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L INTRODUCTION

On March 13, 2009, the three Construction Authorization Boards (CABs) appointed in
this proceeding entered an Order "Clarifying CAB Case Management Order #1." In that Order,
the CABs stated that new contentions arising from DOE's February 19, 2009 Updated LA "shall
be deemed timely if filed within 30 days from the date of the CABs' initial order [dated May 11,
2009] identifying the parties and admitted contentions." In accordance with the Notice of
Hearing, and 10 C.F.R. 2.309, and the CABs' March 13, 2009 Order, the following new
contentions are hereby filed, each of them addressing information contained in DOE's February
19, 2009 LA Update. NEV-SAFETY-205 is supported by the affidavits of Dr. Gene Smith and

Dr. Mike Thorne, attached as Attachments 1 and 2.



NEV-SAFETY-204 - PROBABILISTIC VOLCANIC HAZARD ANALYSIS UPDATE
EXPERT ELICITATION

1. A statement of the contention itself

SAR Section 5, Subsections 5.1, 5.4, 5.4.1, and similar subsections, and QARD 2.2.9,
2.2.13.B.7, and similar subsections, which describe DOE's conduct of an expert elicitation
relating to a Probabilistic Volcanic Hazard Analysis — Update (PVHA-U) that is directly relied
upon in its License Application Update No. 1 (as well as the expert elicitation itself,
"Probabilistic Volcanic Hazard Analysis Update (PVHA-U) for Yucca Mountain, Nevada"
(09/02/2008), LSN# DENO001601965), disclose a methodology so contrary to that which is
required and that which DOE committed to employ, as to render the PVHA-U inadequate and
unusable in support of DOE's Updated License Application.

2. A brief summary of the basis for the contention

DOE asserts in SAR Subsection 5.4 that its subsequent Subsection 5.4.1 regarding the
PVHA-U complies with the requirements of 10 C.F.R. § 63.21(c)(19) and the applicable portions
of NUREG-1804 for the conduct of expert elicitations to be relied upon in the LA; however,
DOE admits in SAR Subsection 5.4 that "the process used to conduct an expert elicitation can
have a significant effect on the results of the elicitation," and, in that regard, DOE's procedure for
the conduct of the PVHA-U does not meet the requirements of 10 C.F.R. § 63.21(c)(19) or the
guidance of NUREG-1804 or NUREG-1563, and contradicts both the letter and the spirit of
those references by employing processes for the selection of participating experts, their
preparation and training, and the elicitation of their opinions, which are calculated to be biased
and to result in an outcome predetermined by DOE, rather than an independent objective

assessment.



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, including NRC guidance to which DOE has committed to
comply.

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)(19) requires DOE to provide a detailed description of its
implementation of expert elicitation, on any occasion on which DOE elects to utilize that
methodology in support of its LA. Pursuant to 10 C.F.R. §§ 63.31(a)(1) and (2), the NRC will
not authorize construction of a geologic repository operations area at Yucca Mountain unless it
determines, among other things, that there is a reasonable assurance and expectation that
radioactive materials described in the application can be received and possessed and disposed of
without unreasonable risk to the health and safety of the public. Where, as here, that
determination by DOE is directly dependent upon the results of its PVHA-U, DOE's LA should
be denied because its utilization of expert elicitation is flawed and inadequate.

The detailed expectations for an appropriate expert elicitation are set out by NRC in
NUREG-1563 ("Branch Technical Position on the Use of Expert Elicitation in the High-Level
Radioactive Waste Program , NUREG-1563" (11/01/1996), LSN# DN2002065379), and its
specific bases for compliance in any instance where DOE elects to rely on expert elicitation are
set out in the acceptance criteria of NUREG-1804 ("Yucca Mountain Review Plan Final Report;
YMRP NUREG 1804 rev 2 final" (07/01/2003), LSN# DN2001748379). While DOE formally
committed to, and claims to follow the guidance of NUREG-1563 in satisfying the requirements

of 10 C.F.R. § 63.21(c)(19), DOE does not do so. DOE asserts in QARD 2.2.9 and 2.2.13.B.7



that its own expert elicitations "shall be conducted in accordance with NUREG-1563, Branch
Technical Position on the Use of Expert Elicitation in the High-Level Radioactive Waste
Program (Nov. 1996) with a single exception," but DOE fails to do so in its implementation of
the PVHA-U, which update is adopted as a component of its License Application Update No. 1
by DOE at SAR Subsection 5.4.1. (See "Quality Assurance Requirements and Description”
(01/31/2008), LSN# DENO001574022 at 32, 36). This contention alleges non-compliance with
these regulatory provisions (and DOE's own commitments) 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

After the time of its 1996 Probabilistic Volcanic Hazard Analysis (PVHA), DOE
discovered or generated additional information relating to the likelihood of volcanism in the
Yucca Mountain vicinity, including new aeromagnetic and ground magnetic data, which
suggested the potential for an increased number of buried volcanic centers in the area. DOE
performed an analysis of the new information and concluded that it was not significant; a
conclusion roundly disagreed with by the Nuclear Regulatory Commission (NRC) Staff. As
acknowledged by DOE (DEN001601965 at 1-2), "the NRC Staff concluded that the information
DOE submitted did not provide an adequate technical basis to evaluate the likely impacts of the
new aeromagnetic and ground magnetic data on the volcanic hazard estimate." As a
consequence, DOE and NRC negotiated and reached a formal agreement on the "Key Technical
Issue" relating to igneous activity. DOE admits (id.) "the agreement includes provisions for
updating the PVHA expert elicitation in accordance with NUREG-1563, Branch Technical
Position On The Use Of Expert Elicitation In The High Level Radioactive Waste Program." By

adopting this formal agreement with respect to its conduct of the PVHA-U, DOE reconfirmed



and built upon its similar commitments elsewhere to implement the methodology of NUREG-
1563. Specifically, DOE's Quality Assurance Requirement and Description (QARD) is
incorporated into the LA by reference. (See SAR at 5.1-1). For its part, that QARD, addressing
DOE's methodology for expert elicitation, mandates that any such elicitation used in the LA must
be conducted in accordance with NUREG-1563 (then DOE tries to carve out a single exception
to such compliance, admitting that it does not require documentation of the individual expert's
rationale for revising their opinions in the face of DOE's pressure.) QARD 2.2.13.B.7,
DENO001574022 at 36.. This is in addition to the guidance contained in NUREG-1804, Rev. 2,
which provides that the NRC Staff will evaluate any DOE expert elicitation used to support its
license application by assessing the "[e]xtent to which guidance in NUREG-1563. . . was used to
perform expert elicitations." DN2001748379 at 2.5-61. Accordingly, DOE's argument that
NUREG-1563 is not a NRC regulation but merely NRC guidance avails it nothing. DOE
committed to employ the NUREG-1563 methodology and utterly failed to embrace its letter or
spirit.

DOE attempts to portray its 2008 PVHA-U as merely a mirror image of its 1996 PVHA,
with the substitution of new but insignificant information. In that regard, DOE's modification of
its LA based upon its Update No. 1, which now includes the PVHA-U, is surprisingly terse. One
would have anticipated that the LA update would contain a multi-page detailed discussion of the
PVHA-U, its conduct and its findings, comparable to DOE's discussions in its original LA of the
three expert elicitations relied upon in that document (i.e., three pages discuss the PVHA; more
than three pages discuss the Probabilistic Seismic Hazard Analysis (PSHA) expert elicitation;
and three pages discuss the saturated zone flow and transport expert elicitation). Instead, in its

LA Update, DOE rotely repeats its three page explanation of its 1996 PVHA verbatim and then,



seemingly as an afterthought, expends two sentences referencing its adoption of its new 2008
PVHA-U. Without explanation, DOE simply and incorrectly concludes that the updated PVHA
results are confirmatory of its original PVHA. In fact, even a superficial review of the more
recent elicitation confirms the contrary. First of all, DOE admits in the Updated PVHA (but not
in its LA Update) that "there are several important differences between the PVHA-U and the
original PVHA-96 studies that may contribute to the differences in the results" (DEN001601965
at x). While the 1996 elicitation focused on the frequency of intersection of the repository by an
event defined as a basaltic dike, the PVHA-U analyzed the frequency of intersection of each of
four different types of igneous features. Moreover, the horizon of time for the forecasts
embodied in the 1996 elicitation was strictly limited to 10,000 years (which was, at that time, the
regulatory standard for nuclear waste repository compliance). Because the regulatory standard
changed to a 1 million year horizon (100 times longer than its predecessor), DOE's recent
elicitation followed suit: "[t]o support potential future TSPA uses, the assessments made by the
experts in the PVHA-U are for both 10,000-year and 1 My future time periods"; and is
accordingly substantially different from its predecessor. DEN001601965 at 1-4

There are several particulars in regard to which DOE did not follow its commitment to
implement the methodology in NRC's NUREG-1563. In the first instance, the elicitation
preparation was characterized by the same "independent objectivity" shortcomings as was that of
the PVHA and DOE's other expert elicitations. See, NEV-SAFETY-165, 166, and 167. The
project was orchestrated, as usual by Kevin Coppersmith, long-time head of the same
organization (Geomatrix) which provided the staff that selected, prepared, trained, accumulated
documents for, and elucidated the opinions of the other expert panels. DEN001601965 at 1-5.

DOE first claims that the selection of the expert panel for the PVHA-U was conducted "in



accordance with guidance provided in Plan for the Expert Elicitation to Update the Probabilistic
Volcanic Hazard Analysis (PVHA) for Yucca Mountain, Nevada (BSC, 2005)."

DENO001601965 at 2-10. DOE then goes on to detail the five steps supposedly involved in its
selection of PVHA-U panel experts (DEN001601965 at 2-11). The first problem with this DOE
claim is that, in fact, the members of the expert panel had already been selected in 2004, more
than a year before the promulgation of the BSC 2005 "plan" supposedly relied upon. The second
flaw is that DOE simply requested all the members of the 1996 panel to perform "an encore" and
sit again as members of the new panel. Thus, the selection process had nothing to do with the
BSC 2005 "plan" and moreover, it adopted the same flaws which had been prevalent in DOE's
selection of the 1996 panel (see NEV-SAFETY-167).

As it turned out, two of the 1996 panel members could not participate, one having passed
away and the other being too ill. Accordingly, DOE replaced the two with individuals whose
background ignored the "independent" and "objective" criteria mandated by NUREG-1563. Of
the two new members, Dr. Frank J. Spera had previously worked for DOE at Yucca Mountain as
a member of its Igneous Consequences Peer Review Panel, where his mission was to review the
technical basis for analyzing the consequences of igneous events that might affect the proposed
Yucca Mountain repository; the other, Dr. Charles B. Connor, worked on probabilistic volcanic
hazard assessment at Yucca Mountain under the aegis of the NRC. The fact that Drs. Spera and
Connor were both paid federal employees working on the Yucca Mountain project during the
interim between the initial PVHA and the Update, and just before work began on the PVHA-U,
brings to mind the fact that in simply re-inviting the flawed membership of the 1996 panel to

return in bulk, DOE failed to even consider the potentially conflicting engagements those



individuals may have had during the interim. Again, DOE demonstrated that its goal was not, in
fact, to garner an independent and objective panel, as anticipated by NUREG-1563.

DOE pays lip service to the idea of meeting its commitment to adhere to the methodology
of NUREG-1563, but it strains in attempting to do so and utterly fails. Thus, DOE claims
(DEN001601965 at 2-26) that its new methodology "included" NUREG-1563 but "took
advantage of the experience gained since the completion of NUREG-1563 in utilizing specific
methodology components to improve the study." Had DOE then recounted a decade's worth of
new methodology encountered since 1996, this assertion might have been credible (it still would
have been meaningless, since DOE in its QARD and LA and its agreement with NRC to commit
to follow NUREG-1563). But, it is not a decade's worth of improvements which DOE relied on;
rather, DOE relied upon an expert elicitation methodology adopted in 1997, only a year after
NUREG-1563, and one for which DOE was one of the lead authors. Thus, DOE admits "[t]he
PVHA-U followed the procedural guidance set forth in the SSHAC report (Budhnitz et. al, 1997)
both in spirit . . . and, as applicable, in details of implementation." (DEN001601965 at 2-30).
DOE specifically goes on to acknowledge it embraced the extensive expert interactions,
numerous workshops and succession of elicitation interviews found in the SSHAC methodology,
which have nothing to do with NUREG-1563, NUREG-1804 Rev. 2, or 10 C.F.R. 63
compliance. Translation: DOE followed a different methodology of its own choosing, and of
its creation. In so doing, it made great efforts to justify its reasoning.

For example, DOE claimed that in following its chosen methodology it avoided utilizing
"outlier experts whose interpretations are extreme relative to the larger technical community"
(DEN001601965 at 2-25) and that it provided "consistent guidance throughout the project that

evaluator experts should provide assessments that are representative of the larger informed



technical community" (id. at 2-26). DOE fails to state who appointed it or its vendor Geomatrix
to be the arbiter of what is or is not "representative of the larger informed technical community."
One can only assume that, satisfied with the product of the initial 1996 volcanism elicitation and
the composition of its panel, DOE purposely chose the same vendor and same expert panel,
confident that it would reprise its 1996 performance, and that DOE would then characterize its
output as representative of the larger informed technical community. DOE suggests no basis for
the conclusion that a panel of hand-picked members selected through a biased methodology by a
longtime DOE contractor might somehow represent such a community any better than some
totally different group of volcanism experts. Interestingly, some important observations of one
of DOE's two new panel members (Dr. Connor) go unmentioned in DOE's PVHA-U report
proper, but can be found buried in an appendix. Thus, Dr. Connor states "[e]very probability
assessment for the Yucca Mountain region, for example, has shown that the probability of future
volcanism decreases by orders of magnitude East of Yucca Mountain in areas such as eastern
Jackass Flats, Yucca Flat, and Kiwi Mesa. . . . From the perspective of minimizing volcanic
hazards, those areas are better suited for siting a long-term high-level waste (HLW) repository
than is Yucca Mountain (YM)." DEN001601965 at D-1. Furthermore, Dr. Connor observed
that volcanic hazards at Yucca would likely be reassessed in the future using improved
information which could lead to changing the hazardous assessment. He insisted that "there are
techniques currently extant in the scientific community that have not been used at YM [Yucca
Mountain] to assess volcanic hazards . . . these state-of-the-art geophysical surveys have not
been done at Yucca Mountain." Id., at D-2-3. He concluded,

Although the consideration of alternative sites is not part of my evaluation for the

PVHA-U, nor is it provided for in the NWPA, it is important to realize that it is

extremely doubtful that such reassessment [such as this 2008 update of 1996
work] would be necessary for a site located just 20 km to the east of Yucca
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Mountain, where volcanism has not occurred since the Miocene. It is short-

sighted, especially considering the nearly inconceivable performance period of the

repository, not to use the results of hazards assessments as motivation to seriously

assess alternative sites on and adjacent to the NTS [Nevada test site]. Volcanic

hazards exist at the site of the proposed Yucca Mountain high-level nuclear waste

repository because the site is located at the edge of an active basaltic volcanic

field." (/d.)

DOE identifies and tries unsuccessfully to explain away what is a basic philosophical
difference between its expert elicitation methodology and that prescribed in NUREG-1563
(supposedly followed by DOE). Specifically, NUREG-1563 prescribes that the expert panel
members and expert elicitation will articulate their independent and objective initial opinions
early in the project, after reviewing the data provided to them (by presumably objective
suppliers). Most importantly, NUREG-1563 anticipates that subsequent changes which an
expert makes to his stated opinions will be documented, with an explanation provided by that
expert regarding his or her rationale for the change (such a step is particularly important, where,
as here, either the expert panel members themselves or those who inform them and provide them
with data and elicit their opinions have a history of working for and supporting the license
applicant). DOE itself well understood the rationale for this documentation requirement,
acknowledging "the project recognizes that the NUREG-1563 recommendations for
documenting the rationale behind an expert's evolving opinions derives from a legitimate
concern about the effects of group dynamics on individuals' expressed judgments and the
potential for one or more experts to feel pressured to modify their judgments counter to their true
expert opinions. Documenting changes of opinion or judgment is one way to see if such effects,
assuming they exist, result in significant changes in the results of the overall assessment." /d. at

2-29. DOE's methodology is the antithesis of securing an independent and objective initial

opinion and documenting the reasons for any departure from it. Rather, DOE initially postpones
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any documentation of an expert's opinion until the end of the process. In the meantime, after
providing the experts primarily with documentation authored by DOE, DOE requires the expert
panel members to participate in multiple workshops (four in the case of PVHA-U) in multiple
individual interviews (three in the case of the PVHA-U), in the euphemistic language of DOE to
provide "an opportunity for experts to revise their assessments . . . such that they were able to
take advantage of feedback from their colleagues and feedback provided by the MDT (i.e., the
DOE vendor)." Id. at 2-25.

DOE intentionally misstates the foregoing basic philosophical divide, inaccurately
asserting that "[t]he documentation methodology for the PVHA-U was fully consistent with the
documentation recommendations in Step 9 in the Branch Technical Position" (i.e., NUREG-
1563). DEN001601965 at 2-28. DOE then sheepishly acknowledges that a difference between
the documentation approach actually used in the PVHA-U and that outlined in NUREG-1563
simply "relates to the degree of detail provided regarding 'intermediate assessments' of individual
experts." Id. DOE tries at length to justify its approach, arguing (without citing any authority
for the proposition) that securing the initial opinion of an expert will somehow "anchor" that
expert to such an opinion and make it more difficult for the expert to be persuaded to change his
mind. Presumably, the authors of NUREG-1563 were able to weigh the risk of an expert being
"tied" to his initial opinion and opted instead for a regime in which the NRC would be provided
initial opinions, coupled with the rationale for experts changing their opinions in the face of
withering pressure from DOE.

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 5, 5.1, 5.4, 5.4.1, and similar subsections,

and QARD 2.2.9, 2.2.13.B.7, and similar subsections, which describe DOE's conduct of an
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expert elicitation relating to its PVHA-U that is directly relied upon in Update No. 1 of its LA,
because they disclose a methodology so contrary to that which is required and that which DOE
committed to employ, as to render the PVHA-U inadequate and unusable in support of updated

DOE's License Application.
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NEV-SAFETY-205 - PVHA-U FAILS TO ADEQUATELY CALCULATE PROBABILITY
OF IGNEOUS EVENTS

1. A statement of the contention itself

DOE’s Yucca Mountain license application, as amended, relies on the Probabilistic
Volcanic Hazard Assessment-Update (PVHA-U) as the basis for calculations of the probability
of disruption of a repository at Yucca Mountain by an igneous event, but the PVHA-U does not
sufficiently integrate a comprehensive, self-consistent geologic model into probability
calculations. Furthermore, SAR sections 2.3.11, 2.3.11.1, 2.3.11.2.2,2.2.2.1.2,2.2.2.3,
2.2.2.2.3.1 (and similar sections) and the PVHA-U do not adequately address alternative models,
modern geophysical surveys, the entire 11 million year history of volcanism in the Yucca
Mountain area, and do not adequately consider the Greenwater Range near Death Valley as part
of the volcanic field about Yucca Mountain.

2. A Brief Explanation of the Basis for the Contention

PVHA-U essentially uses a two-dimensional spatial realization to characterize past
volcanic events and predict the location of future events, which is inadequate because it is not
based on the use of a coherent geological and geophysical model to obtain a fundamental
scientific understanding of the intrinsically three-dimensional system and its likely evolution
over time. Understanding and using a geological and geophysical model is critical for
probability studies because it provides information about the source region for magmatism, areas
of the lithosphere and asthenosphere where magma may reside, and flow patterns in the mantle.
Although geophysical studies are mentioned in SAR subsection 2.2.2.1.2 as a way to identify and
characterize the orientation of faults in the subsurface, the License Application lacks geophysical
data to substantiate models proposed by DOE that use upper crustal structure and the local stress

field to explain the location of volcanoes in the Yucca Mountain area. Geophysical studies are
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also critical for testing and comparing deep versus shallow melting models by revealing the
location of low-viscosity zones (hot or wet zones) in the crust and mantle that might contain
magma or rock close to the melting temperature. Furthermore, identifying patterns of mantle
circulation and the nature of the topography at the base of the lithosphere is important for
describing the geometry of volcanic source zones which ultimately control the location and
shape of volcanic fields at the 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
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 issuance of a construction
authorization for Yucca Mountain if it determines that there is reasonable assurance or
expectation that 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 application to satisfy the requirements 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 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 adequate support for 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, and this performance
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assessment must include consideration of the probability and consequences of events and
processes identified under 10 C.F.R. § 63.21(c)(9), account for uncertainties, consider alternative
conceptual models, and include adequate technical bases for all supporting models. 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

Understanding the process of volcanism within the framework of a three-dimensional
view of the volcanic system and its evolution over time is needed to make meaningful
calculations of the probability of disruption of a repository at the Yucca Mountain site by
volcanism. Although the PVHA-U uses different statistical techniques and includes some new
data obtained after the original PVHA was released in 1996, it does not include a comprehensive
and coherent model for volcanism to provide a three-dimensional view of the localization of
volcanoes and volcanic fields. Moreover, License Application Update #1 relies heavily on the
original PVHA and the PVHA-U is only briefly mentioned in terms of amending probability
estimates. As a result, Nevada’s original contentions NEV-SAFETY 150 to NEV-SAFETY 159
apply to PVHA-U and License Application Update #1. This contention focuses on important
omissions from PVHA-U and concludes that the PVHA-U document is inadequate in support of
License Application Update #1.

Lack of Consideration of Alternative Models:

In the PVHA-U, DOE asserts that it properly considered alternative models for
volcanism, but, in reality, the focus in probability calculations is placed on the observed spatial
distribution of volcanoes in the Yucca Mountain area without properly integrating a geologic and

geophysical model to describe how that distribution has arisen. This results in an inadequate
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basis for assessing the future spatial and temporal patterns of volcanic activity in the area. DOE
admits that it lacks the geophysical perspective to develop a three-dimensional view of the
lithosphere and mantle required to characterize zones beneath the Yucca Mountain area that are
close to the melting point.

Developing a best estimate of spatial density is problematic because we have only
one realization of the underlying statistical process—that is, the distribution of
past volcanic events—and we cannot repeat geologic experiments in a natural
system. Ideally, we would have a complete geophysical model for events. If we
knew the distribution of melt in the asthenosphere and lithosphere, and knew the
state of the lithosphere through which magma would rise, we could better predict
where volcanoes likely will form next. We lack such a complete geophysical
perspective, however. Some data, for example seismic tomographic models of
"slowness" in the lithosphere and asthenosphere, give an idea of where partial
melting of the mantle might occur (see, e.g., Zhao, 2001; Humphries, personal
communication). See "Probabilistic Volcanic Hazard Analysis Update (PVHA-U)
for Yucca Mountain, Nevada" (09/02/2008), LSN# DEN0011601965 at D-20.

DOE further asserts that the PVHA-U gave adequate consideration of alternative models. For
example:

Dr. Coppersmith stated that Dr. Eugene Smith (University of Nevada, Las Vegas)
had developed an alternative model for assessing future volcanism in the Yucca
Mountain region. Although asked to present his model at the workshop, Dr.
Smith declined because of policy considerations, so Dr. Coppersmith briefly
summarized the key aspects of the model. In this model, volcanoes in Crater Flat
are considered to be part of a larger zone of basaltic volcanism that stretches from
Death Valley to the Lunar Crater field in the northeast. Volcanism within this
zone is characterized by coeval and episodic periods of activity. An area of deep,
hot mantle may underlie the entire zone. If this hypothesis is correct, then the
higher recurrence rates for volcanism observed in Lunar Crater and the Reveille
Range may apply to the Yucca Mountain area. Following Dr. Coppersmith’s
summary, the project team discussed the spatial distribution of volcanic centers
and the evidence for shallow versus deep melting in the defined zone. See LSN#
DENO0011601965 at C-22.

This is one of the few mentions of alternative models in the PVHA-U. Based on the reports by
individual experts, few mentioned a specific underlying model controlling volcanism or debated

and adequately considered alternative models. For these reasons, Nevada considers contentions
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that apply to deep vs. shallow melting models (NEV-SAFETY 150, 152, 156) as valid for
PVHA-U as for the original PVHA.

DOE also claims that the PVHA-U panel did not rely on upper crustal models but
considered a range of models including deep melting. Nevada agrees that the PVHA-U experts
were introduced to alternative models. In fact, the alternative models of Nevada’s expert (Smith)
were presented to the experts by Dr. Kevin Coppersmith. The PVHA-U experts, although
introduced to various melting models, qualitatively adopted the DOE model of shallow melting,
but never quantitatively integrated it into their models. All of the experts accepted DOE’s
interpretation that volcanic activity decreasing in volume and number of events over the last 5
million years was an indicator of a future marked by a low probability for future eruptions in the
area relevant to the proposed repository. While mentioning the concept of asthenospheric
melting in the PVHA-U report, none of the experts considered the consequences of deep melting
in probability calculations. In fact, every expert based probability calculations on vent location,
number of events, dike dimensions and orientation and their interpretation of a region of interest.
None of the experts quantitatively considered the effects of a petrologic model in their
probability estimates. Nevada considers this omission as a major problem with the PVHA-U
report.

Lack of Consideration of the Entire Volcanic Record:

The PVHA-U relies heavily on volcanic events that have occurred in the last 5 million
years. Although some of the PVHA-U experts did include events earlier than 5 million years in
their probability models, none considered long term trends or patterns of volcanism. The
philosophy of using data from post-5 million year old basalt is also evident in supporting

publications (see, e.g., Valentine, G.A. and Perry, F.V., "Tectonically Controlled, Time-



18

Predictable Basaltic Volcanism from a Lithospheric Source" (02/07/2007), LSN#
DN2002382703). The analysis in that paper uses geochemical indices that reflect the degree of
partial melting of the mantle and shows that in the last 5 million years basaltic volcanism
occurred within a trend of a steady decrease in the degree of partial melting. This evidence was
used to suggest that basaltic volcanism in the Yucca Mountain area is dying and that future
events will be rare. Nevada does not disagree with the conclusion that the degree of partial
melting is decreasing. Our point is that if the full 11 million year record is used, two such trends
are evident (see NEV-SAFETY 151 and 155). Therefore, volcanism is periodic thus raising the
possibility of another peak of activity in the future. If DOE had looked at the entire record using
the same techniques that they used for the post-5 million year period, they would have observed
the same trends. Unfortunately, DOE decided not to do so.

A Larger Volcanic Field About Yucca Mountain:

The PVHA-U does not adequately consider the Greenwater Range near Death Valley in
the probability analysis. Nevada’s reasoning for including the Greenwater Range is provided in
NEV-SAFETY 153 and is summarized below.

1. DOE is encouraged by the NRC to consider all volcanic fields within a 50 km radius of
Yucca Mountain in its volcanic hazard analysis. The Greenwater Range lies within 50
km of Yucca Mountain. As stated in the NRC Yucca Mountain Review Plan (NUREG-
1804, Revision 2), Review Method 2, Probability Criteria, page 2.2-11:

Verify that probability estimates for future igneous events have considered
past patterns of igneous events in the Yucca Mountain region. Evaluate
the adequacy and sufficiency of the U.S. Department of Energy
characterization and documentation of past igneous activity. This should
include uncertainties about the distribution, timing and characteristics of
past igneous activity. Confirm that, at a minimum, documentation of
past igneous activity, since about 12 million years ago, encompasses
the area within about 50 kilometers (30 miles) of the proposed

repository site. Give particular attention to the documentation of the
locations, ages, volumes, geochemistry, and geologic settings of less
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than 6- million-year-old basaltic igneous features, such as cinder
cones, lava flows, igneous dikes and sills. Verify that the U.S.
Department of Energy used geological and geophysical information
relevant to past igneous activity contained in the literature. [Emphasis
added.]

The basalts of the Greenwater Range are identical in chemistry, age and mineralogy to
those near Yucca Mountain. This information from the original contention is
summarized below:

Volcanic activity in the Greenwater Range is associated with at least 24 volcanic
centers and occurred after about 5 million years ago, contemporaneous with activity
near Yucca Mountain. See "Geologic Map of California — Death Valley Sheet, with
Index and Stratigraphic nomenclature" (01/01/1974), LSN# DN2001741565, solo

page.

Basalt from Death Valley is very similar in major and trace element chemistry to
basalt from Crater Flat. Trace-elements usually better characterize volcanic rocks
than do major elements and are considered as fingerprints that are commonly used to
correlate volcanic rocks from area to area. For comparison purposes, volcanic rocks
are usually normalized to a standard rock like average ocean island basalt. Plots of
trace elements versus normalized concentration show characteristic patterns that can
be used to fingerprint and compare rocks from different volcanic fields. Comparing
Death Valley and Crater Flat basalt on such a plot shows that they share a similar
pattern. Especially characteristic is low Nb and high Rb, Th and U. See "Report of
Research Activities in 2007 Prepared to Satisfy the Requirements of a Nevada
Contract for Volcanic Hazard Assessment of the Proposed Nuclear Waste Repository
at Yucca Mountain, Nevada" (07/08/2008), LSN# NEV000000071 at 10-13.

Strontium (Sr) and neodymium (Nd) isotopes for Greenwater Range basalts (see
Asmerom, Y., Jacobsen, S.B., and Wernicke, B.P., "Variations in Magma Source
Regions During Large Scale Continental Extension, Death Valley Region, Western
United States," EARTH AND PLANETARY SCIENCE LETTERS, Vol. 125 (1994) at 235-
254) are identical to isotopic analyses from Crater Flat. Basalts in both areas have
low epsilon Nd values (between -9.95 and -12), and high *’Sr/**Sr (0.7069-0.7073).
See NEV000000071 at 10-13.

Basalts in both the Crater Flat and Death Valley areas are similar in mineralogy and
contain olivine as the major phenocrysts phase. Plagioclase is rare and usually occurs
as microlites in the matrix.

In summary, the close geographic proximity to Crater Flat, similar age of eruption,
similar mineralogy and major element chemistry, distinctive trace element patterns and
distributions, and identical isotopic ratios demonstrate that Death Valley basalt in the
Greenwater Range is closely associated with Yucca Mountain basalt. Hazard assessment
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for Yucca Mountain should consider the Greenwater volcanoes near Death Valley as part
of field of volcanoes about Yucca Mountain.

3. The probability of volcanic disruption of the Yucca Mountain repository block will
increase by considering the Greenwater Range. The probability calculation is dependent
on both the number of events (volcanoes) and the area selected to count the volcanoes. In
its simplest form, the equation for the probability that an igneous event will intersect the
repository is:

_ N(RT) 4,

! T 4,

Equation 1 relating the probability of repository intersection V| to the number of
volcanoes (N) in area R during time T. A, is the area of the region used to count
volcanoes; a; is the area of the repository block. See "Probabilistic Volcanic Hazard
Analysis of Yucca Mountain, Nevada BA0000000-01717-2200-00082 Revision 0"
(06/26/1996), LSN# DEN000861156, Figure/Equation 3-1 at 3-2 of 115.

Equation 1 indicates that the probability of disruption of the repository will be larger if
the number of cones in the area of interest (R) is larger. However, the probability will
decrease as the region used to count cones becomes larger. We estimate that by including
the Greenwater Range R will increase by a factor of about 0.33, but cone counts (N) will
increase by at least 24 (a factor of 2 to 3 over cone counts used by PVHA experts).
Although, the larger area used to count will partially balance the increase in cone counts,
the overall probability will increase (because the cone count term increases more than the
area of the region).

The PVHA-U experts were provided with a map showing the locations of volcanic
centers in the Yucca Mountain area including the Greenwater Range. We contend that, for the
Greenwater Range, the volcano locations and number of volcanoes provided to the experts are
incorrect.

What is the origin of the data provided by DOE on the volcano location map given to the
PVHA-U panel of experts? The reference on the map is Luedke and Smith (1981) [See Luedke,
R.G, and Smith, R.L. (1981) "Map Showing the Distribution, Composition, and Age of Late
Cenozoic Volcanic Centers in California and Nevada," LSN# DN2001726928 at Map I-1091-C].

This map shows the distribution of volcanic rocks of various ages and the location of calderas
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and selected volcanoes. The distribution of volcanic rocks and volcano locations for the
Greenwater Range were taken from two maps by McAllister (1970 and 1973) and a U.S.
Geological Survey Professional Paper by Drewes (1963) [See McAllister, James F. (1970)
"Geologic Map and Sections of the Furnace Creek Borate Area, Death Valley, California," LSN#
DN2001735170 at Map Sheet MS-14; McAllister, James F. (1973) "Geologic Map and Sections
of the Amargosa Valley Borate Area-Southeast Continuation of the Furnace Creek Area-Inyo
County, California," LSN# DN2001629338 at 2; Drewes, Harold. (1963) "Geology of the
Funeral Peak Quadrangle, California, on the East Flank of Death Valley," U.S. Geological
Survey Professional Paper 413, 73 p., 2 plates]. These maps and report were produced to
describe the borate deposits east of Death Valley, but also included a reconnaissance version of
the geology of the Greenwater Range. The basalts of the Greenwater Range were mapped as
Funeral Formation and separated into lava flows and areas of scoria. Vent locations were not
specifically located but were interpreted to lie within areas of scoria. Drewes (1963), however,
did identify two areas of volcanic breccia as eroded volcanoes. Luedke and Smith (1981) [See
LSN# DN2001726928 at Map 1-1091-C] compiled the geology from the McAllister and Drewes
maps and placed volcanic centers in the Greenwater Range based on the distribution of scoria
and the location of Drewes’ two volcanoes. The important point is that most of the volcano
locations in the Greenwater Range on the Luedke and Smith map are based on interpretation;
they did not field check to verify their presence. For the purpose of the PVHA, a part of the
Luedke and Smith map was redrafted to show only the location of volcanoes. On this map, the

volcano locations were only approximately located.
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In summary, the map used by the PVHA panel contained interpreted volcano locations
that were copied poorly from the Luedke and Smith map. The PVHA-U panel of experts was
provided with a poor if not incorrect dataset.

Lack of Modern, High-Quality Geophysical Data:

Developing a three-dimensional model of volcano locations requires modern high quality
geophysical data. The most valuable type of data relates to the velocity of seismic waves in the
lithosphere and mantle beneath volcanic fields. Low-velocity zones reflect rock near the melting
point due either to high temperature or elevated water content. Nevada agrees that some
geophysical data were provided to both the PVHA and PVHA-U experts. The quality of these
data can best be judged by several quotes from PVHA-U experts who are experienced in
geophysical techniques. Dr. Charles Connor, a member of the PVHA-U panel and a professor of
geology and geophysics at the University of South Florida stated in his PVHA-U elicitation
report:

As early as 1994, requests were made for detailed seismic tomographic studies in
the YMR to assist with assessing volcanic hazards (Connor and Sanders, 1994). It
is extremely unfortunate that no studies have been done. The seismic
tomographic data that are available are low in resolution and open to
interpretation (Biasi, oral communication at PVHA Workshop 1; Humphreys,
personal communication). Although seismic tomographic anomalies appear to
exist beneath Crater Flat and extend beneath Yucca Mountain, the DOE has not
studied the YMR at the resolution available from, for instance, Northern Honshu,
where such data are used in assessing potential sites for geologic high-level waste
repositories (e.g., Martin, et al., 2004). I include no tomographic data in this
analysis because of the low quality of available data. If high-resolution
seismic tomographic data were available, the results of this hazard
assessment could change considerably. (See LSN# DEN0011601965 at D-33.)
[Emphasis added.]

Dr. Connor also states:
Volcanic hazards at YM will likely be reassessed in the future using improved

information, and this information may change the hazard assessment.
Furthermore, there are techniques currently extant in the scientific
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community that have not been used at YM to assess volcanic hazards. For
example, seismic tomography and magnetotellurics are two techniques that
are used in Japan to assess long term volcanic hazards for potential HLW
geologic repositories (Martin, et al., 2004; Umeda, et al., 2006). Seismic
tomography has revealed that along-arc variations in mantle P- and S-wave
velocity correlates well with rates of volcanic activity. These data have been
integrated into improved probabilistic volcanic hazard assessments.
Magnetotellurics has been used to identify mid- to lower-crust magma bodies in
the back-arc of Japan, in a region where no volcanism has occurred since the
Mesozoic. Umeda, et al. (2006) consider this to be evidence of potential future
volcanic unrest, which should be factored into probabilistic assessments. These
state-of-the-art geophysical surveys have not been done at Yucca Mountain.
Some seismic tomography analysis has been performed and presented to the
PVHA panel (Biasi, PVHA presentation, Humphries, written
communication), but not with a sufficiently dense network of sensors or in a
dedicated experiment. (See LSN# DEN0011601965 at D-2, D-3.) [Emphasis
added.]

Dr. Bruce Crowe a member of both the PVHA and PVHA-U panel and an expert in volcanology
and geophysics stated:

I examined but did not use the teleseismic tomography data for assigning

frequency zones because of low resolution, coarse grid size, and ambiguous

interpretations. (See LSN# DEN0011601965 at D100.) [Emphasis added.]

In summary, two of DOE’s own experts found geophysical data provided to them to be of
low resolution and not suitable for use in their probability models. Geophysical data was given
low weight by the PVHA panel but several of the PVHA-U experts did use the teleseismic
tomography data provided to them in their models. Modern seismic tomography data is
available for the Yucca Mountain area through the EarthScope project. For example,
geophysicists at Brown University and the University of Colorado have generated tomographic
profiles that cross near or through the Yucca Mountain area (see, e.g., Yang, Y. and M.H.
Ritzwoller (2008), "Teleseismic surface wave tomography in the western U.S. using the

Transportable Array component of USArray," GEOPHYSICAL RESEARCH LETTERS, Vol. 35,

L04308, doi:10.1029/2007GL032278; Yang, Y. and D.W. Forsyth (2006), "Rayleigh wave phase
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velocities, small-scale convection, and azimuthal anisotropy beneath southern California,"
JOURNAL OF GEOPHYSICAL RESEARCH, Vol. 111, B07306, doi:10.1029/2005JB004180). Data
such as these should be used to test all available depth of melting models.

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 adequacy of the PVHA-U and SAR sections 2.3.11,
2.3.11.1,2.3.11.2.2,2.2.2.1.2,2.2.2.3, 2.2.2.2.3.1 (and similar sections) for use in calculating the
probability of disruption of a repository at Yucca Mountain by an igneous event. Supporting
reasons are provided in Section 5 above and are summarized as follows. Despite the use of new
statistical techniques in the PVHA-U, it relies on a two-dimensional realization of volcano
locations. In other words, disruption probability is calculated solely on the basis of the spatial
distribution of volcanoes. This approach is inadequate because it is not based on the use of a
coherent geological and geophysical model to obtain a fundamental scientific understanding of
the intrinsically three-dimensional system and its likely evolution over time. Understanding and
using a geological and geophysical model is critical for probability studies because it provides
information about the source region for magmatism, areas of the lithosphere and asthenosphere
where magma may reside, and flow patterns in the mantle. Modern seismic studies that show
velocity profiles to depths of 150 kilometers and outline zones of the earth’s mantle that are near
the melting temperature are available, but were not provided to the PVHA-U experts.
Furthermore, neither the PVHA-U nor the License Application Update #1 adequately consider
the entire 11 million year long history of volcanism near Yucca Mountain. The PVHA-U relies
heavily on volcanic events that have occurred in the last 5 million years. Although some of the

PVHA-U experts did include events earlier than 5 million years in their probability models, none
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considered long-term trends or patterns of volcanism. Finally, The PVHA-U does not

adequately consider the Greenwater Range near Death Valley in the probability analysis.
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II. CONCLUSION AND PRAYER FOR RELIEF

Based on the foregoing, the Department of Energy's License Application should be
denied.
Respectfully submitted,

Honorable Catherine Cortez Masto
Nevada Attorney General
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Chief, Bureau of Government Affairs
100 North Carson Street
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Attachment 1

Affidavit of Dr. Gene Smith



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
Atomic Safety and Licensing Board
Before Administrative Judges:

ASLBP BOARD ASLBP BOARD ASLBP BOARD
09-876-HLW-CABO1 09-877-HLW-CAB02 09-878-HLW-CABO3
William J. Froehlich, Chairman | Michael M. Gibson, Chairman | Paul S. Ryerson, Chairman
Thomas S. Moore Alan S. Rosenthal Michael C. Farrar
Richard E. Wardwell Nicholas G. Trikouros Mark O. Barnett
In the Matter of )
)
U.S. DEPARTMENT OF ENERGY ) Docket No. 63-001-HLW
)
(High Level Waste Repository) )

AFFIDAVIT OF EUGENE 1. SMITH

[, Eugene 1. Smith, the undersigned affiant, do hereby make the following statements
based upon my own knowledge, information, and belief.

1. My name is Eugene 1. Smith, and my curriculum vitae was attached to the
Affidavit attached to Nevada's Petition to Intervene filed December 19, 2008, in the above-
captioned proceeding. [ am executing this Affidavit in support of the State of Nevada's New
Contentions Based on DOE's License Application Update Number 1.

2. I hereby adopt as my own opinions the statements contained within Paragraph 5

of NEV-SAFETY-205, a contention contained in the above-named filing.

- s

Further, the affiant sayeth not.

4
o~

(/ . . / S \\

Eugene 1. Smith K

The above-named atfiant personally appeared before me this 7 day of June, 2009, and
executed this affidavit.

Netary Pubhc
~My Commission expires: &~ [ty

GTARY PUBLIC ,
""" TATE OF NEVADA

County of Clark 3
HOMAS C. E’\uLuNE:E

Aprit 8, 2012




Attachment 2

Affidavit of Dr. Mike Thorne



UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

Atomic Safety and Licensing Board
Before Administrative Judges:

ASLBP BOARD
09-876-HLW-CABO1

William J. Froehlich, Chairman

Thomas S. Moore
Richard E. Wardwell

ASLBP BOARD
09-877-HLW-CABO02

Michael M. Gibson, Chairman

Alan S. Rosenthal

ASLBP BOARD
09-878-HLW-CABO3
Paul S. Ryerson, Chairman
Michael C. Farrar
Mark O. Barnett

Nicholas G. Trikouros
In the Matter of

U.S. DEPARTMENT OF ENERGY Docket No. 63-001-HLW

N N - - -

(High Level Waste Repository)
AFFIDAVIT OF MICHAEL C. THORNE

I, Michael C. Thorne, the undersigned affiant, do hereby make the following statements
based upon my own knowledge, information, and belief.

1. My name is Michael C. Thorne, and my curricuium vitae was attached to the
Affidavit attached to Nevada's Petition to Intervene filed December 19, 2008, in the above-
captioned proceeding. I am executing this Affidavit in support of the State of Nevada's New
Contentions Based on DOE's License Application Update Number 1.

2 [ hereby adopt as my own opinions the statements contained within Paragraph 5
of NEV-SAFETY-205, a contention contained in the above-named filing.

Further, the affiant sayeth not.

Pihod C Hhwrma

Michael C. Thorne

The above-named affiant personally appeared before me this Y day of June, 2009, and

executed this affidavit.

Notary Public
My Commission expires: om deafla

HILARY JANE GARNETT

NOTARY PUBLIC Bl MicHAEL CHARLES THORNE,

13 STATION STREET 9 41] . ‘1

HUDREARSFIELD «i.m,hfu Ao e 5;} s Bikiil.
Ty 1866, v, Y

s e

WEST VU EKSHIRE
ENGLAND

.fxu)a’)o*vt amo. OO
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