IN NET INFILTRATION MODEL

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar subsections fail to provide adequate
data to characterize the spatial distribution of rock properties at the soil-rock interface making it
impossible to undertake infiltration modeling that is adequate for assessment purposes.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114(a) and (b) because
available data at Yucca Mountain are inadequate to characterize the spatial distribution of rock
properties at the soil-rock interface for the modeling of net infiltration, and major faults are
ignored.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect

compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
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explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(a) requires the
performance assessment to include data related to the geology, hydrology and geochemistry of
the Yucca Mountain site and the surrounding region to the extent necessary. Section 63.114(b)
requires the performance assessment to account for uncertainties and variabilities in parameter
values, and provide for the technical bases for parameter ranges, probability distributions, or
bounding values used in the performance assessment. This contention alleges non-compliance
with these regulatory provisions and therefore raises a material issue within the scope of the
licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The properties of the fractured bedrock underlying the surface soils are critical for the
modeling of net infiltration, since they control the entry of water into the unsaturated zone.
These properties include the bulk rock and the fractures, which may be totally or partially filled
with caliche. However, for the Yucca Mountain site, there are three concerns associated with
those properties: (a) major faults, which are potentially important preferential flow paths, are not
represented; (b) uncertainties in the mapping of the rock units are not quantified or analyzed, and
(c) data are inadequate to characterize the bulk rock hydraulic properties.

With regard to first concern, some of the major fault systems at Yucca Mountain are
illustrated in the LA GI Figure 5.33 at 5-153. Those faults provide potential preferential flow
paths from the surface to depth, in some cases extending to more than 3000 feet below the

surface, and passing through the Tuff sequence into the underlying volcanics. The net
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infiltration model fails to represent these fundamentally important features. Instead, model cells
assume a single underlying rock type. "Simulation of Net Infiltration for Present-Day and
Potential Future Climates" (05/2007), LSN# DENO001575070 at 6-93, concludes that "this means
that thin units may occasionally be under- or over-represented . . . ."

With regard to rock unit uncertainties, 38 bedrock units were identified from available
borehole data, and where DOE considered it possible, correlated with surface exposures. Where
that was not possible, proxy units were proposed. For areas underlying alluvium, generally the
rock units were estimated. However, the estimate relied on the Geologic Framework Model
(GFM), which did not cover areas on the northern, eastern, or southern edges of the model area.
Rather, in those cases an arbitrary allocation of a single rock type (405) was made. Hence, the
available data are incomplete, the distribution of rock types is inaccurate, and the associated
uncertainty has not been evaluated.

Finally, with regard to bulk rock properties, bedrock saturated hydraulic conductivity is
required, but the underlying data to support the estimates are inadequate. As noted by
DENO001575070 at 6-97, "Few data are available to quantify either the proportion of fractures
that are unfilled or the hydraulic aperture to characterize them." However, for the MASSIF net
infiltration model, rock permeability depends on the product of fracture volume and fracture
permeability, and fracture permeability varies with the cube of the aperture (id. at 6-96 and 6-
97). These properties are critical for modeling the entry of water into the underlying unsaturated
zone, and have a strongly non-linear effect.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 because they fail to

provide adequate data to characterize the spatial distribution of rock properties at the soil-rock
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interface making it impossible to undertake infiltration modeling that is adequate for assessment
purposes. Thus, these subsections do not comply with 10 C.F.R. § 63.114(a), which requires the
performance assessment to include data related to the geology, hydrology and geochemistry of
the Yucca Mountain site and the surrounding region to the extent necessary. Also, these
subsections do not comply with 10 C.F.R. § 63.114(b), which requires the performance
assessment to account for uncertainties and variabilities in parameter values, and provide for the
technical bases for parameter ranges, probability distributions, or bounding values used in the

performance assessment.
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NEV-SAFETY-28 - NET INFILTRATION MODEL ROCK PROPERTIES
UNCERTAINTY ANALYSIS

1. A statement of the contention itself

The uncertainty analysis in SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar
subsections is invalid because it uses an arbitrary criterion to exclude from consideration 70
percent of the area of interest.

2. A brief summary of the basis for the contention

In conducting its uncertainty analysis, the TSPA fails to meet the requirements of 10
C.F.R. § 63.114 because in the modeling of net infiltration individual areas that comprised less
than 15 percent of the total area were arbitrarily excluded from consideration.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to
which those features, events and processes of the site that are expected to materially affect

compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
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explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(a) requires the
performance assessment to include data related to the geology, hydrology and geo chemistry of
the Yucca Mountain site and the surrounding region to the extent necessary. Section 63.114(b)
requires the performance assessment to account for uncertainties and variabilities in parameter
values, and provide for the technical bases for parameter ranges, probability distributions, or
bounding values used in the performance assessment. This contention alleges non-compliance
with these regulatory provisions and therefore raises a material issue within the scope of the
licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Bedrock bulk hydraulic conductivity is a critically important parameter for the modeling
of net infiltration, since it determines the rate at which net infiltration can enter the underlying
unsaturated zone. However, in the uncertainty analysis of net infiltration, only hydraulic
conductivity for rock units 405 and 406 were included. See "Simulation of Net Infiltration for
Present-Day and Potential Future Climates" (05/2007), LSN# DEN001575070, Table 6.5.5.1-1 at
6-153. The remaining units were excluded as their individual occurrence was less than 15
percent of the modeled area. Id. at 6-152. However, collectively these neglected units represent
70 percent of the modeled area. Id. at Table 6.5.2.5-1 at 6-95. Hence the effects of uncertainty

in critical rock properties over most of the model domain have not been considered.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the uncertainty analysis in SAR Subsections 2.3.1.3.2 and
2.3.1.3.3 because it is invalid and uses an arbitrary criterion to exclude from consideration 70
percent of the area of interest. Thus, these subsections do not comply with 10 C.F.R. §
63.114(a), which requires the performance assessment to include data related to the geology,
hydrology and geochemistry of the Yucca Mountain site and the surrounding region to the extent
necessary. Also, these subsections do not comply with 10 C.F.R. § 63.114(b), which requires the
performance assessment to account for uncertainties and variabilities in parameter values, and
provide for the technical bases for parameter ranges, probability distributions, or bounding
values used in the performance assessment.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to

each broad aspect of the TSPA were considered together in defining the variant cases. This
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vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-29 - SPATIAL VARIABILITY OF SOILS AND VEGETATION IN NET
INFILTRATION MODEL

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar subsections use an invalid analysis
because they improperly aggregate data on soils and vegetation and therefore fail to account
properly for spatial variability resulting in inappropriate modeling of the amount and spatial
distribution of infiltrating water.

2. A brief summary of the basis for the contention

At Yucca Mountain, soils and vegetation vary spatially in the relevant area, but the model
fails to account for variation in vegetation and grossly under-represents the variability of soils
and therefore fails to meet the requirements of 10 C.F.R. § 63.114.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to

which those features, events and processes of the site that are expected to materially affect
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compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(a) requires the
performance assessment to include data related to the geology, hydrology and geochemistry of
the Yucca Mountain site and the surrounding region to the extent necessary. Section 63.114(b)
requires the performance assessment to account for uncertainties and variabilities in parameter
values, and provide for the technical bases for parameter ranges, probability distributions, or
bounding values used in the performance assessment. This contention alleges non-compliance
with these regulatory provisions and therefore raises a material issue within the scope of the
licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

DOE reference "Simulation of Net Infiltration for Present-Day and Potential Future
Climates" (05/2007), LSN# DEN001575070 at 6-18 acknowledges that its soils data from Yucca
Mountain are severely limited:

Data required . . . include soil thickness . . ., soil types and layering, and corresponding

soil hydraulic properties. Most of these data are not measured directly for the vast

majority of the Yucca Mountain domain and must be estimated from a few
measurements, including soil thickness and soil properties. There are few available
measurements of soil hydraulic properties, and very little information on subsurface soil
characteristics such as layering.

Because of these limitations in its basic data, the spatial heterogeneity of soil properties

has been grossly under-represented in the modeling of net infiltration. Specifically, 40 soil units

defined by the USGS have been grouped into a set of just 4 soil units, and for each simulation
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uniform soil depth is assumed for each soil unit. For vegetation, the situation is even worse. For
each run of the net infiltration model, a single maximum rooting depth is used for the whole
model domain, and a single value of plant height is used. Such gross spatial lumping means that
the process representation is incorrect, since heterogeneity can be expected to be a major
influence on runoff processes and net infiltration fluxes.

Such assumptions have affected estimates not only of average net infiltration but also its
spatial distribution. As the independent review of simulation of net infiltration notes, "While the
model uses assumptions consistently, such as uniform soil depths and constant vegetation rooting
depth, such assumptions may not be appropriate for this net infiltration simulation because they
oversimplify a complex landscape and associated hydrologic processes, especially since the
model assumptions have not been adequately corroborated by field and laboratory observations
at Yucca Mountain." See "Independent Review of Simulation of Net Infiltration for Present-Day
and Potential Future Climates" (Oak Ridge Institute for Science and Education Report (ORISE)
(04/2008), LSN# DEN001595302 at v).

Appropriate representation of spatial variability of soil and vegetation properties would
be expected to widen the range of estimates of infiltration, including those associated with
episodic events. In consequence, seepage at the repository level would be altered with
potentially significant changes to corrosion, radionuclide release and transport, and radiological
impacts on the RMEL

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 because they use an
invalid analysis because they improperly aggregate data on soils and vegetation and therefore fail

to account properly for spatial variability resulting in inappropriate modeling of the amount and
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spatial distribution of infiltrating water. Thus, these subsections do not comply with 10 C.F.R. §
63.114(a), which requires the performance assessment to include data related to the geology,
hydrology and geochemistry of the Yucca Mountain site and the surrounding region to the extent
necessary. Also, these subsections do not comply with 10 C.F.R. § 63.114(b), which requires the
performance assessment to account for uncertainties and variabilities in parameter values, and
provide for the technical bases for parameter ranges, probability distributions, or bounding
values used in the performance assessment.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-30 - TEMPORAL VARIABILITY IN PRECIPITATION IN NET
INFILTRATION MODEL

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar subsections use an invalid analysis
because the net infiltration modeling fails to represent correctly the temporal variability of
precipitation, and hence the magnitude and spatial distribution of net infiltration is incorrect.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114 because the net
infiltration model, which is based on a daily time step with an ad hoc adjustment to allow for
sub-daily rainfall durations, fails to represent adequately the temporal structure of rainfall and the
dynamics of the physical processes of infiltration, runoff generation and percolation.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to

which those features, events and processes of the site that are expected to materially affect
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compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(a) requires the
performance assessment to include data related to the geology, hydrology and geo chemistry of
the Yucca Mountain site and the surrounding region to the extent necessary. Section 63.114(b)
requires the performance assessment to account for uncertainties and variabilities in parameter
values, and provide for the technical bases for parameter ranges, probability distributions, or
bounding values used in the performance assessment. 10 C.F.R. § 63.114(g) requires the
performance assessment to provide the technical basis for models used, including comparisons
with outputs of detailed process-level models and/or empirical observations (e.g., laboratory
testing, field investigations, and natural analogs). This contention alleges non-compliance with
these regulatory provisions and therefore raises a material issue within the scope of the licensing
proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The net infiltration model is based on a daily time step. Some allowance for sub-daily
effects is made through the specification of a sub-daily rainfall duration as a function of the daily
rainfall (the estimation of rainfall duration is the subject of a separate contention). This duration
is used, for example, to calculate the duration of surface water run-on to adjacent cells, and to set
limits to the infiltration from one layer to another. See "Simulation of Net Infiltration for
Present-Day and Potential Future Climates" (05/2007), LSN# DEN001575070 at 6-27 through 6-

29. However, the use of an average storm duration smoothes the extreme temporal variability in
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precipitation intensity during storms that is characteristic of convective rainfall in arid areas (as
experienced at Yucca Mountain during summer storms) and is important in generating surface
runoff. This temporal smoothing is not addressed in the model parameterization, and the results
are therefore incorrect. In addition, the use of a daily time step to simulate moisture
redistribution is an improper gross aggregation of the soil physical dynamics which have
characteristic time scales of minutes to hours.

In an NRC modeling study based on Upper Split Wash, Woolhiser, D.A. and Fedors,
R.W., "Upper Split Wash Modeling in Support of Shallow Infiltration Estimates" (CNWRA
05/2000 Part 1 of 3), LSN# NRC000027373 at 1-4 noted that "smoothing of rainfall intensities . .
. may lead to errors, because infiltration is determined by the soil’s capability to take in water at
the precipitation rate." Moreover, their widely used KINEROS2 model used a 2-minute
computational time-step. Thus, the use of a daily time step for net infiltration modeling is
inappropriate if physically based parameters are used with no allowance for the effects of
temporal aggregation on model parameterization and performance. No such work has been
included in the LA, and the net infiltration results are therefore incorrect.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 because they use an
invalid analysis because they fail to represent temporal variability of precipitation. Thus, these
subsections do not comply with 10 C.F.R. § 63.114(a), which requires the performance
assessment to include data related to the geology, hydrology and geochemistry of the Yucca
Mountain site and the surrounding region to the extent necessary. Also, these subsections do not
comply with 10 C.F.R. § 63.114(b), which requires the performance assessment to account for

uncertainties and variabilities in parameter values, and provide for the technical bases for
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parameter ranges, probability distributions, or bounding values used in the performance
assessment. In addition, these subsections do not comply with 10 C.F.R. § 63.114(g), which
requires the performance assessment to provide the technical basis for models used, including
comparisons with outputs of detailed process-level models and/or empirical observations (e.g.,
laboratory testing, field investigations, and natural analogs).

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-31 - CALIBRATION OF NET INFILTRATION MODEL

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar subsections reveal that the MASSIF
net infiltration model is invalid because it requires calibration yet has not been and cannot be
properly calibrated for present-day conditions.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114 because the net
infiltration model is not fit for its purpose given its structure and the lack of available site-
specific data for calibration.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to
which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an

explanation of measures used to support the models used to provide the information required in
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paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. §§ 63.114(a) and (b) require
the performance assessment to include data related to the geology, hydrology and geochemistry
of the Yucca Mountain site and the surrounding region to the extent necessary, to account for
uncertainties and variabilities in parameter values, and to provide for the technical bases for
parameter ranges, probability distributions, or bounding values used in the performance
assessment. Section 63.114(c) requires the consideration of alternative conceptual models and to
evaluate the effect of those models on the performance of the geologic repository. 10 C.F.R. §
63.114(g) requires the performance assessment to provide the technical basis for models used,
including comparisons with outputs of detailed process-level models and/or empirical
observations (e.g., laboratory testing, field investigations, and natural analogs). This contention
alleges non-compliance with these regulatory provisions and therefore raises a material issue
within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The TSPA net infiltration estimates are based on the MASSIF net infiltration model.
This model is based on crude approximations of soil water processes that are defined by physical
properties, some of which some are indeterminate and all are lumped in space and time with no
proper attention to parameter up-scaling. Therefore, the model parameters cannot be derived
simply from estimated physical properties. For the model to have any validity, detailed
calibration would be required, using extensive site-specific data. However, such data are not
available for Yucca Mountain and thus calibration has not been carried out. As a result, the

model results have no validity.
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It is clear that selection of the net infiltration model has been determined by lack of data,
rather than any objective assessment of model requirements. "Given the lack of site-specific soil
depth and soil hydraulic property data, the field capacity model is an appropriate model choice,
rather than using a soil physics-based model that requires better soil depth and hydraulic property
data." "Simulation of Net Infiltration for Present-Day and Potential Future Climates" (05/2007),
LSN# DEN001575070 at 7-118. Among the problems that arise as a result of this model
selection are the following:

. The implications of the use of simplified soil physics for recharge
estimation have not been adequately addressed.

. Apart from a basic lack of site-specific soil hydraulic properties, there is
considerable disagreement in the literature concerning the appropriate pore
water pressures at which field capacity, a key parameter, is defined, see,
e.g., "Independent Review of Simulation of Net Infiltration for Present-
Day and Potential Future Climates" (Oak Ridge Institute for Science and
Education Report (ORISE)) (04/2008), LSN# DEN001595302 at D-2.

. The soil is spatially and temporally aggregated, by using a maximum of
just 3 soil layers, spatially lumped on a 30 meter grid, with a 1-day time
step.

. The simplified physics, combined with the spatial and temporal aggregation,

means that model parameters cannot be simply related to soil physical
properties, and appropriate analysis of aggregation effects has not been
carried out.
The net result is that the model is empirical and must have detailed calibration. Given the
lack of site-specific hydrological process studies, this is not possible. The model

parameterization therefore has no data support, and the results have no validity.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 because they reveal
that the MASSIF net infiltration model is invalid since it has not been and cannot be properly

calibrated for present-day conditions. Thus, these subsections do not comply with 10 C.F.R. §
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63.114(a), which requires the performance assessment to include data related to the geology,
hydrology and geochemistry of the Yucca Mountain site and the surrounding region to the extent
necessary. Also, these subsections do not comply with 10 C.F.R. § 63.114(b), which requires the
performance assessment to account for uncertainties and variabilities in parameter values, and
provide for the technical bases for parameter ranges, probability distributions, or bounding
values used in the performance assessment. In addition these subsections do not comply with 10
C.F.R. § 63.114(c), which requires the consideration of alternative conceptual models and to
evaluate the effect of those models on the performance of the geologic repository. Nor do they
comply with 10 C.F.R. § 63.114(g) , which requires the performance assessment to provide the
technical basis for models used, including comparisons with outputs of detailed process-level
models and/or empirical observations (e.g., laboratory testing, field investigations, and natural

analogs).
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NEV-SAFETY-32 - USE OF INITIAL CONDITIONS IN NET INFILTRATION MODEL

1. A statement of the contention itself

SAR Subsection 2.3.1.3.3 and similar subsections fail to properly estimate net infiltration
because they use an incorrect procedure, in which initial conditions are reset each year, and as a
result, the model underestimates the effects of wet years and underestimates net infiltration.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114 because the MASSIF
model of net infiltration incorrectly assumes initial water content to be uniformly constant for
each soil type at the beginning of each water year.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to
which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an

explanation of measures used to support the models used to provide the information required in
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paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. §§ 63.114(a) and (b) requires
the performance assessment to include data related to the geology, hydrology and geochemistry
of the Yucca Mountain site and the surrounding region to the extent necessary, to account for
uncertainties and variabilities in parameter values, and to provide for the technical bases for
parameter ranges, probability distributions, or bounding values used in the performance
assessment. Section 63.114(c) requires the consideration of alternative conceptual models and to
evaluate the effect of those model on the performance of the geologic repository. 10 C.F.R. §
63.114(g) requires the performance assessment to provide the technical basis for models used,
including comparisons with outputs of detailed process-level models and/or empirical
observations (e.g., laboratory testing, field investigations, and natural analogs). This contention
alleges non-compliance with these regulatory provisions and therefore raises a material issue
within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

To provide inputs to the TSPA for present-day and potential future climates, DOE ran the
MASSIF net infiltration model for individual years independently, with the initial conditions
reset each year. This approach is incorrect, because it is likely to underestimate net infiltration
following a wet year. As noted by the recent ORISE independent review, "The assumption of
independent water years is neither physically appropriate nor conservative" as it is likely to
underestimate the effects of exceptional years under current climates, and particularly under a
Monsoon climate. "Independent Review of Simulation of Net Infiltration for Present-Day and

Potential Future Climates" (Oak Ridge Institute for Science and Education Report (ORISE)
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04/2008), LSN# DEN001595302 at D-14). Section 6.5.7.4 of "Simulation of Net Infiltration for
Present-Day and Potential Future Climates" (05/2007), LSN# DEN001575070 attempted to
evaluate the effect of this erroneous assumption by conducting a set of runs with wetter initial
conditions, but that attempt fails to adequately address the issue. DEN001595302 at D-14 and
D-15 concluded, "The review panel is concerned that sequentially wet climate years may not
have been realistically simulated by the approaches of MASSIF and believes that the impact of
sequentially wet climate years has not been adequately tested."

The effect of this will be to underestimate net infiltration. In consequence, seepage at the
repository level would be altered with potentially significant changes to corrosion, radionuclide
release and transport, and radiological impacts on the RMEIL.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.1.3.3 and similar subsections because
they fail to properly estimate net infiltration because they use an incorrect procedure, in which
initial conditions are reset each year, and as a result, the model underestimates the effects of wet
years and underestimates net infiltration. Thus, these subsections do not comply with 10 C.F.R.
§ 63.114(a), which requires the performance assessment to include data related to the geology,
hydrology and geochemistry of the Yucca Mountain site and the surrounding region to the extent
necessary. Also, these subsections do not comply with 10 C.F.R. § 63.114(b), which requires the
performance assessment to account for uncertainties and variabilities in parameter values, and
provide for the technical bases for parameter ranges, probability distributions, or bounding
values used in the performance assessment. In addition these subsections do not comply with 10
C.F.R. § 63.114(c), which requires the consideration of alternative conceptual models and to

evaluate the effect of those models on the performance of the geologic repository. Nor do they
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comply with 10 C.F.R. § 63.114(g) , which requires the performance assessment to provide the
technical basis for models used, including comparisons with outputs of detailed process-level
models and/or empirical observations (e.g., laboratory testing, field investigations, and natural
analogs).

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-33 - APPROACH TO ESTIMATING PERCOLATION

1. A statement of the contention itself

SAR Subsection 2.3.1.3.3 and similar subsections use a model to estimate infiltration to
depth that is invalid.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114 because the model of net
infiltration has no sound physical basis and relies on arbitrary procedures and therefore cannot be
used to simulate percolation to depth.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to
which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in

paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
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be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. §§ 63.114(a) and (b) requires
the performance assessment to include data related to the geology, hydrology and geochemistry
of the Yucca Mountain site and the surrounding region to the extent necessary, to account for
uncertainties and variabilities in parameter values, and to provide for the technical bases for
parameter ranges, probability distributions, or bounding values used in the performance
assessment. Section 63.114(c) requires the consideration of alternative conceptual models and to
evaluate the effect of those model on the performance of the geologic repository. 10 C.F.R. §
63.114(g) requires the performance assessment to provide the technical basis for models used,
including comparisons with outputs of detailed process-level models and/or empirical
observations (e.g., laboratory testing, field investigations, and natural analogs). This contention
alleges non-compliance with these regulatory provisions and therefore raises a material issue
within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The representation in the MASSIF model of infiltration and percolation to depth in the
soil profile is based on an approximate representation of soil physical processes, using the
concept of field capacity. While used for other purposes such as catchment-scale simulation, the
approximation is inappropriate for recharge estimation. The use of a model for net infiltration
based on the concept of field capacity, which is at best a crude approximation to the underlying
soil physics, has been severely criticized. For example, a panel member of the "Unsaturated
Zone Flow Model Expert Elicitation Project” (CRWMS M&O (1997), LSN# NRC000010491 at

DBS-4) concluded that, "regarding water balance modeling for net infiltration, I have low
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confidence in the Bucket model. It is inadequate for the level of detail being considered in this
analysis. The concept of ‘field capacity’ has no physical significance."

In addition, the MASSIF net infiltration model introduces further arbitrary procedures as
evidenced by "Simulation of Net Infiltration for Present-Day and Potential Future Climates"
(05/2007), LSN# DEN001575070 at 6-27 and 6-28, which notes that the algorithm for the
calculation of the maximum amount of percolation from one soil node to an underlying soil node
is given as Eq. 6.4.2-3, and from the bottom-most soil layer into the underlying rock as Eq. 6.4.2-
5. In both equations the limit is given as the product of a hydraulic conductivity and a term
"duration," which is defined at 6-26 as an effective precipitation duration in hours, i.e.,
representing the period of time that water is available at the surface of the soil. This is incorrect
with respect to the calculation of percolation and has no physical basis. The documentation goes
on to note that the calculation is conducted for a second time, using as a duration the difference
between the day length and the precipitation duration. No justification is provided to support the
validity of this arbitrary two-step calculation procedure for the simulation of net infiltration, and
thus the algorithm has no demonstrable physical basis.

It can reasonably be expected that a more realistic model would widen the range of
estimates of infiltration, including those associated with episodic events. In consequence,
seepage at the repository level would be altered with potentially significant changes to corrosion,
radionuclide release and transport, and radiological impacts on the RMEI.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted.

This contention challenges SAR Subsection 2.3.1.3.3 and similar subsections because
they use a model to estimate infiltration to depth that is invalid. Thus, these subsections do not

comply with 10 C.F.R. § 63.114(a), which requires the performance assessment to include data
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related to the geology, hydrology and geochemistry of the Yucca Mountain site and the
surrounding region to the extent necessary. Also, these subsections do not comply with 10
C.F.R. § 63.114(b), which requires the performance assessment to account for uncertainties and
variabilities in parameter values, and provide for the technical bases for parameter ranges,
probability distributions, or bounding values used in the performance assessment. In addition
these subsections do not comply with 10 C.F.R. § 63.114(c), which requires the consideration of
alternative conceptual models and to evaluate the effect of those models on the performance of
the geologic repository. Nor do they comply with 10 C.F.R. § 63.114(g) , which requires the
performance assessment to provide the technical basis for models used, including comparisons
with outputs of detailed process-level models and/or empirical observations (e.g., laboratory
testing, field investigations, and natural analogs).

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to

each broad aspect of the TSPA were considered together in defining the variant cases. This
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vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-34 - REPRESENTATION OF STORM DURATION FOR NET
INFILTRATION MODELING

1. A statement of the contention itself

SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar subsections use an incorrect
representation of storm duration for modeling of net infiltration.

2. A brief summary of the basis for the contention

The TSPA fails to meet the requirements of 10 C.F.R. § 63.114 because the modeling of
net infiltration assumes that daily rainfall falls as a single storm with specified sub-daily
duration, which will lead to errors in the magnitude and spatial distribution of net infiltration and
potentially to an underestimate of net infiltration.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to
which those features, events and processes of the site that are expected to materially affect

compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
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explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. §§ 63.114(a) and (b) requires
the performance assessment to include data related to the geology, hydrology and geochemistry
of the Yucca Mountain site and the surrounding region to the extent necessary, to account for
uncertainties and variabilities in parameter values, and to provide for the technical bases for
parameter ranges, probability distributions, or bounding values used in the performance
assessment. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

In the net infiltration modeling, the selected rainfall duration is critically important,
because it determines the rainfall intensity and hence infiltration and runoff processes. DOE
uses a crude approach in which observed rainfall data are used to develop empirical relationships
between daily rainfall and storm duration for present-day and potential future climates. A simple
linear relationship is fitted by regression to relate storm duration to daily rainfall depth, and this
is then used deterministically to determine storm durations associated with simulated daily
rainfall.

DOE uses temporal disaggregation for various hydrological calculations, based on an
estimated sub-daily storm duration that depends on the daily rainfall. DOE’s representation of
storm duration is flawed because it masks extreme variability in the relationship, and is therefore
inappropriate. For example, for current climate, "Simulation of Net Infiltration for Present-Day

and Potential Future Climates" (05/2007), LSN# DEN001575070 at 6-57 and Figure 6.5.1.7-1,
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shows that a 20 mm rainfall can be associated with durations ranging from approximately 1 to 23
hours. The regression yields a value of around 10 hours. However, by ignoring the possibility of
short durations, high intensity events are underestimated. This limitation leads to under-
representation of high rainfall intensities, and given the non-linear nature of hydrological
response, can be reasonably expected to lead to significant errors in the simulation of runoff and
net infiltration. In consequence, seepage at the repository level would be altered with potentially
significant changes to corrosion, radionuclide release and transport, and radiological impacts on
the RMEI

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.1.3.2 and 2.3.1.3.3 and similar
subsections because they use an incorrect representation of storm duration for modeling of net
infiltration. Thus, these subsections do not comply with 10 C.F.R. § 63.114(a), which requires
the performance assessment to include data related to the geology, hydrology and geochemistry
of the Yucca Mountain site and the surrounding region to the extent necessary. Also, these
subsections do not comply with 10 C.F.R. § 63.114(b), which requires the performance
assessment to account for uncertainties and variabilities in parameter values, and provide for the
technical bases for parameter ranges, probability distributions, or bounding values used in the
performance assessment.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose

standards would require DOE to perform a substantial number of additional modeling cases that
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are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-35 - EPISODIC NATURE OF INFILTRATION FLUXES IN NET
INFILTRATION ANALYSIS

1. A statement of the contention itself

SAR Subsection 2.3.1.3.3 and similar subsections, which describe the net infiltration
analysis, fail to consider the episodic nature of infiltration fluxes and accordingly the model used
is incomplete.

2. A brief summary of the basis for the contention

The net infiltration analysis fails to meet the requirements of 10 C.F.R. § 63.114 because
it fails to represent net infiltration fluxes as being dominated by rare extreme events. The input of
net infiltration flux to the unsaturated zone is an annual average, sampled from 1000 years. This
procedure is inappropriate because it smoothes effects of episodic net infiltration fluxes which
are important for representing flow in fractures and faults within the unsaturated zone.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E

of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to
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which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. §§ 63.114(a) and (b) requires
the performance assessment to include data related to the geology, hydrology and geochemistry
of the Yucca Mountain site and the surrounding region to the extent necessary, to account for
uncertainties and variabilities in parameter values, and to provide for the technical bases for
parameter ranges, probability distributions, or bounding values used in the performance
assessment. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials.

Well-known characteristics of arid hydrological systems are that precipitation is
infrequent, and that hydrological response is highly non-linear. As noted by the "CRWMS
Management & Operating Contractor Unsaturated Zone Flow Model Expert Elicitation Project"
(05/30/1997), LSN# NRC000010491 at 3-7 and 3-8, net infiltration fluxes at Yucca Mountain
are expected to be dominated by extreme events. For example, the most significant events for
infiltration may well be storms that occur once in 10 or 20 years or less frequently.

The MASSIF modeling "Simulation of Net Infiltration for Present-Day and Potential
Future Climates" (01/28/2008), LSN# DEN001575070, has attempted to represent the effect of
extremes through simulation using 1,000-year stochastic precipitation sequences. Other

contentions have addressed the adequacy of the precipitation modeling and the lack of data
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support (NEV-SAFETY-14, NEV-SAFETY-17, NEV-SAFETY-24, and NEV-SAFETY-34).
However, a key aspect of the net infiltration modeling for TSPA is that (a) the response from
extreme events, with durations of hours or days, is temporally smoothed to provide an annual
flux to the unsaturated zone, and (b) only a mean value of the annual flux is provided as input to
the unsaturated zone modeling. To derive the mean, 10 years are drawn from the 1,000-year
sequence, but then weighted according to their occurrence probability. So a 1,000-year event is
weighted by a factor of 1/1000 in defining the mean. The consequence of this procedure is that
the physics of system response to these dominant extreme events is lost, by smoothing to give
what is, in effect, a 1000 year average. This precludes representation of intensities likely to
generate fracture flow, and is therefore incompatible with appropriate representation of the
process response of the underlying unsaturated zone.

Due to the non-linearities in the net infiltration process, the explicit representation of
episodic events is likely to increase net infiltration significantly. In consequence, seepage at the
repository level would be altered with potentially significant changes to corrosion, radionuclide
release and transport, and radiological impacts on the RMEI.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.1.3.3 and similar subsections, which
describe a net infiltration analysis, because they fail to consider the episodic nature of infiltration
fluxes and accordingly the model used is incomplete. Thus, these subsections do not comply
with 10 C.F.R. § 63.114(a), which requires the performance assessment to include data related to
the geology, hydrology and geochemistry of the Yucca Mountain site and the surrounding region
to the extent necessary. Also, these subsections do not comply with 10 C.F.R. § 63.114(b),

which requires the performance assessment to account for uncertainties and variabilities in
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parameter values, and provide for the technical bases for parameter ranges, probability
distributions, or bounding values used in the performance assessment.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-36 - CORROBORATION OF MODEL RESULTS IN POST-MODEL
VALIDATION OF NET INFILTRATION SIMULATIONS

1. A statement of the contention itself

SAR Subsection 2.3.1.3.4.2 and related subsections, which describe confidence building
and abstraction of the net infiltration model for post-model development validation, do not
provide an adequate basis for safety assessment because comparisons with data and alternative
models are inadequate to support the net infiltration results.

2. A brief summary of the basis for the contention

The net infiltration analysis fails to meet the requirements of 10 C.F.R. § 63.114(g)
because its post-model validation relies on: (a) comparisons with data from Yucca Mountain in
which the data are inadequate to corroborate the model; (b) results from elsewhere that provide
an inappropriate basis for comparison; and (c) comparisons with an alternative model that has an
inappropriate technical basis.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy

the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
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E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. C.F.R. § 63.114(g) requires the
performance assessment to include the technical basis for models used, and to include
comparisons with outputs of detailed process-level models and/or empirical observations (e.g.,
laboratory testing, field investigations, and natural analogs). This contention alleges non-
compliance with these regulatory provisions and therefore raises a material issue within the
scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

DOE reference document "Simulation of Net Infiltration for Present-Day and Potential
Future Climates" (Sandia National Laboratories, 05/2007), LSN# DEN001575070, Section
7.2.1.1 compares net infiltration model results with field data. However, it is noted (at 7-70) that
"No measurements have ever been made at Yucca Mountain that directly quantify net
infiltration," and (at 7-71) (a) that "the validity of comparing point measurements from boreholes
with model predictions . . . are questionable . . . due to extreme scale differences," (b) that "data
collected from rock/water samples at greater than a few meters depth . . . additionally has been
strongly influenced by its transit through the deep UZ," (¢) that "the validity of some of the UZ

data and methods is questionable," and (d) that "the difficulty in comparing data from a point
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measurement to model predictions . . . is exacerbated by the paucity of soil depth data and soil
hydraulic property data for the site."

DENO001575070 goes on to present in Figure 7.2.1.1-1 at 7-72 measured versus modeled
soil depth, showing no apparent relationship between the measured and modeled results. A
comparison is made (at 7-79) between neutron logging soil moisture data and modeled results,
and concludes that, "As the figure shows, the comparison is not good." At 7-75, model
predictions are compared with infiltration data from Pagany Wash. A reasonable comparison
between modeled infiltration and infiltration inferred from borehole data could only be obtained
by very large changes to soil and rock hydraulic conductivity. The effect of these comparisons is
to demonstrate conclusively that the data available are inadequate to support objective evaluation
of model performance, and such results as are available show the model performance to be
extremely poor.

Elsewhere in DEN001575070 in Sections 7.2.1.2.1, 7.2.1.2.2 and 7.2.1.2.3 at 7-82, et
seq., regional estimates of infiltration are used as corroboration, from Nevada and other locations
in the southwestern and western United States. But given the extreme heterogeneity of
infiltration, such regional estimates are not relevant to the site-specific estimation of recharge at
Yucca Mountain. As noted by "Independent Review of Simulation of Net Infiltration for Present-
Day and Potential Future Climates" (Oak Ridge Institute for Science and Education (ORISE) for
US Department of Energy, Office of Civilian Radioactive Waste Management, April 2008),
LSN# DEN001595302 at vi, "The fact that results are generally consistent with other regional
estimates for mean net infiltration is not proof they are correct for Yucca Mountain."

Finally, with regard to infiltration estimates from the CNWRA presented in "Addendum

to Simulation of Net Infiltration for Present-Day and Potential Future Climates" (Sandia National
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Laboratories 2008), LSN# DEN001575070 at 7-57, this highly simplified CNWRA model does
not provide an adequate basis for comparison. The model formulation, described in detail in
Stothoff, "Infiltration Tabulator for Yucca Mountain: Bases and Confirmation" (CNWRA,
08/2008), LSN# NRC000029713, NRC000029696, NRC000029726, NRC000029710 and
NRC000029695 is one dimensional and highly abstracted. For example, fundamentally
important processes such as plant evapotranspiration and overland flow are not included in the
basic model structure, but are added in a post-processing stage as empirical correction factors.
Lateral subsurface flow, a major issue of concern for the UZFMEE Panel, "Unsaturated Zone
Flow Model Expert Elicitation Project” (CRWMS M&O (1997), LSN# NRC000010491, is
wholly excluded. The author concludes (NRC000029713 at 2-4), "The primary disadvantage of
the abstraction procedure is that the abstraction may only approximately capture the full set of
simulation results." Other problems include the fact that (a) the model has been driven with just
10 years of observed meteorological data, from Desert Rock, Nevada, so that extreme events are
not represented, (b) the model suffers from the same deficiencies in soil and rock properties data
as discussed above, and (c) that an error in the model was discovered, which affects all of the
results cited in DEN001575070 (see NRC000029713 at xv, "Confirmatory analysis during the
preparation of this report identified a mistyped value in the ITYM input file that reduces mean
annual vapor density by approximately an order of magnitude. The mistyped value would be
expected to increase evaporation rates by approximately 37 to 46 percent, thereby reducing bare-
soil infiltration. The mistyped value has been used for all analyses using ITYM to date.")

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.1.3.4.2 and similar subsections, which

describe post-model validation of the net infiltration simulations, because the validations do not
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support the net infiltration model performance and accordingly the modeling validation

procedure used is inadequate. Thus, these subsections do not comply with 10 C.F.R. § 63.114(g)
which requires the performance assessment to include the technical basis for models used, and to
include comparisons with outputs of detailed process-level models and/or empirical observations

(e.g., laboratory testing, field investigations, and natural analogs).
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NEV-SAFETY-37 - NET INFILTRATION MODEL METHODOLOGY

1. A statement of the contention itself

SAR Subsection 2.3.1.3.2 and similar subsections, which present the procedure for
estimating long-term mean net infiltration from the MASSIF computer simulations, use a method
that is not generally accepted and is not based on sound statistical principles.

2. A brief summary of the basis for the contention

DOE calculated the long-term mean annual net infiltration using a variant of stratified
sampling with strata defined by annual precipitation totals; however, this approach fails to give
formal consideration to the selection of strata, and as a result, the strategy adopted may be worse
than sampling 10 years at random.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21. 10 C.F.R. § 63.21(¢c)(9) requires an assessment
to determine the degree to which those features, events and processes of the site that are expected
to materially affect compliance with Section 63.113 have been characterized. 10 C.F.R. §

63.21(c)(15) requires an explanation of measures used to support the models used to provide the
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information required in paragraph (c)(9) and that the models used must be supported by an
appropriate combination of methods. This contention alleges non-compliance with these
regulatory provisions and therefore raises a material issue within the scope of the licensing
proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

For a given set of net infiltration model parameters, long-term mean net infiltration is
estimated by running 10 years of simulated climate through the MASSIF model and calculating a
weighted mean of the results. These 10 years are themselves sub-sampled from a 1,000-year
climate simulation, essentially forming a stratified sample of years where the stratification is
based on annual precipitation totals. The strata are determined by the percentiles of the
simulated distribution of annual precipitation totals. See "Simulation of Net Infiltration for
Present-Day and Potential Future Climates, MDL-NBS-HS-000023 REVO01" (05/24/2007),
LSN# DN2002482668, Appendix F4.1.2 at F-37. DOE says that it applies this approach to
ensure that "the effects of extreme events are recognized, but given appropriate weight in the
analysis." SAR at2.3.1-42.

DOE’s reasoning is confused at best and misleading at worst, because it gives the
impression that somehow extremes are being considered in the uncertainty analysis when in
reality extremes are not properly considered. Rather, all that DOE did with the ten separate
MASSIF runs is to calculate a weighted average of the results. The end product is supposed to
represent an estimate of the long-term average net infiltration for given net infiltration model
parameters. As such, the selection of percentiles in Appendix F4.1.2 of DN2002482668 is
arbitrary and has no clear justification. The only possible justification for using such a strategy,

compared with selecting ten years at random, is to improve the precision of the resulting estimate
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of long-term average net infiltration. However, this will only work if the within-stratum
variation in net infiltration is substantially smaller than the between-strata variation, and this has
not been considered. A poor choice of strata may lead to reduced precision in estimating the
long-term average compared with sampling 10 years at random.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.1.3.2 and similar subsections, which
present the procedure for estimating long-term mean net infiltration from the MASSIF computer
simulations, because they use a method that is not generally accepted and is not based on sound
statistical principles. As a result, SAR Subsection 2.3.1.3.2 does not comply with 10 C.F.R. §
63.21(c)(15), which requires an explanation of measures used to support the models used to
provide the information required in paragraph (c)(9) and that the models used must be supported

by an appropriate combination of methods.
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NEV-SAFETY-38 - PARAMETER CORRELATIONS IN NET INFILTRATION MODEL

1. A statement of the contention itself

SAR Subsection 2.3.1.3.3 and similar subsections, which address the treatment of
parameter uncertainty in the net infiltration model, fail to properly account for parameter
correlations.

2. A brief summary of the basis for the contention

10 C.F.R. § 63.114(b) requires the performance assessment to account for uncertainties
and variabilities in parameter values, but with very few exceptions, parameter correlations are
not considered in the uncertainty analysis and the issue is not discussed at all in SAR Subsection
2.3.1.33.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect

compliance with Subsection 63.113 have been characterized, and paragraph (c)(15) requires an



224

explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.113 (part of Subpart E) requires a performance assessment to
be completed. 10 C.F.R. § 63.114(b) requires the performance assessment to account for
uncertainties and variabilities in parameter values and provide for the technical basis for
parameter ranges, probability distributions, or bounding values used in the performance
assessment. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The uncertainty analysis for the net infiltration model uses the technique of Latin
Hypercube Sampling (LHS), which enables uncertainty distributions to be estimated using a
limited number of model runs. However, a key assumption of LHS as implemented here is that
the uncertain input parameters should be statistically uncorrelated. See McKay, M., Beckman,
R., and Conover, W. (1979), "A Comparison of Three Methods for Selecting Values of Input
Variables in the Analysis of Output from a Computer Code," 2 TECHNOMETRICS 21, 239-245. If
this assumption fails, then the procedure will yield biased estimates of the output distribution,
i.e., the distribution of long-term mean net infiltration and hence the performance assessment
cannot be judged to account for uncertainties and variabilities in parameter values as required by
10 C.F.R. § 63.114(b).

Although correlations are not discussed in the SAR, they are discussed in "Simulation of
Net Infiltration for Present-Day and Potential Future Climates, MDL-NBS-HS-000023 REV 01
ADD 01" (01/28/2008), LSN# DEN001575070. "No technical basis justifying imposing
correlations between [parameters relating to the physical properties of materials] was identified.

Therefore, no correlations were applied." DEN001575070 at 8-17. This implies that the default
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position was to neglect correlations. However, this approach is invalid because DOE fails to
comply with its own statement that "[a]n adequate technical basis or bounding argument [must
be] provided for neglected correlations." Id. at 8-16.

Without an appropriate treatment of correlations, the estimated uncertainty distributions
for infiltration will be incorrect. This will in turn lead to biased estimates of the amount and
chemical composition of seepage waters in the drifts with effects on corrosion, radionuclide
transport, and radiological impact on the RMEL

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.1.3.3 and similar subsections, which
address the treatment of parameter uncertainty in the net infiltration model, because they fail to
properly account for parameter correlations. As a result, SAR Subsection 2.3.1.3.3 does not
comply with 10 C.F.R. § 63.114(b) which requires the performance assessment to account for
uncertainties and variabilities in parameter values.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include

the effects of accepting this one contention along with all possible combinations of Nevada’s
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other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-39 - TEMPERATURE LAPSE RATE VERIFICATION

1. A statement of the contention itself

SAR Subsection 2.3.1.3.2 and similar subsections, which address the temperature
component of the net infiltration model, are inadequate because no attempt is made to verify the
temperature lapse rate with elevation or the associated uncertainty using empirical observations.

2. A brief summary of the basis for the contention

In the temperature component of the net infiltration model, the lapse rate used to adjust
for altitude does not use the available temperature data to check either the rate of change with
elevation or the associated uncertainty.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21. 10 C.F.R. § 63.21(¢c)(9) requires an assessment
to determine the degree to which those features, events and processes of the site that are expected
to materially affect compliance with Section 63.113 have been characterized. 10 C.F.R. §

63.21(c)(15) requires that analyses and models used in the performance assessment must be
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supported empirically. This contention alleges non-compliance with these regulatory provisions
and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The net infiltration model takes as input a time series of temperature readings at a
reference elevation corresponding to the top of Yucca Mountain. Parameters derived from four
weather stations are adjusted to this reference elevation, based on the assumption that
temperature decreases at the rate of 1°C per one hundred meters (see SAR at 2.3.1-39). The rate
of change and the associated uncertainty are taken from a textbook, which in turn relies on some
simplifying assumptions. See "Simulation of Net Infiltration for Present-Day and Potential
Future Climates, MDL-NBS-HS-000023 REV 01 ADD 01" (01/28/2008), LSN#
DENO001575070 at 6-11. However, DOE does not use the available temperature data to check
either the rate of change with elevation or the associated uncertainty.

Infiltration is determined from the balance between precipitation and evapotranspiration.
Failure to use existing local temperature information means that the evapotranspiration
component could be incorrectly estimated, therefore potentially underestimating infiltration, and
this in turn will lead to biased estimates of the amount and chemical composition of seepage
waters in the drifts with effects on corrosion, radionuclide transport, and radiological impact on
the RMEL

6. There must be sufficient information to show that there is a genuine dispute with DOE.
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.1.3.2 and similar subsections, which
address the temperature component of the net infiltration model, are inadequate because no

attempt is made to verify the temperature lapse rate with elevation or the associated uncertainty
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using empirical observations. Thus, SAR Subsection 2.3.1.3.2 does not comply with 10 C.F.R. §
63.21(c)(15), which requires that analyses and models used in the performance assessment must
be supported empirically.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-40 - PARAMETER UNCERTAINTY TREATMENT IN NET
INFILTRATION MODEL

1. A statement of the contention itself

The net infiltration modeling, reflected in SAR Subsections 2.3.1.3.2 through 2.3.1.3.4
and similar subsections, is invalid because the representation of parameter uncertainty in the net
infiltration modeling is inadequate and the methodology for selecting net infiltration values for
unsaturated zone modeling is ad hoc, inconsistent, and incorrect.

2. A brief summary of the basis for the contention

The choice of ranges and distributions to represent parameter uncertainty in the net
infiltration model is not technically defensible, and the subsequent treatment of these
uncertainties is incorrect.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree

to which those features, events and processes of the site that are expected to materially affect
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compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.113 (part of Subpart E) requires a performance assessment to
be completed that, in part, meets the requirements of Subpart L of Part 63. 10 C.F.R. § 63.304
(part of Subpart L) requires the performance assessment to demonstrate reasonable expectation
of compliance with Subpart L by focusing on the full range of defensible and reasonable
parameter distributions. 10 C.F.R. § 63.114(b) requires a performance assessment to account for
uncertainties and variabilities in parameter values and provide a technical bases for their ranges.
This contention alleges non-compliance with these regulatory provisions and therefore raises a
material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

DOE should use models whose parameter values, assumed ranges, probability
distributions, and bounding assumptions are technically defensible and reasonably account for
uncertainties and variabilities. However, throughout the net infiltration component of the TSPA,
as described in SAR Subsections 2.3.1.3.2 through 2.3.1.3.4, parameter values do not reasonably
account for uncertainties. In the first instance, many parameter uncertainties are neglected
altogether. For example, no consideration has been given to uncertainty arising from the fact
that soil physical properties have been derived from soils from a different site and pedogenesis.
See "Independent Review of Simulation of Net Infiltration for Present-Day and Potential Future
Climates, MDL-NBS-HS-000023, Rev. 01" (04/2008), LSN# DEN001595302 (Oak Ridge
Institute for Science and Education Report (ORISE) for U.S. Department of Energy, Office of
Civilian Radioactive Waste Management, April 2008) at D-1 ("[u]sing pedotransfer functions

outside of their development dataset introduces substantial uncertainty because their accuracy is
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not known.") In addition, no consideration has been given to the effect of sub-grid heterogeneity
or temporal lumping on model parameters, and no consideration has been given to the spatial
variation of soil and vegetation properties within a soil class (i.e., uniform soil depths have been
assumed for a given soil class and uniform rooting depth and plant height across all classes).
Finally, no attempt has been made to account for uncertainty in the spatial distribution of
vegetation, soil and rock properties, even though, due to lack of data, gross assumptions have
been made (e.g., for areas underlying alluvium, rock types were estimated or an arbitrary
allocation of a single rock type was made).

Where parameter uncertainties are considered in the net infiltration component of the

TSPA, the quantification of these uncertainties is often ad hoc and inconsistent, and in several
cases, it uses procedures that are entirely incorrect. SAR Subsection 2.3.1.3.2 provides the
details of the uncertainty assessment for each of the parameters in the net infiltration model. As
noted in "Simulation of Net Infiltration for Present-Day and Potential Future Climates, MDL-
NBS-HS-000023 REVO01" (05/24/2007), LSN# DN2002482668, Section 6.5.1 and Appendix I,
the basic process is to assign an uncertainty distribution to each of the parameters considered —
the standard deviation of this distribution plays a critical role in the subsequent uncertainty
analysis. For example, the climate parameter descriptions of the assigned distributions are given
throughout DN2002482668, Section 6.5.1. However, many of the assigned distributions are
flawed for the following reasons:

o The choice of distributions is often ad hoc, with incorrect or no justification. For
example, SAR page 2.3.1-42 states that "most of the assigned uncertainty
distributions for precipitation and temperature parameters are uniform
distributions because there is no basis for weighting one analogue site over
another, or for weighting these parameters in any shape other than uniform." This

approach is flawed because the distributions would no longer be uniform under a
different, equally valid model parameterization (e.g., if the phase-amplitude
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parameterization of the temperature models is replaced with a sine-cosine
parameterization).

A further example of this flaw is the treatment of uncertainty for the upper bound
monsoon climate, in which it is argued (DN2002482668 at 6-50) that for the
precipitation amplitude parameters, "the potential upper-bound stations have a
distribution for each parameter that may be approximated as a normal distribution,
with the average and standard deviation for the two stations providing estimates
for the mean and variance of the distribution. A range from one standard
deviation below the lower value to one standard deviation above the upper value
captures about 90% of this hypothetical distribution." One problem with this
approach is that there are only two stations so the standard deviation is largely
meaningless. In fact, it is simply a scaled version of the difference between the
stations. Another flaw is that it is not possible to associate the result with a
probability of 90% without making further assumptions that are not stated.

The choice of distributions is inconsistent. For example, at SAR page 2.3.1-40
present-day climate parameters representing the amplitude of the seasonal cycle
are assigned normal distributions for precipitation but uniform distributions for
temperature. Similarly, the ranges of distributions assigned to zero-order
precipitation parameters are deliberately greater than those observed from 10
stations, but the ranges for the corresponding temperature parameters are equal to
those obtained from four stations. No convincing attempt is made to justify these
inconsistencies.

The assigned distributions in some cases are physically incorrect. For example,
for the precipitation amplitude parameters under the monsoon climate (see SAR,
Table 2.3.1-8), uniform distributions are assigned, and in several cases, zero lies
close to the centre of these distributions. According to this approach, the average
monsoon climate in the simulation experiments will have no, or very little,
seasonality.

There are cases where normal uncertainty distributions are assigned, centered on
the observed estimate and with standard deviation calculated from the data.
However, several of these standard deviation calculations are incorrect — the
errors range from failure to account for all necessary factors to the use of incorrect
mathematics. An example of the former error is a failure to account for different
record lengths at different precipitation stations when calibrating altitude-
precipitation relationships (see DN2002482668 at Appendix F2.1). Sites with
more data should be given more weight in the analysis. An example of the latter
error includes a totally incorrect formula for estimating the standard error of the
precipitation amount-duration relationship (see DN2002482668, Eq. 6.5.1.7-3).
This calculation has no statistical basis whatsoever, and should have been done
using the textbook formula for the standard error in the slope of a linear
regression model. See Walpole, R.E., Myers, R.H., Myers, S.L., and Ye, K.,
"Probability and Statistics for Engineers and Scientists, 7" ed." (Prentice-Hall,
New Jersey, 2002), at 361. A second example is the use of an incorrect procedure
for calculating the standard error in precipitation lapse rates (see id. at F-16). The



234

lapse rate is calculated using an estimate of expected annual precipitation at the
reference elevation (given in Table F-3 of DN2002482668 as 213mm), but the
standard error calculation ignores the uncertainty in estimating this expected
value. The effect of these errors is to undermine confidence in all of the
uncertainty distributions that have been used.

o The uncertainties assigned to wind speed distributions are the same for the
monsoon and glacial transition as for the present day climate. See SAR at 2.3.1-
41 and 2.3.1-42. There is good reason to believe that the uncertainties in wind
speed will be different in different climate states. No justification is provided for
the assumption that they are the same.

In addition to the inappropriate quantification of parameter uncertainties, their subsequent
treatment is also flawed since, as described in SAR Subsection 2.3.1.3.3, only parameters with
more than 15% "standard uncertainty" are varied in deriving the distribution of net infiltration.
No justification for the 15% threshold is provided. See DN2002482668 at Appendix I
Subsection I1 at I-1. Although a sensitivity study has been carried out to examine the effects of
this (id. at Section 7.1.4), the reported results of this study relate solely to the relative
contributions of the various parameters, which does not address the key question of how
sensitive are the percentiles of the overall uncertainty distribution to the threshold choice. A
specific and significant example of this oversight is that the uncertainty analysis of rock
properties excludes 70% of the modeled area, since most of the individual rock types fail the
15% test. It also precludes consideration of localized spatial features of major significance, such
as faults. Hence when model simulations are compared to data for Pagany Wash,
DN2002482668 at 7-50 notes, "the present comparison suggests that there may be considerably
more uncertainty as to where net infiltration is occurring than is represented by 40 realizations
used to characterize infiltration uncertainty analysis." This is a clear acknowledgement that the
uncertainty analysis is inadequate.

When the distribution of net infiltration values is propagated into the unsaturated zone, it

is recalibrated using the Generalized Likelihood Uncertainty Estimation procedure (GLUE).
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Without the recalibration, predictions of temperature and chloride in the unsaturated zone were
inconsistent with observations (see DN2002482668 at 2.3.2-61). Yet, the application by
DN2002482668 of the GLUE methodology was appropriately rejected by the Nuclear Waste
Technical Review Board (NWTRB) in 2007. "As used by DOE, the GLUE statistical procedure
does not have a strong technical basis," and "the Board does not endorse the statistical
modification of infiltration estimates made by DOE." NWTRB, "Technical Evaluation of US
Department of Energy Yucca Mountain Infiltration Estimates" (12/15/2007), LSN#
NENO000000673 at 14-15.

In sum, with regard to net infiltration, "the bounds of uncertainty have not been fully
defined." DENO001595302 at 10.

SAR Subsections 2.3.1.3.2 through 2.3.1.3.4 and similar subsections fail to adequately
represent parameter uncertainty because the methodology for selecting net infiltration values for
unsaturated zone modeling is incorrect. As a result, SAR Subsections 2.3.1.3.2 through 2.3.1.3.4
and similar subsections are materially incomplete and inaccurate because the net infiltration
process has not been properly modeled and the performance assessment does not have defensible
and reasonable parameter distributions.

A biased estimate of infiltration will in turn lead to biased estimates of the amount and
chemical composition of seepage waters in the drifts with effects on corrosion, radionuclide
transport, and radiological impact on the RMEI.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the net infiltration modeling reflected in SAR Subsections
2.3.1.3.2 through 2.3.1.3.4 and similar subsections, as invalid because the representation of

parameter uncertainty in the net infiltration modeling is inadequate and the methodology for
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selecting net infiltration values for unsaturated zone modeling is ad hoc, inconsistent, and
incorrect. Thus, SAR Subsections 2.3.1.3.2 through 2.3.1.3.4 do not comply with 10 C.F.R. §
63.304 (part of Subpart L), which requires the performance assessment to demonstrate
reasonable expectation of compliance with Subpart L by focusing on the full range of defensible
and reasonable parameter distributions. Also, SAR Subsections 2.3.1.3.2 through 2.3.1.3.4 do
not comply with 10 C.F.R. § 63.114(b), which requires a performance assessment to account for

uncertainties and variabilities in parameter values and provide a technical bases for their ranges.
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(d) Erosion
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NEV-SAFETY-41 - EROSION FEP SCREENING

1. A statement of the contention itself

DOE's exclusion of land-surface erosion (FEP 1.2.07.01.0A), as reflected in SAR
Subsections 2.2.1.1 and 2.2.1.2 and similar subsections, is incorrect because modeling studies
and actual observations demonstrate that erosion will significantly affect infiltration and seepage
fluxes at Yucca Mountain within the first 10,000 years after closure and will progressively and
grossly modify the topography of the mountain within one million years.

2. A brief summary of the basis for the contention

Erosion modeling and actual observations show that down cutting into the superficial
formations will significantly change the boundary conditions for infiltration and seepage
modeling well before 10,000 years. As this process continues, not only will incision occur, but
the whole crest of the mountain will gradually degrade, and after 10,000 years, this process will
continue to depths below the elevation of the emplacement drifts.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings that NRC must make to
license Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy

the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
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E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1) requires a general description of the proposed
geologic repository; 10 C.F.R. § 63.21(c)(11) requires an assessment of the ability of the
proposed geologic repository to limit radiological exposures to the reasonably maximally
exposed individual for the period after permanent closure, as required by 10 C.F.R. § 63.113(b);
10 C.F.R. § 63.21(c)(12) requires an assessment of the ability of the proposed geologic
repository to limit releases of radionuclides into the accessible environment, as required in 10
C.F.R. §63.113(c); 10 C.F.R. § 63.21(c)(13) requires an assessment of the ability of the
proposed geologic repository to limit radiological exposures to the reasonably maximally
exposed individual for the period after permanent closure in the event of human intrusion into
the engineered barrier system, as required by 10 C.F.R. § 63.113(d); and 10 C.F.R. §
63.21(c)(14) requires an evaluation of the natural features of the geologic setting and design
features of the engineered barrier system that are considered barriers important to waste isolation
as required by 10 C.F.R. § 63.115. In demonstrating compliance with 10 C.F.R. § 63.113 (part
of Subpart E), a performance assessment must be performed that addresses the requirements

of 10 C.F.R. § 63.114(e) (also part of Subpart E), which requires that such a performance
assessment must provide the technical basis for either inclusion or exclusion of specific FEPs in
the performance assessment. Specific FEPs must be evaluated in detail if the magnitude and
time of the resulting radiological exposures to the reasonably maximally exposed individual, or
radionuclide releases to the accessible environment, would be significantly changed by their
omission. 10 C.F.R. § 63.115 requires that multiple barriers should be identified and

described. This contention alleges non-compliance with these regulatory provisions and

therefore raises a material issue within the scope of the licensing proceeding.
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5. A concise statement of the facts or expert opinions supporting the contention along with
appropriate citations of supporting scientific or factual materials

The LA excludes land-surface erosion as a FEP (FEP1.2.07.01.0A), claiming that it is of
low consequence. DOE bases this exclusion on two similar analyses of isotope data (Stuckless,
J.S. and Levich, R.A., eds. (2007), "The Geology and Climatology of Yucca Mountain and
Vicinity, Southern Nevada and California," Memoir 199, Boulder, Colorado: Geological Society
of America. TIC: 259378) and concludes that erosion rates are in the range 0.4-2.7 cm in 10,000
years or 0.2-6 cm in 10,000 years, depending on the dating method used (see SAR Subsections
2.2.1.1 and 2.2.1.2).

However, debris flows at Yucca Mountain triggered by thunderstorms in 1984 and 2003
each locally removed much more material than suggested by these estimates. (Coe, J.A., Glancy,
P.A., Whitney, J.W. (1997) "Volumetric Analysis and Hydrologic Characterization of a Modern
Debris Flow Near Yucca Mountain, Nevada" GEOMORPHOLOGY, Vol. 20 at 11-28; c.f., Syed,
K.H., Goodrich, D.C., Myers, D.E., and Sorooshiah, S. (2003) "Spatial Characteristics of
Thunderstorm Rainfall Fields and Their Relation to Runoff," JOURNAL OF HYDROLOGY, Vol.
271, Issue 1-4 at 1-21 for description of general characteristics of such events). The recent
numerical modeling study of Stuewe, et al. (Stuewe, K., Robi, J. and Matthai, S. (2008)
"Erosional Decay of the Yucca Mountain Crest," GEOMORPHOLOGY (in press), LSN#
NEV000005187), using a straightforward and robust method of how much the scarps of recently
active faults have been eroded, finds much higher rates than do Stuckless and Levich (2007).
Stuckless and Levich’s (2007) findings do not contradict these conclusions because those
findings merely generalized local measurements on a small number of bedrock outcrops to the

erosion process of the entire Yucca Mountain region.
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Stuewe, et al.’s (2008) highly resolved numerical erosion model is based on a stream
power approach in which the rate of erosion is assumed to be proportional to the size of the
catchment as a proxy for water flux and to the square of the topographic gradient. The
proportionality constants in the model are determined using the structural history of the region.
Over the last 11 million years, extensional tectonics has dissected the region into a series of well-
defined tilted fault blocks and the ratio of fault displacement and gully incision during this time
has been used to scale the numerical model. Using these data, the model predicts that the Yucca
Mountain crest will denude to the level of the proposed repository drifts within between 500,000
years and 5 million years. This prediction is based on conservative estimates for all involved
parameters. Erosion may be more rapid if other processes are involved. For example, the model
does not consider continuing uplift or catastrophic surface processes as have been recorded in the
region. Also the model concept and the fixed spatial discretization employed promotes the
formation of relatively wide V-shaped valleys, the formation of which requires removal of
significantly more mass to reach the same level of incision as compared to canyons or valleys
with convex flanks as are common in this part of Nevada (cf., Braun, J. and Sambridge, M.
(1997) "Modelling Landscape Evolution on Geologic Time Scales: A New Method Based on
Irregular Spatial Discretization," BASIN RESEARCH Vol. 9 No.I at 27-52).

The two arguments presented above relating to observed current rates of erosion and the
long-term effects of erosion both demonstrate that the ongoing erosion process will be of
significance to safety assessment both in the period before 10,000 years and in the longer term.
This arises because the process will affect (1) the infiltration flux by changing the surface
morphology and soil thickness, (2) the seepage and operation of the postulated natural barrier

systems (the Paintbrush Tuff may get locally completely eroded between 100,000 years and one
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million years), and (3) the emplacement drifts may be exposed at the Earth’s surface in 500,000
years.

6. Information to show that there is a genuine dispute with DOE, along with specific
references to the portions of the LA being controverted

This contention challenges DOE's exclusion of land-surface erosion (FEP 1.2.07.01.0A),
as reflected in SAR Subsections 2.2.1.1 and 2.2.1.2 and similar subsections, because modeling
studies and actual observations demonstrate that erosion will significantly affect infiltration and
seepage fluxes at Yucca Mountain within the first 10,000 years after closure and will
progressively and grossly modify the topography of the mountain within one million years.

As indicated above, there is sufficient information to believe that DOE’s exclusion of the
erosion FEP (FEP 1.2.07.01.0A) on the ground of low consequence is incorrect. As a result,
impacts of the repository are substantially underestimated. Thus, SAR Subsections 2.2.1.1 and
2.2.1.2 and similar subsections do not comply with numerous requirements of 10 C.F.R. 63,
notably 10 C.F.R. § 63.114(e), which requires that any performance assessment performed to
comply with 10 C.F.R. § 63.113 must provide the technical basis for either inclusion or
exclusion of specific FEPs in the performance assessment. Specific FEPs must be evaluated in
detail if the magnitude and time of the resulting radiological exposures to the reasonably
maximally exposed individual, or radionuclide releases to the accessible environment, would be

significantly changed by their omission.
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(e) Flow Through the Upper Part of the Unsaturated Zone
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NEV-SAFETY-42 - VALIDATION OF UNSATURATED ZONE FLOW MODEL BY
SIMULATION OF NATURAL CHLORIDE DISTRIBUTION IN PORE WATERS

1. A statement of the contention itself

In SAR Subsection 2.3.2.5.1.2 and related subsections the method for validating the
unsaturated zone (UZ) flow model with observed chloride contents of pore waters makes an
unexplained assumption about the chloride content of net infiltration; this means that
uncertainties in the method have not been adequately addressed and that alternative models have
not been adequately represented.

2. A brief summary of the basis of the contention

Consistency of modeled values with the distribution of chloride concentrations in pore
waters is claimed as a validation of the site-scale unsaturated zone flow model, but firstly the
modeled chloride contents depend on the contents of recharge water at the upper boundary of the
model and secondly the consistency of modeled with observed data in borehole depth profiles is
generally poor.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety

of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
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the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(14) requires the SAR to include an evaluation of
natural features of the geologic setting that are considered barriers important to waste isolation as
required by 10 C.F.R. § 63.115. One aspect of the natural barrier that is important for isolation is
the low infiltration rate and consequent seepage rate into the repository and below the repository.
10 C.F.R. § 63.115(b) (part of Subpart E) requires that the description of the capability of
barriers offered by natural features should take account of uncertainties in characterizing and
modeling their behavior. 10 C.F.R. § 63.21(c)(15) requires that the analyses and models that will
be used to assess performance of the geologic repository must be supported by using an
appropriate combination of such methods as field tests, in situ tests, laboratory tests that are
representative of field conditions. The unsaturated zone flow model has been used to assess
performance and therefore the validation of this model by chloride data is being used to address
this requirement. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

This contention challenges the degree of confidence that is claimed for the unsaturated
zone (UZ) flow model on which is based the calculation of percolation of water towards the
repository tunnels and the amount of seepage into the tunnels. It is stated that "chloride
distribution in the unsaturated zone groundwater provides important information for UZ model
calibration and validation." "UZ Flow Models and Submodels, MDL-NBS-HS-000006 REV03"
(12/21/2007), LSN# DENO001572665, Section 6.5 at 6-64. The amount of seepage influences the
physical and chemical environment in which the engineered barriers must protect the waste. In

general, more seepage means that the possibilities of enhanced corrosion are greater. More
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seepage at, and general percolation below, repository depth also mean that any escaping
radionuclides will be transported more rapidly into the saturated zone.

The distribution of chloride contents in pore waters through the unsaturated zone is
simulated with a 3-dimensional gas-liquid model (see DEN001572665, § 6.5.2 at 6-68 through 6-
79), the results from which are compared with measured chloride contents to validate the
reliability of the model which is the same model that has been used to calculate percolation into
the future repository. The simulation requires an input of chloride contents of incoming water or
"net infiltration" at the upper boundary of the model (i.e., at the shallowest point in each depth
profile). Chloride concentrations in net infiltration are much higher than in precipitation due to
concentration by evapotranspiration (which is the loss of water at the surface and shallow
subsurface due to evaporation and plant uptake). See Scanlon, B.R. (2000), "Uncertainties in
Estimating Water Fluxes and Residence Times Using Environmental Tracers in an Arid
Unsaturated Zone," WATER RESOURCES RESEARCH, 36.2, 395-409; and Scanlon, B.R., Healy,
R.W. and Cook, P.G. (2002), "Choosing Appropriate Techniques for Quantifying Groundwater
Recharge," HYDROGEOLOGY JOURNAL, 10, 18-39. The chloride concentrations and their spatial
variability in the modeled profiles (see DEN001572665, Figures 6.5-1 to 6.5-11) are therefore
strongly dependent on assumptions made about evapotranspiration, but these are not explained or
justified. Therefore, the basis of the claimed validation has not been explained adequately, the
uncertainties that are inherent in this method have been underestimated, and the possibility of
alternative models and estimates for infiltration has not been considered.

In addition, the "goodness of fit" between the modeled depth profiles of chloride in
DENO001572665, Figures 6.5-1 to 6.5-11, and the measured chloride concentrations as

represented by the calculated "residuals" in DEN001572665, Table 6.5-3, are in several cases
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poor. "Residuals" as calculated, being the difference between the logarithms of the modeled and
measured chloride concentrations, are not a rigorous or sensitive test of goodness of fit. For
example, the residuals for borehole NRG-6 in DEN001572665, Table 6.5-3 do not represent how
poor the fit of model to data is in DEN001572665, Figure 6.5-6. The scatter of chloride data in
many of these profiles is indicative of the poor understanding of chloride distribution and
therefore of infiltration compositions and rates. The same conclusion is supported by the poor
match between chloride data from the ESF and modeled chloride concentrations for this lateral
profile in DEN001572665, Figure 6.5-5, noting the log scale used for chloride. The sparse
distribution of chloride samples and measurements along the length of the ESF is noticeable in
contrast to the large number of measurements that would have been valuable to carry out a
rigorous validation test of the UZ model.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

In SAR Subsection 2.3.2.5.1.2 and related subsections, the method for validating the
unsaturated zone (UZ) flow model with observed chloride contents of pore waters makes an
unexplained assumption about the chloride content of net infiltration; this means that
uncertainties in the method have not been adequately addressed and that alternative models have
not been adequately represented. Thus, these subsections do not comply with 10 C.F.R. §
63.115(b), which requires that the description of the capability of barriers offered by natural
features should take account of uncertainties in characterizing and modeling their behavior or
with 10 C.F.R. § 63.21(c)(15), which requires that the analyses and models that will be used to
assess performance of the geologic repository must be supported by using an appropriate
combination of such methods as field tests, in situ tests, laboratory tests that are representative of

field conditions.
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Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-43 - VALIDATION OF UNSATURATED ZONE FLOW MODEL BY
CARBON-14 CONTENTS, STRONTIUM ISOTOPE COMPOSITIONS AND CALCITE
MINERAL PRECIPITATE ABUNDANCES

1. A statement of the contention itself

Uncertainties in the interpretations of carbon-14 contents in the gas phase of the
unsaturated zone (UZ), in strontium (Sr) contents and strontium isotope compositions of pore
waters, and of the amounts of calcite mineral that have accumulated in pore spaces could be
greater than calculated by DOE as described in SAR Subsection 2.3.2.5.1.2 and related
subsections, and assumptions and simplifications have not been explained, so the support that
these data sources give to the UZ flow model and to the low values of modeled infiltration rates
is weak.

2. A brief summary of the basis of the contention

Interpretations of carbon-14 (C-14) ages from measurements of C-14 in carbon dioxide
sampled from the UZ depend on what value for the C-14 activity concentration in carbon dioxide
at the top of the depth profiles has been assumed and what processes of carbonate geochemistry
are modeled; the resulting uncertainty in ages can be several thousands of years with a bias
towards the reported ages being too old by several thousand years. Similarly, there are
uncertainties and assumptions in the quantitative interpretation of Sr abundance in calcite
precipitates, of the degree of apparent exchange between Sr isotope ratios in solution and
minerals in different lithological units, and of the amounts of calcite that have been precipitated

in pore spaces that do not support quantitatively the estimated infiltration rate of 5 mm/year.
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3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(14) requires the SAR to include an evaluation of
natural features of the geologic setting that are considered barriers important to waste isolation as
required by 10 C.F.R. § 63.115. One aspect of the natural barrier that is important for isolation is
the low infiltration rate and consequent seepage rate into the repository and below the repository.
10 C.F.R. § 63.115(b) (part of Subpart E) requires that the description of the capability of
barriers offered by natural features should take account of uncertainties in characterizing and
modeling their behavior. 10 C.F.R. § 63.21(c)(15) requires that the analyses and models that will
be used to assess performance of the geologic repository must be supported by using an
appropriate combination of such methods as field tests, in situ tests, laboratory tests that are
representative of field conditions. The unsaturated zone flow model has been used to assess
performance and therefore the validation of this model by carbon-14 contents in the gas phase of
the UZ, strontium (Sr) contents and strontium isotope compositions of pore waters and by the

amounts of calcite mineral that have accumulated in pore spaces is being used to address this
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requirement. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

This contention challenges the degree of confidence that is claimed for the unsaturated
zone (UZ) flow model on which is based the calculation of percolation of water towards the
repository tunnels and the amount of seepage into the tunnels. DOE states that "the criterion for
the validation is that the simulated travel times for TSw units fall within the range of measured
C-14 ages for the TSw units" and "the criterion for the validation is qualitative agreement
between simulated Sr and the average of observations at the same elevation, and agreement with
vertical trends." "UZ Flow Models and Submodels, MDL-NBS-HS-000006 REV03"
(12/21/2007), LSN# DENO001572665, Sections 7.5 and 7.6. In fact, travel times obtained from
the model simulations presented are higher than the measured C-14 ages. Moreover the C-14
ages are single values, not ranges of values because no uncertainties or alternative interpretative
models have been considered. Interpretation of data for strontium (Sr), Sr isotopes and calcite is
used to argue that the infiltration rate is low, around 5 mm/year, but uncertainties in
interpretative models mean that higher infiltration rates are not excluded. The amount of
seepage influences the physical and chemical environment in which the engineered barriers must
protect the waste. More seepage into the drifts means that the possibilities of enhanced corrosion
are greater. More seepage and general percolation at and below repository depth also mean that
any escaping radionuclides will be transported more rapidly into the saturated zone.

C-14 has been measured for gas samples collected from the boreholes penetrating the UZ.
By assuming that the carbon dioxide (CO,) in the gas phase in the UZ is equilibrated with

dissolved inorganic carbon in pore waters, C-14 in the gas phase has been used to calculate the
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travel times for co-existing UZ pore waters to move from the point of infiltration. C-14 ages
have been calculated from those measurements according to the radioactive decay of the natural
C-14 that would have entered the system with the infiltration at time of recharge. The
calculations require an "initial C-14" content of pore waters at the point of infiltration to be
assumed. This is varyingly estimated to be between 50 and 100% of the relative content of C-14
in atmospheric CO,, but no information is given about this in DEN001572665. C-14 travel times
also involve an assumption about the extent of C-14 loss to solid carbonates that precipitate from
pore waters; there is no information about how this has been handled. Both of processes result in
in situ C-14 concentrations being lowered and thus there is a tendency for estimated C-14 travel
times to be too high if the assumptions are not well-founded.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

Uncertainties in the interpretations of carbon-14 contents in the gas phase of the UZ, in
strontium (Sr) contents and strontium isotope compositions of pore waters and of the amounts of
calcite mineral that have accumulated in pore spaces could be greater than calculated by DOE as
described in SAR Subsection 2.3.2.5.1.2 and related subsections, and assumptions and
simplifications have not been explained, so the support that these data sources give to the UZ
flow model and to the low values of modeled infiltration rates is weak. Thus, these subsections
do not comply with 10 C.F.R. § 63.115(b), which requires that the description of the capability
of barriers offered by natural features should take account of uncertainties in characterizing and
modeling their behavior. Nor do they comply with 10 C.F.R. § 63.21(c)(15), which requires that
the analyses and models that will be used to assess performance of the geologic repository must
be supported by using an appropriate combination of such methods as field tests, in situ tests,

laboratory tests that are representative of field conditions.
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Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-44 - FLOW IN THE UNSATURATED ZONE FROM EPISODIC
INFILTRATION

1. A statement of the contention itself

Screening of FEP 2.2.07.05.0A "Flow in the UZ from episodic infiltration" from
performance assessments in SAR Subsection 2.2.1.2 and related subsections and as specifically
stated at SAR Table 2.2-3 at 2.2-127 is not justified.

2. A brief summary of the basis of the contention

Chlorine-36 data from wall rock of the ESF tunnels indicate that fast pathways for
infiltration of water from episodic high-precipitation events persist through the UZ to repository
depth, with local infiltration rates of considerably more than the assumed average flux of 32
mm/yr.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree

to which those FEPs of the site that are expected to materially affect compliance with Section
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63.113 have been characterized, and the extent to which they affect waste isolation. 10 C.F.R. §
63.114(e) (part of Subpart E) requires that any performance assessment must provide the
technical basis for either inclusion or exclusion of specific FEPs in the performance assessment,
and specific FEPs must be evaluated in detail if the magnitude and time of the resulting
radiological exposures to the reasonably maximally exposed individual, or radionuclide releases
to the accessible environment would be significantly changed by their omission. This contention
alleges non-compliance with these regulatory provisions and therefore raises a material issue
within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Episodic infiltration with transiently high rates of downwards movement of pore waters
would potentially change the overall rate of infiltration and seepage at and below repository
depth. The rate of seepage at repository depth is pertinent to both the corrosion rate of the
engineered barriers and the rate of radionuclide transport through the lower part of the
unsaturated zone (UZ). Understanding the patterns of past infiltration, including episodic high
rates, and using evidence of this to calibrate the hydrogeological model of the unsaturated zone
and the upper bounds of infiltration, should be included in the performance assessment.

Episodic flow of anomalous transiently high rates of infiltration through the unsaturated
zone has been excluded by screening on the basis that this process has low consequence. This is
based on the argument that such episodic flows are damped in the non-welded Paintbrush Tuff
unit (PTn) so that variability of infiltration rates below the PTn are not significantly different
from the longer term averages, i.e. "have a maximum range of about 17 mm/yr."

Leachates of rock samples from fractures intersecting the walls of the ESF tunnel were

found to contain significant quantities of chlorine-36 which can be attributed to infiltration that
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entered the UZ after the start of atmospheric bomb testing, i.e., about 50 years ago. The
chlorine-36 evidence has recently been discounted because it was not possible to replicate the
results, but this is not adequate justification to reject the evidence totally and it appears to be
accepted in FEPs. See "Features, Events, and Processes for the Total System Performance
Assessment: Analyses, ANL-WIS-MD-000027 REV00" (03/06/2008), LSN# DEN001584824.

As an illustration, it is estimated that such a chlorine-36 anomaly in a fracture at ESF
depth would indicate a local infiltration rate of around 1350 mm/yr (i.e., percolation through 450
meters of UZ, typical porosity 0.15, infiltration of C1-36 in precipitation at ground surface at ~50
years ago). The existence of the CI-36 anomaly indicates that damping of infiltration pulses by
the matrix-capillary action suggested for the PTn fails to operate at least locally. There is no
firm evidence that positively confirms that the C1-36 evidence should be discounted, so the
precautionary approach is to accept the C1-36 is evidence of fast pathways.

It has been suggested that the quantity of water that penetrates the PTn through fast
pathways is about 1% of total infiltration. (See "MDL-NBS-HS-000006 Revision 02, UZ Flow
Models and Submodels," DIRS 180273 (11/01/2004), LSN# DN2001630459 at 6-19). Another
modeling study has also indicated that episodic infiltration pulses entering fault zones in the UZ
are less damped than infiltration through other pathways and have a finite probability of
penetrating to the base of the PTn. See Zhang, K., Wu, Y.-S., and Pan, L. (2006)"Temporal
Damping Effect of the Yucca Mountain Fractured Unsaturated Rock on Transient Infiltration
Pulses." JOURNAL OF HYDROLOGY, Vol. 327 at 235-248. DOE claims that this small proportion
of potential "fast pathway" infiltration is negligible. This is not consistent with the CI-36
evidence. Although the proportion of infiltration that this could represent is not quantifiable, it

suggests that the effect of episodic infiltration of large amounts of infiltration, albeit locally,
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through the UZ to repository depth should not be discounted by this screening exclusion of the
FEP. The range of potential impacts on performance assessment of such fast pathways and
locally high episodic infiltration rates should have been considered.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

Screening of FEP (Feature/Event/Process) 2.2.07.05.0A "Flow in the UZ from episodic
infiltration" from performance assessments in SAR Subsection 2.2.1.2 and related subsections
and as specifically stated at SAR Table 2.2-3 at 2.2-127 is not justified. Thus, these subsections
do not comply with 10 C.F.R. § 63.114(e), which requires that any performance assessment must
provide the technical basis for either inclusion or exclusion of specific FEPs in the performance
assessment, and specific FEPs must be evaluated in detail if the magnitude and time of the
resulting radiological exposures to the reasonably maximally exposed individual, or radionuclide
releases to the accessible environment would be significantly changed by their omission.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s

other contentions relating to different aspects of the TSPA, even if all contentions relating to
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each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-45 - EFFECTS OF EPISODIC FLOW

1. A statement of the contention itself

SAR Subsection 2.3.2.4.2.1.2, and similar subsections, which states that one of the two
primary large-scale processes that prevents or substantially reduces the movement of water
through the unsaturated zone (UZ) and into the emplacement drifts of the repository is the
damping of episodic pulses of precipitation and infiltration, fails to provide an appropriate
technical basis for excluding FEP 2.2.07.05.0A (Flow in the UZ) from episodic infiltration as the
effects of horizontal heterogeneity have not been adequately represented.

2. A brief summary of the basis for the contention

SAR Subsection 2.3.2.4.2.1.2 fails to properly model the Paintbrush nonwelded unit
(PTn), resulting in an underestimation of vertical flow and preferential flow within the PTn
formation, and therefore the assumption that the PTn is able to attenuate episodic events
sufficiently to allow the assumption of constant flow in the underlying Topopah Spring Tuff
formation is inappropriate.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety

of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy


https://2.2.07.05.0A

260

the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to
which those FEPs of the site that are expected to materially affect compliance with Section
63.113 have been characterized, and the extent to which they affect waste isolation. 10 C.F.R. §
63.114(e) (part of Subpart E) requires that any performance assessment must provide the
technical basis for either inclusion or exclusion of specific FEPs in the performance assessment,
and specific FEPs must be evaluated in detail if the magnitude and time of the resulting
radiological exposures to the reasonably maximally exposed individual, or radionuclide releases
to the accessible environment would be significantly changed by their omission. This contention
alleges non-compliance with these regulatory provisions and therefore raises a material issue
within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 2.3.2.4.2.1.2 at 2.3.2-79 provides the following discussion as the basis
for excluding the effect of flow in the unsaturated zone (UZ) from episodic infiltration (FEP
2.2.07.05.0A) in the Total System Performance Assessment (TSPA):

The net surface infiltration at the bedrock surface (on top of the TCw unit) is
conceptualized as episodic, with significant pulses occurring only once every few years
(SNL 2008a, Section 6.5.7.5). Spatially and temporally variable pulses of moisture
percolate rapidly through the highly fractured tuffs of the TCw. However, at the TCw-
PTn interface — where welded tuffs grade sharply into nonwelded tuffs — flow behavior
changes from fracture dominated to matrix dominated flow. The highly porous PTn unit
attenuates the episodic infiltration flux significantly such that the net episodic surface
infiltration, once crossing the PTn, can be approximated as steady state (SNL 2007a,
Section 6.2.2).

To support this assumption various modeling studies have been undertaken, as described in SAR
Subsection 2.3.2.4.2.1.2 and DOE reference document "UZ Flow Models and Submodels,"

MDL-NBS-HS-000006 Rev. 03, Add. 01 (Sandia National Laboratories, Las Vegas, NV, 2007),
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LSN# DEN001572665, Section 6.9 at 6-124, to consider the impact of episodic flow events in
the Paintbrush nonwelded unit (PTn). However, these studies have not considered the effect of
horizontal heterogeneity in the PTn layer, in particular the large number of faults present in the
rock formation.

The PTn is characterized by stratigraphic variations and structural complexity at all
scales, and based on detailed line surveys of the Exploratory Studies Facility, it is estimated that
there is a mean fault spacing of 2.23 +2.14 m and a mean fault dip of 69 + 14° for the PTn as a
whole. See Manepally, et al. (CNWRA 2007), "The Nature of Flow in the Faulted and Fractured
Paintbrush Nonwelded Hydrogeological Unit," LSN# NRC000029300. Such faulting can result
in permeability anisotropy, as observed at analogue sites, markedly reducing lateral flow
diversion and increasing vertical flow. See Evans, J.P. and Bradbury, K.K. (2004), "Faulting and
Fracturing of Nonwelded Bishop Tuff, Eastern California: Deformation Mechanisms in Very
Porous Materials in the Vadose Zone," VADOSE ZONE JOURNAL, Vol. 3, Issue 2 at 602-623.
Studies of transient flow using 3-D modeling (see Zhang, et al. (2006), "Temporal Damping
Effect of the Yucca Mountain Fractured Unsaturated Rock on Transient Infiltration Pulses"
(LSN# DN2002209213) at 235-248), which use calibrated parameter values obtained from
steady-state analyses (see Wu, et al. (2003), "A Mountain-Scale Model for Characterizing
Unsaturated Flow and Transport in Fractured Tuffs of Yucca Mountain" (LSN# NEV000004201,
all); and "UZ Flow Models and Submodels," MDL-NBS-HS-000006, Rev. 02 (Bechtel SAIC
Co., Las Vegas, Nevada, 2004) (LSN# DN2001630459), as changed by LSN# DN2002143063),
have not used an appropriate representation of the characteristics of the PTn formation. As a
result, they have over-estimated the amount of lateral flow to major faults (i.e., Ghost Dance and

Solitario Canyon) while underestimating vertical flows within the bulk of the PTn formation. In
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contrast, analyses of episodic events based using 1-D models (see Zhang, et al., op. cit.; Guerin
(2001), Tritium and *°Cl as Constraints on Fast Fracture Flow and Percolation Flux in the
Unsaturated Zone at Yucca Mountain" (LSN# DEN001089956) at 257-288), although not
incorporating the effects of large scale flow diversion, have failed to account for these larger
scale effects of heterogeneity on flow pathways through the PTn as they utilize local scale
parameter values derived from the 3D site scale model (see "Calibrated Properties Model,"
MDL-NBS-HS-000003, Rev 00 (OCRWM 2000), LSN# DEN000676205). Therefore, they
underestimate the degree of preferential flow present with the PTn layer.

In both cases, therefore, the assumption that the PTn is able to attenuate episodic events
sufficiently to allow the assumption that flow in the underlying Topopah Spring Tuff formation,
within which the proposed repository is located, is constant (over the duration of a given climate
state) is inappropriate . This is particularly true in the area of the southern footprint of the
proposed repository, where the thickness of the PTn layer is only a few tens of meters (see SAR
Figure 2.3.2-4).

A changed pattern of flow will affect both the amount and composition of water
impacting on the engineered barrier system with consequences for rates of corrosion and release
and transport of radionuclides from degraded waste packages.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges DOE statements in SAR Subsection 2.3.2.4.2.1.2, which in
turn relies on DOE reference document LSN# DEN001572665, which excludes flow in the
unsaturated zone from episodic infiltration, because it fails to adequately represent the effects of
horizontal heterogeneity in the Paintbrush nonwelded unit (PTn). As a result, SAR Subsection

2.3.2.4.2.1.2 is both materially incomplete and inaccurate because it does not provide a sufficient
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technical basis for excluding an FEP (i.e., flow in the unsaturated zone) from the performance
assessment, and thus fails to properly evaluate resulting radiological exposures or releases from
the Yucca Mountain repository. Therefore, SAR Subsection 2.3.2.4.2.1.2 does not comply with
the requirements of 10 C.F.R. §§ 63.21(c)(9), 63.113, and 63.114(e), and the Yucca Mountain
repository cannot be licensed pursuant to 10 C.F.R. § 63.31(a)(3).

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-46 - EXTREME EVENTS UNDEFINED

1. A statement of the contention itself

SAR Subsection 2.1.2.1.2, and similar subsections, which state that one of the two
primary large-scale processes that prevents or substantially reduces the movement of water
through the unsaturated zone (UZ) and into the emplacement drifts of the repository is the
damping of episodic pulses of precipitation and infiltration, fail to provide an appropriate
technical basis for excluding FEP 2.2.07.05.0A (Flow in the UZ from episodic infiltration) as the
effects of extreme events on UZ flow have not been considered in a rigorous manner because an
extreme event has not been formally defined or appropriately modeled.

2. A brief summary of the basis for the contention

SAR Subsection 2.1.2.1.2 fails to properly represent the effects of extreme infiltration
events on UZ flow and seepage as such events have not been defined in a rigorous and physically
defensible manner and the resulting assumption that flow in the UZ from episodic infiltration can
be excluded is unjustified.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety

of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
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the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree to
which those FEPs of the site that are expected to materially affect compliance with Section
63.113 have been characterized, and the extent to which they affect waste isolation. 10 C.F.R. §
63.114(e) (part of Subpart E) requires that any performance assessment must provide the
technical basis for either inclusion or exclusion of specific FEPs in the performance assessment,
and specific FEPs must be evaluated in detail if the magnitude and time of the resulting
radiological exposures to the reasonably maximally exposed individual, or radionuclide releases
to the accessible environment would be significantly changed by their omission. This contention
alleges non-compliance with these regulatory provisions and therefore raises a material issue
within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 2.3.2.4.2.1.2 at 2.3.2-79 provides the following discussion as the basis
for excluding the effect of flow in the unsaturated zone (UZ) from episodic infiltration (FEP
2.2.07.05.0A) in the Total System Performance Assessment (TSPA):

The net surface infiltration at the bedrock surface (on top of the TCw unit) is
conceptualized as episodic, with significant pulses occurring only once every few
years (SNL 2008a, Section 6.5.7.5). Spatially and temporally variable pulses of
moisture percolate rapidly through the highly fractured tuffs of the TCw.
However, at the TCw-PTn interface — where welded tuffs grade sharply into
nonwelded tuffs — flow behavior changes from fracture dominated to matrix
dominated flow. The highly porous PTn unit attenuates the episodic infiltration
flux significantly such that the net episodic surface infiltration, once crossing the
PTn, can be approximated as steady state (SNL 2007a, Section 6.2.2).

To support this assumption various modeling studies have been undertaken, as described
in SAR Subsection 2.3.2.4.2.1.2 and DOE reference document "UZ Flow Models and

Submodels," MDL-NBS-HS-000006 Rev. 03, Add. 01 (12/21/2007), LSN# DEN001572665,
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Section 6.9 at 6-124, to consider the impact of episodic flow events in the Paintbrush nonwelded
unit (PTn). However, the episodic events used in these studies were arbitrarily selected, both in
terms of intensity, duration and frequency. This means that no formal definition of an extreme
event, in terms of its rarity, intensity profile and duration, has been provided. The key scenario
that has been used to defend this position assumes that the annual average infiltration, summed
over a period of 50 years, occurs at a uniform rate over one week. See Wu, et al. (2000),
"Capillary Barriers in Unsaturated Fractured Rocks of Yucca Mountain, Nevada," LBNL-46876
(10/02/2000), LSN# DEN001337908; Guerin (2001), "Tritium and *°Cl as Constraints on Fast
Fracture Flow and Percolation Flux in the Unsaturated Zone at Yucca Mountain" (03/20/2001),
LSN# DEN001089956 at 257-288; and Zhang, et al. (2006), "Temporal Damping Effect of the
Yucca Mountain Fractured Unsaturated Rock on Transient Infiltration Pulses" (02/10/2006),
LSN# DN2002209213 at 235-248. Whilst this approach may appear to represent an extreme
event, no support for this, such as an estimated return period and whether it has any physical
basis for representing such an event, has been provided.

The failure to provide an return period on the episodic infiltration studies is a crucial
omission given the extremely long time periods (in excess of 10,000 years) required for the
safety assessment of the proposed repository, during which an event of extreme rarity (i.e., once
in a thousand years) is highly likely to occur. This is particularly poignant as it has been noted
by the "Civilian Radioactive Waste Management System, Management and Operating
Contractor, Unsaturated Zone Flow Model Expert Elicitation Project" ((05/30/1997), LSN#
DN2002326148, all), that net infiltration fluxes at Yucca Mountain are expected to be dominated
by extreme events, with significant infiltration perhaps occurring as infrequently as once in 10 or

20 years.



267

In regard to the physical basis of these episodic scenarios, the majority of studies have
been based on 1-dimensional representations, which ignore the effects of heterogeneity and flow
focusing. The one study that has investigated this using a 3-dimensional distributed model (see
Zhang, et al. (2006), DN2002209213, all) did so by making use of linearly scaled distributed
mean infiltration rates (see " MDL-NBS-HS-000023 REV 00, Simulation of Net infiltration for
Present-Day and Potential Future Climates" (11/09/2004), LSN# DN2001629759 at 6-61) to
provide the distribution of infiltrations associated with an event comprising 50 years
accumulated infiltration in one week. The conversion of rainfall to infiltration is a highly non-
linear process (see Pruess, et al. (1999), "Alternative Concepts and Approaches for Modeling
Flow and Transport in Thick Unsaturated zone of Fractured Rocks" (04/03/1998), LSN#
DENO001261352, all). Therefore, such an approach is non-physical, as it ignores the connection
of rainfall, surface runoff, infiltration and subsurface flows due to the physical properties of the
geological media. Furthermore, by neglecting the high degree of non-linearity that would be
expected to occur under such extreme conditions it greatly underestimates the range of
infiltration rates associated with such an event. Consequently, conclusions drawn from these
analyses are considered to be unreliable and do not support the assumption that the presence of
the PTn unit is sufficient to ensure that flow in the Topopah Spring welded tuff, and hence
seepage into drifts situated in this unit, can be considered to be time invariant over the durations
associated with specific climate states.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.1.2.1.2, which in turn relies on DOE
reference document DEN001572665, which excludes flow in the unsaturated zone from episodic

infiltration, because it fails to properly represent the effects of extreme infiltration events on UZ
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flow and seepage as such events have not been defined in a rigorous and physically defensible
manner. As a result, SAR Subsection 2.1.2.1.2 is both materially incomplete and inaccurate
because it does not provide a sufficient technical basis for excluding an FEP (i.e., flow in the
unsaturated zone from episodic events) from the performance assessment, and thus fails to
properly evaluate resulting radiological exposures or releases from the Yucca Mountain
repository. Therefore, SAR Subsection 2.1.2.1.2 does not comply with the requirements of 10
C.F.R. §§63.21(c)(9), 63.113, and 63.114(e), and the Yucca Mountain repository cannot be
licensed pursuant to 10 C.F.R. § 63.31(a)(3).

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-47 - PHYSICAL BASIS OF SITE SCALE UNSATURATED ZONE FLOW

1. A statement of the contention itself

SAR Subsection 2.3.2.4 and similar subsections, which describe the development of the
site-scale UZ flow model, fail to provide a reasonable physical basis to support the
characterization of the subsurface hydraulic properties at the site of the proposed repository and
do not, therefore, provide reliable bounding estimates for drift seepage calculations under present
and future climates.

2. A brief summary of the basis for the contention

The layers of fractured and faulted tuffs that comprise the geology of Yucca Mountain
are highly complex and heterogeneous and the parametric relationships used to represent their
hydraulic properties, along with the general assumption of horizontal homogeneity, lack a
physical basis, and therefore, fail to provide an adequate characterization of the site.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart

E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
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to which those FEPs of the site that are expected to materially affect compliance with Section
63.113 have been characterized, and the extent to which they affect waste isolation. 10 C.F.R. §
63.114(c) (part of Subpart E) requires that any performance assessment should consider
alternative conceptual models of features and processes that are consistent with available data
and current scientific understanding and evaluate the effects that alternative conceptual models
have on the performance of the geologic repository. Also, 10 C.F.R. § 63.114(e) (part of Subpart
E) requires that any performance assessment must provide the technical basis for either inclusion
or exclusion of specific FEPs in the performance assessment, and specific FEPs must be
evaluated in detail if the magnitude and time of the resulting radiological exposures to the
reasonably maximally exposed individual, or radionuclide releases to the accessible environment
would be significantly changed by their omission. Finally, 10 C.F.R. § 63.114(g) (part of
Subpart E) requires provision of the technical basis for models used in the performance
assessment such as comparisons made with outputs of detailed process-level models and/or
empirical observations (e.g., laboratory testing, field investigations, and natural analogs). This
contention alleges non-compliance with these regulatory provisions and therefore raises a
material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 2.3.2.4.1.1.1, at 2.3.2-41, states that subsurface flow at Yucca mountain
"occurs in a heterogeneous system of layered, fractured volcanic rocks." In order to estimate
seepage fluxes into emplaced waste canisters in this heterogeneous system, the behavior of
infiltrating water at the surface has to be quantified using numerical models. These models have
to capture the non-linear responses associated with unsaturated flow at a variety of scales. The

primary approach selected for deriving spatial fluxes for use within the TSPA is to represent the
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geological environment as a dual-permeability continuum. It is therefore assumed that the
fractures and volcanic tuff matrix within which these fractures exist can be considered as two
discrete and separate continua that occupy the same spatial volume. Flow can occur
simultaneously through both of these continua, as well as from one to the other. In order to
justify this simplified representation of the physical system, it has been assumed that the
hydraulic behavior of the fractures occurs in a similar way to flow in pores in a porous medium
(see SAR Subsection 2.3.2.4.1.1.2 at 2.3.2-42) and therefore flow continuity in both fracture and
matrix continua can be represented using Richards’ equation (see SAR Subsection 2.3.2.4.1.1.2
at 2.3.2-43). Thus, the flow of water per unit area in a given direction at a specific point is given
by the product of the negative gradient of the total hydraulic potential and the unsaturated
hydraulic conductivity at that point. As hydraulic conductivity is a function of capillary
pressure, parametric relationships are used to characterize this behavior. For the fractured
volcanic tuffs at Yucca Mountain, the relationship proposed by van Genuchten (van Genuchten,
M.T. (1980) "A Closed-Form Equation for Predicting the Hydraulic Conductivity of Unsaturated
Soils," SOIL SCIENCE SOCIETY OF AMERICA JOURNAL, Vol. 44(5) at 892-898), coupled with a
modification developed by Liu, ef al. (Liu, H.H., Doughty, C. and Bodvarsson, G.S. (1998) "An
Active Fracture Model for Unsaturated Flow and Transport in Fractured Rocks," WATER
RESOURCES RESEARCH, Vol. 34(10) at 2633-2646), to reflect the varying contact area of wetted
fractures with the rock matrix that occurs with changes in fracture saturation, has been assumed
(the active fracture approach). Consequently, the representation on flow in fractures is based on
a conceptual understanding developed from research on soils and soil physics (Pinder, G.F.,
Huyakorn, P.S. and Sudicky, E.A. (1993), "Simulation of Flow and Transport in Fractured

Porous Media," In: Bear, J., Tsang, C-F and de Marsily, G. (eds.) Flow and Contaminant
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Transport in Fractured Rock, San Diego, Academic Press, at 406). However, there is no formal
justification for this assumption, and indeed, there is doubt about the validity of this approach,
particularly in relation to the physical basis of the parametric relationships employed to
characterize the system.

A detailed comparison of the active fracture model with a discrete fracture network
(DFN) model showed that, although the introduction of the active fracture model improved the
ability of the dual continuum approach to predict flow (and also tracer transport) under
unsaturated conditions, it was found that, at the 1 m’ scale, the active fracture parameter varied
between 0.38 and 1.0 depending on flow conditions, "suggesting that that the AFC parameter
was not sufficient to fully capture the complexity of the flow processes in a 1 m’ discrete fracture
network" (Seol, Kneafsey and Ito (2006), "An Evaluation of the Active Fracture Concept in
Modeling Unsaturated Flow and Transport in a Fractured Meter-Sized Block of Rock," VADOSE
ZONE JOURNAL 5 at 1-13).

A further problem with the representation used to characterize unsaturated flow arises
from the use of Mualem’s model (Mualem, Y. (1976) "A New Model for Predicting the
Hydraulic Conductivity of Unsaturated Porous Media," WATER RESOURCES RESEARCH, Vol.
12(3) at 513-522) for deriving the relative hydraulic conductivity relationship from the van
Genuchten parametric relationship used to relate fracture water content with water potential. In
order to use Mualem’s model, it is assumed that the "m" and "n" parameters in the van
Genuchten equation are related. Specifically, van Genuchten assumed that m =1 — 1/n.
However, there is no physical basis for this assumption. Furthermore, Mualem introduced a so
called "tortuosity" term where the degree of saturation, Se, was raised to the power L in order to

represent the effect of tortuous flow pathways within the porous medium. Mualem assumed a
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value of 0.5 for L. This value was also assumed by van Genuchten, and therefore, has been used
in the characterization for Yucca Mountain (as shown in SAR Subsection 2.3.2.3.3.1 at 2.3.2-
25). However, there is no justification for this assumption. Work by Schaap and Leij (2000)
(Schaap, M.G. and Leij, F.J. (2000) "Improved Prediction of Unsaturated Hydraulic
Conductivity with the Mualem-van Genuchten Model," SOIL SCIENCE SOCIETY OF AMERICA
JOURNAL, Vol. 64 at 843-851) on 235 soil samples has shown that there is no benefit in setting L
= 0.5 and improved results can be obtained by calibrating it to observed hydraulic conductivity
data. Generally Schaap and Leij (2000), id., found that negative values of L achieved better fits
to the data. At increasingly negative pressures, the relative hydraulic conductivity function
becomes sensitive to the changes in the value of L. At a water potential of -100,000 Pa, typical
of those observed at Yucca Mountain ("UZ Flow Models and Submodels, MDL-NBS-HS-
000006 REV 03" (2007), LSN# DENO001572665, Section 6.9 at 6-37) changing L from 0.5 to -
0.5 results in a change in relative conductivity of around two orders of magnitude.

The lack of a physical basis for at least three of the parameters (active fracture parameter,
m and L) used to characterize the spatially varying hydraulic properties of the tuffs at Yucca
mountain is compounded by the assumption that, within a particular geological stratum, all the
parameters are horizontally homogeneous (see SAR Subsection 2.3.2.4.1.1.4 at 2.3.2-45). This
is based largely on field observations of matrix properties ("Analysis of Hydrologic Properties
Data, ANL-NBS-HS-000042 REV 00" (10/04/2004), LSN# DN2001623088 at 6-1). However,
there are no grounds for assuming that the processes that led to the extensive fracture formation
in the rock matrix produced essentially identical properties over tens of square kilometers. This
is demonstrated in the marked variation in saturated hydraulic properties derived from pneumatic

tests. Id. at 6-10.
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The combined effect of at least three of the parameters used to characterize the hydraulic
properties of the UZ at Yucca mountain not having a proper physical basis along with the
assumption that these and other properties are constant within a given geological layer, means
that the calibrated 3D site-scale flow fields, which are the basis for calculations of seepage fluxes
into waste canisters, are unreliable. Furthermore, there is no justification for assuming that these
parametric values, and hence the simulated flow fields obtained using them, are valid when
modeling flows under future climate states with different infiltration rates. Thus, the potential
for corrosion of the containers, radionuclide release and impact on the reasonably maximally
exposed individual have not been properly assessed. This arises because the full range of
relevant FEPs and the characteristics of those FEPs have not been adequately addressed,
alternative (and more appropriate) conceptual models of the system have not been considered,
and an inadequate technical basis is given for the model that has been used.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.2.4 and similar subsections, which
describe the development of the site-scale UZ flow model, because they fail to provide a
reasonable physical basis to support the characterization of the subsurface hydraulic properties at
the site of the proposed repository and do not, therefore, provide reliable bounding estimates for
drift seepage calculations under present and future climates. Specifically, the full range of
relevant FEPs and the characteristics of those FEPs have not been adequately addressed;
alternative, and more appropriate, conceptual models of the system have not been considered;
and an inadequate technical basis is given for the model that has been used. Thus, this
contention challenges that SAR Subsection 2.3.2.4 and similar subsections do not comply with

10 C.F.R. §§ 63.114(c), (¢) and (g).
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Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.



276

NEV-SAFETY-48 - MULTI-SCALE THERMAL-HYDROLOGIC MODEL

1. A statement of the contention itself

SAR Subsection 2.3.5.4, and similar and related subsections, which state or assume that
the multi-scale thermal-hydrologic model accurately models the movement of heat and mass
(liquids and gases) from the in-drift to the mountain scale, are incorrect because they ignore the
presence of ground support items, especially the hundreds of thousands of ungrouted super
Swellex-type stainless steel rock bolts that are to be installed in the emplacement drifts.

2. A brief summary of the basis for the contention

DOE’s model for the movement or transport of heat and mass from the drift scale to the
mountain scale utilizes the multi-scale thermal-hydrologic model (composed of six sub-models),
but ignores the planned installation of hundreds of thousands of ungrouted super Swellex-type
stainless steel rock bolts that will have the largest effect at the smallest scale, that is, the drift
scale.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
part 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy

the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
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E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1)(ii) requires the SAR to describe the hydrology of
the site and its effect on the safety and performance of the repository, Section 63.21(c)(3)(ii)
requires the SAR to discuss the design of the engineered barrier system and its relationship to the
post-closure performance objectives, and Section 63.21(c)(14) requires the SAR to evaluate the
natural features of the geologic setting and the design features of the engineered barrier systems
important to waste isolation. 10 C.F.R. § 63.102(h) (part of Subpart E) requires the performance
assessment to address how the natural barriers and the engineered barrier system work in
combination to enhance the resiliency of the geologic repository. 10 C.F.R. § 63.113 (also part
of Subpart E) requires the geologic repository to be designed with proper consideration to the
engineered barrier system working in combination with the natural barrier to limit radiological
exposures. 10 C.F.R. § 63.114(a) (also part of Subpart E) requires data related to geology,
hydrology and geochemistry to define parameters and conceptual models used in the
performance assessment. Finally, 10 C.F.R. § 63.115 (also part of Subpart E) addresses barriers
important to waste isolation recognizing both the engineered barrier system and the natural
features of the geologic setting. This contention alleges non-compliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Comprised of six sub-models, the multi-scale thermal-hydrologic model is DOE’s
primary modeling method to describe the movement of heat and mass (primarily gas) with time
from the smallest scale (drift) to the largest scale (mountain). However, DOE’s modeling effort
in this regard completely ignores ground support items that are to be installed in the
emplacement drifts for safety purposes and to facilitate installation of drip shields or even

removal of the waste canisters for whatever reason.
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The ground support items ignored by DOE are the ungrouted super Swellex-type stainless
steel rock bolts. There are 10 rock bolts in each vertical cross section of any emplacement drift,
spaced at a distance of 1.25 m and penetrating into the drift wall a distance of 3 m. The vertical
sections with rock bolts are spaced 1.25 m apart horizontally to yield a 1.25 m square grid
pattern of rock bolts. This installation pattern will result in thousands of these rock bolts being
installed throughout the emplacement drifts of the repository. The rock-bolt hole is about 54 mm
in diameter and the Swellex-type rock bolt is expanded with a few hundred pounds of water
pressure to snugly fill this hole. The SAR does not clearly indicate whether the rock bolt ends
are to be sealed or left open, or if sealed how much water, if any, may be left inside the expanded
bolts.

At the smallest scale, the drift scale, the rock bolts will affect heat transfer from the drifts
because a 3 m deep hole with about a 2+ inch diameter will be filled with a thin stainless steel
tube with an unknown amount of water sealed inside. The metal will facilitate heat transfer into
the rock, and if any water remains inside, each bolt may act as a small-scale heat pipe. The
small-scale heat pipe boils water at the drift wall end, which then condenses at the deeper end in
the drift wall, and eventually drips back to repeat the cycle. Only the six upward tilted rock bolts
(from the drift wall) may show this behavior since the other rock bolts are either sub-horizontal
or downward tilted. In any event, the rock bolts have the potential to change the heat distribution
around the emplacement drifts, gas phase movement, and saturation patterns in the drift wall
rocks. The Bernold-type liners have a small effect on drift-wall emissivity, increasing the
temperature differences between the drift wall and the drip shield, but the effect is within the

variations of the thermal conductivity of the drift wall rocks. See "Total System Performance
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Assessment Data Input Package for the Multiscale Thermohydrologic Model; TDR-TDIP-NF-
000008 REVO00_Final" (04/01/2007), LSN# DN2002426865 at 47.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

The hundreds of thousands of ungrouted super Swellex-type stainless steel rock bolt are
described in SAR Subsection 1.3.4. The multi-scale thermal hydrologic modeling is discussed in
SAR Subsection 2.3.5.4, as well as enclosed subsections and included references. The multi-
scale thermal hydrologic model leaves out small-scale features, such as the ground support items,
because DOE believes that these man-made features have little or no effect on the outcomes of
the modeling. However, DOE’s assumption has not been demonstrated with the rock bolts that
are to be used underground in the emplacement drifts. Thus, these subsections fail to comply
with 10 C.F.R. § 63.21(c)(14), which requires the SAR to evaluate the natural features of the
geologic setting and the design features of the engineered barrier systems important to waste
isolation, 10 C.F.R. § 63.102(h), which requires the performance assessment to address how the
natural barriers and the engineered barrier system work in combination to enhance the resiliency
of the geologic repository, 10 C.F.R. § 63.113, which requires the geologic repository to be
designed with proper consideration to the engineered barrier system working in combination
with the natural barrier to limit radiological exposures, and 10 C.F.R. § 63.115, which addresses
barriers important to waste isolation recognizing both the engineered barrier system and the
natural features of the geologic setting.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether

acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
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standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-49 - MODELS OF FLUID MOVEMENT IN THE UNSATURATED ZONE

1. A statement of the contention itself

SAR Subsections 2.3.2 and 2.3.5.3, and similar and related subsections, which state or
assume diametrically opposed methods of aqueous fluid movement in the unsaturated zone, are
inconsistent with each other and will give rise to different chemical results for seepage waters
that may contact the engineered barrier systems at some future time.

2. A brief summary of the basis for the contention

SAR Subsection 2.3.2 (unsaturated zone flow) states that fracture flow in densely welded
fractured volcanic tuffs of the TSw is the predominate method of aqueous fluid transport;
however, SAR Subsection 2.3.5.3 (near-field chemistry) assumes that plug-flow is the dominant
mode of aqueous fluid flow. These two methods are inconsistent with each other and will lead to
different chemical results for seepage waters that will eventually contact the EBS in the future
after repository closure. The adoption of two contradictory models means that the overall model
is demonstrably inconsistent and invalid, and cannot be relied upon.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety

of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
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the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1)(ii) requires the SAR to describe the hydrology of
the site and its effect on the safety and performance of the repository, Section 63.21(c)(3)(ii)
requires the SAR to discuss the design of the engineered barrier system and its relationship to the
post-closure performance objectives, and Section 63.21(c)(14) requires the SAR to evaluate the
natural features of the geologic setting and the design features of the engineered barrier systems
important to waste isolation. 10 C.F.R. § 63.102(h) (part of Subpart E) requires the performance
assessment to address how the natural barriers and the engineered barrier system work in
combination to enhance the resiliency of the geologic repository. 10 C.F.R. § 63.113 (also part
of Subpart E) requires the geologic repository to be designed with proper consideration to the
engineered barrier system working in combination with the natural barrier to limit radiological
exposures. 10 C.F.R. § 63.114(a) (also part of Subpart E) requires data related to geology,
hydrology and geochemistry to define parameters and conceptual models used in the
performance assessment. Finally, 10 C.F.R. § 63.115 (also part of Subpart E) addresses barriers
important to waste isolation recognizing both the engineered barrier system and the natural
features of the geologic setting. This contention alleges non-compliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 2.3.5.3 identifies plug flow as the method of aqueous fluid flow in the
unsaturated zone for the densely welded fractured tuffs of the Topopah Spring Tuff (TSw),
which is the geologic unit that will contain the emplacement drifts of the repository. Plug flow
implies that there is total equilibration between water flowing in the fractures and that in the

matrix of the rock. DOE supports plug flow with modeling (finite element heat and mass, or
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FEHM), strontium isotope analyses of pore water samples and mineral samples, and uranium
isotopic studies. The near field chemistry model is based on this plug flow and is used to predict
the chemistry of seepage waters that might contact the engineered barrier systems (EBS) in the
post 10,000-year period after closure of the repository.

In contrast, however, SAR Subsection 2.3.2 proposes that fracture flow of aqueous
solutions is the predominate method of fluid flow in the same densely welded and fractured tuffs
of the TSw. If fracture flow is the dominant means of fluid flow, then there is limited interaction
between waters in the fracture and presumably older, more stagnant waters held in the matrix of
the rock. Limited interaction between fracture and matrix waters suggests that their chemistry is
different. SAR Subsection 2.3.2.2.2.1 defends limited fracture-matrix interaction of waters with
field and laboratory observations, chloride concentrations in the different geologic units in the
unsaturated zone and perched water bodies, and bomb pulse chloride-36 isotopic compositions at
the ESF level in the repository rocks. Analogous field studies at Rainier Mesa on the Nevada
Test Site, and in the Negev Desert are also used to support limited fracture-matrix interactions of
water. If water flowing in fractures has limited interaction with matrix water, as stated in SAR
Subsection 2.3.2.2.2.1, then their chemical compositions will differ, and the chemistry of matrix
water cannot be used to predict the potential chemistry of seepage water the may contact EBS
components at some time in the future (up to one million years after repository closure).

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

DOE has given two incompatible methods for aqueous fluid transport in the unsaturated
zone. Specifically, SAR Subsection 2.3.2 contends that fracture flow predominates in the
unsaturated zone and that there is limited fracture-matrix interaction. However, SAR Subsection

2.3.5.3 proposes and supports a plug-flow model where there is total equilibrium between



284

aqueous liquids flowing in the fractures and the matrix. Supporting references are given in the
associated sections and subsections of the SAR. Given that there are neither samples nor
chemical analyses of aqueous fluids flowing in the fractures; DOE has only indirect evidence to
support assumptions in the near-field chemistry model. The adoption of two contradictory
models means that the overall model is demonstrably inconsistent and invalid, and cannot be
relied upon. In these circumstances, SAR Subsections 2.3.2 and 2.3.5.3 do not comply with 10
C.F.R. § 63.21(c)(14), which requires the SAR to evaluate the natural features of the geologic
setting and the design features of the engineered barrier systems important to waste isolation, 10
C.F.R. § 63.102(h), which requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository, 10 C.F.R. § 63.113, which requires the geologic repository to be designed
with proper consideration to the engineered barrier system working in combination with the
natural barrier to limit radiological exposures, 10 C.F.R. § 63.114(a), which requires data related
to geology, hydrology and geochemistry to define parameters and conceptual models used in the
performance assessment, and 10 C.F.R. § 63.115, which addresses barriers important to waste
isolation recognizing both the engineered barrier system and the natural features of the geologic
setting.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that

are not included in the LA and that are beyond the practical ability of anyone else to perform.
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Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-50 - ALTERNATIVE DISCRETE FRACTURE FLOW MODELS

1. A statement of the contention itself

SAR Subsection 2.3.2.3 and similar subsections demonstrate that DOE has not used
discrete fracture network models, which are in common use for representing water flows and
radionuclide transport in fractured rocks in the context of post-closure performance assessments;
as a consequence, the DOE approach introduces a bias into the TSPA because flow focusing and
peak flow rates are underestimated whereas transport distances and times are overestimated.

2. A brief summary of the basis for the contention

DOE models fluid flow in the unsaturated zone and seepage into the emplacement drifts
at Yucca Mountain using only a dual porosity conceptual model that poorly approximates
fracture flow and solute transport, and DOE improperly dismisses discrete fracture models that
rely on fewer assumptions, are more readily calibrated, and better represent the measured
physical characteristics at Yucca Mountain.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy

the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
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E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.114(g)
requires DOE to provide a technical basis for models used in the performance assessment
including, in particular, laboratory testing. This contention alleges non-compliance with these
regulatory provisions and therefore raises a material issue within the scope of the licensing
proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The dual porosity (DP) abstraction of fracture flow that DOE uses to assess infiltration
fluxes and seepage introduces a strong bias into the TSPA. The abstraction underestimates flow
focusing and peak flow rates and overestimates transport distances and times. Although basic
analysis of flow focusing by highly permeable lenses indicates that flow-focusing factors of
>100 should be common for fractures or faults with similar length-over-width ratios (see, e.g.,
Phillips, O.M. (1991), "Flow and Reactions in Permeable Rocks," Cambridge Univ. Press, at 66
ff), DOE’s bulk estimates of flow focusing do not exceed a factor of 6 (see SAR Fig. 2.3.3-22(a)
at 2.3.3-121). The likely explanation for these gross underestimates appears to be the volume

averaging of all fracture data during the construction of the DP model. This methodology
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assumes that essential properties like fracture length and aperture have representative averages.
This is unrealistic (cf., Bonnet, E., Bour, O., Odeling, N. E., Davy, P., Main, 1., Cowie, P., and
Berkowitz, B. (2001), "Scaling of Fracture Systems in Geological Media," REVIEWS OF
GEOPHYSICS Vol. 39, No. 3 at 347-383), and fails to sufficiently weight data outliers. The DOE
DP approach still rests on the assumptions made in the original formulation by Barenblatt, G.1I.,
Zheltov, Y.P. and Kochina, I.N. (1960), "Basic Concepts in the Theory of Seepage of
Homogeneous Fluids in Fissurized Rocks," PRIKLADNAYA MATEMATIKA I MEKHANIKA Vol. 24,
No. 5 at 852-864 (in Russian); J. APPLIED MATHEMATICS AND MECHANICS (PMM), Vol. 24, No.
5 at 1286-1303 (English)), including the one that a representative elementary volume (REV) can
be identified for the fractured rocks at Yucca Mountain such that for greater length scales the
flow properties of the rocks are scale invariant. This assumption is not supported by the field
observations of Dunne, W.M., Ferrill, D.A., Crider, J.G., Hill, B.E., Waiting, D.J., La Femina,
P.C., Morris, A.P. and Fedors, R.W. (2003), "Orthogonal Jointing During Coeval Igneous
Degassing and Normal Faulting," GSA BULLETIN, Vol. 115, No. 12 at 1492—1509 who describe
open fractures and faults on all length scales at Yucca Mountain, including clusters/fracture
corridors. These fractures and faults are not adequately represented in the DP models.

Discrete fracture network (DFN) models are available that could overcome these
deficiencies and avoid use of the assumptions associated with the volume averaging that the DP
approach relies on. DFN models capture the fracture geometry explicitly using unstructured
grids that are adaptively refined to represent small and large features at the same time. See, e.g.,
(1) Kim, J.G. and Deo, M.D. (2000), "Finite Element, Discrete-Fracture Model for Multiphase
Flow in Porous Media," AICHE JOURNAL Vol. 46, No. 6 at 1120-1130; (2) Juanes, R., Samper, J.

and Molinero, J. (2002), "A General and Efficient Formulation of Fractures and Boundary
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Conditions in the Finite Element Method," INT. J. NUM. METH. ENG., Vol. 54 at 1751-1774; (3)
Monteagudo, J.E.P. and Firoozabadi, A. (07/2004), "Control-Volume Method for Numerical
Simulation of Two-Phase Immiscible Flow in 2D and 3D Discrete-Fracture Media," WATER
RESOURCES RESEARCH, Vol. 40, W07405; and (4) Matthai, S.K. Mezentsev, A. and Belayneh,
M. (2007), "Control-Volume Finite-Element Two-Phase Flow Experiments Represented by
Unstructured 3D Hybrid Meshes," SPE 93341, Proceedings of the SPE Reservoir Evaluation and
Engineering, at 740-756. Differences in the flow behavior of the fractures and the rock matrix
can be accounted for because these are separate flow domains.

SAR Subsection 2.3.3.2.3.7.1 at 2.3.3-47 states that DFN models were not considered
because of a scarcity of information on fracture geometry and hydrologic properties on the scale
of individual fractures. However, outcrop and drift geologic mapping has provided the necessary
geostatistical fracture data (see, e.g., Dunne, et al., 2003). The essential fracture-scale
hydrological properties were also established in field tests and laboratory experiments conducted
in the frame of DOE’s characterization of Yucca Mountain, see Nicholl, M.J. and Glass, R.J.
(2005), "Infiltration into an Analog Fracture: Experimental Observations of Gravity-Driven
Fingering," VADOSE ZONE JOURNAL Vol. 4, No. 4 at 1123-1151, and references therein. Thus,
data of sufficient quality to build realistic DFNs are available for Yucca Mountain.

SAR Subsection 2.3.3.2.3.7.1 at 2.3.3-47 argues that a comparison between a DFN and a
simplified DP conducted by Finsterle, S. (2000), "Using the Continuum Approach to Model
Unsaturated Flow in Fractured Rock," WATER RESOURCES RESEARCH, Vol. 36, No. 8 at 2055-
2066. Washington, D.C.: American Geophysical Union, TIC: 248769 (2000), provided
"consistent" results. However, this study is inconclusive because the so-called DFN is based on

a regular 2D grid with an entirely synthetic, highly unrealistic permeability structure with no
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resemblance to fractured rock, and the DFN-fracture continuum model matches obtained for
selected properties are poor and restricted to a steady-state seepage scenario.

DOE's DP abstraction substantially underestimates the degree of flow focusing and the
maximum seepage flux through the repository and therefore underestimates the dose to the
RMEL

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.2.3 and similar subsections because they
demonstrate that DOE has not used DFN models, which are in common use for representing
water flows and radionuclide transport in fractured rocks in the context of post-closure
performance assessments; as a consequence, the DOE approach introduces a bias into the TSPA,
because flow focusing and peak flow rates are underestimated whereas transport distances and
times are overestimated. Thus, these subsections do not comply with 10 C.F.R. § 63.102(h),
which requires the performance assessment to address how the natural barriers and the
engineered barrier system work in combination to enhance the resiliency of the geologic
repository. It also does not comply with 10 C.F.R. § 63.113, which requires the geologic
repository to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures, or with 10 C.F.R. §
63.114(g), which requires DOE to provide a technical basis for models used in the performance
assessment including, in particular, laboratory testing.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether

acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
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standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-51 - POTENTIAL CONVECTIVE SELF ORGANIZATION OF 2-PHASE
FLOW

1. A statement of the contention itself

The simulation grids used in the mountain-scale thermal-hydrologic seepage model (see
SAR Subsections 2.3.2 and 2.3.3.3.1, and similar subsections; see also Wu, Y.S.;
Mukhopadhyay, S.; Zhang, K.; and Bodvarsson, G.S. (2006), "A Mountain-Scale Thermal-
Hydrologic Model for Simulating Fluid Flow and Heat Transfer in Unsaturated Fractured Rock,"
JOURNAL OF CONTAMINANT HYDROLOGY, Vol. 86 at 128-159, Fig. 2 are too coarse to capture the
spatial self-organization and accompanying localization of single and two-phase (steam and
condensed water) flow which is likely to occur in the thermal loading phase of the repository.

2. A brief explanation of the basis for the contention

The TSPA thermal-hydrologic model is discretized too coarsely to capture the two-phase
flow and saturation patterns and the localization of the flow that is expected to occur in the
thermal phase following repository closure. Specifically, due to its limited spatial resolution and
the integrated finite-difference dual continuum discretization employed, which only permits the
resolution of a single fracture and matrix saturation value per grid cell, the TSPA mountain-scale
model cannot resolve localized flow or convective circulation in the plane of permeable faults. It
follows that DOE’s TSPA TH simulation results are inconclusive.

3. Demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,

paragraph 1 of the Notice of Hearing.
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4. Demonstration that the contention is material to the findings that NRC must make to
license Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.114(g)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for models used in the performance assessment such as
comparisons made with outputs of detailed process-level models and/or empirical observations
(e.g., laboratory testing, field investigations, and natural analogs). This contention alleges non-
compliance with these regulatory provisions and therefore raises a material issue within the

scope of the licensing proceeding.
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5. Concise statement of the facts or expert opinions supporting the contention along with
appropriate citations of supporting scientific or factual materials

SAR Subsection 2.3.3 introduces the multi-scale thermal-hydrologic TSPA-LA model for
mountain- to drift-scale processes (see SAR Subsection 2.3.5.4.1) and a hierarchy of 3D finite
volume simulation grids (see, e.g., SAR Figs. 2.3.2-10 and 2.3.5-26) refined to a most detailed
spatial resolution of 81 m perpendicular to the repository drifts in the repository region. See
"Multiscale Thermohydrologic Model, ANL-EBS-ML-000049, Rev. 03, Add. 02" (01/29/2008),
Sandia National Laboratories, LSN# DEN001575312, sections 6.2.4-6.2.9 at 6-23 through 6-50
and sections 6.2.14[a] to 6.2.17[a] at 6-11[a] through 6-17[a]. This resolution is too coarse to
capture drift-scale flow instabilities that may originate at the drift scale but can grow in size to
the repository scale.

Higher resolution thermal-hydrologic simulation models and simulation results exist only
in 2D (see SAR Subsection 2.3.3.3.3.1 and Fig. 2.3.3-35) and do not contain first-order
heterogeneities like faults, although many of these intersect the repository drifts (see, e.g., Potter,
C.J.; Day, W.C.; Sweetkind, D.S.; and Dickerson, R.P. (2004), "Structural Geology of the
Proposed Site Area for a High-Level Radioactive Waste Repository, Yucca Mountain, Nevada"
GSA BULLETIN, 116:7/8 at 858-879).

However, thermally driven fluid/steam convection around faults and the buoyancy driven
two-phase fluid flow that will occur after repository closure are three-dimensional coarsening
instabilities which — even in the absence of permeability heterogeneity — can produce highly
localized flow and self-organized saturation patterns that need to be resolved in three dimensions
(cf., Murphy, H.D. (1979), "Convective Instabilities in Vertical Fractures and Faults," JOURNAL
OF GEOPHYSICAL RESEARCH, 84, B11, 6 at 6121-6130; and Lopez, D. and Smith, L. (1995),

"Fluid Flow in Fault Zones: Analysis of the Interplay of Convective Circulation and
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Topographically Driven Groundwater Flow," WATER RESOURCES RESEARCH, Vol. 31, No. 6 at
1489-1503), and on the scale of the repository because their size (and the size of regions where
steam and water travel on separated pathways) can reach this scale (see Gascoyne, M. and
Wuschke, D.M. (1997), "Gas Migration Through Water-Saturated, Fractured Rock: Results of a
Gas Injection Test," J. HYDROLOGY, 196, 1-4 at 76-98). The mountain scale thermal-hydrologic
TSPA-LA model is not fit for this purpose.

Thus, the TSPA thermal-hydrologic model is discretized too coarsely to capture the two-
phase flow and saturation patterns and the localization of the flow is expected to occur in the
thermal phase following repository closure.

Nowhere in the SAR or LA as a whole are there reports of results from mesh
convergence tests to demonstrate that a mountain-scale model with enhanced resolution will give
the same flow patterns and degree of flow localization. The 3D maintain scale model (cf., Wu, et
al. (2006) and Wu, Y.S., Lu, G., Zhang, K., and Bodvarsson, G.S. (2007), "An Integrated
Modeling Approach for Characterizing Multiphase Flow, Chemical Transport, and Heat Transfer
in Fractured Reservoirs, SPE-106996," Presented at the SPE Europe/EAGE Annual Conference
and Exhibition held in London, United Kingdom, June 11-14, 2007, and uncertainty assessment
by Ye, M., Pan, F., Wu, Y.S., Hu, B., Shirley, C., and Yu, Z. (2007), "Assessment of
Radionuclide Transport Uncertainty in the Unsaturated Zone at Yucca Mountain," ADVANCES IN
WATER RESOURCES, Vol. 30 at 118-134) has the dimensions 8000 x 4000 x 1500 m, and grid-
block sizes ~80-400m. In geothermal proxy systems with similar rock types and fracturing,
steam and water tend to flow on spatially segregated pathways and steam discharge is often
localized to sub-meter scale vents (see, e.g., O’Sullivan, M.J., Modvarsson, G.S., Pruess, K. and

Blakeley, M.R. (1985), "Fluid and Heat Flow in Gas-Rich Geothermal Reservoirs, LBL-16329,"
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Soc. PET. ENG. J., Vol. 25 No. 2 at 215-226). This is true also for gas discharges in fractured
crystalline water-saturated rocks (Gascoyne and Wuschke, 1997).

Due to its limited spatial resolution and the integrated finite difference dual continuum
discretization employed, which only permits the resolution of a single fracture and matrix
saturation value per grid cell, the TSPA mountain-scale model cannot resolve the types of
localized flow described above or convective circulation in the plane of permeable faults (Lopez
and Smith, 1995). It follows that DOE’s TSPA thermal-hydrologic simulation results are
inconclusive.

6. Information to show that there is a genuine dispute with DOE, along with specific
references to the portions of the LA being controverted

The simulation grids used in the mountain-scale thermal-hydrologic seepage model
described in SAR Subsections 2.3.2 and 2.3.3.3.1 are too coarse to capture the spatial self-
organization and accompanying localization of single and two-phase (steam and condensed
water) flow which is likely to occur in the thermal loading phase of the repository. Therefore,
these subsections do not comply with 10 C.F.R. § 63.114(g), which requires that any
performance assessment used to demonstrate compliance with Section 63.113 must provide the
technical basis for models used in the performance assessment such as with outputs of detailed
process-level models. In this case, the models used do not have an adequate technical basis to

simulate the phenomena that they purport to represent.
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NEV-SAFETY-52 - EBS AND NEAR-FIELD MODELING APPROACH

1. A statement of the contention itself

SAR Subsection 2.3.3 and similar subsections describe a sequential and unidirectional
linked modeling approach for the engineered barrier system and near-field that is untenable
because that modeling approach suppresses emergent behavior and ignores the influence that
coupled repository processes have on one another.

2. A brief summary of the basis for the contention

If waste is emplaced into Yucca Mountain, the thermal structure of the engineered barrier
system (EBS) and near-field during the thermal phase will be the product of the interplay of
diffusive (thermal conduction) and advective (gravity-driven infiltration and steam convection)
heat and mass transfer processes coupled with phase transitions (boiling, evaporation and
condensation). Ignoring the influence that these processes have on the seepage flux, as the DOE
modeling approach does by using seepage as a boundary condition read from a lookup table, is
untenable because seepage and its focusing are directly (i.e., first-order) dependent on saturation
as affected by the circulating steam. Conversely, steam flow and circulation depend on the
seepage flux and its distribution.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. Demonstration that the contention is material to the findings that NRC must make to
license Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at

the Yucca Mountain site if it determines that there is reasonable expectation the materials
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described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect
compliance with Section § 63.113 have been characterized, and Section 63.21(c)(15) requires an
explanation of the measures used to provide the information required in Section 63.21(c)(9). In
demonstrating compliance with 10 C.F.R. § 63.113 (part of Subpart E), a performance
assessment must be performed that addresses the requirements of 10 C.F.R. § 63.114(a) (also
part of Subpart E) to include data related to the geology, hydrology, and geochemistry of the
Yucca Mountain site, Section 63.114(b) to account for uncertainties and variabilities in
parameter values and provide the technical basis for parameter ranges, and Section 63.114(f) to
provide the technical basis for models used. This contention alleges non-compliance with these
regulatory provisions and therefore raises a material issue within the scope of the licensing
proceeding.

5. Concise statement of the facts or expert opinions supporting the contention along with
appropriate citations of supporting scientific or factual materials

The current DOE approach to EBS and near-field modeling assumes that the highly
coupled, complex phenomena operating at Yucca Mountain can be predicted by decomposition
into a collection of component process models which, when coupled sequentially — using one
model’s output as input for the next one — provide a predictive model of near-field behavior. See
SAR Subsection 2.3.3 and Fig. 2.3.3-2. However, this logic holds only for weakly coupled
relatively simple systems for which cause and effect chains and process interfaces are well

established.
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DOE assumes, for example, that calibrated seepage fluxes, including focusing leading to
spatial flux variations in the vicinity of the drifts, can be computed in isolation. See SAR
Subsection 2.3.3 and Fig. 2.3.3-2. In its EBS and near-field modeling approach, DOE then reads
these fixed values in from a lookup table. During the thermal phase of the repository,
steam/moist air is likely to convect in the fractured rock mass surrounding the emplacement
drifts, and where this steam condenses it can bring the seeping water to boiling, changing its
path. Additionally, moisture from below the drifts may become entrained into this circulation,
locally increasing the seepage flux. All such instabilities, which will increase in magnitude with
time, and the resulting process interactions, are suppressed by DOE's sequential modeling
approach and abstraction of the seepage flux which prescribes process linking as opposed to
letting it evolve as an emergent coupled feature of the model.

Furthermore, many of the laboratory findings and numerical modeling results obtained
for small-scale flow processes at Yucca Mountain point to process interdependencies that are
inconsistent with how these processes are abstracted in the most-recent TSPA models. Examples
of such small-scale processes include vaporizing water flow (see Pruess, K. (1997) "On
Vaporizing Water Flow in Hot Sub-Vertical Rock Fractures," TRANSPORT IN POROUS MEDIA,
Vol. 28 at 335-372), gravity-driven infiltration instabilities in the fractures (see Nicholl, M.J.,
Glass, R.J., and Wheatcraft, S.W. (1994) "Gravity-Driven Infiltration Instability in Initially Dry
Non-Horizontal Fractures," WATER RESOURCES RESEARCH, Vol. 30 No. 9 at 2533-2546), and
film flow (see Tokunaga, T.K. Wan, J. and Sutton, S. (2000) "Transient Film Flow on Rough
Fracture Surfaces," WATER RESOURCES RESEARCH, Vol. 36 at 1737-1746). Ignoring such
important physics has resulted in an over-calibrated model with little predictive capabilities.

Like the underground-discovery of anthropogenic *°Cl near a fault in the repository (see
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Campbell, K., Wolfsberg, A., Fabryka-Martin, J., and Sweetkind, D. (2003), "Chlorine-36 Data
at Yucca Mountain: Statistical Tests of Conceptual Models for Unsaturated Zone Flow,"
JOURNAL OF CONTAMINANT HYDROLOGY, Vol. 62/63 at 43-61), there are already several
examples where "the actual behaviour of the geological system forced the re-examination of this
conceptual model" (cf., Long, J.C.S. and Ewing, R.C. (2004), "Yucca Mountain: Earth-Science
Issues at a Geologic Repository for High-Level Nuclear Waste," ANNUAL REVIEW OF EARTH
AND PLANETARY SCIENCE, Vol. 32 at 363-401).

In an appropriate fully coupled engineered barrier system and near-field model, the
vigorous recirculation of liquid water and steam would strongly alter the composition and
amount of water interacting with the engineered barriers. Corrosion would be enhanced and
flows of water and steam into the degraded waste packages could be increased leading to
increases in radionuclide releases and doses to the RMEIL.

6. Information to show that there is a genuine dispute with DOE, along with specific
references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.3 and similar subsections because they
describe a sequential and unidirectional linked modeling approach for the engineered barrier
system and near-field that is untenable because that modeling approach suppresses emergent
behavior and ignores the influence that coupled repository processes have on one another. Thus,
these subsections do not comply with 10 C.F.R. § 63.114(a), which requires any performance
assessment to include data related to the geology, hydrology, and geochemistry of the Yucca
Mountain site, Section 63.114(b), which requires any performance assessment to account for
uncertainties and variabilities in parameter values and provide the technical basis for parameter
ranges, and Section 63.114(f) which requires any performance assessment to provide

the technical basis for models used.
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NEV-SAFETY-53 - APPLICATION OF THE FRACTURE MATRIX DUAL
CONTINUUM MODEL TO ALL UNSATURATED ZONE FLOW PROCESSES

1. A statement of the contention itself

In SAR Subsection 2.3.2.3 and similar subsections, DOE states that fluid flow in the
fractured rock at Yucca Mountain is modeled using the dual continuum idealization in
conjunction with the Van Genuchten relative permeability/capillary pressure model for the
fractures, but experimental studies show that multiphase fluid flow through larger aperture
fractures cannot be described by this model and this calls into question all of DOE’s conclusions
regarding in-drift seepage and infiltration rates.

2. A brief summary of the basis for the contention

DOE uses the dual-continuum approach to model fracture and matrix flow. Hence two
sets of properties (i.e., relative permeability and capillary pressure curves), along with other
intrinsic properties (e.g., permeability, porosity, density, fracture geometric parameters, and
transport properties) are needed for the fracture and matrix systems, respectively. The Van
Genuchten (VG) model of relative permeability and capillary pressure functions is used to
describe variably saturated flow in both fracture and matrix continua. Although this may be
appropriate for small aperture fractures at a sufficiently small rate of flow, research by DOE on
fluid infiltration into the fractures at Yucca Mountain identified flow behavior that cannot be
captured using the VG approach. This deficiency implies that infiltration rates predicted by DOE
may be orders of magnitude too low. Also, the DOE dual continuum model makes predictions
for the behavior of the fracture-matrix composite that are completely inconsistent with

corresponding experiments, and discrete fracture and matrix models.
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3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings that NRC must make to
license Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.114(g)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for models used in the performance assessment such as
comparisons made with outputs of detailed process-level models and/or empirical observations

(e.g., laboratory testing, field investigations, and natural analogs). This contention alleges non-
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compliance with these regulatory provisions and therefore raises a material issue within the
scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention along with
appropriate citations of supporting scientific or factual materials

DOE uses the dual-continuum approach to model fracture and matrix flow. This means
that all flow predictions are based on two sets of properties: relative permeability and capillary
pressure curves. The Van Genuchten (VG) model of relative permeability (Van Genuchten,
M.Th. (1980), "A Closed-Form Equation for Predicting the Hydraulic Conductivity of
Unsaturated Soils," SOIL SCIENCE SOCIETY OF AMERICA JOURNAL, Vol. 44 at 892-898) and
capillary pressure functions is used for these, and therefore, for the variably saturated flow in
both fracture and matrix continua.

Although the VG model may be appropriate for small aperture fractures at a sufficiently
small rate of flow, research undertaken for DOE on fluid infiltration into the fractures at Yucca
Mountain (see Persoff, P., and K. Pruess (1995), "Two-Phase Flow Visualization and Relative
Permeability Measurement in Natural Rough-Walled Rock Fractures," WATER RESOURCES
RESEARCH, Vol. 31 No. 5 at 1175-1186; Nicholl, M.J., Glass, R.J., and Wheatcraft, S.W. (1994),
"Gravity-Driven Infiltration Instability in Initially Dry Non-Horizontal Fractures," WATER
RESOURCES RESEARCH, Vol. 30, No. 9 at 2533-2546; Nicholl, M.J., and R.J. Glass (2005),
"Infiltration into an Analog Fracture: Experimental Observations of Gravity-Driven Fingering,"
VADOSE ZONE JOURNAL, Vol. 4 at 1123-1151) identified flow behavior that cannot be captured
by the VG approach. This deficiency (compare VG relative permeability curve for water with
that seen in instable infiltration experiments) and the inability of the VG-based Yucca Mountain
model to deal with fingering in the fracture planes imply that infiltration rates predicted by DOE

may be orders of magnitude too low. Also, the DOE dual continuum model predictions for the
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behavior of the fracture matrix composite are inconsistent with corresponding experiments (see
Kwicklis, E.M., Thamir, F., Healy, R.W. and Hampson, D. (1998), "Numerical Simulation of
Air- and Water-Flow Experiments in a Block of Variably Saturated, Fractured Tuff from Yucca
Mountain, Nevada," U.S. Geological Survey Water Resources Investigations Report 97-4274, 64
p.; Rangel-German, E.R. and Kovscek, A.R. (2000), "Matrix fracture interaction in single matrix
blocks," Proc. 25th Wkshp. Geotherm. Res. Eng., Stanford U., Stanford, CA, January 24-25,
2000, SGP-TR-165; Rangel-German. E. R., Akin, S. and Castanier, L. (2006), "Multiphase-Flow
Properties of Fractured Porous Media," JOURNAL OF PETROLEUM SCIENCE AND ENGINEERING,
Vol. 51 at 197-213) where fracture saturation at high flow rates does not reflect a capillary
pressure equilibrium with the surrounding rock, and with results from discrete fracture and
matrix models (see Matthai, S.K. Mezentsev, A. and Belayneh, M. (2007), "Finite Element—
Node-Centered Finite-Volume Two-Phase-Flow Experiments With Fractured Rock Represented
by Unstructured Hybrid-Element Meshes," SPE 93341-PA, SPE RESERVOIR EVALUATION &
ENGINEERING, Vo0l.10, No. 6 at 740-756).

Furthermore, the DOE model concept for capillary pressure in the variable aperture
fractures at Yucca Mountain is based on the assumption of invasion percolation (see Pruess, K.,
and Tsang, Y.W. (1990), "On Two-Phase Relative Permeability and Capillary Pressure of
Rough-Walled Rock Fractures," WATER RESOURCES RESEARCH, Vol. 26, No. 9 at 1915-1926;
Persoff and Pruess (1995)). The fallacy of this conceptualization when applied to meter-scale
fractures, as opposed to the pore-scale, is that constrictions meters away from the point of
interest are supposed to have an influence on the local capillarity of the fracture. This can hold
only if there is an infinite amount of time for equilibration and in the absence of gravitational

forces. These, however, are the main driver for fluid infiltration and seepage at Yucca Mountain.
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Finally, all the relative-permeability experiments relating to fractures have identified flow
regimes marked by saturation patterns that grow to the scale of the experimental apparatus.
These coarsening instabilities suggest that the observed behavior is scale dependent. This has
not been investigated by DOE.

6. Information to show that there is a genuine dispute with DOE, along with specific
references to the portions of the LA being controverted

In SAR Subsection 2.3.2.3 and similar subsections, DOE states that fluid flow in the
fractured rock at Yucca Mountain is modeled using the dual continuum idealization in
conjunction with the Van Genuchten relative permeability/capillary pressure model for the
fractures, but experimental studies show that multiphase fluid flow through larger aperture
fractures cannot be described by this model and this calls into question all of DOE’s conclusions
regarding in-drift seepage and infiltration rates. Thus, these subsections do not comply with 10
C.F.R. § 63.114(g), which requires that any performance assessment used to demonstrate
compliance with § 63.113 must provide the technical basis for models used in the performance
assessment such as comparisons made with outputs of detailed process-level models and/or
empirical observations (e.g., laboratory testing, field investigations, and natural analogs). In this
case, the technical basis of the model used is flawed, and comparisons with experimental data or

with other, alternative models reveal these flaws.
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NEV-SAFETY-54 - CONSTITUTIVE RELATIONSHIPS IN THE YUCCA MOUNTAIN
INFILTRATION, THERMO-HYDROLOGIC, AND TSPA MODELS

1. A statement of the contention itself

Whereas DOE’s infiltration-, seepage- (see SAR Subsection 2.3.3 and related
subsections), thermohydrologic- (see SAR Subsection 2.3.3.3 and related subsections), and
TSPA models (SAR Subsection 2.3.3.4 and related subsections) are designed for steady-state
conditions, infiltration, thermally driven flow, and fracture seepage have all been documented to
be episodic and this means that conditions at Yucca Mountain lie outside the range of
applicability of DOE’s models.

2. A brief summary of the basis for the contention

The infiltration-, seepage-, thermohydrologic-, and the TSPA models for Yucca
Mountain all use single (history independent) relative permeability and capillary pressure curves
to model water flow through fractures. However, relative permeability curves are known to be
hysteretic and even flow-rate dependent. Unstable regimes of fracture flow which cannot be
modeled with the relative permeability approach were documented by Fourar, M., Bories, S.,
Lenormand, R. and Persoff, P. (1993) "Two-Phase Flow in Smooth and Rough Fractures:
Measurement and Correlation by Porous-Medium and Pipe Flow Models" WATER RESOURCES
RESEARCH, Vol. 29, No. 11 at 3699-3708) and Nicholl, M.J., and R.J. Glass (2005) "Infiltration
into an Analog Fracture: Experimental Observations of Gravity-Driven Fingering," VADOSE
ZONE JOURNAL, Vol. 4 at 1123-1151). The omission of these well-documented hysteretic
properties by DOE implies that the aforementioned models can only be applied for
monotonically decreasing or increasing saturations. This limitation is at odds with their
application to both the heating (saturation decreasing) and cooling (saturation increasing) parts of

the postulated repository thermal history. Furthermore, this shortcoming rules out their
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application to simulate wetting and drying cycles triggered by heavy thunderstorms as in 1984
and 2003 or to non-steady seepage or steam flow in the thermal phase of the repository.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings that NRC must make to
license Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(e) requires the
performance assessment to provide the technical basis for either inclusion or exclusion of
specific FEPs in the performance assessment. Specific FEPs must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed

individual, or radionuclide releases to the accessible environment, would be significantly
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changed by their omission. Also, 10 C.F.R. § 63.114(c) requires the performance assessment to
consider alternative conceptual models of features and processes that are consistent with
available data and current scientific understanding and evaluate the effects that alternative
conceptual models have on the performance of the geologic repository.

5. A concise statement of the facts or expert opinions supporting the contention along with
appropriate citations of supporting scientific or factual materials

In SAR Subsection 2.3.3, the calibration of the capillary strength is discussed. Hysteresis
of the relative permeability curves which is well documented process observed in field and in
laboratory studies is excluded from DOE’s dual continuum model. Thus, a single set of curves is
used by DOE for imbibition and drainage cycles, although it is standard practice in groundwater
hydrology or reservoir engineering to use separate pairs of experimentally determined relative
permeability and capillary pressure curves for imbibition and drainage, respectively (see, e.g.,
Dullien, F.A.L. (1992) "Porous Media: Fluid Transport and Pore Structure," 2d ed., ACADEMIC
PRESS, San Diego, CA). Hysteretic behavior is ignored by DOE, and SAR Subsection 2.3.3.2.3
treats capillarity and permeability as effective parameters obtained by matching the model to
"data that contain information about the seepage process."

This treatment implies that when physically realistic boundary conditions of episodic
flow were introduced into the simulations, DOE’s models would be used outside their range of
calibration and therefore applicability. This fundamental shortcoming of the modeling strategy
appears to be the underlying reason for why a large majority of the included FEPs concern

steady-state and quasi-steady state behavior (i.e., gradually changing over thousands of years).
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6. Information to show that there is a genuine dispute with DOE, along with specific
references to the portions of the LA being controverted

Whereas DOE’s infiltration-, seepage- (SAR Subsection 2.3.3), thermohydrologic- (SAR
Subsection 2.3.3.3), and TSPA models (SAR Subsection 2.3.3.4) are designed for steady-state
conditions, infiltration, thermally driven flow, and fracture seepage have all been documented to
be episodic and this means that conditions at Yucca Mountain lie outside the range of
applicability of DOE’s models. This means that DOE models used do not comply with 10
C.F.R. § 63.114(e), which requires the performance assessment to provide the technical basis for
either inclusion or exclusion of specific FEPs, such as hysteresis, in the performance assessment.
Furthermore, there is a failure to comply with 10 C.F.R. § 63.114(c), which requires the
performance assessment to consider alternative conceptual models of features and processes that
are consistent with available data and current scientific understanding and evaluate the effects
that alternative conceptual models have on the performance of the geologic repository. Indeed,
in this case, the alternative conceptual models that are available would often be preferred over

the conceptual model adopted by DOE.
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NEV-SAFETY-55 - DATA FOR THE CHEMISTRY OF PORE WATERS IN THE
TOPOPAH SPRINGS (TSw) FORMATION

1. A statement of the contention itself

Data for the chemical compositions (pH, alkalinity, nitrate) of pore waters in the Topopah
Springs (TSw) rock formation, as used in SAR Subsection 2.3.5.3.2 and related subsections, are
inadequate, because the data are incomplete and/or lack sufficient reliability.

2. A brief summary of the basis of the contention

The majority of 125 analyses of pore water samples have been screened out for various
reasons; the remaining analyses have uncertainties and variabilities in pH values that are
inconsistent with the assumption that pH is constrained by partial pressure of carbon dioxide
P(CO,) and may also have microbial artifacts that would have decreased nitrate concentrations
and thus biased the compositions of salts and deliquescent brines that will form during the
thermal period.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy

the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
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E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(14) requires the SAR to include an evaluation of
natural features of the geologic setting that are considered barriers important to waste isolation as
required by 10 C.F.R. § 63.115. 10 C.F.R. § 63.115(b) (part of Subpart E) requires that the
description of the capability of barriers offered by natural features should take account of
uncertainties in characterizing and modeling their behavior. 10 C.F.R. § 63.21(c)(15) requires
that the analyses and models that will be used to assess performance of the geologic repository
must be supported by using an appropriate combination of such methods as field tests, in situ
tests, laboratory tests that are representative of field conditions. This contention alleges non-
compliance with these regulatory provisions and therefore raises a material issue within the
scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

This contention challenges the degree of certainty implied in the SAR about the chemical
composition of present and future pore waters in the Topopah Springs Welded Tuff formation
which would be the host formation for the disposal drifts. The chemical composition of water in
the vicinity of the disposal drifts will influence the rates at which the disposal system
components, i.e., drip shields and waste containers, will degrade and therefore the timing and
rates of future radioactive waste releases. Moreover the uncertainty in pore water composition is
propagated into the degree of uncertainty in the predictions by modeling of the compositions of
salts and brines that will be formed in the drifts due to refluxing and deliquescence during the
initial thermal period after waste emplacement.

In total, 125 analyses of TSw pore waters are available. See "Engineered Barrier System:
Physical and Chemical Environment, ANL-EBS-MD-000033 REV06" (08/31/2007), LSN#

DN2002452948 at § 6.6. After screening for "incomplete pore-water analyses and those not
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considered representative of current ambient conditions," id., Section 6.6.1, at 6-86, that total
was reduced to 90. That number was further reduced to 34 after applying some criteria for
identifying which samples had been affected by microbial processes during core storage. Best
practice was evidently not being applied in allowing core samples to be stored and to have
degraded in this way prior to extraction and analysis of pore waters. There must be doubt about
the reliability of the chemical data for the selected 34 samples. This doubt applies especially to
measured pH and alkalinity, i.e., bicarbonate anion, data because pH and alkalinity are
particularly susceptible to microbial alteration as is admitted in DN2002452948, Section 6.6.3.
On top of these uncertainties, "fully half of the analyses lack pH data and ten lack bicarbonate
data," id. at 6-100, so that many of the pH values have been calculated from analyzed alkalinity
by assuming a fixed value of 10 bars for P(CO,). These pH values will have additional
uncertainties from the alkalinity data and the assumption of fixed P(CO;). Measured pH values
vary from about 6.6 to 8.2 and P(CO,) calculated by assuming CO;-bicarbonate equilibrium
(only for samples where measured pH and alkalinity are available) is always higher than 107
bars. Therefore either pH calculated using P(CO,) = 107 bars is always too low, or the measured
pH values are too high. These uncertainties are additional to those declared in paragraph 4.1.16
that were based on uncertainties in alkalinity data. The data for nitrate in pore waters probably
have also been biased to low values by microbial degradation during core storage. This means
that the chloride/nitrate ratios calculated with the EQ3/6 model for evaporation (id., Section
6.6.5) are likely to be too high. In summary, there are unquantifiable uncertainties in the
measured and calculated chemical compositions of TSw pore waters and in the modeled
compositions of evaporated brines and deliquescent salts. Thirty-four analyses is an insufficient

number on which to understand the present-day variability and geochemical controls of pore
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water compositions, the likely future variability of compositions, and how the compositions of
evaporative brines and deliquescent salts will be determined.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

SAR Subsection 2.3.5.3.2 and related subsections do not comply with 10 C.F.R. §
63.115(b), which requires that the description of the capability of barriers offered by natural
features should take account of uncertainties in characterizing and modeling their behavior. This
is because data for the chemical compositions (pH, alkalinity, nitrate) of pore waters in the
Topopah Springs (TSw) rock formation are incomplete and/or lack sufficient reliability. Further
10 C.F.R. § 63.21(c)(15) requires that the analyses and models that will be used to assess
performance of the geologic repository must be supported by using an appropriate combination
of such methods as field tests, in situ tests, laboratory tests that are representative of field
conditions. The data for the chemical compositions (pH, alkalinity, nitrate) of pore waters in the
Topopah Springs (TSw) rock formation do not comply with this requirement, again because the

data are incomplete and/or lack sufficient reliability.
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NEV-SAFETY-56 - GEOCHEMICAL INTERACTIONS AND EVOLUTION IN THE
UNSATURATED ZONE, INCLUDING THERMO-CHEMICAL ALTERATION OF TSw
HOST ROCK

1. A statement of the contention itself

Screening of FEPs (Features/Events/Processes) 2.2.08.03.0B and 2.2.10.09.0A
"Geochemical interactions and evolution in the UZ" and "Thermo-chemical alteration of the TSw
basal vitrophyre" from performance assessments in SAR Subsection 2.2.1.2 and related
subsections and as specifically stated at SAR Table 2.2-1 at 2.2-143 and 2.2-145 is not justified.

2. A brief summary of the basis of the contention

Geochemical alteration of rocks in the unsaturated zone around and underlying
deposition drifts will produce alteration minerals that will affect the retention and transport of
radionuclides, therefore these FEPs should be considered in performance assessment in terms of
alternative models for radionuclide transport.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart

E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
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to which those FEPs of the site that are expected to materially affect compliance with Section
63.113 have been characterized, and the extent to which they affect waste isolation. 10 C.F.R. §
63.114(e) (part of Subpart E) requires that any performance assessment must provide the
technical basis for either inclusion or exclusion of specific FEPs in the performance assessment,
and specific FEPs must be evaluated in detail if the magnitude and time of the resulting
radiological exposures to the reasonably maximally exposed individual, or radionuclide releases
to the accessible environment would be significantly changed by their omission. This contention
alleges non-compliance with these regulatory provisions and therefore raises a material issue
within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Geochemical alteration of rock units in the unsaturated zone, namely the Topopah
Springs Tuff (TSw) in the immediate vicinity of the deposition drifts and in the underlying
unsaturated zone (UZ), will occur over the assessment timescale especially where affected by
heating due to the waste. Alteration products will be calcium carbonate, iron oxide, zeolites and
clay minerals. Radionuclides will be sorbed or co-precipitated with these alteration products and
could subsequently be re-mobilized as "pulses" of radionuclides, if geochemical conditions in the
UZ were to change. Possibilities of episodic release from secondary minerals have not been
considered. These processes should be taken into account in performance assessment.

Thermo-chemical alteration of the TSw unit, specifically the basal vitrophyre lithology, is
a specific case of such alteration because this unit would be subject to a long period of heating
due to the emplaced waste. Being a volcanic glass, it is susceptible to thermal alteration to clays
and zeolites. DOE’s justification for excluding this FEP is based on analogy with the extent of

alteration caused by the period of natural hydrothermal heating following extrusion and
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deposition of these volcanic rocks. There is uncertainty and controversy over the duration of this
past period of hydrothermal heating and alteration and also over whether the mechanism of
heating was just conductive or also involved advection of heated water. See Dublyansky, Y.
(2007), "Analysis of the Treatment, by the U.S. Department of Energy, of the FEP Hydrothermal
Activity in the Yucca Mountain Performance Assessment," RISK ANALYSIS, Vol. 27 No. 6 at
1455-1468; and Dublyansky, Y. and Polyansky, O. (2007), "Search for the Cause-Effect
Relationship Between Miocene Silicic Volcanism and Hydrothermal Activity in the Unsaturated
Zone of Yucca Mountain, Nevada: Numerical Modeling Approach," JOURNAL OF GEOPHYSICAL
RESEARCH, Vol. 112, B09201. In this context, DOE’s justification is questionable and may not
be valid.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

Screening of FEPs (Features/Events/Processes) 2.2.08.03.0B and 2.2.10.09.0A
"Geochemical interactions and evolution in the UZ" and "Thermo-chemical alteration of the TSw
basal vitrophyre" from performance assessments in SAR Subsection 2.2.1.2 and related
subsections and as specifically stated at SAR Table 2.2-1 at 2.2-143 and 2.2-145 is not justified.
Thus, these subsections do not comply with 10 C.F.R. § 63.114(e), which requires that any
performance assessment must provide the technical basis for either inclusion or exclusion of
specific FEPs in the performance assessment, and specific FEPs must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment would be significantly changed
by their omission.

Because the TSPA is a complex non-linear model, and changes in the approach adopted

are likely to result in changes in the results obtained that vary both as a function of time post-
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closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-57 - DATA FOR NEAR-FIELD CHEMISTRY MODELS

1. A statement of the contention itself

SAR Subsection 2.3.5.3, and similar and related subsections, which state or assume that a
limited number of pore water analyses are sufficient for the near-field chemistry model, is not
justifiable and therefore fails to appropriately define the range of conditions in which corrosion
can occur.

2. A brief summary of the basis for the contention

DOE assumes, incorrectly, that 34 pore water analyses from only three of the four
members of the Topopah Spring Tuff, with limited geospatial sampling and no analyses of
fracture flow water, is sufficient characterization for the near-field chemistry model, which
provides the compositions of seepage water over time and temperature that will contact the in-
drift EBS after it has cooled to below boiling temperatures.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart

E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1)(ii) requires the SAR to describe the hydrology of
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the site and its effect on the safety and performance of the repository. 10 C.F.R. § 63.102(h)
(part of Subpart E) requires a description of the natural barrier capabilities, including matrix
diffusion in the unsaturated zone, so that the setting of the geologic repository is capable of
contributing to the isolation of radioactive waste. 10 C.F.R. § 63.102(j) requires the performance
assessment to represent a wide range of natural features, including potentially adverse effects of
fracture flow. 10 C.F.R. § 63.114(a) (also part of Subpart E) requires data related to geology,
hydrology and geochemistry to define parameters and conceptual models used in the
performance assessment. Finally, 10 C.F.R. § 63.115 (also part of Subpart E) requires an
identification of the natural features of the geologic setting that are considered barriers important
to waste isolation, a description of their capabilities to isolate waste, and a technical basis for the
description. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

DOE has identified from less than a hundred pore water analyses in the Topopah Spring
Tuff (TSw) only 34 analyses with the proper charge balance and lack of microbial activity that
they consider sufficient to base the near-field chemistry model upon. The pore water analyses
(see SAR Subsection 2.3.5.3.2.2.1 at 2.3.5-28) have been divided into four compositional groups
(21, 7, 3, and 3 samples) and one group of three samples is from the same location (Alcove 5).
Only three of the four members (Tptpul, Tptpmn, Tptpll, and Tptpln) of the TSw have been
sampled. Yet, DOE has deemed this a sufficient number of samples to represent the entire TSw
and with sufficient geospatial distribution in the TSw for the near-field chemistry model. In
addition, DOE has not identified, or sampled, any natural fracture flow waters with which to

validate their assumption that there is an equilibrium between fracture flow and matrix waters.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted.

The near-field chemistry model is discussed in SAR Subsection 2.3.5.3. The chemical
analyses of pore waters are from a series of papers by Yang. See (1) Yang, I.C., Peterman, Z.E.,
and Schofield, K.M. (2003), "Chemical analyses of pore water from boreholes USW SD-6 and
USW WT-24, Yucca Mountain, Nevada," J. CONTAMINANT HYDROLOGY, 1878:1-20, LSN#
DN2000202392; (2) Yang, I.C., Yu, P., Rattray, G.W., Ferarese, J.S., and Ryan, J.N. (1998),
"Hydrochemical investigations in characterizing the unsaturated zone at Yucca Mountain,
Nevada, U.S. Geol. Survey," Water-Resources Investigations Report 98-4132, LSN#
DENO000702996; and (3) Yang, I.C., Rattray, G.W., and Yu, P. (1996), "Interpretation of
chemical and isotopic data from boreholes in the unsaturated zone at Yucca Mountain, Nevada.
U.S. Geol. Survey," Water-Resources Investigations Report 96-4058, LSN# DEN000687467,
with corrections at LSN# DEN000374732. This contention challenges SAR Subsection 2.3.5.3,
and similar and related subsections, which state or assume that a limited number of pore water
analyses are sufficient for the near-field chemistry model, and are not justifiable and therefore
fail to appropriately define the range of conditions in which corrosion can occur, for the reasons
given in paragraph 5 above. Thus, these subsections fail to comply with 10 C.F.R. §
63.21(c)(1)(i1), which requires the SAR to describe the hydrology of the site and its effect on the
safety and performance of the repository, 10 C.F.R. § 63.102(h) (part of Subpart E), which
requires a description of the natural barrier capabilities, including matrix diffusion in the
unsaturated zone, 10 C.F.R. § 63.102(j), which requires the performance assessment to represent
a wide range of natural features, including potentially adverse effects of fracture flow, 10 C.F.R.
§ 63.114(a), which requires data related to geology, hydrology and geochemistry to define

parameters and conceptual models used in the performance assessment, and 10 C.F.R. § 63.115,
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which requires an identification of the natural features of the geologic setting that are considered
barriers important to waste isolation, a description of their capabilities to isolate waste, and a
technical basis for the description.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-58 - GROUNDWATER SAMPLES IN THE UNSATURATED ZONE
SORPTION TESTS

1. A statement of the contention itself

SAR Subsection 2.3.8.3.1, and similar and related subsections, assume without validation
that two groundwater compositions (from the saturated zone) are representative and useful for
experimentation to describe radionuclide sorption in the unsaturated zone.

2. A brief summary of the basis for the contention

DOE assumes without proof that two saturated zone groundwater compositions, J-13 well
water and UE-25#p1 (a deep carbonate well water), are representative of unsaturated zone waters
for use in laboratory sorption experiments for the purposes of determining the ranges of
radionuclide retardation coefficients, Kgs.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1)(ii) requires the SAR to describe the hydrology of

the site and its effect on the safety and performance of the repository.
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

In SAR Subsection 2.3.8.3.1, DOE assumes without any comparisons to analyses of
fracture water (none measured directly, see SAR at 2.3.5-30), unsaturated matrix pore waters
(four groups, Near-Field Chemistry model, SAR Subsection 2.3.5.3 at 2.3.5-29), or thermally
evolved seepage evaporation waters (In Drift Chemical Environment Model, SAR Subsection
2.3.5.5), that two saturated zone groundwater samples, J-13 well water and a deep carbonate
saturated zone well sample, UE-25#p1, are representative for use in radionuclide sorption
experiments that determine the ranges of the radionuclide sorption coefficient, Kq. It is
unreasonable and unjustified for DOE to say that these two groundwater samples are
representative of all unsaturated zone waters. The radionuclide retardation coefficients for the
various radionuclides of interest are functions not only of the solids (rock samples) used in the
sorption experiments, but also of the chemistry of the water samples. See Zhu (2003), "A case
against Kd-based transport models: natural attenuation at a mill tailings site," COMPUTERS &
GEOSCIENCES, Vol. 29, No. 3 at 351-359.

DOE uses two groundwater compositions (from the saturated zone) in radionuclide
sorption experiments and then assumes without proof that these results are representative and
applicable to sorption and retardation in the unsaturated zone between the repository level and
the water table. There are no analyzed samples of flowing fracture water for comparison
purposes to support this assumption, nor is there a comparison of the two groundwater samples
with analyzed samples of matrix pore waters (see SAR Subsection 2.3.8.3.1). Without any proof
of the relevance of the groundwater samples to any groundwater present in the unsaturated zone,
the DOE assumption is not justified, and the applicability of the sorption experiments to the

unsaturated zone cannot be supported.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.8.3.1, and similar and related sections,
that assume without validation that two groundwater compositions (from the saturated zone) are
representative and useful for experimentation to describe radionuclide sorption in the unsaturated
zone. Thus, these subsections do not comply with 10 C.F.R. § 63.21(c)(1)(ii), which requires the
SAR to describe the hydrology of the site and its effect on the safety and performance of the
repository.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-59 - GROUNDWATER COMPOSITIONS ASSUMED

1. A statement of the contention itself

SAR Subsection 2.3.8.3.1 and similar subsections, which state that only two natural water
compositions bound the range of water compositions expected in the unsaturated zone for the
purposes of sorption and radionuclide transport, is illogical and impossible for a multi-
component aqueous system and means that the sorption and radionuclide transport calculations
cannot be relied upon.

2. A brief summary of the basis for the contention

DOE assumes that it is possible to bound a multi-component aqueous system, consisting
of major cation components (Na', K*, Ca**, Mg”") and anionic components (HCOs’, S04, CI,
NOs’, F') with only two natural water samples that are taken to be representative of percolation
waters expected in the unsaturated zone.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart

E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1)(ii) requires the SAR to describe the hydrology of
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the site and its effect on the safety and performance of the repository, Section 63.21(c)(3)(ii)
requires the SAR to discuss the design of the engineered barrier system and its relationship to the
post-closure performance objectives, and Section 63.21(c)(14) requires the SAR to evaluate the
natural features of the geologic setting and the design features of the engineered barrier systems
important to waste isolation. 10 C.F.R. § 63.102(h) (part of Subpart E) requires the performance
assessment to address how the natural barriers and the engineered barrier system work in
combination to enhance the resiliency of the geologic repository. 10 C.F.R. § 63.113 (also part
of Subpart E) requires the geologic repository to be designed with proper consideration to the
engineered barrier system working in combination with the natural barrier to limit radiological
exposures. 10 C.F.R. § 63.114(a) (also part of Subpart E) requires data related to geology,
hydrology and geochemistry to define parameters and conceptual models used in the
performance assessment. In addition, 10 C.F.R. § 63.114(b) (also part of Subpart E) requires any
performance assessment used to demonstrate compliance with 10 C.F.R. § 63.113 to account for
uncertainties and variabilities in parameter values and provide for the technical basis for
parameter ranges, probability distributions, or bounding values used in the performance
assessment. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

In analytical chemistry, when one is attempting to determine the concentration of one
species or component (such as a cation or metal), a calibration line (or curve) is constructed first
by measuring the concentration of (at least) two solutions with known concentrations of the
species of interest and generally with one concentration that is lower and the other that is higher

than that of the unknown solution, thereby bracketing, or "bounding," the unknown solution.
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This technique assumes that all other variables (the matrix) in the two known solutions are equal
and similar to that of the unknown solution. When extrapolating this type of technique to
multiple variables (major cationic and anionic species or components) one might assume that
two solutions are necessary for each variable. The DOE sorption experiments are more complex
that this slightly simpler analogy, because the sorption of a number of individual radionuclides is
being determined on the same rock type. However, DOE assumes that only two solutions in total
are required, perhaps because otherwise the matrix of necessary experiments becomes incredibly
large. In addition, the two natural water compositions chosen are not specific for transport and
sorption in the unsaturated zone as they are groundwater compositions from the saturated zone.
Before 1990, when sorption experiments began, there were no site-specific analyses of fracture
or pore waters from the unsaturated zone. See Harrar, J.E. (1990), et al., "Report of the
Committee to Review the Use of J-13 Well Water in Nevada Nuclear Waste Storage
Investigations, Lawrence Livermore National Laboratory," UCID-21867, LSN# DN2001940431
at 6.1 to 6.2. Furthermore, DOE has given no consideration to the compositions of seepage
waters (see SAR Subsection 2.3.5) that may develop over time as the thermal history of the
repository evolves. Thus, the water compositions adopted do not provide an appropriate basis
for the evaluation of parameters characterizing radionuclide sorption and transport in the
unsaturated zone, with significant implications for the fluxes of radionuclides released and doses
to the reasonably maximally exposed individual.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges a DOE assumption from SAR Subsection 2.3.8.3.1 at 2.3.8-19
that it is possible to "bound" multi-component aqueous solution compositions expected in the

unsaturated zone with only two natural groundwater compositions. In consequence, it is argued
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that the water compositions adopted do not provide an appropriate basis for the evaluation of
parameters characterizing radionuclide sorption and transport in the unsaturated zone. Thus,
there is a failure to comply with 10 C.F.R. § 63.114(a) because appropriate data related to
geology, hydrology and geochemistry have not been used to define parameters and conceptual
models used in the performance assessment. In addition, there is a failure to comply with 10
C.F.R. § 63.114(b) because estimates of sorption made using these groundwater compositions
are not adequate to account for uncertainties and variabilities in parameter values or to provide
the technical basis for parameter ranges, probability distributions, or bounding values used in the
performance assessment.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-60 - EMPIRICAL SITE-SPECIFIC DATA AND THE NEAR-FIELD
CHEMISTRY MODEL

1. A statement of the contention itself

DOE’s near-field chemistry model is not site specific and therefore not valid for Ti-7 and
C-22 corrosion studies because the unsaturated zone hydrogeochemical characterization pore-
water data are not satisfactory for determining the environment in which in-drift geochemical
reactions will occur.

2. A brief summary of the basis for the contention

DOE’s unsaturated zone water characterization is invalid because of factors that include
bacterial/fungal contamination (SAR Subsection 2.3.5.3.3.2.1), grossly incomplete pore-water
analyses (SAR Subsection 2.3.5.3.3.2.1), unjustifiable screening procedures (SAR Subsection
2.3.5.3.2.2.1), and most importantly, the use of pore-water instead of fracture flow water data.
Therefore, hydrogeochemical characterization is unreliable and uncertain and not specifically
focused on near-field unsaturated zone water that could reasonably come into contact with in-
drift EBS materials; consequently, DOE’s bin pore-waters (SAR Table 2.3.5-5) are not
representative of in-drift percolation and therefore the DOE model derived from these data is
inaccurate, not site specific and not valid for corrosion studies relating to Ti-7 and C-22.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,

paragraph 1 of the Notice of Hearing.
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4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.114(f)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers, and that degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly

changed by their omission. Finally, 10 C.F.R. § 63.115 (also part of Subpart E) addresses
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barriers important to waste isolation recognizing both the engineered barrier system and the
natural features of the geologic setting. This contention alleges non-compliance with these

regulatory provisions and therefore raises a material issue within the scope of the licensing

proceedings.

5. A concise statement of the facts or expert opinions supporting the contention along with
appropriate citations to support scientific or factual materials

There are two paramount issues that come into play with regards to the utility of the DOE
bin pore-waters for use in corrosion studies:
Issue 1: Unsaturated zone pore-waters cannot normally be equated with fracture flow

waters; however, DOE treats unsaturated zone pore-water as being geochemically
equivalent to unsaturated zone fracture flow water.

SAR Subsection 2.3.5.3.2.2.1, at 2.3.5-30 states:

The starting waters for the near-field chemistry model are sampled from the
available matrix pore-water analyses for the repository host units of the Topopah
Spring Tuff. Using multiple lines of evidence, fracture water chemistries are
shown to be similar to the matrix pore-water, although no fracture water
compositions have been measured directly. (Emphasis added.)

DOE’s premise for equating the hydrogeochemistry of pore-water to fracture flow water involves
two lines of reasoning, each of which is addressed separately below.
DOE Concept 1: "Equilibration of matrix and fracture water is rapid relative to

downward transport throughout much of the host rock mass." SAR
Subsection 2.3.5.3.2.2.1, at 2.3.5-30.

This premise is based upon a DOE plug flow model with averaged rock properties,
assuming ambient saturation and is a simplification that does not consider different rock units or
actual matrix and fracture saturations. Finite element heat and mass transfer code (FEHM)
modeling provided the following rational: "Because the FEHM calculations so closely match the

plug flow approximation and because of the reciprocity exhibited when the particles are injected
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into the fracture or matrix, fracture-matrix exchange must be rapid relative to downward
transport though the Topopah Spring Tuff." SAR Subsection 2.3.5.3.3.2.7 at 2.3.5-44.
However, DOE’s observations may incorrectly distinguish matrix (pore and micro-
fracture) from small and large fracture flow. There are no data presented to indicate that matrix
as defined in FEHM equates to matrix as defined with respect to pore-water chemistry. From a
geochemical point of view, it is most doubtful that fracture flow water in fast path transport will
come into equilibrium with the wall rock of the fractures in welded tuffs. There is just not
sufficient time for this to happen. However, it is likely that pore-water will be in a meta-stable
equilibrium state with the matrix rock because of the long time of rock-water interaction,
especially in tight matrix pores and micro-fractures. In some instances, one might even expect
that the matrix pore water is connate. A higher TDS is expected for pore-water that has been
trapped inside matrix pore and micro-fracture structures than for fracture flow unsaturated zone
water that is in fast path or moderately fast path gravity driven transport. A large (cation and
anion) inoculation in surface water takes place at the ground surface and within the soil zone.
These portions of the unsaturated zone contain large particle surface areas, cation exchange
clays, plant root control on soil gas, evaporative salts, and organic complexes that react with
surface water to provide an initial hydrogeochemical signal. The basic hydrogeochemical signal
is therefore set upon infiltration and is only modified by dissolution and evaporation along the
fracture flow transport pathways until it joins the mixing waters in the saturated zone. If a
portion of the downward transporting water diffuses into the matrix it can acquire a strong
geochemical signal from the host rock matrix and this signal is certainly dependent on its

residence time for rock-water interaction.
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DOE relies upon matrix diffusion as a mechanism of radionuclide retardation in the
unsaturated zone. DOE specifically supports the concept of slow matrix diffusion when it
desires to take credit for radionuclide retardation. Yet, when DOE has not adequately collected
appropriate unsaturated zone water to characterize the near-field, it suggests that the slowly
diffusive matrix pore-water is chemically the same as fast flowing fracture flow unsaturated zone
water. DOE’s arguments are inconsistent.

DOE Concept 2: "Strontium isotopic composition of fracture-lining calcite from the
TSw unit also supports rapid matrix-fracture equilibration" based upon
microstratigraphy of the calcite strontium isotopic ratios. "Uranium-
series isotopic data also indicate fracture-matrix water equilibrium."
Whole-rock deficiencies are similar between fractured tuff samples
from the Sundance and Drill Hole Wash Fault zones and the
unfractured ECRB Cross-Drift tuff. "Uranium isotopic data from
fracture minerals also show evidence of matrix-fracture interactions"
because fracture minerals such as opal and calcite show long-term
continuous growth from water that does not have a surface signal.
SAR Subsection 2.3.5.3.2.2.1 at 2.3.5-30 and 31.

Fracture flow water that diffuses into the matrix does so by slowing down with depth of
penetration, which is the quadratic diffusive process. All of the isotopic data obtained by DOE
(strontium and uranium) are evidence of fracture path transport, not matrix pore-water diffusion.
DOE data obtained does not at all support a conclusion that there was rapid matrix-fracture
exchange. The lithophysae studied were in fracture continuity. There was no matrix pore-space
geochemically studied using strontium and uranium by DOE. One cannot take geochemical data
from large lithophysae and extrapolate those data to microscopic pore-structures and micro-
fractures that receive unsaturated zone water by diffusion. The pore-water chemistry obtained by
DOE is not from lithophysae structures rather it is from tight matrix diffusive structures.
Consequently, the isotope data is representative of fracture flow conditions and the pore-water

hydrogeochemistry utilized by DOE is from tight matrix pores. The two do not equate; they are
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not the same. Calcite formed along fracture wall surfaces is a function of the hydrogeochemistry
and evaporation along the fracture system, not the welded tuff matrix. The correlative argument
that unsaturated zone pore-water hydrogeochemistry is similar to fracture flow water is incorrect
and misleading. There is no way that DOE pore-waters obtained represent fracture flow water
that can percolate into the emplacement drifts.

Issue 2: Quality (contamination and incomplete analyses) of DOE unsaturated zone pore-water
data and unjustifiable screening procedures.

Even in the case of the pore-water, the 34 analyses that are relied upon by DOE are
limited in number, unrepresentative spatially, inappropriately screened and may have been
minimally affected by bacterial action.

"Engineered Barrier System: Physical and Chemical Environment ANL-EBS-MD-
000033 REV 06B" (08/31/2007), LSN# DN2002452948, Section 4.1.1 at 4-5, states that over 90
pore-water analyses were obtained, of which many were determined to have been compromised
by bacterial activity during core storage prior to the collection of the water samples for analysis.
DOE found 34 samples of the over 90 total samples to be "minimally affected" by microbial
activity. The screening procedures used to obtain the 34 analyses are not without controversy.
(See, e.g., SAR Subsection 2.3.5.3.2.2.1 at 2.3.5-28, which states that "two screening criteria,
based on the charge balance (+/-10% was considered acceptable) and on the calculated pH upon
equilibration, proved sufficient to screen out affected waters, reducing the total number of
analyses to 34.") DOE grouped these analyses (below) into 4 chemical pseudo-cluster groups
and they determined a water composition for each group based upon the centroid of each pseudo-
cluster. SAR Subsection 2.3.5.3.3.2.1 at 2.3.5-37 states that the above four types of pore-water
"are assumed to adequately represent the actual range of pore-water compositions in the natural

system." These four groups of unsaturated zone water (see SAR Subsection 2.3.5.3.2.2.1)
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"compositions are used as starting water compositions for the near-field chemistry model, which
provides potential seepage water compositions to the in-drift chemical environment models."
SAR Subsection 2.3.5.3.3.2.1 at 2.3.5-29. Each group of waters is given equal weight in the

model.

DOE Bin Centroid Water Type Chemistry (all data in mg/L)
(LSN# DN2002452948)
Type |Ph |[Na |[K |Mg |[Ca |Cl |SO4| HCO; |NO; | F SiO,
1 82 [59 |48 [0.70 19 |23 |16 |[142 16 |22 |42
2 77 145 [ 144179 |62 |67 |82 |126 44 114 |52
3 83162 |9 174197 1123|120 | ND 10 10.76 | 75
4 ND | 123 | 13.8[16.7 599|146 | 126 | 149 574113 |[ND

For type-3 unsaturated zone water, DOE does not have a complete analysis (bicarbonate
is missing), and for type-4 unsaturated zone water both pH and SiO; values are missing. Only
50% of the four unsaturated zone water types have complete chemical analyses (all or some of
these analyses may be compromised by bacterial contamination as DOE states that they are
"minimally affected"). SAR Subsection 2.3.5.3.2.2.1 at 2.3.5-27 states: "waters missing pH data,
bicarbonate concentrations, or silica concentrations were included in the analysis because values
for these parameters can be derived when the samples are pre-equilibrated for use in the near-
field chemistry model (SNL 2007n, Section 6.6)." Group Three only has three samples in it — all
from the same location: Alcove 5, HD-PERM-3, interval 34.8-35.1 — and Group Four has three
samples; consequently, over 78% of the analyses used by DOE fall into only two of their group
types (Groups 1 and 2).

DOE has not justified the premise that these four types of unsaturated zone water
adequately represent the pore-water unsaturated zone environment. For example, there are no
low bicarbonate waters represented in the set of DOE unsaturated zone waters, yet such water

compositions are clearly represented in the DST Borehole water samples (such as BH60-3-
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0504396, see "Thermal Testing Measurements Report, ANL-NBS-HS-000041 REV 00"
(09/26/2002), LSN# DN2002296975, Table 6.3.4.1-2 at T6.3-46-51). Many of the DST
borehole water samples have phosphate concentrations above background, yet no phosphate data
are presented for the bin pore-waters. Phosphate is, of course, commonly metabolized during
bacterial/fungal activity so that if the pore-water samples were not contaminated by bacterial
activity there might be detectable phosphate concentrations present. This would not only be
important in the screening procedure, but would also be important in determining future potential
bacterial action within the unsaturated zone (e.g., MIC). The absence of reported phosphate
analyses clearly undermines the utility of the pore-water chemistry with respect to EBS corrosion
concerns. The quality of the DOE reported pore-water is below standard acceptable practices in
hydrology and certainly below competent practices when these analyses are so important with
respect to determining the lifetime of critical EBS materials such as C-22. There is no reason to
presume that the values reported are actually representative of the full range or common pore-
waters in the unsaturated zone as stipulated by DOE. The DOE qualified samples are too few
and are unrepresentative in their spatial distribution.

Some of the analyses are plagued by poor charge balances and exhibit a consistent anion
deficiency. DOE attributes the analyses with poor charge balance to organic acids such as
propionic acid derived from microbial fermentation. It is unknown if all the organic acids are a
function of microbial metabolism in the cores — a clear function of contamination, or are actually
naturally common (derived from surface or subsurface biologic activity) to the pore-waters in the
tuff, or some combination thereof. Even so, it is also clear that DOE has not provided complete
analyses for the pore-waters studied, so that the charge balance calculations are grossly

incomplete.
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DOE uses trace elements strontium and manganese to discriminate between the screened-
in and screened-out (elevated values) pore-water. The geochemical reactions responsible for the
correlation between bacterial/fungal activity and elevated Sragueous and Mnaqueous cONcentrations
have not been derived by laboratory testing by DOE. There are no empirical studies provided to
suggest that these reactions are valid. It appears only from the data presented that the DOE
excluded pore-waters that have "elevated values" for strontium and manganese. The screening
cut-off points seem to be arbitrary, and if not, they are not based upon either empirical evidence
from Yucca Mountain or from laboratory experimentation.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

SAR Subsections 2.3.5.3.2.2.1 and 2.3.5.3.3.2.1 provide pore-water analyses that are said
to correlate with fracture flow unsaturated zone water in the Yucca Mountain near-field
environments. Fracture flow waters are expected to percolate into the in-drift and react with the
C-22 outer canister engineered barrier. DOE fails to provide adequate evidence to show that the
pore-waters that are of questionable quality are the same as unsaturated zone fracture flow water
that can come into contact with the waste canisters. Further, DOE admits to not collecting
unsaturated zone fracture flow water. Consequently, there are no reliable hydrogeochemical data
(not even one sample) for the in-drift seepage and for reactions in the waste emplacement
environment. The near-field chemistry model (SAR Subsection 2.3.5.3), along with the in-drift
chemical environment characterization (SAR Subsection 2.3.5), are based upon data which are
not repository site specific or reasonably sound from a quality perspective. This means that
models of corrosion and radionuclide release used for performance assessment purposes are
unsound and cannot be used to evaluate the degradation, deterioration, or alteration processes of

engineered barriers. In consequence, these subsections do not comply with 10 C.F.R. §
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63.114(f), which requires that any performance assessment used to demonstrate compliance with
Section 63.113 must evaluate the degradation, deterioration, or alteration processes of engineered
barriers in detail if the magnitude and time of the resulting radiological exposures to the
reasonably maximally exposed individual, or radionuclide releases to the accessible

environment, would be significantly changed by their omission.
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(2) Seepage into the Emplacement Drifts
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NEV-SAFETY-61 - AMBIENT SEEPAGE INTO EMPLACEMENT DRIFTS

1. A statement of the contention itself

SAR Section 2.1 and Subsection 2.3.3.2, and similar and related subsections, which state
or assume that post-closure ambient seepage of water into emplacement drifts will be reduced by
capillary forces, is incorrect because the analysis only considers drift-wall rock properties (e.g.,
flow characteristics in the unsaturated zone, permeability, and capillary strength of fractured
rock) and geometry of the emplacement drifts, and thus completely fails to consider engineered
ground support items (e.g., the Bernold-type perforated stainless steel liners) that are deemed
necessary for the safety of pre-closure operations.

2. A brief summary of the basis for the contention

DOE’s analysis of the post-closure flow diversion of unsaturated zone percolation around
the emplacement drifts and water seepage into the drifts depends on a conceptual model and
analysis of the drifts that considers only natural rock and flow properties (and geometry of the
mined opening), and thus totally fails to consider an engineered ground support item (i.e.,
perforated stainless steel liners), which if considered will reduce if not almost completely
eliminate any capillary barriers to water flow into the waste-containing drifts.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at

the Yucca Mountain site if it determines that there is reasonable expectation the materials
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described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1)(ii) requires the SAR to describe the hydrology of
the site and its effect on the safety and performance of the repository, Section 63.21(c)(3)(ii)
requires the SAR to discuss the design of the engineered barrier system and its relationship to the
post-closure performance objectives, and Section 63.21(c)(14) requires the SAR to evaluate the
natural features of the geologic setting and the design features of the engineered barrier systems
important to waste isolation. 10 C.F.R. § 63.102(h) (part of Subpart E) requires the performance
assessment to address how the natural barriers and the engineered barrier system work in
combination to enhance the resiliency of the geologic repository. 10 C.F.R. § 63.113 (also part
of Subpart E) requires the geologic repository to be designed with proper consideration to the
engineered barrier system working in combination with the natural barrier to limit radiological
exposures. Finally, 10 C.F.R. § 63.115 (also part of Subpart E) addresses barriers important to
waste isolation recognizing both the engineered barrier system and the natural features of the
geologic setting. This contention alleges non-compliance with these regulatory provisions and
therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Diversion of the flow of percolation waters around the emplacement drifts is dependent
on the amount of percolation flow, the rock permeability, and the capillary strength. As reflected
in SAR Section 2.1 and Subsection 2.3.3.2, DOE considers the emplacement drift to act
essentially as a capillary barrier, which DOE considered as an increase of porosity and

permeability in the direction of flow (in this case gravity) that causes fluid to flow in other



343

directions. The rock permeability, mainly fracture permeability, is increased slightly around the
mined opening of the emplacement drift due to excavation disturbance compared with the
undisturbed rock, and the emplacement drift acts as a very large pore. However, DOE has
ignored the installation of an impervious barrier (except for the perforations, or elongated slots or
holes with rounded ends) in the form of the Bernold-type perforated stainless steel liners. These
liners will be installed against the upper surface of the emplacement drift (240° in cross section),
will be in contact with the rock surface, and are essentially impermeable (except for the rather
large perforations, compared with the size of fracture apertures in the rock or rock pores). The
effect of the liners will be to facilitate seepage flow onto the liners, which then increases the
possibility of flow or drips through the perforations onto the EBS. An analogy may be useful
here: consider an old canvas tent in a rainstorm. The interior of the tent represents the mined
opening of the emplacement drift and the canvas represents the drift wall. Barring any holes in
the tent, the rain will hit the canvas and flow down the sides leaving the interior dry. However, if
someone inside the tent touches the canvas, then a leak or drip develops. The touching of the
canvas is analogous to the stainless steel Bernold-type perforated liner touching the drift wall —
drips will develop.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Section 2.1 and Subsection 2.3.3.2, and similar and
related subsections, which state or assume that post-closure ambient seepage of water into
emplacement drifts will be reduced by capillary forces, but this is incorrect because the analysis
only considers drift-wall rock properties (e.g., flow characteristics in the unsaturated zone,
permeability, and capillary strength of fractured rock) and geometry of the emplacement drifts,

and thus completely fails to consider an engineered ground support items (e.g., the Bernold-type



344

perforated stainless steel liners) that are deemed necessary for the safety of pre-closure
operations. Thus, these subsections fail to comply with 10 C.F.R. § 63.21(c)(14), which requires
the SAR to evaluate the natural features of the geologic setting and the design features of the
engineered barrier systems important to waste isolation, 10 C.F.R. § 63.102(h), which requires
the performance assessment to address how the natural barriers and the engineered barrier
system work in combination to enhance the resiliency of the geologic repository, 10 C.F.R. §
63.113, which requires the geologic repository to be designed with proper consideration to the
engineered barrier system working in combination with the natural barrier to limit radiological
exposures, and 10 C.F.R. § 63.115, which addresses barriers important to waste isolation
recognizing both the engineered barrier system and the natural features of the geologic setting.
Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to

each broad aspect of the TSPA were considered together in defining the variant cases. This
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vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.



346

NEV-SAFETY-62 - THERMAL SEEPAGE INTO EMPLACEMENT DRIFTS

1. A statement of the contention itself

SAR Section 2.1 and Subsection 2.3.3.1, and similar and related subsections, which state
or assume that post-closure thermal seepage of water into emplacement drifts will be reduced by
capillary forces, is incorrect because the analysis only considers drift-wall rock properties (e.g.,
flow characteristics in the unsaturated zone, permeability and porosity, capillary strength of
fractured rock), temperature increases due to waste decay, and geometry of the emplacement
drifts, and thus completely fails to consider engineered ground support items such as Bernold-
type perforated stainless steel liners, which are deemed necessary for the safety of pre-closure
operations.

2. A brief summary of the basis for the contention

DOE’s analysis of the post-closure flow diversion of unsaturated zone percolation during
the thermal period around the emplacement drifts and water seepage into the drifts depends on a
conceptual model and analysis of the drifts that considers only natural rock and flow properties
(and geometry of the mined opening), and thus totally fails to consider an engineered ground
support item (i.e., perforated stainless steel liners), which if considered will reduce if not almost
completely eliminate any capillary barriers to water flow into the waste-containing drifts.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,

paragraph 1 of the Notice of Hearing.
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4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1)(ii) requires the SAR to describe the hydrology of
the site and its effect on the safety and performance of the repository, Section 63.21(c)(3)(i1)
requires the SAR to discuss the design of the engineered barrier system and its relationship to the
post-closure performance objectives, and Section 63.21(¢c)(14) requires the SAR to evaluate the
natural features of the geologic setting and the design features of the engineered barrier systems
important to waste isolation. 10 C.F.R. § 63.102(h) (part of Subpart E) requires the performance
assessment to address how the natural barriers and the engineered barrier system work in
combination to enhance the resiliency of the geologic repository. 10 C.F.R. § 63.113 (also part
of Subpart E) requires the geologic repository to be designed with proper consideration to the
engineered barrier system working in combination with the natural barrier to limit radiological
exposures. Finally, 10 C.F.R. § 63.115 (also part of Subpart E) addresses barriers important to
waste isolation recognizing both the engineered barrier system and the natural features of the
geologic setting. This contention alleges non-compliance with these regulatory provisions and

therefore raises a material issue within the scope of the licensing proceeding.
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Diversion of the flow of percolation waters around the emplacement drifts is dependent
on the amount of percolation flow, the rock permeability, and the capillary strength. As reflected
in SAR Subsection 2.3.3.1 at 2.3.3-4, DOE considers the emplacement drift to act essentially as a
capillary barrier. A capillary barrier can be considered as an increase of porosity and
permeability in the direction of flow (in this case gravity) that causes fluid to flow in other
directions. The rock permeability, mainly fracture permeability, is increased slightly around the
mined opening of the emplacement drift due to excavation disturbance compared to the
undisturbed rock, and the emplacement drift acts as a very large pore. However, DOE has
ignored the installation of an impervious barrier (except for the perforations, or elongated slots or
holes with rounded ends) in the form of the Bernold-type perforated stainless steel liners. These
liners will be installed against the upper surface of the emplacement drift (240° in cross section),
will be in contact with the rock surface, and are essentially impermeable (except for the rather
large perforations, compared to the size of fracture apertures in the rock or rock pores). The
effect of the liners will be to facilitate seepage flow onto the liners, which then increases the
possibility of flow or drips through the perforations onto the EBS. An analogy may be useful
here: consider an old canvas tent in a rainstorm. The interior of the tent represents the mined
opening of the emplacement drift and the canvas represents the drift wall. Barring any holes in
the tent, the rain (analogous to percolation) will hit the canvas and flow down the sides leaving
the interior dry. However, if someone or something inside the tent touches the canvas, then a
leak or drip develops. The touching of the canvas is analogous to the stainless steel Bernold-type

perforated liner touching the drift wall — drips will develop.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Section 2.1 and Subsection 2.3.3.1, and similar and
related subsections, which state or assume that post-closure thermal seepage of water into
emplacement drifts will be reduced by capillary forces, because the analysis only considers drift-
wall rock properties (e.g., flow characteristics in the unsaturated zone, permeability and porosity,
capillary strength of fractured rock), temperature increases due to waste decay, and geometry of
the emplacement drifts, and thus completely fails to consider engineered ground support items
such as Bernold-type perforated stainless steel liners, which are deemed necessary for the safety
of pre-closure operations. Thus, these subsections fail to comply with 10 C.F.R. § 63.21(c)(14),
which requires the SAR to evaluate the natural features of the geologic setting and the design
features of the engineered barrier systems important to waste isolation, 10 C.F.R. § 63.102(h),
which requires the performance assessment to address how the natural barriers and the
engineered barrier system work in combination to enhance the resiliency of the geologic
repository, 10 C.F.R. § 63.113, which requires the geologic repository to be designed with proper
consideration to the engineered barrier system working in combination with the natural barrier to
limit radiological exposures, and 10 C.F.R. § 63.115, which addresses barriers important to
waste isolation recognizing both the engineered barrier system and the natural features of the
geologic setting.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose

standards would require DOE to perform a substantial number of additional modeling cases that
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are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-63 - EFFECT OF ROCK BOLTS ON AMBIENT SEEPAGE

1. A statement of the contention itself

SAR Section 2.1 and Subsection 2.3.3.2 of the SAR, and similar and related subsections,
which state or assume that post-closure ambient seepage of water into emplacement drifts will be
reduced by capillary forces, is incorrect because the analysis only considers drift-wall rock
properties (e.g., flow characteristics in the unsaturated zone, permeability and porosity, capillary
strength of fractured rock) and geometry of the emplacement drifts, and thus fails to adequately
consider an engineered ground support item, i.e., the hundreds of thousands of un-grouted super
Swellex-type stainless steel rock bolts, which is deemed necessary for the safety of pre-closure
operations.

2. A brief summary of the basis for the contention

DOE’s analysis of the post-closure flow diversion of unsaturated zone ambient
percolation around the emplacement drifts and water seepage into the drifts depends on a
conceptual model and analysis of the drifts that considers only natural rock and flow properties
(and geometry of the mined opening), and thus provides an inadequate consideration of an
engineered ground support item, the hundreds of thousands of ungrouted super Swellex-type
stainless steel rock bolts, which may reduce capillary barriers to ambient water flow diversion
around the waste-containing drifts.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,

paragraph 1 of the Notice of Hearing.
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4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1)(ii) requires the SAR to describe the hydrology of
the site and its effect on the safety and performance of the repository, Section 63.21(c)(3)(i1)
requires the SAR to discuss the design of the engineered barrier system and its relationship to the
post-closure performance objectives, and Section 63.21(¢c)(14) requires the SAR to evaluate the
natural features of the geologic setting and the design features of the engineered barrier systems
important to waste isolation. 10 C.F.R. § 63.102(h) (part of Subpart E) requires the performance
assessment to address how the natural barriers and the engineered barrier system work in
combination to enhance the resiliency of the geologic repository. 10 C.F.R. § 63.113 (also part
of Subpart E) requires the geologic repository to be designed with proper consideration to the
engineered barrier system working in combination with the natural barrier to limit radiological
exposures. Finally, 10 C.F.R. § 63.115 (also part of Subpart E) addresses barriers important to
waste isolation recognizing both the engineered barrier system and the natural features of the
geologic setting. This contention alleges non-compliance with these regulatory provisions and

therefore raises a material issue within the scope of the licensing proceeding.
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Diversion of the ambient flow of percolation waters around the emplacement drifts is
dependent on the amount of percolation flow, the rock permeability, and the capillary strength.
As reflected in the SAR Subsection 2.3.3.1 at 2.3.3-4, DOE considers the emplacement drift to
act essentially as a capillary barrier. There are 10 rock bolts in a vertical cross section of any
emplacement drift, spaced at a distance of 1.25 m and penetrating into the drift wall a distance of
3 m. The vertical sections with rock bolts are spaced 1.25 m apart horizontally to yield a 1.25 m
square grid pattern of rock bolts, which implies that there are hundreds of thousands of rock bolts
along the drifts. However, only 6 bolts are inclined downward towards the emplacement drift,
the others are either sub-horizontal (2) or inclined upwards towards the drift (2). The rock bolt
hole is 3 inches in diameter and the Swellex-type rock bolt is expanded to snugly fill this hole by
a few hundred pounds of water pressure; although there is a small section of the rock diameter
that is not in contact with the metal as the maximum expansive bolt diameter must be greater
than 3 inches to ensure a snug fit and that the bolt does not rupture. This small, inwardly curved
portion of the rock bolt diameter that is not in intimate contact with the rock wall provides an
opening that may act as a channel or drain for ambient seepage to enter the emplacement drift.
Since these drilled holes are not open (unfilled) to act as potential capillary barriers, but contain
an impervious metallic layer that is in tight against the rock, the rock bolts will facilitate liquid
flow towards the emplacement drift, at least for those that are downward facing. With the rock
bolts extending out 3 m from the drift wall into the wall rock, there is larger capture volume for

seepage waters than without them.



354

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Section 2.1 and Subsection 2.3.3.2, and similar and
related subsections, which state or assume that post-closure ambient seepage of water into
emplacement drifts will be reduced by capillary forces, but this is incorrect because the analysis
only considers drift-wall rock properties (e.g., flow characteristics in the unsaturated zone,
permeability and porosity, capillary strength of fractured rock) and geometry of the emplacement
drifts, and thus fails to adequately consider an engineered ground support item, i.e., the hundreds
of thousands of ungrouted super Swellex-type stainless steel rock bolts. Thus, these subsections
fail to comply with 10 C.F.R. § 63.21(c)(14), which requires the SAR to evaluate the natural
features of the geologic setting and the design features of the engineered barrier systems
important to waste isolation, 10 C.F.R. § 63.102(h), which requires the performance assessment
to address how the natural barriers and the engineered barrier system work in combination to
enhance the resiliency of the geologic repository, 10 C.F.R. § 63.113, which requires the
geologic repository to be designed with proper consideration to the engineered barrier system
working in combination with the natural barrier to limit radiological exposures, and 10 C.F.R. §
63.115, which addresses barriers important to waste isolation recognizing both the engineered
barrier system and the natural features of the geologic setting.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that

are not included in the LA and that are beyond the practical ability of anyone else to perform.
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Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-64 - EFFECT OF ROCK BOLTS ON THERMAL SEEPAGE

1. A statement of the contention itself

SAR Section 2.1 and Subsection 2.3.3.2, and similar and related subsections, which state
or assume that post-closure thermal seepage of water into emplacement drifts will be reduced by
capillary forces, is incorrect because the analysis only considers drift-wall rock properties (e.g.,
flow characteristics in the unsaturated zone, permeability and porosity, capillary strength of
fractured rock) and geometry of the emplacement drifts, and fails to adequately consider an
engineered ground support item, i.e., the hundreds of thousands of ungrouted super Swellex-type
stainless steel rock bolts, which is deemed necessary for the safety of pre-closure operations.

2. A brief summary of the basis for the contention

DOE’s analysis of the post-closure flow diversion of unsaturated zone thermal
percolation around the emplacement drifts and water seepage into the drifts depends on a
conceptual model and analysis of the drifts that considers only natural rock and flow properties
(and geometry of the mined opening), and that provides an inadequate consideration of an
engineered ground support item, the hundreds of thousands of ungrouted super Swellex-type
stainless steel rock bolts, which may reduce capillary barriers to ambient water flow diversion
around the waste-containing drifts.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,

paragraph 1 of the Notice of Hearing.
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4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(1)(ii) requires the SAR to describe the hydrology of
the site and its effect on the safety and performance of the repository, Section 63.21(c)(3)(i1)
requires the SAR to discuss the design of the engineered barrier system and its relationship to the
post-closure performance objectives, and Section 63.21(¢c)(14) requires the SAR to evaluate the
natural features of the geologic setting and the design features of the engineered barrier systems
important to waste isolation. 10 C.F.R. § 63.102(h) (part of Subpart E) requires the performance
assessment to address how the natural barriers and the engineered barrier system work in
combination to enhance the resiliency of the geologic repository. 10 C.F.R. § 63.113 (also part
of Subpart E) requires the geologic repository to be designed with proper consideration to the
engineered barrier system working in combination with the natural barrier to limit radiological
exposures. Finally, 10 C.F.R. § 63.115 (also part of Subpart E) addresses barriers important to
waste isolation recognizing both the engineered barrier system and the natural features of the
geologic setting. This contention alleges non-compliance with these regulatory provisions and

therefore raises a material issue within the scope of the licensing proceeding.
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Diversion of the ambient flow of percolation waters around the emplacement drifts is
dependent on the amount of percolation flow, the rock permeability, and the capillary strength.
The emplacement drift is stated by DOE in SAR Subsection 2.3.3.1 at 2.3.3-5 to act essentially
as a capillary barrier. There are 10 rock bolts in a vertical cross section of any emplacement
drift, spaced at a distance of 1.25 m and penetrating into the drift wall a distance of 3 m. The
vertical sections with rock bolts are spaced 1.25 m apart horizontally to yield a 1.25 m square
grid pattern of rock bolts, which means that there are hundreds of thousands of rock bolts along
the drifts. However, only 6 are inclined downward towards the emplacement drift, the others are
either sub-horizontal (2) or inclined upwards towards the drift (2). The rock bolt hole is 3 inches
in diameter and the Swellex-type rock bolt is expanded to snugly fill this hole by a few hundred
pounds of water pressure; although there is a section of the diameter that is not in contact with
the metal as the maximum expansive bolt diameter must be greater than 3 inches to ensure a
snug fit and that the bolt does not rupture. This small, inwardly curved portion of the rock bolt
diameter that is not in intimate contact with the rock wall provides an opening that may act as a
channel or drain for ambient seepage to enter the emplacement drift. Since these drilled holes
are not open (unfilled) to act as potential capillary barriers, but contain an impervious metallic
layer that is in tight against the rock, the rock bolts will facilitate liquid flow towards the
emplacement drift, at least for those that are downward facing. With the rock bolts extending out
3 m from the drift wall into the wall rock, there is larger capture volume for seepage waters than

without them.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Section 2.1 and Subsection 2.3.3.2, and similar and
related subsections, which state or assume that post-closure thermal seepage of water into
emplacement drifts will be reduced by capillary forces, but this is incorrect because the analysis
only considers drift-wall rock properties (e.g., flow characteristics in the unsaturated zone,
permeability and porosity, capillary strength of fractured rock) and geometry of the emplacement
drifts, and fails to adequately consider an engineered ground support item, i.e., the hundreds of
thousands of ungrouted super Swellex-type stainless steel rock bolts, which is deemed necessary
for the safety of pre-closure operations. Thus, these subsections fail to comply with 10 C.F.R. §
63.21(c)(14), which requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation, 10 C.F.R. §
63.102(h), which requires the performance assessment to address how the natural barriers and
the engineered barrier system work in combination to enhance the resiliency of the geologic
repository, 10 C.F.R. § 63.113, which requires the geologic repository to be designed with proper
consideration to the engineered barrier system working in combination with the natural barrier to
limit radiological exposures, and 10 C.F.R. § 63.115, which addresses barriers important to
waste isolation recognizing both the engineered barrier system and the natural features of the
geologic setting.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose

standards would require DOE to perform a substantial number of additional modeling cases that
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are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-65 - STRUCTURAL CONTROL OF SEEPAGE IN THE
EMPLACEMENT DRIFT

1. A statement of the contention itself

SAR Subsection 2.3.2 and similar subsections, which describe unsaturated zone flow, fail
to recognize that the Yucca Mountain fracture geometry controls the spatial distribution of
seepage into the in-drift environment, which affects water delivery to the drip shield and waste
package.

2. A brief summary of the basis for the contention

Yucca Mountain faults occur in patterned stress fields and function as the transport
pathways in the unsaturated zone controlling the geometry of seepage and therefore determining
the large-scale spatial geometry of corrosion.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the

engineered barrier system and its relationship to the post-closure performance objectives, and
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Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.115 (also
part of Subpart E) addresses barriers important to waste isolation recognizing both the
engineered barrier system and the natural features of the geologic setting. 10 C.F.R. § 63.114(f)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. This contention alleges noncompliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Caves and old mine tunnels that are fed by fracture flow dripping commonly develop a
stalactite, stalagmite and column pattern which follows the fault pattern of the host rock. In
those occurrences, stalactites are spaced along the intersecting ceiling fractures according to

aperture conductivity. The ceilings of those caves have fault/fracture patterns that usually
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develop as an expression of joint sets and are therefore associated with tensile displacements.
Shear fractures also exist that develop within the local stress field and their geometry is
commonly different from the tensile displacements. Tensile fractures form parallel and
orthogonal to the greatest principal stress; whereas, shear fractures dominantly occur at 45
degrees minus the angle of rock friction to the greatest principal stress in dihedral patterns.

Fractures and faults form conduits in Yucca Mountain tuffs and are the principal modes
of unsaturated zone water transport. Fracture and fault spacing and spatial geometry determine
the points of intersection with the Yucca Mountain emplacement drifts. Seepage into the
emplacement drifts is therefore not a haphazard process. The points of dripping ingress are
controlled by fracture-fault spatial geometry and form alignments along the ceiling and wall
surfaces. Repository heating will affect the aperture of faults and fractures, but not the fault-
fracture net spatial geometry.

DOE will presumably map the ceiling and wall surfaces of the mined tunnels and drifts
during the construction process. As a consequence, the distribution of major fractures and most
faults should be known. Yet, no consideration is given in the License Application with respect to
the correlation between seepage and fracture-fault spatial patterning. Conductive fractures and
faults above drip shield and waste canisters will provide seepage drip alignments that result in
patterned wetting of the EBS surfaces. This patterning may have very significant controls on the
focusing of corrosion on these EBS materials and consequently these data would be of primary
importance with respect to radionuclide containment. DOE gives no consideration to the
potential implications of patterned corrosion on drip shield and waste package failure, and on

subsequent radionuclide transport. Nor is consideration given as to how data obtained from
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mapping of the emplacement drifts will affect the waste package and drip shield emplacement
strategy.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

SAR Subsection 2.3.2 and similar subsections, which describe unsaturated zone flow, fail
to recognize that Yucca Mountain fracture geometry controls spatial distribution of seepage in
the in-drift environment, which affects water delivery to the drip shield and waste package.
These processes in part control the distribution of corrosion on the EBS surfaces. As
consideration of the control of seepage and hence of EBS degradation exerted by fracture
geometry is missing from the license application, it does not comply with 10 C.F.R. § 63.114(f),
which requires that any performance assessment used to demonstrate compliance with Section
63.113 must evaluate in detail the degradation, deterioration, or alteration processes of
engineered barriers if the magnitude and time of the resulting radiological exposures to the
reasonably maximally exposed individual, or radionuclide releases to the accessible

environment, would be significantly changed by their omission.
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NEV-SAFETY-66 - ATTENUATION OF SEEPAGE INTO NATURALLY FRACTURED
DRIFT WALLS

1. A statement of the contention itself

SAR Subsection 2.3.3 and related subsections argue for a flow diversion around the
repository drifts due to capillary forces, but in the presence of drift-wall fractures this is not a
valid assumption which implies that more water will enter the emplacement drifts than is
asserted by DOE.

2. A brief summary of the basis for the contention

DOE inappropriately argues that a capillary process analogous to the capillary end effect
will divert water around the emplacement drifts, but considerations of variations in fracture
aperture, the imbibing of fluids into fractures, and mechanisms akin to gas-oil gravity drainage
all demonstrate that alternative conceptual models are readily justified that may result in water
preferentially entering the emplacement drifts rather than being diverted around them.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings that NRC must make to
license Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy

the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
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E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
to which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(e) requires the
performance assessment to provide the technical basis for either inclusion or exclusion of
specific FEPs in the performance assessment. Specific FEPs must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. Also, 10 C.F.R. § 63.114(c) requires the performance assessment to
consider alternative conceptual models of features and processes that are consistent with
available data and current scientific understanding and evaluate the effects that alternative
conceptual models have on the performance of the geologic repository.

5. A concise statement of the facts or expert opinions supporting the contention along with
appropriate citations of supporting scientific or factual materials

SAR Subsection 2.3.3 treats the drift wall as a capillary barrier to the flow of water into
the repository drifts, including this conceptual model into its TSPA abstraction of engineered
barrier systems in SAR Subsection 2.3.3.4. DOE thus argues that a capillary process similar to
that producing the "capillary end effect" (cf., Richardson, J.G., Kerver, J.K., Hafford, J.A., and
Osoba, J.S. (1952) "Laboratory Determination of Relative Permeability," TRANS. AM. INST. MIN.
ENG., Vol. 195 at 187) diverts flow around repository drifts reducing seepage into them. This

treatment, however, is an unsubstantiated extrapolation from granular porous media (PM)
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behavior as seen in cm-scale experiments to heterogeneous volcanoclastics intersected by meter-
scale subvertical fractures with variable aperture. By contrast to the homogeneous PM, in the
fractured tuff, water can imbibe into narrow aperture segments without overcoming an entry
pressure threshold. After its entry into the fracture, the water is subjected to a new balance
between gravitational and capillary forces. Where fracture aperture increases downward,
capillary and gravitational pressure gradients are aligned, so driving the fluid toward the drift
roof. It follows that where gradual aperture variations in the fractures exist, the end-effect
argument does not apply. For plausible aperture values, the vertical extent that water saturated
fracture segments have to exceed before they become gravitationally unstable is as small as a
few tens of centimeters making episodic seepage very likely.

Moreover, for the appreciably tall (i.e., greater than or equal to 5m) fracture-bounded tuff
blocks (cf., Dunne, W.M., Ferrill, D.A., Crider, J.G., Hill, B.E., Waiting, D.J., La Femina, P.C.,
Morris, A.P. and Fedors, R.W. (Dec. 2003) "Orthogonal Jointing During Coeval Igneous
Degassing and Normal Faulting," GSA BULLETIN, Vol. 115, No. 12 at 1492-1509, and
Throckmorton, C.K. and Verbeek, E.R. (1995) "Joint Networks in the Tiva Canyon and Topopah
Spring Tuffs of the Paintbrush Groups, Southwestern Nevada," U.S. Geological Survey Open-
File Report 95-2, 182 pages), a mechanism akin to gas-oil gravity drainage (where oil is the
wetting phase) is likely to drain the rock matrix utilizing the fractures as flow-focusing drains.
In reservoir engineering, this process is well documented as an important oil recovery
mechanism for naturally fractured reservoirs (see, e.g., Wit, K., Clemens, T., and Rijkels, L.
(2002) "Simulation of Gas/Oil Gravity Drainage in a Stack of Interacting Blocks: Pseudo
Relations for a Limited Number of Gridblocks, SPE 77722.," Annual SPE Conference, San

Antonio, TX, 2002.). As an analogy between horizontal production wells and the drifts in the
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planned repository is plausible as a conceptual model of the system, this means that the drifts
should focus rather than divert the seepage.

6. Information to show that there is a genuine dispute with DOE, along with specific
references to the portions of the LA being controverted

SAR Subsection 2.3.3 argues for a flow diversion around the repository drifts due to
capillary forces, but in the presence of drift-wall fractures this is not a valid assumption which
implies that more water will enter the emplacement drifts than is asserted by DOE. Specifically,
DOE inappropriately argues that a capillary process analogous to the capillary end effect will
divert water around the emplacement drifts, but considerations of variations in fracture aperture,
the imbibing of fluids into fractures, and mechanisms akin to gas-oil gravity drainage all
demonstrate that alternative conceptual models are readily justified that may result in water
preferentially entering the emplacement drifts rather than being diverted around them. Thus,
SAR Subsection 2.3.3 does not comply with 10 C.F.R. § 63.114(e) which requires the
performance assessment to provide the technical basis for either inclusion or exclusion of
specific FEPs, such as those relating to the behavior of water in fractures, nor does it comply
with 10 C.F.R. § 63.114(c), which requires the performance assessment to consider alternative
conceptual models of features and processes that are consistent with available data and current
scientific understanding and evaluate the effects that alternative conceptual models have on the
performance of the geologic repository.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose

standards would require DOE to perform a substantial number of additional modeling cases that
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are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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(h) Geochemistry of Waters and Deposits in the Emplacement
Drifts
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NEV-SAFETY-67 - EVALUATION OF UNCERTAINTIES IN ESTIMATED
CHEMICAL PROPERTIES, ESPECIALLY pH VALUES, OF EVAPORATED DRIFT
BRINES

1. A statement of the contention itself

The modeled compositional range for evaporated brines that might seep onto waste
packages, and thus be the agent for corrosion, at the end of the thermal period should be broader
than has been estimated and used in SAR Subsection 2.3.5.5 and related subsections.

2. A brief summary of the basis of the contention

The uncertainties in the predicted compositions of evaporated drift brines are
underestimated; this applies especially to the estimates of pH uncertainty for which a model with
constant partial pressure of carbon dioxide, P(CO,), and pH directly related to total inorganic
carbon, [Cliotar, has been assumed.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.102(h) (part of Subpart E) states that natural and

engineered barriers are required and that evaluation of performance will be based on credible
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models and parameters including consideration of uncertainty. It also states that the description
of each barrier’s capability in performance assessment should provide understanding of how the
natural and engineered barriers work in combination to enhance resiliency of the repository. 10
C.F.R. § 63.114(b) (also part of Subpart E) states that compliance with 10 C.F.R. § 63.113 must
account for uncertainties and variabilities in parameter values and provide a technical basis for
parameter ranges, probability distributions, or bounding values used in performance assessment.
This contention alleges non-compliance with these regulatory provisions and therefore raises a
material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The chemical properties of brines that form by evaporation of pore waters seeping
through the wall rocks into repository drifts are an input data set for the calculations of corrosion
rates of drip shields and waste packages in the event that drip shields have failed. These brines
would form during the long tail of the thermal period when, according to the SAR conceptual
model (see SAR Subsection 2.3.5.5.1), seepage would no longer be prevented by boiling and
instead evaporation of near field pore waters would create brines. One of the influential
chemical properties with respect to corrosion rates is pH, i.e., the degree of acidity, and this
contention concerns primarily the uncertainty in that parameter.

The in-drift system will reach a state towards the end of the thermal period, i.e., after
temperature has dropped below boiling, when seepage through the drift walls will become saline
due to evaporation and dissolution of precipitates and salts formed during the prior boiling
period. Corrosion of waste packages could be significant during this state because liquid water
will be present with saline or brine compositions. Therefore, knowledge of the maximum

variability of brine compositions is necessary to constrain the rate of corrosion. The saline water
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and brine compositions have been modeled with the EQ3/6 computer program by simulating
evaporation and reaction with rock of representative compositions given by 4 groupings of data
for TSw pore waters. See "Engineered Barrier System: Physical and Chemical Environment,
ANL-EBS-MD-000033 REV06" (08/31/2007), LSN# DN2002452948 at Section 6.9. The
EQ3/6 simulations calculate the variations of ionic concentrations and pH in relation to
variations of activity of water or relative humidity (RH). Modeled pH is the "Pitzer pH," which
does not correspond with the pH values measured in validating experiments. The modeled pH is
based on an assumption that it is controlled by equilibration with the partial pressure of CO; in
the atmosphere of the drifts. See DN2002452948, Section 6.12.3.1.3. This does not allow for
the possibility that other chemical reactions might control pH locally. The uncertainties in pH
have been estimated by correlating these uncertainties with the uncertainties in total inorganic
carbon concentrations, [Clioal, that are estimated from the differences between modeled values
and measured values for evaporation experiments, on which basis it is suggested that the
uncertainty in pH can be reduced to less than =1 pH unit for brines that are below the salt
saturation limit. /d., Section 6.12.3.1.2. This is not an appropriate estimate, because it assumes
no other controls on pH other than P(CO,). Modeled values for pH based on the 4 groups of
starting pore water compositions, in relation to different values of water-rock interaction
parameter (WRIP), of P(CO,), and temperature are in the approximate range 5 to 11 Id., Figures
6.13-5 to 6.13-8, and Section 6.13.3. Given the probability that uncertainties have been
underestimated, the in situ pH range could be even greater than that.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

The modeled compositional range for evaporated brines that might seep onto waste

packages and thus be the agent for corrosion, at the end of the thermal period should be broader
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than has been estimated and used in SAR Subsection 2.3.5.5 and related subsections. Thus, these
subsections do not comply with 10 C.F.R. § 63.102(h), which states that natural and engineered
barriers are required and that evaluation of performance will be based on credible models and
parameters including consideration of uncertainty. Nor do they comply with 10 C.F.R. §
63.114(b), which states that compliance with 10 C.F.R. § 63.113 must account for uncertainties
and variabilities in parameter values and provide a technical basis for parameter ranges,
probability distributions, or bounding values used in performance assessment.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-68 - IN-DRIFT CONDENSATION ON MINERAL DUST

1. A statement of the contention itself

SAR Subsection 2.3.5.4.2 and related subsections, which describe DOE’s model for
condensation, ignore condensation on surfaces of common and ubiquitous rock dust (siliceous
and feldspathic) that coat EBS materials resulting in a much larger volume of liquid and vapor on
these surfaces than calculated by DOE.

2. A brief summary of the basis for the contention

Proposed repository construction and desert-derived ventilation dust and mineral
precipitates on the C-22 and Ti-7 surfaces can act as acceptors for condensation affecting the in-
drift condensation model, because these particles have large surface areas and can therefore trap
much greater concentrations of liquid than calculated by DOE.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue of whether DOE has complied with 10 C.F.R. Part 63
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the license application can be disposed of without unreasonable risk to the health
and safety of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA
to satisfy the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with
Subpart E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the

design of the engineered barrier system and its relationship to the post-closure performance
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objectives, and Section 63.21(c)(14) requires the SAR to evaluate the natural features of the
geologic setting and the design features of the engineered barrier systems important to waste
isolation. 10 C.F.R. § 63.102(h) (part of Subpart E) requires the performance assessment to
address how the natural barriers and the engineered barrier system work in combination to
enhance the resiliency of the geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E)
requires the geologic repository to be designed with proper consideration to the engineered
barrier system working in combination with the natural barrier to limit radiological exposures.
10 C.F.R. § 63.115 (also part of Subpart E) addresses barriers important to waste isolation
recognizing both the engineered barrier system and the natural features of the geologic setting.
10 C.F.R. § 63.114(f) requires that any performance assessment used to demonstrate compliance
with Section 63.113 must provide the technical basis for either inclusion or exclusion of
degradation, deterioration, or alteration processes of engineered barriers in the performance
assessment, including those processes that would adversely affect the performance of natural
barriers. Degradation, deterioration, or alteration processes of engineered barriers must be
evaluated in detail if the magnitude and time of the resulting radiological exposures to the
reasonably maximally exposed individual, or radionuclide releases to the accessible
environment, would be significantly changed by their omission. This contention alleges
noncompliance with these regulatory provisions and therefore raises a material issue within the
scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention along with
appropriate citations to support scientific or factual materials

Geochemically benign dust can form loosely spaced crevices that are favorable physical
environments for localized corrosion initiation with acid brines and vapors produced by

hydroscopic salt dust and/or unsaturated zone seepage. SAR Subsection 2.3.5.4.2 defines DOE’s
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position on condensation in the in-drift environment. Rock dust coating metallic EBS materials
will have lower temperatures than the EBS materials due to density and thermal property
differences. Rock dust because of its small grain-size range in diameter, will have large surface
areas where a liquid skin can occur. The volume of liquids near or at the surface of C-22 and Ti-
7 will be greatly affected by the association of these surfaces with dust that is associated with
condensation. DOE suggests that the dust will trap and sequester acidic brine liquids derived
from hydroscopic salts so that these liquids will not have the capacity to reach the EBS—metal
surfaces. In this case, DOE has ignored the capillary induction behavior of condensate in dust,
and consequently, the volume of liquids within the dust-field skin coating the C-22 and Ti-7
surfaces has been underestimated by DOE. This underestimation affects the validity of the in-
drift condensation model. Condensate can be responsible for moving acid brine formed by
hydroscopic salts within the dust field. This movement includes transport to the C-22 and Ti-7
surfaces.

The in-drift condensation model discussed in SAR Subsection 2.3.5.4.2 is intended to
complement the multi-scale thermal-hydrologic model (SAR Subsection 2.3.5.4.1) in terms of
evaluating the thermal-hydrologic environment and is coupled to the in-drift chemical
environment models (SAR Subsection 2.3.5.5). The condensation model has not addressed the
presence of dust on metal EBS surfaces. Local-scale thermal-hydrologic-geochemical variability
is much greater when the presence of dust in the in-drift system is taken into account.
Consequently, the overall volume of liquid and vapor phase products at the EBS metal surfaces
(C-22 and Ti-7) is under represented during many phases of the thermal period. This affects the
hydrogeochemical conditions on the surface of the waste form and drip shield and therefore the

timescale over which they will corrode.
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6. There must be sufficient information to show that there is a genuine dispute with DOE.,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 2.3.5.4.2 and related subsections, which
describe DOE’s model for condensation, because they ignore condensation on surfaces of
common and ubiquitous rock dust (siliceous and feldspathic) that coat EBS materials resulting in
a much larger volume of liquid and vapor on these surfaces than calculated by DOE.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-69 - COUPLED SEEPAGE AND DUST DELIQUESCENCE

1. A statement of the contention itself

SAR Subsection 2.3.5.2 and similar subsections, which focus on coupled processes, fail
to consider seepage and dust deliquescence reactions as combined processes and therefore
underestimate the degree and extent of localized C-22 corrosion.

2. A brief summary of the basis for the contention

Deliquescent salt dust brines may form at peak thermal periods without sufficient liquid
volume to cause C-22 corrosion; however, when seepage is coupled with salt brine production
and related salt brine C-22 pit-corroded areas, C-22 corrosion failure can become critical.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and

the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
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63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.115 (also
part of Subpart E) addresses barriers important to waste isolation recognizing both the
engineered barrier system and the natural features of the geologic setting. 10 C.F.R. § 63.114(f)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. This contention alleges noncompliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

DOE should consider the coupled processes (see SAR Subsection 2.3.5.2) of dust
deliquescence and in-drift seepage reactions both as truly coupled processes occurring together
and as sequentially occurring processes, one after the other. These are two different conditions;

and DOE in the License Application SAR considers neither.



381

Sequential Processes:

In the coupled process scenario where dust deliquescence occurs during the optimal
thermal-chemical periods for production and metastability of calcium chloride (and other salts
such as magnesium chloride, magnesium nitrate, calcium magnesium chloride, and calcium
magnesium nitrate), corrosion of C-22 may be initiated during the encapsulation of these
hydroscopic salts under a dust or mineral precipitate blanket. These hydroscopic salt reactions
may be enhanced by thermo-hydro-chemically (THC)-modified brines from unsaturated zone
seepage at later containment periods when thermal-hydrologic conditions are optimal for fracture
flow seepage. DOE neglects to consider the coupling of salt deliquescence with seepage as
sequentially occurring processes. The time period of initiation of a deliquescent salt (see SAR
Subsections 2.3.5.4.1.1.3 and 2.3.5.5.1) does not limit the activity of that salt to only the period
of formation. The salt may persist in the in-drift environment beyond its period of formation.

Simultaneous Processes:

In the coupled process scenario in which dust deliquescence occurs at the same time as
unsaturated zone seepage (see SAR Subsections 2.3.5.5.4.2.1 and 2.3.5.5.4.3), deliquescent dust
salts would have the capacity to change the geochemical composition of the seepage fluids at the
C-22 surface. DOE neglects to consider this coupled process, as DOE assumes that the thermal
conditions needed for salt deliquescence do not support seepage into the containment drift (see
SAR Subsection 2.3.5.4.1.1.3). Specifically, in SAR Subsections SAR 2.3.5.2,2.3.5.5.1, 2.2.1,
and 2.3.5.4.1.1.3, DOE suggests that there is no seepage during the dryout period, but that dust
deliquescence is possible. DOE states that seepage only becomes possible after the temperature
of the wall rock of the emplacement drifts drop below 100°C (see SAR Subsection 2.3.5.4.1.1.3).

This is even though perched water zones may form (see SAR Subsections 2.3.2.1,2.3.2.2.2.4,
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and 2.3.2.4.1.2.4.4), supported by capillary barriers at faults, leading to water accumulation
above the containment drifts. Breakdown of such barriers could lead to non-equilibrium seepage
events that are not limited by a wall rock temperature of 100°C. In this context, SAR Subsection
2.3.3.3.1, at 2.3.3-58 presents the conceptual description of thermal-hydrologic processes and
states:

The heating of near-field rock to the boiling temperature of water and the

resulting flow perturbation affects the potential for seepage. Condensed water

forms a zone of slightly elevated water saturation in fractures above the dryout

zone. Water from this zone may be mobilized to flow rapidly down towards the

drift. However, seepage would only be possible if both the vaporization barrier in

the boiling zone and the capillary barrier at the drift ceiling would be breached.

Results from the thermal-hydrologic seepage model demonstrate that this scenario

is not expected.

In the above DOE scenario, the head of water available in large fractures would control
non-equilibrium seepage because a high hydraulic head would overcome both of the conceptual
barriers (vaporization and capillary). The result obtained in this scenario depends greatly upon
the parameter values used. Consequently, it is possible to generate seepage into the containment
drifts during the thermal period. Therefore, there is strong reason to consider coupled processes

where both dust deliquescence and seepage occur together.

6. There must be sufficient information to show that there is a genuine dispute with DOE.,
along with specific references to the portions of the LA being controverted

SAR Subsection 2.3.5.2 and similar subsections, which focus on coupled processes, fail
to consider seepage and dust deliquescence reactions as combined processes and therefore
underestimate the degree and extent of localized C-22 corrosion. In consequence, these
subsections do not comply with 10 C.F.R. § 63.114(f), which requires that any performance
assessment used to demonstrate compliance with Section 63.113 must provide the technical basis

for either inclusion or exclusion of degradation, deterioration, or alteration processes of
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engineered barriers in the performance assessment, including those processes that would
adversely affect the performance of natural barriers, and that degradation, deterioration, or
alteration processes of engineered barriers must be evaluated in detail if the magnitude and time
of the resulting radiological exposures to the reasonably maximally exposed individual, or
radionuclide releases to the accessible environment, would be significantly changed by their
omission.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-70 - THC EVOLUTION OF NEAR-FIELD PRE-SEEPAGE
UNSATURATED ZONE WATER

1. A statement of the contention itself

SAR Subsections 2.2.1, 2.3.5.5, 2.3.5.3 and similar subsections, which relate to
hydrogeochemical changes in vadose fracture and matrix as a consequence of water evaporation
and tuff dissolution, and thermal-hydrologic-chemical coupled processes, fail to recognize the
critical significance of mineralization reactions on unsaturated zone seepage water chemistry.

2. A brief summary of the basis for the contention

DOE describes the thermal-hydrologic-chemical evolution of in-drift unsaturated zone
water in some detail, but (a) fails to apply a similar philosophy to the elevated temperature
chemical evolution of near-field unsaturated zone water, and as a result the aqueous chemistry of
unsaturated zone waters that will contribute to seepage into the drifts is incorrectly held constant
through the life of the thermally evolving repository, and (b) inappropriately uses a model to
compute the aqueous chemistry of the seepage waters, which thus is not suitable for estimating
the compositions of seepage waters and solid deposits that could result in the corrosion of drip
shields and waste packages.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with 10 C.F.R. Part 63
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at

the Yucca Mountain site if it determines that there is reasonable expectation the materials
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described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.115 (also
part of Subpart E) addresses barriers important to waste isolation recognizing both the
engineered barrier system and the natural features of the geologic setting. 10 C.F.R. § 63.114(f)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. This contention alleges noncompliance with these regulatory

provisions and therefore raises a material issue within the scope of the licensing proceeding.
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 2.2.1, Table 2.2-5, states that FEP 2.2.08.03.0B — geochemical
interactions and evolution in the UZ — has been excluded because of low consequence. This FEP
deals with groundwater chemistry that may change through time as a result of the evolution of
the disposal system.

However, geochemical interactions will lead to dissolution and precipitation of minerals
along the groundwater flow path and these reactions will be affected by changes in the thermal
envelope. By removing the changing effects of the proposed repository on geochemical
interactions and the evolution of the unsaturated zone from consideration, DOE has excluded
normal evaporative geochemical reactions in fracture and fault conduits leading to the
emplacement drifts. At the same time, DOE has inconsistently adopted an approach to
determining water composition that does account for evolving geochemical interactions, at least
to some degree, based on "average" feldspar dissolution.

More specifically, SAR Subsection 2.3.5.3.3.2.10 at 2.3.5-46 summarizes the near-field
chemistry model as follows:

... percolating pore water moves up a temperature gradient as it approaches the

drift but does not evaporate or degas significantly until water hits the isotherm

representing the saturation temperature for the in-drift vapor pressure; even if that

temperature is below the boiling point of water, some of the percolating water
evaporates and the residual liquid becomes concentrated at that point. The water

just behind the evaporation front is represented by pore water at the temperature

of the interface, in equilibrium with a gas phase ,CO, predicted by ramping the

water up to temperature in a closed system (i.e., no degassing), while maintaining

equilibrium with calcite and amorphous silica, and titrating in an amount of

feldspar determined by the thermal field and flux-dependent flow velocities. The

water vapor pressure is maintained at ,SAT as the temperature increases, so no

evaporation occurs. The near-field chemistry model predicts the composition of

potential seepage water at the evaporation front, providing starting water

compositions for the seepage evaporation model (Section 2.3.5.5). The
evaporation front corresponds to the boiling front (96°C) during the boiling
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period; its location is determined by interpolation between the thermal profiles

described in Section 2.3.5.3.3.2.6. Once the drift wall temperature drops below

boiling, it corresponds to a location at or near the drift wall.

The only chemical reactions that are possible in this DOE model during the transit of
water from ground-surface infiltration to seepage (95°C thermal isotherm) into the emplacement
drifts are derived from water-rock interactions characterized solely by "average" feldspar
dissolution. This model is unrealistic because evaporation will occur along the fracture pathways
between surface infiltration and the 95°C isotherm, as attested to by present authigenic
mineralization along fracture and fault conduits in the unsaturated zone. This is especially true
for fault and fracture systems that are presently breathing as a consequence of the normal un-
perturbed geothermal gradient. Once the proposed repository is closed, the heat envelope will
extend further in fracture and fault conduits and will cause a breathing flux that is expected to:

a) Provide a complex reaction zone above the proposed repository; and

b) Cause extensive evaporation from common small infiltration events and

thereby change the hydrogeochemical composition of the unsaturated zone
waters that are being transported by gravitational drainage.

Consequently, the modern-day unsaturated zone water is inappropriately defined on the
basis of four water types from 34 samples classified by DOE as "unjustified" (see SAR
Subsection 2.3.5.5.2).

Rather than arbitrarily limiting the percolating unsaturated zone water chemistry, it would
be appropriate to use a modification of the in-drift model (see SAR Subsection 2.3.5.5), as this
more closely (with thermal modifications) describes the transit path of THC reactions than does

the selection of 34 pore-water chemical compositions and then forcing them to describe fracture

flow hydrogeochemical compositions in a perturbed thermal environment.
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In particular, in adapting this model, it is noted that when unsaturated zone fracture flow
water forms a film on the surface of the fracture walls (either elevated in temperature or with
thermally driven air circulation), under conditions where infiltration is low, it is likely that this
water will evolve by spatial evaporative mineral separation and that even the most soluble
aqueous components may precipitate. With the next storm infiltration event, the most soluble
salts will go back into solution leaving fracture mineral coatings of silicates (opal), sulfates
(gypsum), and carbonates as pore and microfracture fillings and fracture/fault wall rock coatings.
This process will occur to an increasing extent as the rock wall temperatures rise above ambient
due to repository heating. Consequently, seepage water chemistry will be likely to evolve in
response to the dynamic changes in the thermal envelope, and the concentrations of chlorides
and nitrates will rise as a function of selective mineralization along flow pathways (nitrate
concentrations may be reduced by bacterial action in the zone above the repository).

Finally, as normal evaporative precipitation from meteoric water has produced opal and
calcite in fractures such as found in trench-14, the process of authigenic mineralization along
fracture pathways from infiltration is not a new concept in the Yucca Mountain area, since this
effect has been observed in situ.

In summary, DOE does not provide a coherent statement on the evolution of seepage
water chemistry. It excludes this from consideration in the FEP analysis, but then sets out a
model that explicitly invokes the time-evolving temperature gradient. However, that model is
inappropriate and inadequate for estimating the chemical composition of seepage waters. In
turn, this implies that the model is not suitable for use in estimating the compositions of seepage

waters and solid deposits that could result in the corrosion of drip shields and waste packages.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

SAR Subsections 2.2.1, 2.3.5.5, 2.3.5.3 and similar subsections, which relate to
hydrogeochemical changes in vadose fracture and matrix as a consequence of water evaporation
and tuff dissolution, and thermal-hydrologic-chemical coupled processes, fail to recognize the
critical significance of mineralization reactions on unsaturated zone seepage water chemistry. In
consequence, these subsections do not comply with 10 C.F.R. §§ 63.21(c)(3)(i1), 63.21(c)(14),
63.102(h), 63.113, 63.114(f) and 63.115, which requires that any performance assessment must
provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers, and that degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. This contention alleges noncompliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.

These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
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thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-71 - MICROBIALLY INDUCED WATER CHEMISTRY CHANGES IN
THE INCUBATOR ZONE

1. A statement of the contention itself

SAR Subsection 2.3.5 and similar subsections, which deal with the near-field chemistry
model, fail to recognize the potential role of microbial communities in determining unsaturated
zone water chemistry in the near-field environment.

2. A brief summary of the basis for the contention

Denitrifying bacteria have the capability to increase the C1" to NOj; ratio in their
environment by converting nitrate to reduced oxides or N, thereby changing the aqueous nitrate
to chloride ratio prior to seepage into the emplacement drifts.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and

Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
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the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.115 (also
part of Subpart E) addresses barriers important to waste isolation recognizing both the
engineered barrier system and the natural features of the geologic setting. 10 C.F.R. § 63.114(f)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. This contention alleges noncompliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The incubator zone is a zone of elevated temperature, possibly associated with perched
groundwater, or with fluid films or skins along the wall rock of fractures. This zone is uneven in
its boundary conditions, and dynamic in response to the thermal output of the in-drift
environment. This zone is below the temperature of the in-drift environment but above the

temperature of the natural environment. As a consequence of the elevated temperature and
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moisture flux, bacterial and fungal activity will be increased. This activity has the potential to
change the hydrogeochemistry of the unsaturated zone fluids reaching the in-drift environment
via fracture flow mechanisms.

Denitrifying bacteria have the capability to increase the Cl” to NO; ratio in their
environment by converting nitrate to reduced oxides or N, thereby changing the aqueous nitrate
to chloride ratio prior to seepage into the emplacement drifts. See "A Perspective on the Use of
Anion Ratios to Predict Corrosion in Yucca Mountain" (08/01/2003), LSN# NEV000004014 at
1-4.

DOE has not evaluated the role of bacteria or fungi in changing the chemical properties
of unsaturated zone fluids that have a role in drip shield and waste package degradation and
radionuclide transport. Consequently, DOE characterization of the near-field is inadequate and
inappropriate. It is likely that the nitrate/chloride ratios used by DOE to describe corrosion
inhibition are wrong.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

SAR Subsection 2.3.5 and similar subsections, which deal with the near-field chemistry
model, fail to recognize the potential role of microbial communities in determining the water
chemistry of the near-field environment. This means that the range of nitrate to chloride ratios
used by DOE to describe corrosion inhibition is wrong. In consequence, SAR Subsection 2.3.5
and similar subsections do not comply with 10 C.F.R. § 63.114(f), which requires that any
performance assessment used to demonstrate compliance with Section 63.113 must provide the
technical basis for either inclusion or exclusion of degradation, deterioration, or alteration
processes of engineered barriers in the performance assessment, including those processes that

would adversely affect the performance of natural barriers, and that degradation, deterioration, or
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alteration processes of engineered barriers must be evaluated in detail if the magnitude and time
of the resulting radiological exposures to the reasonably maximally exposed individual, or
radionuclide releases to the accessible environment, would be significantly changed by their
omission.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-72 - CHARACTERIZATION OF DUST SOURCES

1. A statement of the contention itself

SAR Subsections 2.3.5, 2.3.5.1 and similar subsections, which describe the in-drift
physical and chemical environment, fail to consider dust as an important physical factor in the
in-drift environment and have poorly characterized the genesis of dust in that environment.

2. A brief summary of the basis for the contention

The in-drift physical and chemical environment defines the environmental conditions
under which the EBS must function to inhibit or reduce the rate of radionuclide movement to the
accessible environment. DOE has inappropriately limited its characterization of dust in
emplacement drifts and thereby has inappropriately and inaccurately characterized the EBS
environment.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the

engineered barrier system and its relationship to the post-closure performance objectives, and
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Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.115 (also
part of Subpart E) addresses barriers important to waste isolation recognizing both the
engineered barrier system and the natural features of the geologic setting. 10 C.F.R. § 63.114(f)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. This contention alleges noncompliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

DOE only discusses dust in relation to hydroscopic mineral salts that have the potential to
corrode C-22. The origin of these salts is presumed to be either from ventilation or from
construction activity. Even this aspect of the dust is not well characterized (see SAR Subsection

2.3.5.1) and other sources of dust are entirely neglected. These failures of characterization have
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important implications, e.g., for assessing modes and rates of corrosion of drip shield and waste
packages. For example, DOE excludes dust deliquescence from evaluation in the TSPA (FEP
2.1.09.28.0A, Localized corrosion on waste package outer surface due to deliquescence) because
it was determined to be insignificant to performance due to the presumed dilution of acid vapors
into the tunnel atmosphere and due to the presumed small quantities of brine from the small
volume of available calcium chloride dust present. The characteristics of the dust environment,
including the genesis, geochemistry, physical attributes and distribution of the dust, are
important properties and without detailed information on them the exclusion of dust
deliquescence in the in-drift environment cannot be justified. DOE has not provided this basic
characterization. In this absence, the in-drift physical and chemical environment is poorly and
inadequately characterized and this then provides an inadequate basis for specifying assessment
calculations.

In contrast to DOE’s position, it is contended that the role of dust in the waste
emplacement drift environment is critical with respect to the behavior of C-22 and T-7 as
components of waste packages and drip shields, respectively. The significance of dust in the
containment environment extends beyond the hydroscopic salts that may be present in the dust.
Factors of relevance include the physical attributes and trace element content of the dust, and the
relations of these properties to corrosion of C-22 and Ti-7.

There are four direct sources of dust in the in-drift environment:

1) Rock and mineral dust from construction activities;

2) Rock, mineral, and organic dust from ventilation;

3) Decomposed EBS debris dust due to corrosion (for example of rock bolts);
and

4) Salt dust and debris from evaporite scale deposits falling from the ceiling

and walls of tunnels.
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The trace element geochemical composition of each of these deposits remains unknown
because there has been no characterization of them. The mineral content of some of these
deposits can be ascertained from the basic understanding of their genesis. The relative volume
and hence importance of each of the four different dust deposits is unknown, and therefore, the
range in quantity of deliquescent salts that might be expected in the in-drift environment has not
been adequately ascertained. As a consequence, the exclusion of dust deliquescence is
premature, as DOE bases this on the small deliquescent dust volumes found in limited field-
testing by the USGS. Calcium chloride dust concentrations from evaporative salt production
(item 4 above) have not been studied, and these concentrations would depend upon the seepage
flux and volume, which has to be based upon a variety of other parameters. This information is
not included in the License Application. The genesis of dust, its range in geochemical
composition and its mineral content remain poorly characterized by DOE.

The potential concentrations of deleterious trace elements in decomposed EBS dust have
not been ascertained because trace element data concerning the man-made materials that will be
present in the in-drift environment are not available, and the corrosion or degradation of these
materials has not been adequately studied under anticipated repository conditions. This
information is not included in the License Application.

The overall geochemical and mineralogical characterization of dust accumulation in the
in-drift environment by DOE has been inadequate and therefore the characterization of the
corrosion environment for critical EBS materials is incorrect.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

SAR Subsections 2.3.5, 2.3.5.1 and similar subsections, which describe the in-drift

physical and chemical environment, fail to consider dust as an important physical factor in the
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in-drift environment and have poorly characterized the genesis of dust in that environment. In
consequence, these subsections do not comply with 10 C.F.R. § 63.114(f), which requires that
any performance assessment used to demonstrate compliance with Section 63.113 must provide
the technical basis for either inclusion or exclusion of degradation, deterioration, or alteration
processes of engineered barriers in the performance assessment, including those processes that
would adversely affect the performance of natural barriers, and that degradation, deterioration, or
alteration processes of engineered barriers must be evaluated in detail if the magnitude and time
of the resulting radiological exposures to the reasonably maximally exposed individual, or
radionuclide releases to the accessible environment, would be significantly changed by their

omission.
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NEV-SAFETY-73 - IN-DRIFT ORGANIC CONTRIBUTION BY VENTILATION OR
UNSATURATED ZONE WATER

1. A statement of the contention itself

SAR Subsection 2.3.5.5 and similar subsections, which describe the in-drift chemical
environment models, fail to include organic components in the composition of unsaturated zone
water, or ventilation dust in the in-drift environment, and therefore omit these components from
all of their experimental and model-based estimates of corrosion and other factors influencing
repository performance.

2. A brief summary of the basis for the contention

DOE’s geochemical-hydrogeochemical characterization of the in-drift environment is
incomplete, and the corresponding characterization of the corrosion of C-22 and related EBS
components, and the transportation of radionuclides is rendered inadequate by the lack of
attention to natural organic compounds derived from ventilation dust and fracture flow seepage.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy

the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
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E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.115 (also
part of Subpart E) addresses barriers important to waste isolation recognizing both the
engineered barrier system and the natural features of the geologic setting. 10 C.F.R. § 63.114(f)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. This contention alleges noncompliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

The effects of organics in the waste emplacement environment on EBS materials are

unknown, because DOE has not made any reasonable attempt to identify and quantify organics
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in the in-drift environment. The concept is that organics are only important for microbially
induced corrosion (MIC), as they are only discussed in that context. This fails to address a
variety of important reactions including the role of organic acids in corrosion, the complexity of
organics with transition metals, the formation of colloids, and the distribution of complexes such
as, but not limited to, methyl mercury. The role of organics and nanobacteria during the
formation of carbonates is also of potential importance in the near field. As a consequence of the
omission of consideration of these various issues, the hydrogeochemical and geochemical
characterization of the in-drift and near field environments is incomplete and inadequate and the
conclusions drawn by DOE concerning the corrosion performance of the EBS, the transport and
potential retardation of radionuclides in the in-drift environment, and the overall performance of
the repository, have been compromised.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

SAR Subsection 2.3.5.5, and similar subsections that describe the in-drift chemical
environment models, fail to include organic components when specifying the composition of
unsaturated zone water or ventilation dust to the in-drift environment, and therefore omit these
components from all of their corrosion experiments and modeling studies. However, organic
acids and organic solid particles will be present in the in-drift environment. They have the
ability to enhance bacterial metabolism, promote radionuclide transport by colloidal action, and
have the capacity to increase the extent of corrosion reactions due to dust on C-22 surfaces, rock
bolts, and other critical areas. In consequence, these subsections do not comply with 10 C.F.R. §
63.114(f), which requires that any performance assessment used to demonstrate compliance with
Section 63.113 must provide the technical basis for either inclusion or exclusion of degradation,

deterioration, or alteration processes of engineered barriers in the performance assessment,
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including those processes that would adversely affect the performance of natural barriers, and
that degradation, deterioration, or alteration processes of engineered barriers must be evaluated
in detail if the magnitude and time of the resulting radiological exposures to the reasonably
maximally exposed individual, or radionuclide releases to the accessible environment, would be

significantly changed by their omission.
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>i) Effects of Microbial Activity in the Unsaturated Zone and
Repository
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NEV-SAFETY-74 - IMPACT OF MICROBIAL ACTIVITY

1. A statement of the contention itself

SAR Subsection 2.3.6.3.3.2, and similar subsections, which predict limited microbial
activity in the repository, and therefore, limited impact on drift chemistry and the waste package,
ignore the archaea, resulting in an underestimation of the potential for microbial activity and
microbially influenced corrosion.

2. A brief summary of the basis for the contention

The conditions that DOE cites as inhibitory for microbial (bacterial) growth in the
repository, i.e., elevated temperature, radiation fields, low humidity and limited nutrients, does
not consider the presence of archaea extremeophiles that not only tolerate but grow optimally in
habitats normally considered too severe for life, e.g., hot springs and salt lakes.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) and 10 C.F.R. §§ 63.113 and 63.114 (the latter two

part of Subpart E) require a performance assessment. 10 C.F.R. § 63.114 (also part of Subpart E)
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requires a performance assessment to be completed to evaluate the ability of the engineered
barrier system along with natural barriers to meet the performance objectives of Section 63.113.
10 C.F.R. § 63.114(a) requires the inclusion of data related to the geology, hydrology, and
geochemistry (including disruptive processes and events) of the Yucca Mountain site, and the
surrounding region to the extent necessary, and Section 63.114(b) requires that account should
be taken of uncertainties and variabilities in parameter values and provide for the technical basis
for parameter ranges, probability distributions, or bounding values used in the performance
assessment. Also, 10 C.F.R. § 63.114(f) requires provision of the technical basis for either
inclusion or exclusion of degradation, deterioration, or alteration processes of engineered barriers
in the performance assessment. This contention alleges noncompliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Conclusions in SAR Subsection 2.3.6.3.3.2 are based on data presented in DOE reference
"Evaluation of Potential Impacts of Microbial Activity on Drift Chemistry ANL-EBS-MD-
000038 Rev. 01" (11/18/2004), LSN# DN2002308488. Much of the information about
microorganisms specific to Yucca Mountain is taken from Horn, et al. (2003). (See
"Comparison of the Microbial Community Composition at Yucca Mountain and Laboratory Test
Nuclear Repository Environments" (10/09/2002), LSN# DEN000027985.)

The relationships among organisms have been summarized in the form of a universal
phylogenetic tree comprised of three domains: eukaryotes, bacteria and archaea. The
microorganisms involved in microbiologically influenced corrosion are from all three branches
of evolutionary descent. Archaea are a group of single-celled microorganisms. Archaea and

bacteria are similar in size and shape, although a few archaea have unusual shapes, such as the
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flat and square-shaped cells. Despite the visual similarity to bacteria, archaea possess genes and
several metabolic pathways that are unique.

Horn, et al. (2003) (DEN000027985 at 4) characterized the bacterial community at Yucca
Mountain using 16S rRNA amplified with a eubacterial forward primer and a universal primer.
Eubacteria means "true bacteria." The phylogenetic tree in Figure 3 in the original paper by
Horn, et al. (2003) is labeled the "Phylogenetic tree of YM bacterial community. . ." The same
diagram is presented in DN2002308488, Figure 6.3-2 at 6-17, but the figure has been relabeled
"Phylogenetic Tree of Yucca Mountain Microbial community. . ." The tree presented in Horn, et
al. (2003) (DEN000027985, Figure 3), and DN2002308488, Figure 6.3-2 at 6-17 does not
identify fungi (eukaryotes) and archaea. Many of the limitations for microbial activity in the
repository are based on the assumption that the microbial population is limited to eubacteria. For
example, DN2002308488, Section 6.4.1 at 6-19 describes temperature and pressure constraints
for the growth of bacteria as follows, "The maximum temperature at which known
microorganisms can exist in an active state is 110°C." However, archaeal strain 121 grows at
121°C. See Cowan, D.A. (2004), "The Upper Temperature for Life — Where Do We Draw the
Line?" TRENDS IN MICROBIOLOGY, Vol. 12, No. 2 at 58-60. DeLong has suggested that archaea
"exist in a wide variety of terrestrial, freshwater, and marine habitats, sometimes in very high
abundance." DeLong, E. (2003), "Oceans of Archaea," ASM NEWS, Vol. 69, No. 10 at 503-511.

DN2002308488 at 6-2 includes a description of bacterial carbon fixation of carbon
dioxide (CO,) through a Calvin cycle that "requires a considerable investment of energy" and "is
probably slow." However, bacteria and archaea have developed alternative mechanisms for
carbon fixation that have varying sensitivities to oxygen. Archaea can use a variety of energy
sources to fix carbon including oxidation of ammonia or hydrogen sulfide using either oxygen or

metal ions as electron acceptors.
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The wide range of distinctive metabolic pathways used by the archaea mean that they can
have distinctive effects on corrosion processes and water chemistry that could substantially
enhance the degradation rates of engineered barrier components and also modify radionuclide
release and transport mechanisms.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

The contention challenges SAR Subsection 2.3.6.3.3.2 (at 2.3.6-25 through 2.3.6-27), and
similar subsections, that describe microbial activity in the repository as "limited" and challenges
all similar and related sections describing the predicted microbial populations in the closed
repository, and the impact of microorganisms on the environment and the integrity of the waste
container. SAR Subsection 2.3.6.3.3.2 is incomplete because it ignores a domain of
microorganisms that grow optimally in extreme conditions that could develop in the repository.
As a result potential microbial activity and impact in the repository is underestimated. Thus, this
subsection does not comply with 10 C.F.R. § 63.114(a), which requires the performance
assessment to include data related to the geology, hydrology and geochemistry of the Yucca
Mountain site and the surrounding region to the extent necessary. Also, this subsection does not
comply with 10 C.F.R. § 63.114(b), which requires the performance assessment to account for
uncertainties and variabilities in parameter values, and provide for the technical bases for
parameter ranges, probability distributions, or bounding values used in the performance
assessment. In addition, SAR Subsection 2.3.6.3.3.2 does not comply with 10 C.F.R. §
63.114(f), which requires provision of the technical basis for either inclusion or exclusion of
degradation, deterioration, or alteration processes of engineered barriers in the performance

assessment.
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NEV-SAFETY-75 - MICROBIALLY INFLUENCED CORROSION MODEL

1. A statement of the contention itself

The model described in SAR Subsection 2.3.6.3.3.2 and DOE reference "General
Corrosion and Localized Corrosion of Waste Package Outer Barrier, ANL-EBS-MD-000003
Rev. 03" (07/25/2007), LSN# DN2002460404, to calculate an enhancement factor for
microbially influenced corrosion as a multiplier to a general corrosion rate is not a standard or
recommended practice and cannot be used to estimate localized corrosion resulting from the
presence and activities of microorganisms.

2. A brief summary of the basis for the contention

The electrochemical testing described in SAR Subsection 2.3.6.3.3.2 at 2.3.6-25 through
27 and DN2002460404 Section 6.4.5.2 at 6-111 cannot be used to develop a model for
microbially influenced corrosion because of the following: (1) the technique is applicable to
general corrosion; (2) bacterial cells were applied to the electrode surface before the
electrochemical testing; (3) no attempt was made to compensate for solution resistance before
calculation of corrosion rate; and (4) the testing did not include adequate controls.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials

described in the application can be disposed of without unreasonable risk to the health and safety
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of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) and 10 C.F.R. §§ 63.113 and 63.114 (the latter tow
part of Subpart E) require a performance assessment. 10 C.F.R. § 63.114(a) requires the
inclusion of data related to the geology, hydrology, and geochemistry (including disruptive
processes and events) of the Yucca Mountain site, and the surrounding region to the extent
necessary, and Section 63.114(b) requires that account should be taken of uncertainties and
variabilities in parameter values and provide for the technical basis for parameter ranges,
probability distributions, or bounding values used in the performance assessment. This
contention alleges noncompliance with these regulatory provisions and therefore raises a
material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

A model developed to estimate the alteration of corrosion rates of Alloy 22 due to
microbially influenced corrosion (MIC) at Yucca Mountain is described in SAR Subsection
2.3.6.3.3.2 and DOE reference "General Corrosion and Localized Corrosion of Waste Package
Outer Barrier, ANL-EBS-MD-000003 Rev. 03" (DN2002460404). In the model, MIC is treated
as an enhancement of a general corrosion rate and the enhancement factor is established using
data from Lian, T., Martin, S., Jones, D., Rivera, A., and Horn, J. (1999). See "Corrosion of
Candidate Container Materials by Yucca Mountain Bacteria" (02/05/1999), LSN#
DENO000045571.

Lian, et al. (1999) (DEN000045571), Figure 6, at 16, compared general corrosion rates
derived from polarization resistance measurements of C-22 electrodes with and without bacteria.

In describing their experimental procedures, Lian, et al. (1999) (DEN000045571) at 2-3 did not
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cite a standard. However, the current ASTM standard for conducting polarization resistance
measurements is ASTM Standard G59-97 (2003), "Standard Test Method for Conducting
Potentiodynamic Polarization Resistance Measurements," ASTM International, West
Conshohocken, PA. ASTM G59-97 (2003) at 1, states, "Polarization resistance measurements
are an accurate and rapid way to measure the general corrosion rate." Most microbially
influenced corrosion is localized corrosion, e.g., pitting, crevice corrosion or under-deposit
corrosion. For example, DN2002460404 in Fig. 6-55 at 6-113, includes images from Martin, et
al. (2004) ("Micron-Scale MIC of Alloy-22 After Long-Term Incubation in Saturated Nuclear
Waste Repository Microcosms," LSN# DN2001707841 at 1-17) of micropits on an Alloy 22
surface. DN2002460404 at 6-113 to 6-114 states, "Coupons incubated in the non-sterile
microcosm reactors developed micropits, primarily along the ridges formed by polishing, while
coupons incubated in sterile microcosms and those that were not reacted in microcosms showed
no evidence of micropit formation."

ASTM G59-97 (2003) at 3 specifies the bias due to solution resistance (i.e., low
conductivity media) that results in an overestimation of polarization resistance and an
underestimation of corrosion rates. Current interruption methods can compensate for solution
resistance. However, there is no indication in Lian, ef al. (1999) (DEN000045571) that solution
resistance was resolved. Polarization resistance data were converted to a corrosion rate and
averaged. The data are presented in DN2002460404, Tbl 6-16 at 6-112. The average corrosion
rate (um/yr) for the sterile Alloy 22 was 0.011 and for Alloy 22 + Yucca Mountain microbes,
0.22. Based on these results the enhancement factor of 2 was established.

The method Lian, et al. (1999) (DEN000045571 at 2) used to evaluate the

electrochemical impact of microorganisms on electrode surfaces is not a standard practice.
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"Twelve strains of YM bacteria, including acid, slime, and sulfide producers, as well as iron-
oxidizing bacteria (Table 2) were mixed and applied to coupon surfaces. Microbial cell densities
were established before aseptically combining and spreading a defined number (at least 10°
bacterial cells of each strain) of all isolates on specimens which were air dried before they were
exposed to growth media in corrosion cells." It is not clear whether the authors air-dried the
coupons before or after spreading the cells on the surface. In any case, spreading cells on a
surface before exposure to growth media cannot have the same electrochemical impact as
allowing a biofilm with living cells to form. Lian, et al. (1999) (DEN000045571 at 2) state that
the medium used for their experiments was R2 with 0.5% glucose and 0.75% protease peptone in
100X simulated J-13 well water. R2 typically contains the following in g/L, yeast extract 0.5;
proteose peptone 0.5; casein hydrolysate 0.5; soluble starch 0.5; sodium pyruvate 0.3;
dipotassium hydrogen phosphate 0.3 and magnesium sulfate 0.05. Lian, et al. (1999)
(DEN000045571) do not describe any procedure for separating cells from culture medium and
specifically eliminating yeast extract from the medium in which electrochemical measurements
were made. Webster, B.J. and Newman, R.C., "Producing Rapid Sulfate-Reducing Bacteria
(SRB)-Influenced Corrosion in the Laboratory" (1994), Microbiologically Influenced Corrosion
Testing, ASTM STP 1232, Eds. J.R. Kearns and B.J. Little, at 33, suggested that yeast extract
caused interferences on electrochemical measurements in their experiments. DN2002460404 at
6-111 describes a different growth medium for the Lian, ef al. (1999) (DEN000045571)
experiments. Neither reference clearly states the electrolyte for the Lian, et al. (1999)
(DEN000045571) electrochemical experiments. It is clear that Lian, et al. (1999)
(DEN000045571) did not conduct essential control experiments — evaluating the impact of the

R2 (containing yeast extract), glucose or protease peptone on the electrochemical measurements.
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The experiments described in Lian, ez al. (1999) (DEN000045571) lasted approximately five
months. At the end of the experiments no attempt was made to verify that the uninoculated
media were sterile. The coupons were not checked for contamination. It is extremely difficult to
maintain sterile controls in enriched media over long periods of time. If the controls were
contaminated the corrosion rates for the controls would not represent corrosion rates in the
absence of bacteria.

DN2002460404 at 6-111, 112, does describe additional experiments in which welded
Alloy 22 coupons were exposed to 100X J-13 well water plus 0.1% glucose with and without
microorganisms from Yucca Mountain. The results of the electrochemical tests are described at
6-111 through 6-112 as "conservative" because of the addition of 0.1% glucose as an additional
nutrient that would not be in the Yucca Mountain repository. However, it is well established that
glucose can inhibit the growth of some microorganisms. Marchand, E.A. and Silverman, J.
(2003), "The Role of Enhanced Heterotrophic Bacterial Growth on Iron Oxidation by
Acdithiobacillus ferrooxidans," GEOMICROBIOLOGY JOURNAL, Vol. 20 (3) at 231-244.
Furthermore, Horn, ef al. (2003), "Comparison of the Microbial Community Composition at
Yucca Mountain and Laboratory Test Nuclear Repository Environments" (10/09/2002), LSN#
DENO00002798S5 at 6, state that with the addition of 0.1% glucose, "Most of the organisms grown
in 1XJ13 Synthetic with glucose differed from those isolated from 1XJ13 without glucose. In
summary, media 0.1% glucose may inhibit the growth of some microorganisms found in Yucca
mountain rocks."

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

The contention challenges SAR Subsection 2.3.6.3.3.2 and DN2002460404 Section 6.4.4

that describe a model for predicting the rate of microbially influenced corrosion as a multiplier to
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the general corrosion and challenges all similar and related sections describing the model and
conclusions drawn from the use of the model. The model and the multiplier are based on flawed
electrochemical experiments that do not represent any condition of microorganisms on a surface
in the repository. As a result the potential for microbially influenced corrosion is
underestimated. Thus, SAR Subsection 2.3.6.3.3.2 does not comply with 10 C.F.R. § 63.114(a),
which requires the performance assessment to include data related to the geology, hydrology and
geochemistry of the Yucca Mountain site and the surrounding region to the extent necessary.
Also, SAR Subsection 2.3.6.3.3.2 does not comply with 10 C.F.R. § 63.114(b), which requires
the performance assessment to account for uncertainties and variabilities in parameter values,
and provide for the technical bases for parameter ranges, probability distributions, or bounding

values used in the performance assessment.
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NEV-SAFETY-76 - MICROBIAL DENITRIFICATION

1. A statement of the contention itself

DOE underestimates some important modes of corrosion that depend on nitrate
concentrations in SAR Subsection 2.3.6.4, and similar subsections, because of the conclusion
in SAR Subsection 2.3.6.3.3.2, at 2.3.6-25, that oxic conditions will prevail in the repository
over the growth-permissive high humidity and cooler period, and because of the erroneous
assumption that microbial denitrification of nitrate is a strictly anaerobic process.

2. A brief summary of the basis for the contention

Conclusions about microbial activity in SAR Subsection 2.3.6.3.3.2, based on
"Evaluation of Potential Impacts of Microbial Activity on Drift Chemistry ANL-EBS-MD-
000038 Rev. 01" (11/18/2004), LSN# DN2002308488 at Section 6, describing the repository
as oxic (i.e., containing oxygen) do not account for oxygen gradients due to aerobic respiration
and do not consider aerobic denitrification.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy

the requirements contained in 10 C.F.R. § 63.21, and the site and design comply with Subpart E
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of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) and 10 C.F.R. §§ 63.113 and 63.114 (both part of
Subpart E) require a performance assessment. 10 C.F.R. § 63.114(b) requires the performance
assessment to account for uncertainties and variabilities in parameter values and to provide the
technical basis for parameter ranges, probability distributions, or bounding values used in the
performance assessment. 10 C.F.R. § 63.114(c) requires consideration of alternative conceptual
models of features and processes that are consistent with available data and current scientific
understanding, and evaluation of the effects that alternative conceptual models have on the
performance of the geologic repository. This contention alleges noncompliance with these
regulatory provisions and therefore raises a material issue within the scope of the licensing
proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Based on the evaluations described in DN2002308488, the overall chemical
environment in the repository is described in SAR Subsection 2.3.6.3.3.2 as oxic, and therefore
significant anaerobic activity is described as unlikely. There is recognition in DN2002308488
of the following: (a) metal corrosion will consume oxygen (id. at 1-2); (b) some bacteria can
survive intense radiation and will grow when conditions are favorable (id. at 6-33 - 6-35); (¢)
bacteria create their own environments by forming biofilms (id. at 6-32); and (d) there is
possibility of limited microbial activity (id. at 7-2). However, there is no recognition that
oxygen gradients will form due to respiring aerobic microorganisms.

Lewandowski, Z. and Beyenal (2007), "Fundamentals of Biofilm Research" (CRC
Press Taylor & Francis Group, 6000 Broken Sound Parkway N.W., Suite 300, Boca Raton, FL

33487) at 87, measured oxygen profiles from the bulk medium through biofilms and
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demonstrated a distinct decrease in oxygen concentration at the biofilm/water interface. Also,
oxygen gradients exist in many oxygenated media, for example open oceans.

DN2002308488 at 6-32 cites the work of Else, et al. (2003), as a demonstration that a
combination of low relative humidity and high temperature will inhibit biofilm formation. See
Else, T.A., Pantle, C.R., and Amy, P.S. (2003), "Boundaries for Biofilm Formation: Humidity
and Temperature," APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Vol. 69(8) at 5006-5010.
Else, et al. (2003), exposed metal surfaces to microcosms containing crushed rock and
maintained the microcosms at 100%, 84%, 70.5% and 32% relative humidity at 30°C, 60°C and
70°C. Biofilm formation was evaluated using heterotrophic plate counts and scanning electron
microscopy (SEM). Sample preparation for SEM required air-drying of the biofilms for 24
hours. "When viewed by SEM, only small patches of biofilm formed on C22, N-316 and
titanium coupon surfaces under conditions of less than 100% RH at 30°C." Else, et al. (2003) at
5007.

However, because of biofilm dehydration, SEM cannot be used to quantify biofilm area
coverage and thickness. See, generally, Little, B.J., Wagner, P.A., Ray, R.1., Pope, R., and
Scheetz, R. (1991), "Biofilms: An ESEM Evaluation of Artifacts Introduced During SEM
Preparation," J. INDUSTRIAL MICROBIOLOGY AND BIOTECHNOLOGY, Vol. §, No. 4 at 213-221.
Heterotrophic plate counts can account for only a small percentage of naturally occurring
heterotrophic microorganisms. The experiments demonstrate a relationship between relative
humidity, temperature and biofilm formation. However, the microorganisms were not
acclimated to the environmental conditions of the experiments. Therefore, it is not clear that the
Else, et al. (2003) experiments can be related to Yucca Mountain or that they can be used to

substantiate the claim that there will be no biofilm formation in the repository.
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Oxygen (O;) and nitrate (NOs") are the two energetically most favorable electron
acceptors found in nature. Microorganisms can reduce NOj;™ to nitrogen gas through a process
of denitrification. DN2002308488, Section 6.4.2 addresses the microbial aspects of FEP
2.1.09.06.0B (reduction-oxidation potential in drifts), stating, "Nitrate (NOs’) is an inhibitor for
metal corrosion as opposed to chloride (CI') as summarized in General Corrosion and
Localized Corrosion of the Waste Package Outer Barrier (BSC 2004 [DIRS 169984], Section
1.2). The ratio of NOs”/Cl  is an important parameter in the control of the longevity of the
waste package and drip shield as engineered barriers. In principle, microorganisms could
consume nitrate through denitrification, either heterotrophically or autotrophically, under
anaerobic conditions (Korom 1992 [DIRS 172324] at 1657-1668)." DN2002308488, Section
6.4.2 at 6-22. It has previously been stated that "within the time window permissive for
microbial activity . . . the oxygen concentration in the repository will be maintained . . .. The
overall chemical environment in the repository will therefore be oxic, and a significant
anaerobic microbial activity will be unlikely." Id. at 6-22. In addition, denitrification is
defined as an anaerobic process that will be limited in the oxic environment. /d.

However, Robertson, et al. (1988) report that denitrification can occur in fully aerobic
conditions with a wide range of bacteria. See, generally, Robertson, L.A., van Niel, E-W.,
Torremans, R.A.M., and Kuenen, J.G. (1988), "Simultaneous Nitrification and Denitrification
in Aerobic Chemostat Cultures of Thiosphaera pantotropha," APPLIED AND ENVIRONMENTAL
MICROBIOLOGY, Vol. 54, No. 11 at 2812-2818. In addition, Robertson and Kuenen (1984)
identified a denitrifying mixotroph capable of simultaneously "utilizing nitrate and oxygen as
terminal electron acceptors in respiration." See Robertson, L.A. and Kuenen, J.G (1984),

"Aerobic Denitrification: A Controversy Revived," ARCH MICROBIOL, Vol. 139 at 351-354.
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6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsections 2.3.6.4.3.1.1 (at 2.3.6-34), based on
DN2002308488, Section 6, and all similar and related sections, that do not account for the
possibility of anaerobic respiration and that inaccurately define denitrification as a strictly
anaerobic process. The contention also challenges all models that use the corrosion inhibition of
the nitrate ion to predict that there will be no localized corrosion susceptibility for Alloy 22.
These SAR subsections do not comply with 10 C.F.R. § 63.114(b), which requires that account
should be taken of uncertainties and variabilities in parameter values and provide for the
technical basis for parameter ranges, probability distributions, or bounding values used in the
performance assessment. Also, these SAR subsections do not comply with 10 C.F.R. §
63.114(c), which requires consideration of alternative conceptual models of features and
processes that are consistent with available data and current scientific understanding, and
evaluation of the effects that alternative conceptual models have on the performance of the

geologic repository.
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NEV-SAFETY-77 - CORROSION FROM ROCK BOLT SEEPAGE

1. A statement of the contention itself

SAR Subsection 1.3.4.4 and similar subsections, which discuss the ground support
system in the emplacement drifts, fail to mention or consider the fact that the Super Swellex™
are hollow and would act as a conduit for seepage into the emplacement drifts and the neglect of
this process means that the TSPA-LA assumptions relating to isolation of the wastes within the
waste package are unfounded.

2. A brief summary of the basis for the contention

The TSPA-LA assumes that seepage from the roof of the emplacement drifts will not be
an issue during the period prior to the placement of the drip shields. This assumption ignores the
fact that friction-type rock bolts are hollow and therefore represent a direct conduit from the rock
mass beyond the relaxed zone surrounding the opening to the emplacement drift.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart

E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(9) requires an assessment to determine the degree
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to which those features, events and processes of the site that are expected to materially affect
compliance with Section 63.113 have been characterized, and paragraph (c)(15) requires an
explanation of measures used to support the models used to provide the information required in
paragraph (c)(9). 10 C.F.R. § 63.114 (part of Subpart E) requires a performance assessment to
be completed to evaluate the ability of the engineered barrier system along with natural barriers
to meet the performance objectives of Section 63.113. 10 C.F.R. § 63.114(a) requires the
inclusion of information on the design of the engineered barrier system used to define parameters
and conceptual models used in the assessment. This contention alleges non-compliance with
these regulatory provisions and therefore raises a material issue within the scope of the licensing
proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 1.3.4.4 at 1.3.4-8 discusses the permanent ground support system, which
consists of 3-m long, Super Swellex-type friction rock bolts together with Bernold sheets. Both
the rock bolts and Bernold sheets are specified as being constructed of Type 316 stainless steel.
SAR at 1.3.4-10 states that the final ground support system will be installed before the placement
of the invert structures. However, there is no mention of potential issues due to seepage prior to
the installation of the drip shields. SAR Subsection 1.3.4.7 at 1.3.4-26 states that the drip shields
will be installed as part of the closure process for the repository. The apparent implication is that
there is no need to address seepage prior to that time. This suggests either that seepage is not
considered to be a significant problem or that the waste packages are sufficiently corrosion
resistant to withstand the corrosion generated by seepage. However, there is no discussion of
any calculations or modeling having been performed to support these conclusions. In addition,

nowhere is there mention that friction-type rock bolts are hollow and that, when expanded, the
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outside perimeter of the rock bolts will not be entirely in contact with the surrounding rock. As a
consequence, there are pathways within the rock bolts that can directly transfer water at 3 m and
further from the opening to the drifts. Thus, the potential for corrosion of the waste packages is
understated. Because the waste package is a component important to waste isolation (IWTI) as
stated in SAR Subsection 1.3.4 at 1.3.4-1, the net effect is an inaccurate assessment of the ability
of the EBS system to isolate the waste.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges SAR Subsection 1.3.4.4 and similar subsections, which
discuss the ground support system in the emplacement drifts because they fail to mention the fact
that the Super Swellex™ are hollow and will not be in total contact with the walls of the
boreholes, so that they would act as a conduit for seepage into the emplacement drifts. Because
this has not been considered, the TSPA-LA assumptions relating to isolation of the wastes within
the waste package are unfounded. Thus, the SAR does not comply with 10 C.F.R. § 63.114(a),
which requires the inclusion of information on the design of the engineered barrier system,
where this information is to be used in a performance assessment to evaluate the ability of the
engineered barrier system along with natural barriers to meet the performance objectives of 10
C.F.R.§63.113.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that

are not included in the LA and that are beyond the practical ability of anyone else to perform.
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Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.



425

NEV-SAFETY-78 - STATIC CORROSION TESTS ON ALLOY 22

1. A statement of the contention itself

SAR Subsection 2.3.6.3 and similar subsections, which describe long-term weight loss
measurements of the outer corrosion resistant material, alloy C-22, of the waste canister at the
long-term test corrosion facility, fail to adequately represent the corrosion environment that is
expected in a mined geologic repository situated in the unsaturated zone.

2. A brief summary of the basis for the contention

Static corrosion tests on coupons of the C-22 alloy under saturated conditions at the long-
term corrosion test facility are unrealistic, non-site specific, and non-conservative representations
of the physico-chemical environment expected for the waste canisters in a repository situated in
the unsaturated zone.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the

engineered barrier system and its relationship to the post-closure performance objectives, and
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Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.115 (also
part of Subpart E) addresses barriers important to waste isolation recognizing both the
engineered barrier system and the natural features of the geologic setting. 10 C.F.R. § 63.114(f)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. This contention alleges noncompliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Long-term corrosion tests performed on samples of the canisters’ outer material, C-22
alloy, employed weight loss measurements to determine the rate of corrosion (SAR Subsection
2.3.6.3 beginning at 2.3.6-19). These experiments were conducted in large vats at two different

temperatures (60° and 90°C), but the coupons were situated below the water line, that is, under
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static saturated aqueous conditions (except for those coupons right at and above the water line).
This is not the environment that the waste canister at Yucca Mountain will be situated; waste
canisters will be placed in the mined geologic repository hundreds of meters above the water
table in the vadose or unsaturated zone. Under realistic conditions in the unsaturated zone, the
outer canister material, C-22, will be subjected to a changing temperature (up to 200°C), high
humidity conditions, with dripping seepage water (once-through flow) of possibly varying
chemical compositions (due to fractionation on the canisters’ surface). Between drips the
aqueous solutions may dry out leaving behind salt deposits that may interact with accumulated
dust deposits on the canister surface. Rock fall and drip shield material may also be in contact
with the outer canister material. Thus, the actual physico-chemical surface environment of the
waste canisters will most likely differ significantly from the static saturated test conditions, with
the result that the test conditions are therefore unrealistic, non-site specific, and non-
conservative.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges any corrosion rates for the C-22 alloy that are based on weight
loss measurements at the long-term corrosion test facility as described in the SAR Subsection
2.3.6.3. DOE has not shown that these static experiments conducted under saturated aqueous
conditions will yield similar results to realistic, site-specific environmental tests that include
once-through water flow (of the appropriate chemistry) coupled with periodic dry-out, and with
salt and dust build-up. Thus, these experiments are not an appropriate basis to assess the
degradation of the EBS and do not comply with 10 C.F.R. § 63.114(f) which requires that
degradation, deterioration, or alteration processes of engineered barriers must be evaluated in

detail if the magnitude and time of the resulting radiological exposures to the reasonably
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maximally exposed individual, or radionuclide releases to the accessible environment, would be
significantly changed by their omission. This contention alleges noncompliance with these
regulatory provisions and therefore raises a material issue within the scope of the licensing
proceeding.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-79 - STATIC GENERAL CORROSION TEST SOLUTIONS

1. A statement of the contention itself

SAR Subsection 2.3.6.3 and similar subsections, which describes static long-term general
corrosion tests on the waste package outer material, alloy C22, fail to address the need for and
use of realistic, site-specific aqueous test solutions that are appropriate for waste packages
situated in a humid, thermally perturbed, unsaturated environment.

2. A brief summary of the basis for the contention

In its long-term general corrosion static tests, DOE has used J-13 well water and related
aqueous test solutions that are more appropriate for waste canisters emplaced in a saturated
hydrological environment, rather than more realistic, site-specific fracture water, pore waters, or
thermally evolved seepage evaporation waters.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the

engineered barrier system and its relationship to the post-closure performance objectives, and
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Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.115 (also
part of Subpart E) addresses barriers important to waste isolation recognizing both the
engineered barrier system and the natural features of the geologic setting. 10 C.F.R. § 63.114(f)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. This contention alleges noncompliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceeding.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

In SAR Subsection 2.3.6.3, DOE describes the use of J-13 well water and related test
waters (SAR Table 2.3.6-1) for their static long-term corrosion tests on alloy C22, the outer
material of the waste package. J-13 well water is a groundwater (from the saturated zone) and is

therefore a non-conservative, unrealistic, and non-site specific choice on which to base a series
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of test solutions. More environmentally realistic choices for long-term general corrosion
aqueous test solutions would have included fracture water (none measured directly, see SAR at
2.3.5-30), pore waters (four groups, Near-Field Chemistry model, see SAR Subsection 2.3.5.3 at
2.3.5-29), and thermally evolved seepage evaporation waters (In Drift Chemical Environment
Model, see SAR Subsection 2.3.5.5).

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the use by DOE of non-conservative, unrealistic, and non-site
specific aqueous test solutions in static long-term general corrosion tests on the outer material of
the waste packages, alloy C22, as described in SAR Subsection 2.3.6.3, and similar and related
subsections, rather than the use of more environmentally appropriate fracture, pore, and
thermally evolved seepage evaporation waters for corrosion tests. Furthermore, there is no
justification given that similar general corrosion rates for alloy C22 would have been obtained
with the use of more conservative, realistic, and site-specific test solutions, such as pore waters
or thermally evolved seepage evaporation waters. Thus, these experiments are not an
appropriate basis to assess the degradation of the EBS and do not comply with 10 C.F.R. §
63.114(f) which requires that degradation, deterioration, or alteration processes of engineered
barriers must be evaluated in detail if the magnitude and time of the resulting radiological
exposures to the reasonably maximally exposed individual, or radionuclide releases to the
accessible environment, would be significantly changed by their omission. This contention
alleges noncompliance with these regulatory provisions and therefore raises a material issue
within the scope of the licensing proceeding.

Because the TSPA is a complex non-linear model, and changes in the approach adopted

are likely to result in changes in the results obtained that vary both as a function of time post-
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closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-80 - LOCALIZED CORROSION, CHLORIDE BEARING MINERAL
DEPOSITS AND HOT WALL EFFECTS

1. A statement of the contention itself

SAR Subsection 2.3.6.1.1 and similar subsections state that titanium is extremely
resistant to localized corrosion due to its very passive film, and as a result, DOE has concluded
that localized corrosion of titanium will not occur in repository environments and is excluded
from the TSPA; DOE is incorrect because the most likely failure mode of titanium in this
application is localized corrosion under insulating mineral deposits from seepage water, which
has not been properly considered by DOE, that could lead to early failure of the drip shield due
to penetration of the water diversion surface.

2. A brief summary of the basis for the contention

DOE’s testing fails to determine the limits of the concentration, temperature, and pH
conditions under which corrosion of titanium will occur and fails to address a very likely condition
of a crevice created by deposits of chloride-bearing salts from seepage water evaporation, under
the added conditions that at the metal surface in such a crevice the pH will be lower than in the
bulk solution, the chloride concentration will be higher than in the bulk solution, and the wall of
the drip shield under such insulating deposits will be hotter than a clean drip shield surface.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,

paragraph 1 of the Notice of Hearing.
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4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. Finally, 10 C.F.R. §
63.114(f) requires that any performance assessment used to demonstrate compliance with
Section 63.113 must provide the technical basis for either inclusion or exclusion of degradation,
deterioration, or alteration processes of engineered barriers in the performance assessment,
including those processes that would adversely affect the performance of natural barriers.
Degradation, deterioration, or alteration processes of engineered barriers must be evaluated in
detail if the magnitude and time of the resulting radiological exposures to the reasonably
maximally exposed individual, or radionuclide releases to the accessible environment, would be

significantly changed by their omission. Also, 10 C.F.R. § 63.114(g) requires provision of the
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technical basis for models used in the performance assessment such as comparisons made with
outputs of detailed process-level models and/or empirical observations (e.g., laboratory testing,
field investigations, and natural analogs). This contention alleges non-compliance with these
regulatory provisions and therefore raises a material issue within the scope of the licensing
proceedings.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

SAR Subsection 2.3.6.2.3 states that

The localized corrosion model is based on experimental measurements of key

model parameters and validated through comparison of those measurements to

corroborative data that have been published in the open scientific literature. The

localized corrosion model does not predict crevice corrosion even at pH of 14

(SNL 2007e, Section 6.6.3). Given the exposure conditions expected in the

repository, localized corrosion of titanium alloys is not considered possible and is,

therefore, excluded from TSPA (Section 2.2, Table 2.2-5, FEP 2.1.03.03.0B)

(SNL 2007e, Section 6.6).

Thus, in SAR Subsection 2.3.6 and similar subsections, and documents referenced therein, DOE
has stated that it is ignoring localized corrosion of the titanium. Note that pitting of titanium is
usually associated with low pH, less than 1.5, not pH approaching 14.

Localized corrosion in the form of pitting, crevice corrosion, and under deposit corrosion
is commonly observed in titanium in industrial applications. The specific case of salt deposits on
tubing in petroleum refineries is responsible for a number of failures that have been reported in
National Association of Corrosion Engineers (NACE) publications and conferences. Such
failures are typically random and may affect only a portion of the tubes in a tube bundle, but

render the heat exchanger unserviceable in any event. The conditions associated with the failure

observed by NACE are likely to occur under conditions present at Yucca Mountain.
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DOE has not adequately assessed localized corrosion, because it has failed to use tests
that generate, or at least simulate, the chemistry, pH and temperature conditions that are expected
to occur in the emplacement drifts. Specifically, DOE has not adequately considered the
significant risk of localized corrosion of the Grade 7 Drip Shield under conditions where seepage
from above evaporates on the surface, leaving mineral deposits including chloride salts to
accumulate. This would result in high concentrations of chlorides, fluorides or other species, and
low pH, and would be exacerbated by the hot wall effect of the heat from the canister that also
results in higher surface temperatures than on a clean surface. Localized corrosion in the form of
under deposit corrosion (a form of pitting) could lead to premature failure by local penetration of
many drip shields, followed by localized seepage on to many of the waste packages.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the DOE position stated in SAR Subsection 2.3.6 and similar
subsections that that localized corrosion of titanium will not occur in repository environments
and is excluded from the TSPA. For the reasons presented above, DOE has not adequately
considered the significant risk of localized corrosion of the Grade 7 Drip Shield under conditions
where seepage from above evaporates on the surface. As a result, SAR Subsection 2.3.6 and
similar subsections do not comply with 10 C.F.R. § 63.114(f), which requires that any
performance assessment used to demonstrate compliance with Section 63.113 must provide the
technical basis for either inclusion or exclusion of degradation, deterioration, or alteration
processes of engineered barriers in the performance assessment, including those processes that
would adversely affect the performance of natural barriers. Degradation, deterioration, or
alteration processes of engineered barriers must be evaluated in detail if the magnitude and time

of the resulting radiological exposures to the reasonably maximally exposed individual, or
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radionuclide releases to the accessible environment, would be significantly changed by their
omission. Also, they do not comply with 10 C.F.R. § 63.114(g), which requires provision of the
technical basis for models used in the performance assessment such as comparisons made with
outputs of detailed process-level models and/or empirical observations (e.g., laboratory testing,
field investigations, and natural analogs).

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-81 - HYDROGEN UPTAKE RESULTING FROM GENERAL
CORROSION

1. A statement of the contention itself

SAR Subsection 2.3.6.8.1 and related subsections describe general corrosion of the drip
shield, provide calculations of weight loss due to general corrosion, and consider the effect of
thinning in terms of mechanical weakening of the structure, but DOE fails to consider the effects of
localized embrittlement due to hydride formation resulting from general corrosion, and
consequently DOE incorrectly assumes that the drip shield will not fail by brittle fracture resulting
from rockfall or similar event.

2. A brief summary of the basis for the contention

DOE fails to address the hydrogen absorbed during general corrosion (of the corrosion
allowance), which will result in hydride formation and accompanying embrittlement, and as a
result DOE fails to consider the increased risk of brittle fracture due to rockfall or other external
load and consequent failure of the drip shields.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety

of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
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the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. Finally, 10 C.F.R. §
63.114(f) requires that any performance assessment used to demonstrate compliance with
Section 63.113 must provide the technical basis for either inclusion or exclusion of degradation,
deterioration, or alteration processes of engineered barriers in the performance assessment,
including those processes that would adversely affect the performance of natural barriers.
Degradation, deterioration, or alteration processes of engineered barriers must be evaluated in
detail if the magnitude and time of the resulting radiological exposures to the reasonably
maximally exposed individual, or radionuclide releases to the accessible environment, would be
significantly changed by their omission. This contention alleges non-compliance with these
regulatory provisions and therefore raises a material issue within the scope of the licensing

proceedings.
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

General corrosion of the drip shield is described in SAR Subsection 2.1.2.2 at page 2.1-
35 as "sufficiently low that this process does not cause a through wall penetration until about two
to three hundred thousand years . . . ."

Titanium general corrosion is typically accompanied by absorption of a small percentage
of the hydrogen generated at the cathodic side of the corrosion reaction. For example, a titanium
or titanium alloy component exposed to sulfuric acid strong enough to cause corrosion will take
up hydrogen as it corrodes. The effects of the hydrogen can sometimes destroy the function of a
part long before the significant corrosion allowance is consumed. Specifically, hydrogen uptake
can lead to hydride formation and embrittlement, residual stresses, and cracking long before the
part is consumed. The absorption of hydrogen accompanying corrosion is described on page 4-1
in "ANL-EBS-MD-000006 Revision 02, Hydrogen-Induced Cracking of the Drip Shield,
September 2004 (This is a Correction to DOC.20040909.0004)" (09/07/2004), LSN#
DN2001646621.

DOE has allowed 1 or 2 mm corrosion allowance, which as it is "consumed" will cause
hydrogen concentrations to increase in the titanium. However, DOE fails to demonstrate that the
hydrogen absorbed during general corrosion (of the corrosion allowance) will not result in
hydride formation, with its consequent effects on component integrity.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges DOE’s neglect of the effects on the titanium drip shield
caused by hydrogen absorption due to general corrosion, which increases the potential for brittle

failure due to rockfall or other impact loads, substantially degrading the drip shield’s
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performance and hence increasing the predicted dose to the RMEI. Thus, SAR Subsections
2.3.6.8.1 and related subsections and DN2001646621 do not comply with 10 C.F.R. § 63.102(h),
which requires the performance assessment to address how the natural barriers and the
engineered barrier system work in combination to enhance the resiliency of the geologic
repository, and do not comply with 10 C.F.R. § 63.113, which requires the geologic repository to
be designed with proper consideration to the engineered barrier system working in combination
with the natural barrier to limit radiological exposures. Specifically, in its failure to address
hydrogen-mediated embrittlement process, DOE has failed to comply with 10 C.F.R. § 63.114(f)
which requires that any performance assessment used to demonstrate compliance with Section
63.113 must provide the technical basis for either inclusion or exclusion of degradation,
deterioration, or alteration processes of engineered barriers in the performance assessment,
including those processes that would adversely affect the performance of natural barriers.
Degradation, deterioration, or alteration processes of engineered barriers must be evaluated in
detail if the magnitude and time of the resulting radiological exposures to the reasonably
maximally exposed individual, or radionuclide releases to the accessible environment, would be
significantly changed by their omission.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.

Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
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These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-82 - CORROSION OF THERMALLY OXIDIZED TITANIUM

1. A statement of the contention itself

SAR Subsection 2.3.6.8.3 and similar subsections state that the drip shield will be fully
stress-relief-annealed before emplacement and describe the process to be conducted in fuel-air
atmosphere at 1150°F which will result in significant surface oxide thickness compared to
normal oxide films formed in air; however, DOE has failed to evaluate the effects of thermally
oxidized titanium (simulating air stress relieved material that is specified as a manufacturing step
intended to eliminate residual stresses assumed to eliminate stress corrosion cracking (SCC) and
other hydrogen cracking issues) under the relevant repository corrosion conditions, including
effects on general corrosion rates and under-deposit corrosion from seepage water evaporating
on hot wall surfaces, which affect the validity of the corrosion analysis used to predict drip shield
performance in the LA and could lead to early drip shield failures due to unanticipated decreased
corrosion performance.

2. A brief summary of the basis for the contention

It is reasonable to expect a thermally thickened oxide resulting from stress relief at 1150°F
in an air environment (likely to be two orders of magnitude thicker than a normal air film) to
perform differently from a normal air formed oxide film. DOE’s tests have not included titanium
material in the thermally oxidized condition (simulating stress relief) and therefore they fail to
duplicate the conditions of the drip shield as it will be installed in the repository.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,

paragraph 1 of the Notice of Hearing.
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4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.114(f)
requires any performance assessment used to demonstrate compliance with Section 63.113 to
provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly

changed by their omission. 10 C.F.R. § 63.114(g) further requires any performance assessment
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used to demonstrate compliance with Section 63.113 to provide the technical basis for models
used in the performance assessment such as comparisons made with outputs of detailed process-
level models and/or empirical observations (e.g., laboratory testing, field investigations, and
natural analogs). Finally, 10 C.F.R. § 63.115 (also part of Subpart E) addresses barriers
important to waste isolation recognizing both the engineered barrier system and the natural
features of the geologic setting. This contention alleges non-compliance with these regulatory
provisions and therefore raises a material issue within the scope of the licensing proceedings.

5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Thermally thickened titanium oxide films have been shown to be beneficial to corrosion
resistance of titanium under some conditions under normal industrial exposures of a few years,
but none of the tests described in the LA and supporting materials have attempted to simulate
thermally thickened oxide under the long-term conditions involved in the repository. The
performance of this thicker oxide layer and the specific effect on the material compositions and
combinations of material compositions (i.e., Grade 29, Grade 7, and deposited weld metal) in the
drip shield is uncertain.

Oxide growth is generally accepted to slow over time, but the effects of a pre-existing
thermally enhanced oxide layer two orders of magnitude thicker that the air-formed oxide tested
by DOE are unknown.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the validity of DOE long-term corrosion test results reported
in SAR Subsection 2.3.6, and similar subsections, because the condition of materials tested for

corrosion do not duplicate the conditions of material to be placed in the repository. DOE
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specifically failed to test the thermally oxidized surface condition resulting from stress relief of
the titanium material, as described in SAR Subsection 2.3.6.8.3, and similar subsections. Since
this is the condition of the drip shield material as it is proposed for placement, there is no
demonstration of fitness for purpose which impacts the predicted dose to the RMEI. Thus, these
various subsections do not comply with 10 C.F.R. § 63.114(f), which requires any performance
assessment used to demonstrate compliance with Section 63.113 to provide the technical basis
for either inclusion or exclusion of degradation, deterioration, or alteration processes of
engineered barriers in the performance assessment, including those processes that would
adversely affect the performance of natural barriers. Degradation, deterioration, or alteration
processes of engineered barriers must be evaluated in detail if the magnitude and time of the
resulting radiological exposures to the reasonably maximally exposed individual, or radionuclide
releases to the accessible environment, would be significantly changed by their omission. Nor
do they comply with 10 C.F.R. § 63.114(g), which further requires any performance assessment
used to demonstrate compliance with Section 63.113 to provide the technical basis for models
used in the performance assessment such as comparisons made with outputs of detailed process-
level models and/or empirical observations (e.g., laboratory testing, field investigations, and
natural analogs).

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that

are not included in the LA and that are beyond the practical ability of anyone else to perform.



447

Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-83 - ADEQUACY OF METHODS OF GENERAL AND LOCALIZED
CORROSION TESTING OF THE DRIP SHIELD

1. A statement of the contention itself

SAR Subsection 2.3.6 at 2.1-104 and 105 describe corrosion tests as long-term
immersion exposures of open, creviced, and stressed specimens all together in closed tanks under
two temperature conditions; however, the tests are not adequately representative of corrosive
conditions in the proposed repository that will affect repository performance and specifically do
not address the effects of Ti++ ion concentrations and aeration in the test solution that could
change corrosion behavior and lead to erroneous conclusions that fail to predict corrosion
performance of the actual drip shields.

2. A brief summary of the basis for the contention

The corrosion tests described do not address several issues critical to corrosion testing
of titanium, such as solution replenishment (to minimize the corrosion inhibiting effects of
corrosion product Ti++ in solution) or aeration conditions other than air passing over an
agitated solution (which may or may not provide an air-neutral oxygen level in the solution),
both common features of most modern titanium corrosion testing, nor do the tests address pH
reduction, concentration increases, and hot wall effects that exist with under-deposit corrosion,
and use of weight loss measurements for tests where corrosion rates are very low is prone to
significant error and does not provide reasonable data on which to base even a 100-year
extrapolation let alone a multi-century extrapolation of results.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,

paragraph 1 of the Notice of Hearing.
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4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.114(g)
requires that any performance assessment used to demonstrate compliance with Section 63.113
must provide the technical basis for models used in the performance assessment such as
comparisons made with outputs of detailed process-level models and/or empirical observations
(e.g., laboratory testing, field investigations, and natural analogs). Finally, 10 C.F.R. § 63.115
(also part of Subpart E) addresses barriers important to waste isolation recognizing both the
engineered barrier system and the natural features of the geologic setting. This contention
alleges non-compliance with these regulatory provisions and therefore raises a material issue

within the scope of the licensing proceedings.
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Corrosion test methods used to gather data used in the models is important to the validity
of the models used to justify claims of low leakage of radionuclide from the repository. The
Long Term Corrosion Test Facility Tests are described in SAR Subsection 2.3.6 as consisting
of fiberglass tanks of 1000 liters of solution, with aeration provided by agitation and air
movement over the surface. The reader is led to believe that the specimens were immersed in
the original solution for the exposure times described in the report.

The effects of titanium ions in solution were interpreted by early researchers to lead to a
reduction of corrosion rates over time, a contention refuted in subsequent tests where solution
replenishment was addressed. A lack of description of replenishment of solutions or of tests of
alternate aeration conditions leads one to believe this important practice in titanium corrosion
testing was not considered in the DOE tests described. In repository conditions, dripping
solutions are constantly replenished.

Failure to replenish solutions in "beaker" corrosion tests of titanium (i.e., the 1000 liter
tanks) was the source of many erroneous results in the early years before the corrosion inhibiting
effect of Ti++ ion in the test solution from specimen corrosion was discovered to be critically
important. Although the corrosion rates of Grade 16 or Grade 7 are low, leading to low levels of
Ti++, the effect is uncertain without data as to the Ti++ levels in the test solution prior to
replenishment.

DOE did not check or did not report titanium ion concentration in the test solutions,
something that might have been a useful guide to very low corrosion rates.

Failure to test alternate aeration conditions fails to simulate many conditions that may be

encountered, or to demonstrate that the method employed by DOE does produce fully aerated
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conditions (oxygen levels substantially in equilibrium with air), something that is also of critical
importance in corrosion tests of titanium. Many researchers today test air aeration, but also
nitrogen aeration and oxygen aeration to better quantify the aeration effects and to be certain that
the effects are properly evaluated. Bubbling the air, oxygen, or nitrogen through the solution is
likely more reliable in obtaining the desired conditions of dissolved oxygen than just passing air
over an agitated container. Conditions of aeration in seepage solutions could well vary in areas
of the drift sealed from contact with fresh air for long periods such that a range of dissolved
oxygen could exist.

Use of weight loss, in the case where corrosion rates over the test period are close to nil
and data are to be extrapolated for thousands of years is prone to significant error, even with very
careful procedures for cleaning and weighing the specimens before and after the immersion
period. The mass difference between the before and after specimens may be within the margin
of error created by a fingerprint on the specimen.

The effects of changes in pH, species concentration increases, and hot wall effects that
are probable under repository exposure conditions are not adequately addressed in the LA. For
example, it is well known that crevice conditions result in variations in pH and oxygen
concentration that are typically addressed by creating bulk solution conditions that closely
duplicate the conditions expected in a crevice.

Failure to test higher temperatures to determine the actual limitations of the material
proposed for the repository gives rise to the risk that variations in conditions in the actual
repository and systematic deviations from the reference conditions will lead to corrosion. In

general, titanium either works very well or it fails very quickly. Tests at conditions below such a
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threshold can be rendered completely invalid by minor changes in, for example, slightly higher
temperature conditions.

Temperatures on material surfaces exposed to hot wall conditions (where there is a heat
source on the opposite side of the metal surface) lead to higher surface temperatures on the metal
than in the bulk solution, and it is that temperature that the metal must be capable of
withstanding. This effect is exacerbated where deposits, such as mineral salts, insulate the
surface from the bulk solution. In the case of chloride-containing salts, for example, the deposit
can also lead to concentration of chemical species that can exacerbate corrosion, and are often
seen to lead to localized corrosion. Localized corrosion failures have been observed in heat-
exchange equipment due to failure to consider these effects, which is a reason why many
corrosion researchers test temperatures or chemical concentrations in excess of the expected bulk
solution so that they know how much margin there may be in excess of predicted bulk solution
conditions.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges the sufficiency of conditions tested and validity of the
titanium corrosion data from the Long Term Facility Tests described in SAR Subsection 2.3.6
and similar subsections. These data are used by DOE to support its assumed performance of the
drip shield in the TSPA model and thus the predicted dose to the RMEI. However, they are not
valid for use in this context. Thus, SAR Subsection 2.3.6 and similar subsections do not comply
with 10 C.F.R. § 63.114(g), which requires that any performance assessment used to demonstrate
compliance with Section 63.113 must provide the technical basis for models used in the

performance assessment such as comparisons made with empirical observations (e.g., laboratory
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testing). In this case, the comparisons made with empirical observations do not provide a
legitimate technical basis for the models used.

Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-84 - USE OF DIFFERENTIAL WEIGHT LOSS TO ESTIMATE VERY
LOW CORROSION RATES

1. A statement of the contention itself

SAR Subsection 2.3.6.8.1 and similar subsections state that general corrosion may occur,
but DOE describes immersion corrosion testing methods and differential weight loss
measurements to predict both general and localized corrosion where corrosion rates are very low
and the data are to be extrapolated for thousands of years. The test methods are not sufficient to
measure general and localized corrosion to an accuracy level sufficient for extrapolation to
predict drip shield performance.

2. A brief summary of the basis for the contention

DOE’s use of inherently inaccurate differential weight loss measurements from tests of
limited duration, especially where there are very low general corrosion rates, and its failure to
measure or report the presence of titanium ions or the possible corrosion inhibition effects of these
ions in the solution after exposure, which would more accurately indicate measurable metal loss or
indicate inhibiting effects of the Ti++ ions in solution, and use of weight loss measurements for
localized (i.e., under deposit, crevice, or pitting) corrosion is inaccurate for general corrosion and
fails to estimate the severity of localized corrosion, which could result in breach of a corrosion
barrier with very small weight loss.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,

paragraph 1 of the Notice of Hearing.
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4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and
Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. Finally, 10 C.F.R. §
63.114(g) requires that any performance assessment used to demonstrate compliance with
Section 63.113 must provide the technical basis for models used in the performance assessment
such as comparisons made with outputs of detailed process-level models and/or empirical
observations (e.g., laboratory testing, field investigations, and natural analogs). This contention
alleges non-compliance with these regulatory provisions and therefore raises a material issue

within the scope of the licensing proceedings.
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

Measuring weight loss on specimens with extremely low corrosion rates is problematic.
In the testing reported in SAR Subsection 2.3.6.8.1 and similar subsections, and as described in
ANL-EBS-MD-000004 REV002 ACN 01 "General Corrosion and Localized Corrosion of the
Drip Shield" (04/27/2006), LSN# DN2002228104 it was noted that cleaning procedures to
remove surface deposits on the test coupon material sometimes resulted in weight gain due to
inadequate cleaning. Clearly, weight loss measurement on this basis must also be suspect.

Localized corrosion (i.e., pitting, crevice, and under deposit) tends to cause minimal
weight loss even with severe penetration rates. Using weight loss as a means of assessing this
type of corrosion is not valid compared to examining surfaces for attack and judging failure
based on such evidence. In the example below, the weight loss for the drip shield projected area
is compared with the weight loss for full penetration holes of 4 inch diameter. It would take
about 743 V4 inch full thickness holes to match the weight loss of general corrosion of 0.025 mm
(0.001 inch). For a 1-mm corrosion allowance, this translates to nearly 30,000 holes of % inch
diameter. A drip shield would not serve its function well with 30,000 %4 inch diameter holes in
it. With the relatively rapid penetration rates due to localized corrosion, the time until
penetration can be much less than the time for loss due to general corrosion of 1 mm of surface.

Use of Weight Loss is Very Deceptive for Describing Localized Corrosion

L w Area
Projected Area of Drip Shield 228 100 22800  sq.in.
Weight of Projected Surface ~ 0.625 2322.75 lbs/area
Weight of 1 mil of surface  0.001 3.7164  lbs/mil
Compare to holes in material
Dia sq.in. depth Weight
1/4" diameter holes 0.25 0.0491016  0.625 0.0050022

Full Penetration Holes to Match Weigh Loss of 1 mpy 743
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Immersion testing with numerous specimens in a single container, without describing
solution replenishment procedures, leaves open the possibility that all test results are
compromised due to the presence of titanium ion in solution.

Testing on limited air aeration compared to a more positive way to assure oxygen
equilibrium with the test solution (like bubbling the gas through the solution), as well as failure
to test using nitrogen or pure oxygen aeration to better quantify the limits of aeration effects,
leaves open the possibility that all test results are compromised due to the effects of different
levels of aeration.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges DOE’s use of differential weight loss based on immersion
corrosion testing methods used at the Long Term Test Corrosion Facility (LTCTF), as described
in SAR Subsection 2.3.6.8.1 and similar subsections, and in DOE reference document
DN2002228104, to predict both long term general corrosion and localized corrosion, as well as
the failure to evaluate the effects of Ti++ ion concentration in the solution and various aeration
effects leaves open the possibility that all test results are compromised. Taking such
questionable data and extrapolating it for times several orders of magnitude greater than those
tested is not a sound or credible engineering approach and affects the basis upon which the dose
to the RMEI is predicted. Thus, SAR Subsection 2.3.6.8.1 and related subsections do not
comply with 10 C.F.R. § 63.114(g), which requires that any performance assessment used to
demonstrate compliance with Section 63.113 must provide the technical basis for models used in
the performance assessment such as comparisons made with outputs of detailed process-level
models and/or empirical observations (e.g., laboratory testing, field investigations, and natural

analogs).
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Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.
These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-85 - DECLINING CORROSION RATE OVER TIME

1. A statement of the contention itself

SAR Subsection 2.3.6 states that the model implementation for corrosion is considered
conservative because the general corrosion rate of metals and alloys is known to decrease with
time, but the referenced tests are invalid and therefore this assumption is not applicable.

2. A brief summary of the basis for the contention

The LA relies upon data from tests in closed systems that have subsequently been shown
to be invalid because the effects of titanium corrosion product ion (Ti++) in solution were not
properly addressed, and therefore, the assumption that corrosion rates decline over time and that
the model adopted is conservative in this regard is invalid.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue whether DOE has complied with the NRC requirements
applicable to Yucca Mountain, and falls within the scope of the hearing as specified in section II,
paragraph 1 of the Notice of Hearing.

4. A demonstration that the contention is material to the findings NRC must make to license
Yucca Mountain

10 C.F.R. § 63.31(a)(2) states that the NRC may authorize construction of the GROA at
the Yucca Mountain site if it determines that there is reasonable expectation the materials
described in the application can be disposed of without unreasonable risk to the health and safety
of the public. In reaching this determination, 10 C.F.R. § 63.31(a)(3) requires the LA to satisfy
the requirements contained in 10 C.F.R. § 63.21, and the site and design to comply with Subpart
E of 10 C.F.R. Part 63. 10 C.F.R. § 63.21(c)(3)(ii) requires the SAR to discuss the design of the
engineered barrier system and its relationship to the post-closure performance objectives, and

Section 63.21(c)(14) requires the SAR to evaluate the natural features of the geologic setting and
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the design features of the engineered barrier systems important to waste isolation. 10 C.F.R. §
63.102(h) (part of Subpart E) requires the performance assessment to address how the natural
barriers and the engineered barrier system work in combination to enhance the resiliency of the
geologic repository. 10 C.F.R. § 63.113 (also part of Subpart E) requires the geologic repository
to be designed with proper consideration to the engineered barrier system working in
combination with the natural barrier to limit radiological exposures. 10 C.F.R. § 63.114(f)
requires any performance assessment used to demonstrate compliance with Section 63.113 to
provide the technical basis for either inclusion or exclusion of degradation, deterioration, or
alteration processes of engineered barriers in the performance assessment, including those
processes that would adversely affect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered barriers must be evaluated in detail if the
magnitude and time of the resulting radiological exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible environment, would be significantly
changed by their omission. 10 C.F.R. § 63.114(g) further requires any performance assessment
used to demonstrate compliance with Section 63.113 to provide the technical basis for models
used in the performance assessment such as comparisons made with outputs of detailed process-
level models and/or empirical observations (e.g., laboratory testing, field investigations, and
natural analogs). Finally, 10 C.F.R. § 63.115 (also part of Subpart E) addresses barriers
important to waste isolation recognizing both the engineered barrier system and the natural
features of the geologic setting. This contention alleges non-compliance with these regulatory

provisions and therefore raises a material issue within the scope of the licensing proceedings.
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5. A concise statement of the facts or expert opinions supporting the contention, along with
appropriate citations to supporting scientific or factual materials

DOE appears to have ignored possible corrosion inhibiting effects of titanium corrosion
product ion (Ti++) in solution and of various aeration conditions in its long-term immersion
corrosion tests by failing to periodically refresh the test solutions. Thus, the immersion test
results reported where a large number of specimens were placed in a modest closed volume of
the test solution are highly questionable, particularly where the result is to be extrapolated over
thousands of years. The effect of corrosion product titanium ions in solution is not apparent in
standard short-term electrochemical tests. Although in early testing in the 1950’s it was thought
that corrosion rates fell over time, see Millaway, E.E. (1965), "Titanium: its Corrosion Behavior
and Passivation," MATERIALS AND PROTECTION at 17-21, subsequent research demonstrated the
inhibiting effect of the titanium ion, the effects of titanium ion (Ti++) in solution, and of variable
aeration on corrosion test results, which have been demonstrated in numerous tests made by
laboratories engaged in testing of titanium for corrosion applications. Aeration effects have also
been shown to be significant in the results of corrosion tests with titanium. Although DOE
purported to examine the effects of aeration, it did not compare aeration using oxygen, air and
nitrogen, for example, to better define valid bounds for its data, nor does the aeration method
described, air passing over the surface, provide assurance that the aeration conditions were really
known or consistent throughout DOE’s testing.

6. There must be sufficient information to show that there is a genuine dispute with DOE,
along with specific references to the portions of the LA being controverted

This contention challenges DOE’s assumption in SAR Subsection 2.3.6 that corrosion
rates decrease over time. By ignoring the effects of build-up of titanium ions in their

experimental configuration and by inadequately simulating aeration, DOE test results are
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questionable, particularly given that they are extrapolated over thousands of years, and DOE
inappropriately presents the unproven assumption that the rates will decline over time as making
the results even more conservative. Thus, SAR Subsection 2.3.6 does not comply with 10 C.F.R.
§ 63.114(f), which requires any performance assessment used to demonstrate compliance with §
63.113 to provide the technical basis for either inclusion or exclusion of degradation,
deterioration, or alteration processes of engineered barriers in the performance assessment,
including those processes that would adversely affect the performance of natural barriers.
Degradation, deterioration, or alteration processes of engineered barriers must be evaluated in
detail if the magnitude and time of the resulting radiological exposures to the reasonably
maximally exposed individual, or radionuclide releases to the accessible environment, would be
significantly changed by their omission. Nor does SAR Subsection 2.3.6 comply with 10 C.F.R.
§ 63.114(g), which further requires any performance assessment used to demonstrate compliance
with Section 63.113 to provide the technical basis for models used in the performance
assessment such as comparisons made with outputs of detailed process-level models and/or
empirical observations (e.g., laboratory testing, field investigations, and natural analogs).
Because the TSPA is a complex non-linear model, and changes in the approach adopted
are likely to result in changes in the results obtained that vary both as a function of time post-
closure and from realization to realization within a modeling case, a determination whether
acceptance of this contention would necessarily lead to calculated doses in excess of EPA’s dose
standards would require DOE to perform a substantial number of additional modeling cases that
are not included in the LA and that are beyond the practical ability of anyone else to perform.
Moreover, there are more than 100 Nevada TSPA contentions with characteristics like this one.

These relate to a total of 19 different broad aspects of the TSPA. Therefore, there are many
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thousands of possible changes that would need to be made to DOE’s TSPA approach to include
the effects of accepting this one contention along with all possible combinations of Nevada’s
other contentions relating to different aspects of the TSPA, even if all contentions relating to
each broad aspect of the TSPA were considered together in defining the variant cases. This
vastly increases the burden and complexity of showing the dose effects of acceptance of

Nevada’s contentions.
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NEV-SAFETY-86 - ROLE OF ROCK DUST ON CANISTER SURFACES IN
LOCALIZED CORROSION

1. A statement of the contention itself

SAR Subsection 2.3.6.4.4.1 and related subsections, which describe DOE’s model for
localized corrosion, are grossly incomplete because common and ubiquitous rock dust (siliceous
and feldspathic) can form crevices on C-22 and Ti-7 surfaces that are favorable environments for
localized corrosion.

2. A brief summary of the basis for the contention

Proposed repository construction and desert-derived ventilation dust and mineral
precipitates on the C-22 and Ti-7 surfaces can act as a trapping-cap crevice for acid gases and
brines where acid gas will not escape into the tunnel atmosphere, thereby promoting localized
corrosion and invalidating DOE’s localized corrosion model.

3. A demonstration that the contention is within the scope of the hearing

This contention raises an issue of whether DOE has complied with 10 C.F.R. Part 63
applicable to Yucca Mountain, and falls within the s