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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

April 2003

The Honorable J. Dennis Hastert
Speaker of the House

United States House of Representatives
Washington, D.C. 20515

The Honorable Ted Stevens
President Pro Tempore
United States Senate
Washington, D.C. 20510

The Honorable E. Spencer Abraham
Secretary

U.S. Department of Energy
Washington, D.C. 20585

Dear Speaker Hastert, Senator Stevens, and Secretary Abraham:

The Nuclear Waste Technical Review Board submits this Report to The U.S. Congress
and The Secretary of Energy in accordance with provisions of the Nuclear Waste Policy
Amendments Act of 1987, Public Law 100-203, which requires the Board to report its findings
and recommendations to Congress and the Secretary of Energy at least two times each year.

Congress created the Board to evaluate the technical and scientific validity of activities
undertaken by the Secretary of Energy related to implementing the Nuclear Waste Policy Act of
1982. In this report, the Board summarizes its major activities from January 1, 2002, through
December 31, 2002.

During that period, the Board evaluated the technical basis for the DOE’s work related to
a site recommendation and provided the Board’s views to the administration, Congress, and the
public in letters and congressional testimony. Following congressional approval of the Yucca
Mountain site, the Board continued its ongoing technical and scientific review of DOE activities.
Letters to the DOE related to technical issues identified by the Board as part of its ongoing
evaluation are included in an appendix to the report. Also included in the appendices are the
Board’s strategic plan for fiscal years 2003-2008, its performance plans for FY 2003 and
FY 2004, and its performance evaluation for FY 2002.

con200v2



The Board believes that information in the Board’s report will be useful as important
decisions are made on managing the nation’s spent nuclear fuel and high-level radioactive waste.

We thank you for this opportunity to present the Board’s views.

Sincerely,

Noblal oo

Michael L. Corradini
Chairman
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Executive Summary

Executive Summary

In 1987, the U.S. Nuclear Waste Technical Review
Board (Board) was created as an independent
federal agency by Congress in the Nuclear Waste
Policy Amendments Act. The Board was charged
with evaluating the technical and scientific valid-
ity of the U.S. Department of Energy’s (DOE)
efforts to develop a system for disposing of high-
level radioactive waste and spent nuclear fuel.
The Board is required to report its findings and
recommendations to Congress and the Secretary
of Energy at least twice a year. This document
describes activities undertaken by the Board
between January 1 and December 31, 2002.

On January 24, 2002, the Board released a letter
report to the Speaker of the House of
Representatives, Dennis Hastert; the President
Pro Tempore of the Senate, Robert Byrd; and the
Secretary of Energy, Spencer Abraham. In the
report, the Board made the following key points.

¢ In evaluating the DOE’s technical and scien-
tific work related to individual natural and
engineered components of the proposed repos-
itory system, the Board finds varying degrees
of strength and weakness. Such variability is
not surprising, given that the Yucca Mountain
project is in many respects a first-of-a-kind,
complex undertaking. When the DOE’s techni-
cal and scientific work is taken as a whole, the
Board’s view is that the technical basis for the
DOE’s repository performance estimates is
weak to moderate at this time.

¢ The Board makes no judgment on the question
of whether the Yucca Mountain site should be
recommended or approved for repository
development. Those judgments, which involve
a number of public policy considerations as
well as an assessment of how much technical
certainty is necessary at various decision
points, go beyond the Board’s congressionally
established mandate.

¢ The DOE uses a complex integrated perfor-
mance assessment model to project the per-
formance of the repository system. Performance
assessment is a useful tool because it assesses
how well the repository system as a whole, not
just the site or the engineered components,
might perform. However, gaps in data and
basic understanding cause important uncertain-
ties in the concepts and assumptions on which
the DOE’s performance estimates are now
based. Because of these uncertainties, the Board
has limited confidence in current performance
estimates generated by the DOE’s performance
assessment model.

¢ This is not an assessment of the Board’s level of
confidence in the Yucca Mountain site. At this
point, no individual technical or scientific factor
has been identified that would automatically
eliminate Yucca Mountain from consideration
as the site of a permanent repository.

¢ An international consensus is emerging that a
fundamental understanding of the potential

*The period of this report overlaps with the period of the report issued by the Board in 2002 (NWTRB 2002c) by one month,
January 2002. The overlap is necessary because the key events that took place during that month, the Bush Administration’s
approval of the Yucca Mountain site for development as a repository and the Board’s report on the technical basis for that
decision, provide the essential context for what happened during the rest of the year.
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behavior of a proposed repository system is of
importance comparable to the importance of
showing compliance with regulations. The
Board agrees that such basic understanding is
very important.

Confidence in waste package and repository
performance potentially could increase if the
DOE adopts a low-temperature repository
design. However, a full and objective compari-
son of high- and low-temperature repository
designs should be completed before the DOE
selects a final repository design concept.

The DOE can increase confidence in its per-
formance estimates by, among other things,
developing multiple lines of evidence and
strengthening its arguments about defense-in-

depth. It also can work to ensure better inte-
gration of new data and analyses, monitor
repository performance, develop a strategy for
modifying or stopping repository construction
and waste emplacement if unforeseen circum-
stances are encountered, and continue external
review of its technical and scientific activities.

Three full Board meetings were held in 2002.
After each meeting, the Board wrote a letter to the
head of the DOE'’s repository program setting
forth its findings and recommendations for
improving the program. The recommendations
focused on issues relating to repository design,
understanding flow in the unsaturated zone, and
the analyses used in performance assessments.
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Board Activities

The U.S. Nuclear Waste Technical Review Board
(Board) was established by Congress in the
Nuclear Waste Policy Amendments Act
(NWPAA) (U.S. Congress 1987). The NWPAA
requires the Board to evaluate the technical and
scientific validity of the work undertaken by the
U.S. Department of Energy (DOE) to develop a
mined geologic repository system for disposing
of high-level radioactive waste (HLW) and spent
nuclear fuel (SNF) produced by the nation’s
nuclear defense complex and commercial nuclear
power plants. Between January 1, 2002, and
December 31, 2002, the period covered by this
report, the DOE, the Bush Administration, and
Congress reached several important milestones.”

I. Recommendation and Approval of
the Yucca Mountain Site

For more than two decades, the DOE has been
characterizing Yucca Mountain in Nevada to
evaluate the suitability of the site for constructing
a mined geologic repository for the permanent
disposal of HLW and SNF. The DOE also has
been preparing designs of the package that
would contain the waste for disposal and of the
repository’s surface and subsurface complexes.

On January 10, 2002, Secretary of Energy Spencer
Abraham notified the Nevada governor and legis-
lature that he intended to recommend to President
George W. Bush that Yucca Mountain be approved

as the site of a geologic repository for HLW and
SNF (Abraham 2002a). The Secretary officially rec-
ommended the site to the President (Abraham
2002b, DOE 2002a) on February 14, 2002. At the
same time, the DOE published the final environ-
mental impact statement (FEIS) for Yucca
Mountain (DOE 2002b), Science and Engineering
Report, Rev. 1 (DOE 2002c), Site Suitability
Evaluation (2002d), and a document compiling the
DOE'’s responses to public and agency comments
on previously released reports (DOE 2002e). On
February 15, 2002, the President informed
Congress that he had accepted the Secretary’s rec-
ommendation (Bush 2002).

Under the Nuclear Waste Policy Act (NWPA), the
State of Nevada has 60 days to exercise its right to
disapprove the selection of the site, which it did
on April 8, 2002 (Guinn 2002a, Guinn 2002b). If
the State disapproves the selection of the site,
Congress has 90 days of continuous session to
decide whether to sustain or overturn the State’s
objection. On May 8, 2002, the House of
Representatives voted in favor of a resolution to
approve the site, effectively overturning the
State’s veto; on July 9, 2002, the Senate followed
suit. On July 23, 2002, President Bush signed
House Joint Resolution 87, formally certifying
Yucca Mountain as the presumptive site for the
nation’s first HLW and SNF repository and
authorizing the DOE to file an application with
the U.S. Nuclear Regulatory Commission (NRC)
for permission to construct the facility.

“The period of this report overlaps with the period of the report issued by the Board in 2002 (NWTRB 2002c) by one month,
January 2002. The overlap is necessary because the key events that took place during that month, the Bush Administration’s
approval of the Yucca Mountain site for development as a repository and the Board’s report on the technical basis for that
decision, provide the essential context for what happened during the rest of the year.
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The State of Nevada’s opposition to developing a
repository at Yucca Mountain was not limited to
the congressional arena. Starting in 2001, it filed
lawsuits seeking to invalidate regulations issued
by the U.S. Environmental Protection Agency, the
NRC, and the DOE. It also objected to the DOE’s
FEIS, the Secretary’s site recommendation, and
the President’s approval of that recommendation.
Finally, the State challenged the constitutionality
of the entire site recommendation process. The
lawsuits were still pending at the end of 2002.

II. The Board’s Input Into the Process
for Recommending and Approving
the Yucca Mountain Site

Aside from the Board’s ongoing responsibility to
evaluate the scientific and technical validity of
the DOE’s activities, the NWPAA does not assign
the Board any formal responsibility or authority
in the site recommendation and approval
process. However, its review of the DOE'’s inves-
tigations at Yucca Mountain over the last dozen
years placed the Board in a unique position to
advise Congress on the technical basis for devel-
oping a repository at that site. On December 11,
2001, the Board informed the Secretary that it was
preparing a comprehensive report on that subject
(Cohon 2001).

In preparing that report, the Board evaluated the
full range of scientific and technical activities
undertaken by the DOE to determine site suit-
ability. It paid special attention to work that the
DOE carried out to address the priorities that the
Board announced in January 2001. The priorities
are the following:

¢ Meaningful quantification of conservatisms
and uncertainties in the DOE’s performance
assessments

¢ Progress in understanding the underlying fun-
damental processes involved in predicting the
rate of waste package corrosion

* An evaluation and a comparison of the base-
case repository design with a low-temperature
design

* Development of multiple lines of evidence to
support the safety case of the proposed reposi-
tory. The lines of evidence should be derived
independently of performance assessment and
thus not be subject to the limitations of per-
formance assessment.

In addition to these overarching priorities, the
Board made recommendations about other inves-
tigations and studies that could support, comple-
ment, and supplement the four areas. Those
investigations and studies included research on
the unsaturated and saturated zones.

On January 24, 2002, the Board issued its report
to Congress and the Secretary of Energy (NWTRB
2002a). The report’s key findings, conclusions,
and recommendations were as follows:

¢ In evaluating the DOE’s technical and scien-
tific work related to individual natural and
engineered components of the proposed repos-
itory system, the Board finds varying degrees
of strength and weakness. Such variability is
not surprising, given that the Yucca Mountain
project is in many respects a first-of-a-kind,
complex undertaking. When the DOE’s techni-
cal and scientific work is taken as a whole, the
Board’s view is that the technical basis for the
DOE’s repository performance estimates is
weak to moderate at this time.

¢ The Board makes no judgment on the question
of whether the Yucca Mountain site should be
recommended or approved for repository
development. Those judgments, which involve
a number of public policy considerations as
well as an assessment of how much technical
certainty is necessary at various decision
points, go beyond the Board’s congressionally
established mandate.

¢ The DOE uses a complex integrated perform-
ance assessment model to project the perform-
ance of the repository system. Performance
assessment is a useful tool because it assesses
how well the repository system as a whole, not
just the site or the engineered components,
might perform. However, gaps in data and
basic understanding cause important uncer-
tainties in the concepts and assumptions on
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which the DOE'’s performance estimates are
now based. Because of these uncertainties, the
Board has limited confidence in current per-
formance estimates generated by the DOE'’s
performance assessment model.

¢ This is not an assessment of the Board’s level of
confidence in the Yucca Mountain site. At this
point, no individual technical or scientific factor
has been identified that would automatically
eliminate Yucca Mountain from consideration
as the site of a permanent repository.

¢ An international consensus is emerging that a
fundamental understanding of the potential
behavior of a proposed repository system is of
importance comparable to the importance of
showing compliance with regulations. The
Board agrees that such basic understanding is
very important.

* Confidence in waste package and repository
performance potentially could increase if the
DOE adopts a low-temperature repository
design. However, a full and objective compari-
son of high- and low-temperature repository
designs should be completed before the DOE
selects a final repository design concept.

¢ The DOE can increase confidence in its per-
formance estimates by, among other things,
developing multiple lines of evidence and
strengthening its arguments about defense-in-
depth. It also can work to ensure better inte-
gration of new data and analyses, monitor
repository performance, develop a strategy for
modifying or stopping repository construction
and waste emplacement if unforeseen circum-
stances are encountered, and continue external
review of its technical and scientific activities.

On April 18, 2002, Dr. Jared L. Cohon, then the
Board’s Chairman, testified before the House of
Representatives Subcommittee on Energy and Air
Quality of the Committee on Energy and
Commerce (Cohon 2002b). On May 23, 2002, Dr.
Cohon testified before the Senate Committee on
Energy and Natural Resources (Cohon 2002d).
The committees were considering whether to sus-
tain or overturn the State of Nevada’s disapproval
of the Yucca Mountain site. In his testimony on

both occasions, Dr. Cohon described the process
used by the Board to draft its January 24, 2002,
report. He also summarized the report’s main
findings, conclusions, and recommendations.
Subsequently, the Board answered written ques-
tions posed by members of the two committees
(Cohon 2002c, Cohon 2002e). That correspon-
dence is in Appendix E

III. Board Findings and
Recommendations

January 29-30, 2002, Board Meeting in Pahrump,
Nevada (NWTRB 2002b)

At this meeting, the Board heard presentations on
several recent external reviews of the DOE’s esti-
mates of projected repository performance. The
Board also was briefed on recent regulatory
developments at the NRC. The latest work on
modeling fluid flow and transport of radionu-
clides in the unsaturated and saturated zones
was presented. Finally, the DOE described to the
Board its efforts to portray and communicate the
uncertainties associated with its performance
assessment approach, known as Total System
Performance Assessment (TSPA).

In a March 11, 2002, letter to the DOE (Cohon
2002a), the Board made three general recommen-
dations. First, because of existing uncertainties, a
sustained commitment to continued scientific and
engineering investigations is required to improve
the technical basis for evaluating the performance
of the proposed repository at Yucca Mountain. In
particular, the Board indicated that hydrogeologic
processes that affect radionuclide transport below
the proposed repository in the unsaturated and
saturated zones remain poorly understood. In
addition, the DOE’s analyses of water accumula-
tion and movement in and around the bulkhead
section of the exploratory cross-drift and the
DOE’s hypothesized drift-shadow concept are not
yet technically credible. Moreover, the Board ques-
tioned the DOE’s conclusion that there is no long-
term difference in repository performance
predictions that is attributable to the repository’s
operating temperature. At the very least, the DOE
lacks corrosion data for Alloy 22 above 120°C
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under repository-relevant conditions. These
uncertainties weaken the technical basis of the
DOE’s performance predictions.

Second, the DOE needs to assimilate its scientific
and technical investigations into a realistic TSPA.
Making its performance estimates more realistic
and characterizing the full range of uncertainty
would increase confidence in those estimates
and would provide a mechanism for assessing
the magnitude of conservatism of the current
compliance-oriented TSPA. A realistic analysis
also can yield a better understanding of the major
subsystems for waste isolation. Third, the DOE’s
efforts to communicate its scientific and technical
conclusions to decision-makers and the general
public are inconsistent and lack clarity. It should
take additional steps to ensure that this informa-
tion and—as important—uncertainties associated
with this information are conveyed clearly and
effectively.

The Board also observed that its previously
expressed concerns about the DOE’s analysis of
the effect on dose of igneous activity have less-
ened. However, additional work leading to a bet-
ter understanding of igneous consequences
should be undertaken to resolve this issue. Last,
the Board stated that it concurred with conclu-
sions conveyed in the January 24, 2002, letter
from the DOE (Dyer 2002) that the hypothesis on
hydrothermal upwelling had been addressed
adequately and may be discounted.

May 7-8, 2002, Board Meeting in Washington,
D.C. (NWTRB 2002d)

At this meeting, the Board heard presentations
that, to varying degrees, touched on the impor-
tant task of increasing confidence in the technical
basis for the DOE’s repository performance esti-
mates. In particular, the DOE described its ongo-
ing work on repository design and waste
package corrosion and its plans for long-term
research and development and performance con-
firmation. In addition, individuals representing a
wide range of organizations discussed the con-
cepts of a repository safety case and staged repos-
itory development.

In a June 20, 2002, letter to the DOE (Cohon
2002f), the Board endorsed the recommendations
of the DOE-sponsored Waste Package Materials
Performance Peer Review Panel, also known as
the Payer Panel. Because of the importance of the
Alloy 22 protective passive layer to repository
performance, the Board continued to believe that
the technical basis for extrapolating corrosion
behavior over thousands of years needs to be
more firmly established. Although the Board was
encouraged by the DOE’s announced commit-
ment to preserving the option of a low-tempera-
ture repository, it noted that the technical basis
for the DOE’s selection of a high-temperature
repository design for a potential license applica-
tion remains unclear. The Board concluded that
seriously considering designs other than the cur-
rent high-temperature one may be of consider-
able value to the program.

The Board reaffirmed its strong support for
development of a repository safety case. A docu-
ment on the safety case should explain how a
repository at Yucca Mountain would isolate
radioactive waste for thousands of years and
should rely not only on numerical analyses, such
as TSPA, but also on other lines of evidence and
argument that increase confidence in the conclu-
sions of the numerical analyses. The develop-
ment of a repository safety case would be
consistent with the approach taken by many
other countries. The Board also noted that the
DOFE'’s plans for performance confirmation were
still not mature. It recommended that perform-
ance confirmation focus on evaluating the valid-
ity of estimates of long-term performance and
challenging their underlying assumptions.

September 10, 2002, Board Meeting in Las Vegas,
Nevada (NWTRB 2002e¢)

At this meeting, the Board heard presentations
from the DOE on two of its key priorities: reposi-
tory design and corrosion testing. The Board also
brought together researchers from the Yucca
Mountain Project, the NRC, the Electric Power
Research Institute, and the State of Nevada to dis-
cuss the similarities and differences in the results
of performance assessments conducted by differ-
ent entities.
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In a November 22, 2002, letter to the DOE
(Corradini 2002), the Board began with the obser-
vation that, although Congress granted the DOE
permission to file an application with the NRC to
construct a repository at Yucca Mountain, the
Board’s role remains unchanged: It will continue
to carry out a broad scientific and technical
review of the DOE’s work and will make recom-
mendations on improving the technical defensi-
bility of that work.

Carrying out this role, the Board encouraged the
DOE to support work for determining whether the
proposed repository’s natural system makes a
greater contribution to isolating and containing
waste than current performance assessments sug-
gest. If a strong technical case can be made for such
an increased contribution, it would provide addi-
tional defense-in-depth, thereby increasing confi-
dence in the repository’s long-term performance.

The Board noted that the DOE has not yet pro-
vided a persuasive explanation for either the con-
flicting data collected with respect to the
presence of bomb-pulse chlorine-36 at the pro-
posed repository horizon or the moisture
observed in the bulkhead section of the explor-
atory cross-drift. The Board urged the DOE to
continue its efforts in these two areas, saying that
their resolution was essential for developing an
understanding of key processes affecting reposi-
tory performance.

The Board continued its technical evaluation of
the DOE’s repository design decisions. It
requested that the DOE provide detailed infor-
mation on the technical bases for the apparent
selection of a high-temperature design in prepar-
ing its application for a construction authoriza-
tion to the NRC. The Board indicated that this
decision appeared to be premised on two conclu-
sions: (1) the projected performance of the
high-temperature design is comparable to a low-
temperature design and, in any case, is well
below the regulatory limit; and (2) the overall
uncertainty in projected performance of the two
designs is roughly equivalent.

The Board pointed out that both conclusions
were called into question by information pre-
sented at the meeting. Regarding the first conclu-

sion, the presence of nitrate leads to less of a cor-
rosion safety margin at temperatures above
140°C. Moreover, short-term weight-loss meas-
urements, when extrapolated to higher tempera-
tures, show a significant increase in the rate of
corrosion. Thus, it was unclear why the DOE con-
cluded that the two designs provide comparable
levels of performance.

Regarding the second conclusion, the Board
stated that performance assessment is not capa-
ble of showing uncertainty unless the models
used appropriately incorporate uncertainty. Yet,
some parts of some key performance assessment
models for the engineered subsystem are based
not on data but on a number of assumptions. To
use these assumptions about high-temperature
uncertainties as input to performance assessment
models and then say the performance assessment
reveals that uncertainties are equivalent for the
two temperature regimes constitutes circular and
therefore faulty reasoning. The DOE’s analysis is
complicated further by the fact that investiga-
tions, such as the drift-scale test, have not been
completed. Thus, conclusions about the overall
level of uncertainty associated with low- and
high-temperature repositories may be premature.

The Board complimented the DOE for carrying
out a “one-on” barrier analysis. It indicated that,
on balance, such analyses could provide impor-
tant insights into the roles of different natural and
engineered barriers. The Board urged the DOE to
continue supporting this kind of work.

The Board was very interested in the discussion
of the similarities and differences in the results of
performance assessments conducted by different
entities. For example, many of the differences can
be traced to the assumptions used and the influ-
ence of new data. However, confidence in the
projections will depend in part on understanding
and explaining clearly why variations arise. In
particular, the stability of these projections is an
important element in building confidence.
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IV. Other Board Undertakings
Saturated Zone Field Trip

On September 12, 2002, the Board sponsored a
Yucca Mountain regional hydrogeology field trip.
In addition to Board members and staff, repre-
sentatives of the DOE, Nye County, the United
States Geological Survey, the National Park
Service, and the United States Fish and Wildlife
Service participated. Transport of radionuclides
dissolved in groundwater is the main exposure
pathway for humans in the DOE’s nominal-case
performance assessment. The purpose of the trip
was for the Board to discuss the status of research
and issues relating to the saturated-zone ground-
water in and around Yucca Mountain. The entire
tlow field was considered in the discussion, from
the recharge area on the north to the ultimate dis-
charge area in Death Valley, California.

The participants on the field trip observed sev-
eral key elements in the DOE’s analysis of the sat-
urated zone, including mineral deposits related
to paleohydrology, naturally occurring springs
discharging groundwater, the hydrogeology
associated with the volcanic and alluvial rocks
down the flow path from Yucca Mountain, struc-
tural geologic controls on water occurrence and
movement in the region, and the Death Valley
Regional Flow System groundwater model.
Biotic communities sensitive to variability in
modern flow and withdrawals also were dis-
cussed, along with biosphere pathways featured
in the DOE’s performance computations.

International Travel

In 2002, the Board continued to expand its under-
standing of the scientific and technical compo-
nents of the DOE’s work at Yucca Mountain
through participation in a selected number of
international activities.

In March 2002, at the invitation of the Swedish
Nuclear Waste Management Council (KASAM), a
small delegation of the Board participated for the
fourth time in KASAM'’s review of the Swedish
Nuclear Waste Management Company (SKB)
research and development program. (In accor-
dance with Swedish law, KASAM reviews the

SKB program every three years.) In addition to
assisting KASAM in its review, Board representa-
tives learned about the SKB’s efforts to design,
manufacture, and predict the performance of its
proposed engineered-barrier components. The
Board was interested in obtaining information on
the SKB’s continued effort to achieve commercial
production rates in manufacturing its waste can-
ister as well as results from its research on micro-
bial processes and how the results are being
incorporated in the SKB’s performance assess-
ment models. The Board was briefed on the
SKB’s work to produce a simplified TSPA.

In June 2002, members of the Board who had
never visited the Swedish program visited the
SKB'’s waste management facilities, followed up
on some of the issues addressed during the
March visit, and met with representatives of the
affected municipalities who are involved in sci-
entific and technical review and with representa-
tives of KASAM and Sweden’s safety authorities.

The Board’s final international activity for 2002
took place in October, when two representatives
of the Board attended a Nuclear Energy Agency
workshop on the integration of the engineered
barrier system (EBS) in Oxford, England.
Approximately 15 countries were represented at
the workshop, which was the first of a series of
four to be held over the next three years. The pur-
pose of the workshops is to assess the various
EBS concepts under study and to discuss the inte-
gration of design, testing, modeling, and per-
formance assessment for the EBS.

V. The Board in Transition

The year 2002 was a major transition time for the
Board. On April 21, 2002, John Arendt died. He
joined the Board in June 1995, an appointee of
then-President Bill Clinton. John’s dedication and
commitment to the Board was exemplary. Both
his humor and his no-nonsense approach to
reviewing the DOE’s repository program will be
sorely missed.

On June 26, 2002, President Bush appointed five
new members to the Board. Michael Corradini,
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professor of engineering physics at the
University of Wisconsin, was named chairman.
In addition, the President selected Mark
Abkowitz, professor of civil and environmental
engineering at Vanderbilt University in
Tennessee; Thure Cerling, professor of geology
and geophysics at the University of Utah; David
Duquette, professor of materials science and
engineering at Rensselaer Polytechnic Institute in
New York; and Ronald Latanision, professor of
materials science and engineering and nuclear
engineering at the Massachusetts Institute of
Technology.

Leaving the Board were Jared L. Cohon, former
chairman, after seven years of service; Donald
Runnells, after four years of service; Alberto
Sagiiés, after five years of service; and Jeffrey
Wong, after seven years of service. Those former
Board members each made important contribu-
tions to fulfilling the Board’s task of evaluating
the scientific and technical validity of the DOE’s
repository development program.

VI. Evaluation of the Board’s
Performance During 2002

The Board believes that measuring its effective-
ness by directly correlating improvements in the
DOE program with Board actions and recom-
mendations would be ideal. However, the Board
has no implementing authority, so it cannot
compel the DOE to comply with its recommen-
dations. Consequently, a judgment on whether a
specific recommendation had a positive outcome
for the DOE program is, in most cases, (1) sub-
jective and (2) an imprecise indicator of Board
performance because implementation of Board
recommendations by the DOE is outside the
Board’s direct control. Therefore, to measure its
performance in a given year, the Board has
developed performance measures. For each
annual performance goal, the Board considers
the following.

1. Were the reviews, evaluations, and other activ-
ities undertaken under the auspices of the goal
completed?

2. Were the results of the reviews, evaluations,
and other activities communicated in a timely,
understandable, and appropriate way to
Congress and the Secretary of Energy?

If both measures are met, the Board’s perfor-
mance in meeting the annual goal will be judged
effective. If only one measure is met, the per-
formance of the Board in achieving that goal will
be judged minimally effective. Failing to meet
both performance measures without sufficient
and compelling explanation will result in a judg-
ment that the Board has been ineffective in
achieving that performance goal.

The Board will use its evaluation of its own per-
formance from the current year, together with its
assessment of current or potential key issues of
concern related to the DOE program, to establish
its annual performance objectives and develop its
budget request for subsequent years. The results
of the Board’s performance evaluation are
included in the Board’s annual summary report
to Congress and the Secretary.

On the basis of the following evaluation and con-
sistent with the performance measures described
in the previous section, the Board’s performance
for 2002 was found to be effective. However, the
Secretary’s activities related to the waste man-
agement program were very limited in 2002.
Therefore, most of the Board’s 2002 goals in that
area have been deferred until 2003. Additional
details about the Board’s evaluation are in
Appendix H.
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Board

DOE

EBS

ECRB

FEIS

HIW

KASAM

NRC

NWPA

NWPAA

NWTRB

OCRWM

SKB

SNF

TSPA

Abbreviations and Acronyms

Nuclear Waste Technical Review Board
Department of Energy

engineered barrier system

enhanced characterization of the repository block
final environmental impact statement

high-level radioactive waste

Swedish Nuclear Waste Management Council
U.S. Nuclear Regulatory Commission

Nuclear Waste Policy Act of 1982

Nuclear Waste Policy Amendments Act of 1987
Nuclear Waste Technical Review Board

Office of Civilian Radioactive Waste Management
Swedish Nuclear Waste Management Company
spent nuclear fuel

total system performance assessment
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Glossary

The following list was compiled to help the
reader understand some of the terms used in this
report.

barrier Something that prevents or retards the
passage of radionuclides toward the environment.

biosphere The part of the earth that supports
self-sustaining and self-regulating ecological
systems.

chlorine-36 (**Cl) A long-lived radioactive iso-
tope of chlorine produced by irradiation of nat-
ural chlorine, argon, or other materials by
cosmic rays or neutrons. Atmospheric testing of
nuclear weapons in the 1950’s temporarily
increased concentrations of chlorine-36. The
resulting “bomb pulse” levels of chlorine-36
can sometimes serve as a tracer to determine
how precipitation from the 1950’s has moved
through soil and rocks, such as those present at
Yucca Mountain.

container A receptacle used to hold radioactive
waste (usually spent fuel).

defense high-level nuclear waste High-level
waste generated in the course of national defense
activities, as opposed to spent nuclear fuel, which
is generated during the production of nuclear
energy from commercial reactors.

exploratory cross-drift A small tunnel across the
proposed repository for enabling scientists to
examine the geologic and hydrologic conditions.

engineered barrier system The constructed com-
ponents of a disposal system designed to retard
or prevent the releases of radionuclides from the
underground facility. They can include the waste
forms, fillers, waste containers, shielding mate-
rial placed over and around such containers, and
backfill materials.

environmental impact statement (EIS) A
detailed written statement for supporting a deci-
sion to proceed with major federal actions affect-
ing the quality of the human environment.
Required by the National Environmental Policy
Act (NEPA), the EIS describes the environmental
impact of the proposed action; any adverse envi-
ronmental effects that cannot be avoided if the
proposal is implemented; alternatives to the pro-
posed action (although the Nuclear Waste Policy
Act, as amended, precludes consideration of cer-
tain alternatives); the relationship between local
short-term uses of the human environment and
the maintenance and enhancement of long-term
productivity; and any irreversible and irretriev-
able commitments of resources that would be
involved in the proposed action if it is imple-
mented. Preparation of an EIS requires a public
process that includes public meetings, reviews,
and comments, as well as agency responses to the
public comments.

geologic repository A facility for disposing of
radioactive waste in excavated geologic media,
including surface and subsurface areas of opera-
tion and the adjacent part of the natural setting.

groundwater Subsurface water as distinct from
surface water.

13
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high-level radioactive waste Highly radioactive
material resulting from the reprocessing of spent
nuclear fuel, including liquid waste produced
directly in reprocessing and any solid material
derived from such liquid waste that contains fis-
sion products in sufficient concentrations; and
any other highly radioactive material that the
Nuclear Regulatory Commission, consistent with
existing law, determines requires permanent iso-
lation by disposal in a geologic repository.

high-temperature operating mode Allowing the
temperature of the waste package surface to
exceed the boiling point of water for a significant
period of time.

igneous Formed by volcanic activity.

license application A document submitted to the
Nuclear Regulatory Commission seeking permis-
sion to construct a repository, to receive and
emplace radioactive waste in a repository, or to
close a repository. It contains general information
and a safety analysis.

low-temperature operating mode Keeping the
temperature of the waste package surface signifi-
cantly below the boiling point of water.

multiple lines of evidence Varied methodologi-
cal approaches used to infer the behavior of the
repository system (or its major components) for
extended time periods. Examples include ana-
logues, simplified calculations, and arguments
based on defense in depth.

Nuclear Waste Policy Act (42 USC 10101 et seq.)
The federal statute enacted in 1982 that estab-
lished the Office of Civilian Radioactive Waste
Management and defined its mission to develop
a federal system for the management and geo-
logic disposal of commercial spent nuclear fuel
and other high-level radioactive wastes. The Act
also specified other federal responsibilities for
nuclear waste management, established the
Nuclear Waste Fund to cover the cost of geologic
disposal, authorized interim storage until a
repository is available, and defined interactions
between federal agencies and the states, local
governments, and Indian tribes.

Nuclear Waste Policy Amendments Act of 1987
(42 USC 10101 et seq.) The legislation that
amended the Nuclear Waste Policy Act to limit
repository site-characterization activities to Yucca
Mountain, Nevada; established the Office of the
Nuclear Waste Negotiator to seek a state or
Indian tribe willing to host a repository or moni-
tored retrievable storage facility; and created the
Nuclear Waste Technical Review Board.

peer review A documented critical review per-
formed by those who are independent from indi-
viduals who performed the work but who have
technical expertise equivalent to those who per-
formed the original work.

performance assessment (PA) A complex com-
puter-based analysis that predicts the behavior of
an entire repository system under a given set of
conditions.

postclosure The period of time after the closure
of the geologic repository.

preclosure The period of time before the closure
of the geologic repository.

radionuclide transport The movement of
radionuclides, generally in liquid or gas forms,
through a rock formation.

saturated zone The part of the Earth’s crust in
which all empty spaces are filled with water.

site characterization The process of collecting
information necessary to evaluate the suitability
of a region or site for geologic disposal.

site recommendation The President’s recom-
mendation to Congress that a site be developed
as a repository. The site recommendation process
is set forth in the Nuclear Waste Policy Act.

spent nuclear fuel Fuel that has been withdrawn
from a nuclear reactor following irradiation, the
constituent elements of which have not been
separated by reprocessing.
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thermal loading strategies Placing waste in a
repository so that the heat produced by it will
cause specific effects on repository performance.

total system performance assessment (TSPA)
Analyses undertaken by the U.S. Department of
Energy to assess the ability of the potential repos-
itory at Yucca Mountain to provide long-term
waste isolation and containment.

unsaturated zone A rock in which some of the
empty spaces are filled with water.

waste isolation and containment Separation of
the waste from the environment so that any
radioactive material reentering the environment
will be kept within prescribed limits.

waste package The waste form, any fillers, and
any containers, shielding, packing, and other
absorbent materials immediately surrounding an
individual waste container.
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U.S. Nuclear Waste Technical Review
Board Members

Jared L. Cohon, Ph.D.; Chairman

On June 29, 1995, President Bill Clinton appointed Jared Cohon to the Nuclear Waste Technical Review
Board. President Clinton appointed Dr. Cohon chairman on January 17, 1997. Dr. Cohon’s appointment
ended June 25, 2002.

Dr. Cohon is president of Carnegie Mellon University in Pittsburgh, Pennsylvania. He has more than 25
years of teaching and research experience, has written one book, and is author, coauthor, or editor of more
than 80 professional publications. Among the awards that Dr. Cohon has received is the 1996 Joan
Hodges Queneau Medal for outstanding engineering achievement in environmental conservation,
awarded jointly by the American Association of Engineering Societies and the National Audubon Society.
He is a member of Tau Beta Pi (National Engineering Honor Society) and of Sigma Xi (Scientific Research
Society). Dr. Cohon is a registered Professional Engineer.

Dr. Cohon brings to the Board special expertise as a national authority on environmental and water
resource systems analysis. His research interests focus on multiobjective programming, a technique for
decision-making in situations with multiple conflicting objectives. He also has focused on water
resources planning and management in the United States, South America, and Asia and on energy facil-
ity siting, including nuclear waste shipping and storage. In addition to his academic experience, he
served as legislative assistant for energy and the environment to the Honorable Daniel P. Moynihan,
United States Senator from New York, from 1977 to 1978.

Dr. Cohon is a member of the American Geophysical Union, the Institute for Operations Research and
Management Science, the American Water Resources Association, and the American Society of Civil
Engineers. He has served on several committees for the National Research Council, chairing the studies
on the probabilities of extreme floods and on measuring and improving infrastructure.

In 1969, Dr. Cohon earned a bachelor of science degree in civil engineering from the University of
Pennsylvania. He worked as a construction inspector in Philadelphia and as an engineering assistant for
the Philadelphia Water Department before attending the Massachusetts Institute of Technology, where he
earned a master’s degree in civil engineering in 1972 and a Ph.D. in civil engineering in 1973. Dr. Cohon
began his teaching career in 1973 at Johns Hopkins University, where he served as assistant, associate,
and full professor in the Department of Geography and Environmental Engineering and as Assistant and
Associate Dean of Engineering and Vice Provost for Research. In 1992, he became dean of the School of
Forestry and Environmental Studies and professor of environmental systems analysis at Yale University.
Dr. Cohon assumed his duties as president of Carnegie Mellon University in July 1997.

Dr. Cohon resides in Pittsburgh, Pennsylvania.
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Michael L. Corradini, Ph.D.

Dr. Michael L. Corradini was appointed to the Nuclear Waste Technical Review Board as chairman on
June 26, 2002, by President George W. Bush.

Dr. Corradini is chairman of the engineering physics department of the University of Wisconsin-
Madison. He brings to the Board expertise in nuclear and industrial safety. His research focuses on mul-
tiphase flow and heat/mass transfer, vapor-explosion phenomena, jet-spray breakup, and mixing
dynamics, as well as on heat/mass transfer and chemical reactions involved in molten core-concrete
interactions.

Dr. Corradini has 25 years of experience in nuclear engineering, including research and teaching. He was
elected to membership in the National Academy of Engineering of the National Academy of Sciences in
1998. He is a Fellow of the American Nuclear Society and was a recipient of the 1990 Young Members
Engineering Achievement Award. Dr. Corradini is a registered Professional Engineer.

Dr. Corradini has served as a consultant for the U.S. Nuclear Regulatory Commission’s Advisory
Committee on Reactor Safeguards and for the U.S. Department of Energy National Laboratories (Los
Alamos National Laboratory, Oak Ridge National Laboratory, Idaho National Engineering Laboratory,
Brookhaven National Laboratory). He also has participated in nationally and internationally sponsored
research.

Dr. Corradini earned a bachelor of science degree in mechanical engineering from Marquette University
in 1975. He received a master of science degree in nuclear engineering from the Massachusetts Institute
of Technology (MIT) in 1976 and a Ph.D. in nuclear engineering from MIT in 1978. For the next three
years, he was on the technical staff of Sandia National Laboratories, conducting research on severe reac-
tor accidents. In 1981, Dr. Corradini joined the University of Wisconsin-Madison faculty. He became
Associate Dean, Academic Affairs, of the College of Engineering in 1995. In 2001, he became chairman of
the Department of Engineering Physics.

Dr. Corradini lives in Madison, Wisconsin.
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Mark D. Abkowitz, Ph.D.

Dr. Mark D. Abkowitz was appointed to the Nuclear Waste Technical Review Board on June 26, 2002, by
President George W. Bush.

Dr. Abkowitz is a professor of civil and environmental engineering at Vanderbilt University in Nashville,
Tennessee, and is director of the Vanderbilt Center for Environmental Management Studies. He brings to
the Board expertise in the technology of transportation, risk management and risk assessment, and emer-
gency preparedness.

Dr. Abkowitz has served on several national and international committees, including as chairman of the
National Academy of Sciences Transportation Research Board Committee on Hazardous Materials
Transport and as a member of the National Research Council Committee on Disposal of Transuranic
Waste at the Waste Isolation Pilot Plant. Dr. Abkowitz also serves on the board of Visual Risk
Technologies. He is the author of more than 60 journal publications and study reports.

Dr. Abkowitz has been inducted into Chi Epsilon and the National Society of Sigma Xi and is a member
of the World Conference on Transportation Research Society. He received the Distinguished Service
Award in 1996 from the Transportation Research Board.

Dr. Abkowitz received a bachelor of science degree in civil engineering from the Massachusetts Institute
of Technology (MIT) in 1974. In 1976, he received a master of science degree in civil engineering from
MIT. He was awarded a Ph.D. in civil engineering — transportation by MIT in 1980. From 1976 to 1980, he
worked as a project manager and research investigator for the U.S. Department of Transportation. In
1980, he joined the civil engineering faculty of Rensselaer Polytechnic Institute. During a sabbatical in
1986-87, he served as a senior analyst to the U.S. Congress, Office of Technology Assessment. He joined
Vanderbilt in 1987 as Administrative Director, Vanderbilt Engineering Center for Transportation
Operations and Research.

Dr. Abkowitz lives in Nashville, Tennessee.
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John W. Arendt, P.E.

On June 11, 1999, President Bill Clinton reappointed John Arendt to serve on the Nuclear Waste Technical
Review Board. Mr. Arendt was first appointed to the Board in 1995. Mr. Arendt died April 21, 2002.

John W. Arendt was senior consultant and founder of John W. Arendt Associates, Inc. Created in 1986, the
firm offers consultation on program and project management, safety assessments and investigations,
quality assurance, standards and regulations for uranium handling and processing, chemical safety
audits, and safeguards and accountability. Mr. Arendt was a registered Professional Engineer and a cer-
tified nuclear materials manager.

Mr. Arendt brought to the Board five decades of experience in various phases of the nuclear fuel cycle,
especially uranium processing, handling, safeguards and accountability, packaging, and transportation.
He had extensive experience in the management of engineering projects, including uranium processing
facilities and their quality assurance, quality control, and inspection. He was chairman of American
National Standards Institute (ANSI) Accredited Standards Committee N14 on packaging and trans-
portation of radioactive materials and nonnuclear hazardous wastes.

Mr. Arendt earned a bachelor of science degree in chemical engineering from Marquette University in
1943 and was a research engineer for the Manhattan Project at the University of Chicago from 1943 to
1945. He gained the bulk of his experience at Union Carbide Corporation’s Nuclear Division in Oak
Ridge, Tennessee, where he began as a production supervisor in 1945 and served in various department
and project management positions through 1984. Before founding John W. Arendt Associates, Inc., in
1986, Mr. Arendt was a senior engineer with JBF Associates, Inc., where he provided technical and man-
agement assistance in uranium enrichment, standards and regulations, waste management, packaging
and shipping, reactor activities, quality assurance, and safety.

Mr. Arendt resided in Oak Ridge, Tennessee.
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Daniel B. Bullen, Ph.D.

Dr. Daniel B. Bullen was appointed to the Nuclear Waste Technical Review Board on January 17, 1997, by
President William Clinton.

Dr. Daniel B. Bullen is an associate professor of mechanical engineering, Department of Mechanical
Engineering, at Iowa State University in Ames, Jowa. He brings to the Board special expertise in per-
formance assessment modeling of radioactive waste disposal facilities, performance assessment of engi-
neered barrier systems, radiolysis effects in spent-fuel dry casks in storage environments, radiation
effects on materials, and materials degradation in severe service environments.

Dr. Bullen has been teaching since 1989, and he served as Nuclear Engineering Program Coordinator at
Iowa State University from 1993 to 1996 and as director of the Iowa State University Nuclear Reactor
Laboratory from 1993 to 2001. He has 12 years of industry experience in nuclear engineering and mate-
rials science. He has edited and reviewed articles for such professional publications as Nuclear
Technology, Journal of the American Ceramic Society, American Nuclear Society Transactions, and
Encyclopedia of Chemical Technology. He has written or co-written more than 70 technical publications
and reports and has contributed to three books. He is a registered Professional Engineer in mechanical,
metallurgical, and nuclear engineering. Dr. Bullen’s honors and awards include Tau Beta Pi (National
Engineering Honor Society), Phi Kappa Phi, Sigma Xi (Scientific Research Society), Alpha Nu Sigma
(Nuclear Engineering Scholastic Honor Society), a Lilly Teaching Fellowship at the Georgia Institute of
Technology (1991), and two Outstanding Professor awards. He has appeared in Who’s Who in Science
and Engineering, Who’s Who in America, and Who’s Who in the World.

Dr. Bullen is a member of ASM International; American Society of Mechanical Engineers; National
Society of Professional Engineers; and Minerals, Metals & Materials Society; and American Nuclear
Society (ANS). He is an active member of the Education and Training Division and the Fuel Cycle and
Waste Management Division of ANS and has served as Chairman of the Executive Committee of each
division.

Dr. Bullen is an international consultant in radioactive waste management. As a consultant to Monitor
Scientific, LLC of Denver, Colorado, Dr. Bullen has provided technical expertise to the Japanese and
Swedish nuclear waste management programs on issues related to waste package degradation, per-
formance-confirmation monitoring, and long-term performance assessment.

In 1978, Dr. Bullen earned a bachelor of science degree in engineering science from Iowa State University.
He was a research assistant at the University of Wisconsin-Madison while earning master of science
degrees in nuclear engineering in 1979 and materials science in 1981 and a Ph.D. in nuclear engineering
in 1984. He then worked for Lawrence Livermore National Laboratory as an engineer until 1986, when
he became senior engineer for Science & Engineering Associates, Inc., in Pleasanton, California. In 1988,
he became president of DG Engineering Associates, providing technical consulting services to Lawrence
Livermore National Laboratory. Dr. Bullen moved to North Carolina State University in 1989 as an assis-
tant professor of nuclear engineering and to the Georgia Institute of Technology in 1990 as an assistant
professor of mechanical engineering. He moved to Iowa State University in 1992 as an associate profes-
sor of nuclear engineering.

Dr. Bullen lives in Ames, Iowa.
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Thure E. Cerling, Ph.D.

Dr. Thure E. Cerling was appointed to the Nuclear Waste Technical Review Board on June 26, 2002, by
President George W. Bush.

Dr. Cerling is Distinguished Professor of Geology and Geophysics and professor of Biology at the
University of Utah. He brings to the Board as expertise in terrestrial geochemistry. His research interests
are in the study of geochemistry processes occuring at or near the Earth’s surface and in the geological
record of ecological change.

Dr. Cerling was elected to membership in the National Academy of Sciences in 2001. He is a fellow of the
American Association for the Advancement of Science and of the Geological Society of America. He has
been a visiting professor at Scripps Institution of Oceanography, Yale University; the University of
Lausanne in Switzerland; and at the California Institute of Technology.

Dr. Cerling has served on numerous boards, panels, and committees, including the National Academy of
Sciences-National Research Council Board on Earth Sciences and Resources, Geochemical Society Board
of Directors, and the Nuclear Waste Group of the International Union of Geological Sciences. He also
served on the Governor’s Nuclear Waste Task Force, State of Utah, in 1981-83. In 1998, he received the
University of Utah Distinguished Research Award.

In 1972, Dr. Cerling earned a bachelor of science degree in geology and chemistry from Iowa State
University. In 1973, he received a master of science degree in geology from Iowa State University.
In 1977, he was awarded a Ph.D. in geology by the University of California-Berkeley. From 1977 to
1979, Dr. Cerling worked as a research scientist at Oak Ridge National Laboratory. In 1979, he joined
the faculty of the University of Utah.

Dr. Cerling lives in Salt Lake City, Utah.

26



Appendix A

Norman L. Christensen, Jr., Ph.D.

Dr. Norman L. Christensen, Jr. was appointed to the Nuclear Waste Technical Review Board on January
17,1997, by President William Clinton.

Dr. Christensen is professor of ecology at the Nicholas School of the Environment and Earth Sciences
at Duke University in Durham, North Carolina. He brings to the Board special expertise in biology and
ecology. His research interests include the effects of disturbance on structure and function of popula-
tions and communities; comparative biogeochemical and community responses to varying fire
regimes; use of remote sensing systems (such as synthetic aperture radar) to evaluate long-term
changes in forest ecosystems; and pattern analysis of forest development following cropland aban-
donment as affected by environment, stand history, and plant demographic patterns.

Dr. Christensen has been teaching for more than 29 years and has more than 90 scientific articles and
books to his credit. He has written widely on the importance of natural disturbance in the management
of forests, shrublands, and wetlands, and he is interested in applying basic ecological theory and models
to ecosystem management.

Dr. Christensen is the recipient of the 1977 Duke Endowment Award for Teaching Excellence, the 1991
Distinguished Teaching Award for Trinity College of Arts and Sciences at Duke, and the 1994
Distinguished Scholar-Alumni Award from California State University-Fresno. He was made a Fellow of
the American Association for the Advancement of Science in 1993 and is a recipient of the National Park
Service’s A. Starker Leopold Award for distinguished service. Dr. Christensen has served on more than
25 national and regional panels and commissions and on the editorial boards of American Midland
Naturalist, Journal of Vegetation Science, and Journal of Wildland Fire. He is currently Vice-president of
the Ecological Society of American and Chairman of the National Commission on Science for Sustainable
Forestry.

Dr. Christensen is a member of the American Association for the Advancement of Science, the British
Ecological Society, the Ecological Society of America, Sigma Xi (Scientific Research Society), the Society
of American Foresters, and the National Association of Environmental Professionals.

Dr. Christensen earned a bachelor’s degree in biology from Fresno State College in 1968. He earned
a master of science degree in biology from Fresno State College in 1970 and a Ph.D. in biology from the
University of California-Santa Barbara in 1973. He began his teaching career as an assistant professor in
the Department of Botany at Duke University in 1973. He became an associate professor in 1979 and
was elevated to full professor in 1987. He was dean of the Nicholas School of the Environment from
1991 to 2001.

Dr. Christensen lives in Chapel Hill, North Carolina.
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Paul P. Craig, Ph.D.

Dr. Paul P. Craig was appointed to the Nuclear Waste Technical Review Board on January 30, 1997, by
President William Clinton.

Dr. Paul P. Craig is Professor of Engineering Emeritus at the University of California, Davis, and is a
member of the university’s Graduate Group in Ecology. He brings to the Board special expertise and
research interest in energy and environmental policy.

Dr. Craig has more than 21 years of teaching experience and more than 100 refereed publications to his
credit. He is Chairman of the Sierra Club’s National Global Warming and Energy Committee. He was a
Lawrence Berkeley National Laboratory Participating Guest Scientist from 1976 to 1997 and again start-
ing in 2002. He is a Fellow of the American Physical Society. Dr. Craig’s awards include a John Simon
Guggenheim Memorial Foundation Fellowship and a National Science Foundation Meritorious Service
Award. He is a member of Phi Beta Kappa.

Dr. Craig earned a bachelor of science degree in mathematics and physics from Haverford College in
1954. He earned a Ph.D. in physics from the California Institute of Technology in 1959. He began his
career as a staff scientist at Los Alamos National Laboratory in 1959 and moved to Brookhaven National
Laboratory in 1962 as a physicist and a group leader. In 1971, he became deputy and acting director of
the Office of Energy Research and Development Policy of the National Science Foundation, where he pro-
vided policy analysis support to the President’s science advisor and to the Office of Management and
Budget. Dr. Craig became director of the University of California Council on Energy and Resources in
1975 and professor of engineering at the University of California, Davis, in 1977. He received his emeri-
tus standing in 1994.

Until his appointment to the Nuclear Waste Technical Review Board, Dr. Craig was a member of the
National Academy of Sciences-National Research Council Board on Radioactive Waste Management.

Dr. Craig lives in Martinez, California.
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David J. Duquette, Ph.D.

Dr. David J. Duquette was appointed to the Nuclear Waste Technical Review Board on June 26, 2002, by
President George W. Bush.

Dr. Duquette is Department Head and a professor of materials science and engineering at Rensselaer
Polytechnic Institute (RPI) in Troy, New York. He brings to the Board expertise in the physical, chemical,
and mechanical properties of metals and alloys, with special emphasis on environmental interactions.
His current research interests include the physical, chemical, and mechanical properties of metals and
alloys, with specific reference to studies of cyclic deformation behavior as affected by environment and
temperatures, basic corrosion studies, and stress-corrosion cracking.

Dr. Duquette is author or co-author of more than 200 scientific publications, primarily in environmental
degradation of materials and electrochemical processing of semiconductor interconnects. Among the
awards that he has received are the Willis Rodney Whitney Award from the National Association of
Corrosion Engineers in 1990 and the Humboldt Prize from the Alexander von Humboldt Foundation in
1983. He has been elected an Honorary Member of Alpha Sigma Mu, the national metallurgical honorary
society, and has received an Outstanding Paper Award from Acta Metrallurgica. He is a Fellow of the
National Association of Corrosion Engineers and of the American Society for Metals and is also a mem-
ber of The Minerals, Metals and Materials Society and of the Electrochemical Society.

Dr. Duquette spent more than 5 years as a member of a scientific review group that advised the Canadian
government on disposal of high-level nuclear waste. He also has been a member of a panel that advised
the United States government on container design and materials selection for disposing of nuclear waste.

Dr. Duquette received a bachelor of science degree from the U.S. Coast Guard Academy in 1961. From
1961 to 1965, he served as a commissioned officer in the U.S. Coast Guard. From 1965 to 1968, he was a
research assistant in the Department of Metallurgy and Materials Science at the Massachusetts Institute
of Technology (MIT). In 1968, he was awarded a Ph.D. in materials science by MIT. From 1968 to 1970,
he worked as a senior research associate in the Advanced Materials Research and Development
Laboratory of Pratt and Whitney Aircraft. Dr. Duquette joined the RPI faculty in 1970.

Dr. Duquette lives in Loudonville, New York.
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Debra S. Knopman, Ph.D.

On January 17, 1997, President Bill Clinton appointed Debra Knopman to the Nuclear Waste Technical
Review Board.

Dr. Debra S. Knopman is Associate Director, RAND Science and Technology, and a senior engineer at
RAND Corporation in Arlington, Virginia. She has more than 24 publications in scientific and technical
journals to her credit. Dr. Knopman is a member of the National Research Council’s Commission on
Geosciences, Environment, and Resources. She served briefly on the Board on Radioactive Waste
Management and the Panel for the Review of the DOE Environmental Restoration Priority System before
accepting a position in the Clinton administration in 1993. She is a member of the American Geophysical
Union. Dr. Knopman was a 1978-1979 Henry Luce Foundation Scholar.

Dr. Knopman brings to the Board special expertise in hydrology, environmental and natural resources
policy, systems analysis, and public administration.

In 1975, Dr. Knopman earned a bachelor ’s degree in chemistry from Wellesley College. She earned a mas-
ter of science degree in civil engineering from the Massachusetts Institute of Technology in 1978 and a
Ph.D. from the Department of Geography and Environmental Engineering at Johns Hopkins University
in 1986. Dr. Knopman began her career as a freelance science writer and editor in Israel and the United
States in 1975. Following her Luce Scholar fellowship, which she served in Taiwan from 1978 to 1979, she
served as legislative assistant for energy and environmental issues to Senator Daniel P. Moynihan in
Washington, D.C., from 1979 to 1980. She served as a professional staff member of the U.S. Senate
Committee on Environment and Public Works from 1980 to 1983. She moved to the U.S. Geological
Survey in 1984, beginning as a student assistant and progressing through being a research hydrologist to
becoming chief of the systems analysis branch. In 1993, Dr. Knopman was appointed Deputy Assistant
Secretary for Water and Science, U.S. Department of the Interior. She served as director of the Progressive
Policy Institute’s Center for Innovation and the Environment from 1995 to 2000.

Dr. Knopman resides in Washington, D.C.
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Ronald M. Latanision, Ph.D.

Dr. Ronald M. Latanision was appointed to the Nuclear Waste Technical Review Board on June 26, 2002,
by President George W. Bush.

Dr. Latanision is professor of materials science and engineering and nuclear engineering at the
Massachusetts Institute of Technology (MIT) and a principal in Exponent Corporation. He brings to the
Board expertise in materials processing and in corrosion of metals and other materials in aqueous (ambi-
ent as well as high-temperature and high-pressure) environments.

Dr. Latanision is the author or co-author of more than 200 scientific publications. Among the awards that
Dr. Latanision has received are the David Ford McFarland Award for Achievement in Metallurgy from
The Pennsylvania State University Chapter of the American Society for Metals, in 1986 and the Willis
Rodney Whitney Award from the National Association of Corrosion Engineers in 1994. He was elected
Distinguished Alumnus of The Ohio State University College of Engineering in 1991 and Honorary
Alumnus of MIT in 1992.

Dr. Latanision is a Fellow of the American Society of Metals International and the National Association
of Corrosion Engineers. He is founder and co-chairman of the New England Science Teachers and is a
member of the National Academy of Engineering and the American Academy of Arts and Sciences. He
has been a consultant to industry and government and has been active in organizing international
conferences.

In 1964, Dr. Latanision received a bachelor of science degree in metallurgy from The Pennsylvania State
University. In 1968, he was awarded a Ph.D. in metallurgical engineering by The Ohio State University.
In 1968 and 1969, he was a Postdoctoral Fellow at the National Bureau of Standards. From 1969 to 1974,
he worked for Martin Marietta Laboratories, first as a research scientist and then as acting head of
materials science. He joined MIT in 1975 as director of the H. H. Uhlig Corrosion Laboratory. During a
sabbatical in 1982-83, he served as a science advisor to the U.S. House of Representatives Committee on
Science and Technology. He also served as a member of the National Materials Advisory Board of the
National Research Council.

Dr. Latanision lives in Winchester, Massachusetts.
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Priscilla P. Nelson, Ph.D.

Dr. Priscilla P. Nelson was appointed to the Nuclear Waste Technical Review Board on January 17, 1997,
by President William Clinton.

Dr. Nelson is Director, Division of Civil and Mechanical Systems, for the Directorate for Engineering at
the National Science Foundation. Dr. Nelson brings to the Board special expertise in rock engineering and
underground construction.

In 1970, Dr. Nelson earned a bachelor of science degree in geological sciences from the University of
Rochester. She earned master of science degrees in geology from Indiana University in 1976 and in struc-
tural engineering from the University of Oklahoma in 1979. She was awarded a Ph.D. in geotechnical
engineering by Cornell University in 1983. Dr. Nelson’s career has included service as a Peace Corps
volunteer and employment as a field engineer for the Alaskan Resource Sciences Corporation from 1975
to 1977. She joined the faculty of The University of Texas at Austin in 1983 and became full professor
and holder of the John Focht Teaching Fellowship before joining the National Science Foundation in
1996. She has served as a consultant for major underground construction projects, including for the
Superconducting Super Collider project from 1985 through 1992.

Dr. Nelson has more than 13 years of teaching experience and more than 100 technical and scientific pub-
lications to her credit. She has served as a member of the U.S. National Committee for Rock Mechanics,
the U.S. National Committee for Tunneling Technology, and the Board on Radioactive Waste
Management, all activities of the National Research Council. She is a member of the American Rock
Mechanics Association (ARMA), the American Society of Civil Engineers (ASCE), the International
Tunnelling Association, the American Underground Construction Association, the Association of
Engineering Geologists, the American Society for Engineering Education, and other professional organi-
zations. She is past president of the Geo-Institute of ASCE and of ARMA. Her honors and awards include
Exxon Teaching Fellowships at The University of Texas at Austin (1985-1987), the Case Studies Award
from the U.S. National Committee for Rock Mechanics (1988), the Haliburton Education Foundation
Award of Excellence (1991), the Basic Research Award from the U.S. National Committee for Rock
Mechanics (1993), and election to The Moles, an association of the heavy construction industry (1995). At
the National Science Foundation, she has received the Director’s Award for Integrative Collaboration
three times, and she received the Director’s Award for Meritorious Service in 1997. In 1999, she was
appointed to the Senior Executive Service. Also in 1999, she received the Director’s Award for Superior
Accomplishment from the NSE

Dr. Nelson lives in Arlington, Virginia.
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Richard R. Parizek, Ph.D.

Dr. Richard R. Parizek was appointed to the Nuclear Waste Technical Review Board on February 11, 1997,
by President William Clinton.

Dr. Richard R. Parizek is a professor of geology and geoenvironmental engineering at The Pennsylvania
State University; president of Richard R. Parizek and Associates, consulting hydrogeologists and envi-
ronmental geologists; and a registered Professional Geologist. Dr. Parizek brings to the Board special
expertise in hydrogeology and environmental geology. His research interests include the hydrogeology
of karst, fractured rock, and glaciated terranes; factors controlling groundwater occurrence and move-
ment; and the relationship between land use and groundwater pollution resulting from disposal of
nuclear waste and other hazardous substances.

Dr. Parizek has more than 37 years of teaching experience and numerous journal publications to his
credit. His awards include a cooperative fellowship from the National Science Foundation (1960), a supe-
rior achievement award from the U.S. Environmental Protection Agency (1976), the Clearwater
Conservancy Award (1985), the Matthew J. and Anne C. Wilson Teaching Award (1986), and the medal
for distinguished service to environmental science and engineering of the Institute of Meteorology and
Water Management, Warsaw, Poland (1991). Dr. Parizek was appointed an administrative law judge of
the Atomic Safety and Licensing Board Panel of the U.S. Nuclear Regulatory Commission in 1990, a posi-
tion he left upon appointment to the Nuclear Waste Technical Review Board.

Dr. Parizek is a member of the American Association for the Advancement of Science, the American
Geophysical Union, the American Institute of Hydrology, the Geological Society of America, and Sigma Xi.

In 1956, Dr. Parizek earned a bachelor of science degree in geology from the University of Connecticut.
He earned a master of science degree in geology in 1960 and a Ph.D. in geology in 1961, both from the
University of Illinois. Dr. Parizek began his career as research assistant with the Illinois State Geological
Survey in 1956 and began teaching in 1961 as assistant professor of geology and geophysics at The
Pennsylvania State University. He became a full professor in 1971 and continues to teach in the
Department of Geosciences. Dr. Parizek also has been a visiting scientist with the U.S. Geological Survey
and a visiting scholar at Stanford University, the Desert Research Institute, Changchun College of
Geology and the Institute of Karst Geology in the Peoples” Republic of China, and National Cheng Kuug
University in Taiwan.

Dr. Parizek lives in State College, Pennsylvania.
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Donald D. Runnells, Ph.D.

On June 23, 1998, President Bill Clinton appointed Donald Runnells to the Nuclear Waste Technical
Review Board. Dr. Runnells” appointment ended June 25, 2002.

Dr. Donald D. Runnells is professor emeritus in the Department of Geological Sciences at the University
of Colorado. He also is a corporate consultant to Shepherd Miller, a firm providing environmental and
engineering consultation primarily to the mining industry and to government agencies and other con-
cerns. He has more than 27 years of teaching experience and numerous journal publications to his credit.
Dr. Runnells is a Fellow of the Geological Society of America. His awards include selection as a National
Science Foundation Graduate Fellow, election to Phi Kappa Phi Honorary Scholastic Fraternity, and elec-
tion to the presidency of the Association of Exploration Geochemists. Dr. Runnells has been an editor or
on the editorial board for Journal of Geochemical Exploration, Interface, Science of the Total
Environment, Chemical Geology, and Journal of Applied Geochemistry. He has been a member of the
Colorado Governor’s Council on Science and Technology, the Review Board on Disposal and Permanent
Storage of Inactive Uranium Tailings at Sandia National Laboratory, the Materials Review Board at
Argonne National Laboratory, the Scientific Advisory Board on Toxics in Water for the Electric Power
Research Institute, and several boards and panels of the National Research Council of the National
Academy of Sciences.

Dr. Runnells brings to the Board special expertise in geochemistry, hydrochemistry, and mineral deposits.

He is a member of the Geochemical Society, the Association of Exploration Geochemists, and the
American Chemical Society.

In 1958, Dr. Runnells earned a bachelor’s degree in geology from the University of Utah. He earned a
master of arts degree in geology in 1960 and a Ph.D. in geochemistry and geology in 1964, both from
Harvard University. Dr. Runnells began his career as a teaching assistant at Harvard University in 1961.
In 1963, he began working with Shell Development Company as a geochemist. He returned to teaching
in 1967 as an assistant professor at the University of California at Santa Barbara. He moved to the
University of Colorado in 1969. He was appointed full professor in 1975 and was elected chairman of the
Department of Geological Sciences in 1990. He continued in that position until 1993, when he became
president of Shepherd Miller. He now serves as a corporate consultant to Shepherd Miller, specializing in
water-rock interaction and water contamination.

Dr. Runnells resides in Fort Collins, Colorado.
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Alberto A. Sagiiés, Ph.D.

On June 11, 1999, President Bill Clinton reappointed Alberto Sagiiés to serve on the Nuclear Waste
Technical Review Board. Dr. Sagiiés was first appointed to the Board in 1997. Dr. Sagiiés” appointment
ended June 25, 2002.

Dr. Alberto A. Sagiiés is Distinguished University Professor in the Department of Civil and
Environmental Engineering at the University of South Florida and is a registered Professional Engineer.
He has 20 years of teaching experience and more than 120 technical publications to his credit. From 1988
to 1992, Dr. Sagiiés served as an expert task group member of the Strategic Highway Research Program
of the National Research Council. He has made technical presentations to professional and scientific audi-
ences across the United States and Canada and throughout Europe, Central America,and South America.
He holds three patents related to corrosion control.

Dr. Sagiiés brings to the Board special expertise in corrosion and materials engineering, physical metal-
lurgy, and electrochemical measurements. His research interests are in corrosion of engineering materi-
als, especially concerning reinforcing steel in concrete and durability forecasting of civil infrastructure.
Dr. Sagiiés is a member of NACE International (formerly the National Association of Corrosion
Engineers), the Electrochemical Society, the American Society for Testing and Materials, the American
Concrete Institute, and ASM International (formerly the American Society for Metals).

A native of Argentina, Dr. Sagiiés earned his undergraduate degree in physics from the National
University of Rosario, Argentina, in 1968. He earned a Ph.D. in metallurgy from Case Western Reserve
University in Cleveland in 1972. A citizen of the United States since 1979, Dr. Sagiiés began his career as
a visiting assistant professor at Columbia University in 1972, performed postdoctoral research in 1973,
and was a guest scientist at the Solid State Research Institute of the Jiilich Nuclear Research Center in
West Germany from 1974 to 1976. He served as a research associate at Argonne National Laboratory from
1976 to 1978 and as senior metallurgist, manager, and associate laboratory director of the Kentucky
Center for Energy Research Laboratory from 1978 to 1985. At the same time, he continued his teaching
career at the University of Kentucky. In 1985, he moved to the University of South Florida as an associ-
ate professor. Dr. Sagiiés became professor of materials engineering in 1991 and Distinguished University
Professor, Department of Civil and Environmental Engineering, in 1999.

Dr. Sagiiés resides in Lutz, Florida.
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Jeffrey Wong, Ph.D.

On June 11, 1999, President Bill Clinton reappointed Jeffrey Wong to serve on the Nuclear Waste Technical
Review Board. Dr. Wong was first appointed to the Board in 1995. Dr. Wong’s appointment ended June
25, 2002.

Dr. Jeffrey Wong is Deputy Director for Science, Pollution Prevention and Technology; Department of
Toxic Substances Control; California Environmental Protection Agency. Dr. Wong has nearly 20 years of
experience in toxicology, including assessment of exposure risks at hazardous waste sites, at hazardous
waste treatment, storage, and disposal facilities, and at hazardous material spills and accidents. He is an
instructor in environmental toxicology at the University of California, Davis, and he has worked with the
California Department of Justice in forensic toxicology. Dr. Wong was a National Institutes of Environ-
mental Health Sciences Predoctoral Fellow in environmental toxicology and was the recipient of the
American Academy of Forensic Sciences Regional Award in Toxicology in 1984.

Dr. Wong brings to the Board extensive experience in risk assessment and scientific team management.
He served as the risk evaluation expert on the external expert review panel to the Consortium for
Environmental Risk Evaluation, a program of Tulane and Xavier universities.

Dr. Wong also has served on National Academy of Sciences/National Research Council committees relat-
ing to remedial action for hazardous waste sites and the U.S. Department of Energy’s environmental
restoration program. He is a member of the editorial board of Journal of Contaminated Soils and is an
advisory board member for the Association for the Environmental Health of Soils.

Dr. Wong earned a bachelor of arts degree in bacteriology in 1973, a master of science degree in food sci-
ence and technology in 1976, and a Ph.D. in pharmacology and toxicology in 1981, all from the University
of California, Davis. He worked for the California Department of Justice as a senior forensic toxicologist
after his doctoral work. He moved to the California Department of Food and Agriculture as a staff toxi-
cologist before beginning his career with the California Environmental Protection Agency in July 1985.
Before assuming his current position, he was chief of the Human and Ecological Risk Division of the
Department of Toxic Substances Control, California Environmental Protection Agency.

Dr. Wong resides in Sacramento, California.
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January 29-30

January 31

May 7-8

May 9

September 10

September 11

Appendix B
2002 Meeting List

Winter Board Meeting
Pahrump, Nevada

Topics:

¢ Update on scientific studies
* Hydrogeological issues

¢ External Reviews
Transcript available

Board Business Meeting
Las Vegas, Nevada
Minutes available

Spring Board Meeting
Washington, D.C.

Topics:

* Yucca mountain safety case
¢ Staged repository concept
¢ Corrosion testing
Transcript available

Board Business Meeting
Arlington, Virginia
Minutes available

Fall Board Meeting

Las Vegas, Nevada

Topics:

* Yucca Mountain science program
* Barrier analysis

Transcript available

Board Business Meeting
Las Vegas, Nevada
Minutes available
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Panel Organization
(Until June 26, 2002)

Panel on Site Characterization

Chair: Dr. Debra S. Knopman

Members: Dr. Priscilla P. Nelson
Dr. Richard R. Parizek
Dr. Donald D. Runnells
Dr. Alberto A. Sagiiés

Panel on the Repository

Chair: Dr. Daniel B. Bullen
Members: Mr. John W. Arendt
Dr. Priscilla P. Nelson
Dr. Donald D. Runnells
Dr. Alberto A. Sagiiés

Panel on the Waste Management System

Chair: Mr. John W. Arendt

Members: Dr. Daniel B. Bullen
Dr. Norman L. Christensen, Jr.
Dr. Paul P. Craig
Dr. Debra S. Knopman

Staff:

Staff:

Staff:

Leon Reiter*
David M. Diodato

Carlos A. W. Di Bella*
John H. Pye
Karyn D. Severson

Daniel J. Fehringer*
Carlos A. W. Di Bella
Daniel S. Metlay
Karyn D. Severson

Panel on the Environment, Regulations, and Quality Assurance

Chair: Dr. Jeffrey J. Wong

Members: Mr. John W. Arendt
Dr. Norman L. Christensen, Jr.
Dr. Paul P. Craig
Dr. Debra S. Knopman

Panel on Performance Assessment

Chair: Dr. Daniel B. Bullen
Members: Dr. Paul P. Craig
Dr. Richard R. Parizek
Dr. Alberto A. Sagiiés
Dr. Jeffrey J. Wong

* Staff coordinator

Staff:

Staff:

Daniel J. Fehringer*
Daniel S. Metlay

Leon Reiter*

Carlos A. W. Di Bella
David M. Diodato
Daniel S. Metlay
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U.S. Nuclear Waste Technical Review Board
Publications

The following publications are available by mail
from the Nuclear Waste Technical Review Board
or electronically from the Board’s Web site at
www.nwtrb.gov.

Report to Congress and the Secretary of Energy.
April 2002.

This report summarizes the Board’s major activi-
ties between February 1, 2001, and January 31,
2002. During this period, the Board focused on
evaluating the technical basis of the DOE’s work
related to a site recommendation, including the
DOE’s characterization of the Yucca Mountain
site, the DOE’s design of the repository and
waste package, and the DOE’s estimates of how a
repository system developed at the site might
perform. The report includes a description of
activities undertaken by the Board in developing
its assessment of the technical basis for the DOE’s
current performance estimates.

Report by letter to Congress and the Secretary of
Energy. January 24, 2002.

Letter report summarizing the Board’s evaluation
of the DOE’s technical and scientific investigation
of the Yucca Mountain site.

Report to Congress and the Secretary of Energy.
April 2001.

In this report, the Board summarizes its major
activities in calendar year 2000. During 2000, the
Board identified four priority areas for evaluat-
ing the potential repository at Yucca Mountain.
The areas are the following;:

* meaningful quantification of conservatisms
and uncertainties in the DOE’s performance
assessments

* progress in understanding the underlying
fundamental processes involved in predicting
the rate of waste package corrosion

¢ an evaluation and a comparison of the base-
case repository design with a low-temperature
design

¢ development of multiple lines of evidence to
support the safety case of the proposed reposi-
tory, the lines of evidence being derived inde-
pendently of performance assessment and
thus not being subject to the limitations of per-
formance assessment.

The report summarizes the Board’s views on each
priority area. A more detailed discussion of the
priorities can be found in letters to the DOE
included among the appendices to the report.

Report by letter to the Secretary of Energy and
Congress. December 2000.

This report, in the form of a letter, presents a brief
update of the Board’s views on the status of the
DOE program.

Report to the U.S. Congress and the Secretary of
Energy. April 2000.

In this report, the Board summarizes its major
activities in calendar year 1999. Among the activ-
ities discussed in the report is the Board’s 1999
review of the DOE’s viability assessment (VA) of
the Yucca Mountain site. The Board’s evaluation
of the VA concludes that Yucca Mountain contin-
ues to warrant study as the candidate site for a
permanent geologic repository and that work
should proceed to support a decision on whether
to recommend the site for repository develop-
ment. The Board suggests that the 2001 date for a
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decision is very ambitious, and focused study
should continue on natural and engineered barri-
ers. The Board states that a credible technical
basis does not currently exist for the above-boil-
ing repository design included in the VA. The
Board recommends evaluation of alternative
repository designs, including lower-temperature
designs, as a potential way to help reduce the sig-
nificance of uncertainties related to predictions of
repository performance.

Report to the U.S. Congress and the Secretary of
Energy. April 1999.

In this report, the Board summarizes its major
activities during calendar year 1998. The report
discusses the research needs identified in the
DOE'’s recently issued Viability Assessment of the
Yucca Mountain site, including plans to gather
information on the amount of water that will
eventually seep into repository drifts, whether
formations under the repository will retard the
migration of radionuclides, the flow-and-trans-
port properties of the groundwater that lies
approximately 200 meters beneath the repository
horizon, and long-term corrosion rates of materi-
als that may be used for the waste packages. The
report describes other activities undertaken by
the Board in 1998, including a review of the
hypothesis that there were hydrothermal
upwellings at Yucca Mountain, a workshop held
to increase understanding of the range of expert
opinion on waste package materials, and a
review of the DOE’s draft environmental impact
statement for the Yucca Mountain site.

Report to the U.S. Congress and the Secretary of
Energy: Moving Beyond the Viability Assessment.
April 1999.

In its report, the Board offers its views on the
DOE’s December 1998 Viability Assessment of the
Yucca Mountain site in Nevada. The Yucca
Mountain site is being characterized to determine
its suitability as the location of a permanent
repository for disposing of spent nuclear fuel and
high-level radioactive waste. The Board discusses
the need to address key uncertainties that remain
about the site, including the performance of the
engineered and natural barriers. The Board
addresses the DOE’s plans for reducing those

uncertainties and suggests that consideration be
given to alternative repository designs, including
ventilated low-temperature designs that have the
potential to reduce uncertainties and simplify the
analytical bases for determining site suitability
and for licensing. The Board also comments on
the DOE’s total system performance assessment,
the analytical tool that pulls together information
on the performance of the repository system.

Report to the U.S. Congress and the Secretary of
Energy. November 1998.

In its report, the Board offers its views on the
direction of future scientific and technical
research under way and planned by the DOE as
part of its program for characterizing a site at
Yucca Mountain, Nevada, as a potential reposi-
tory for spent fuel and high-level radioactive
waste. The Board discusses some of the remain-
ing key scientific and technical uncertainties
related to performance of a potential repository.
The Board’s report addresses some of these
uncertainties by examining information about
the proposed repository system presented to it in
meetings and other technical exchanges. The
Board considers and comments on some of the
important connections between the site’s natural
properties and the current designs for the waste
package and other engineered features of the
repository.

Review of Material on Hydrothermal Activity.
July 24, 1998.

This series of documents concerns the Board’s
review of material related to Mr. Jerry
Szymanski’s hypothesis of ongoing, intermittent
hydrothermal activity at Yucca Mountain and
large earthquake-induced changes in the water
table there. The series includes a cover letter, the
Board’s review, and the reports of the four con-
sultants the Board contracted with to assist in the
review.

1997 Findings and Recommendations. April 1998.

This report details the Board’s activities in 1997
and covers, among other things, the DOE’s via-
bility assessment, due later this year; under-
ground exploration of the candidate repository
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site at Yucca Mountain, Nevada; thermal testing
under way at the site; what happens when
radioactive waste reaches the water table beneath
Yucca Mountain; transportation of spent fuel;
and the use of expert judgment. The Board makes
four recommendations in the report concerning
(1) the need for the DOE to begin now to develop
alternative design concepts for a repository, (2)
the need for the DOE to include estimates of the
likely variation in doses for alternative candidate
critical groups in its interim performance meas-
ure for Yucca Mountain, (3) the need for the DOE
to evaluate whether site-specific biosphere data is
needed for license application, and (4) the need
for the DOE to make full and effective use of for-
mally elicited expert judgment.

Report by letter to the Secretary of Energy and
the Congress. December 23, 1997.

This report, in the form of a letter, addresses sev-
eral key issues, including the DOE'’s viability
assessment of the Yucca Mountain site, design of
the potential repository and waste package, the
total system performance assessment, and the
enhanced characterization of the repository block
(east-west crossing).

Report to the U.S. Congress and the Secretary of
Energy: January to December 1996. March 1997.

This report summarizes Board activities during
1996. Chapter 1 provides an overview of the
Department of Energy’s high-level nuclear waste
management program from the Board’s perspec-
tive, including the viability assessment, program
status, and progress in exploration and testing.
The chapter ends with conclusions and recom-
mendations. Chapter 2 examines the three techni-
cal issues—hydrology, radionuclide transport,
and performance assessment—and provides con-
clusions and recommendations. Chapter 3 deals
with design, including the concept for under-
ground operations, repository layout and design
alternatives, construction planning, thermal load-
ing, and engineered barriers. The Board also
makes conclusions and recommendations.
Chapter 4 provides an overview of recent Board
activities, including the international exchange of
information, the Board’s visit to the River
Mountains tunnel, and a presentation to the

NRC. Appendices include information on Board
members, the organization of the Board’s panels,
meetings held in 1996 and scheduled for 1997, the
DOE’s responses to previous Board recommen-
dations, a list of Board publications, references
for the report, and a glossary of technical terms.

Nuclear Waste Management in the United
States—The Board’s Perspective. June 1996.

This publication was developed from remarks
made by Dr. John Cantlon, Chairman of the
Nuclear Waste Technical Review Board, at
Topseal 96, an international conference on
nuclear waste management and disposal. The
meeting was sponsored by the Swedish Nuclear
Fuel and Waste Management Company and the
European Nuclear Society. The publication high-
lights the Board’s views on the status of the U.S.
program for management and disposal of com-
mercial spent nuclear fuel and provides a brief
overview of the program’s organization. It sum-
marizes the DOE’s efforts to characterize the
Yucca Mountain site and to develop a waste iso-
lation strategy for the site. The publication also
outlines legislative and regulatory changes under
consideration at that time and the Board’s views
on the technical implications of those possible
changes.

Report to the U.S. Congress and the Secretary of
Energy: 1995 Findings and Recommendations.
April 1996.

This report summarizes Board activities during
1995. Chapter 1 provides an overview of the
DOE’s high-level waste management program,
including highlights, current status, legislative
issues, milestones, and recommendations.
Chapter 2 reports on Board Panel activities and
Chapter 3 provides information on new Board
members, meetings attended, interactions with
Congress and congressional staff, Board presen-
tations to other organizations, interactions with
foreign programs, and a review of the Board’s
report on interim storage of spent nuclear fuel.
Appendices include Board testimony and state-
ments before Congress, Board correspondence of
note, and the Department of Energy’s responses
to recommendations in previous Board reports.
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Disposal and Storage of Spent Nuclear Fuel—
Finding the Right Balance. March 1996.

This special report caps more than two years of
study and analysis by the Board into the issues
surrounding the need for interim storage of com-
mercial spent nuclear fuel and the advisability
and timing of the development of a federal cen-
tralized storage facility. The Board concludes in
the report that the DOE'’s efforts should remain
focused on permanent geologic disposal and the
site investigations at Yucca Mountain, Nevada;
that planning for a federal centralized spent fuel
storage facility and the required transportation
infrastructure be begun now, but actual construc-
tion delayed until after a site-suitability decision
is made about the Yucca Mountain site; that stor-
age should be developed incrementally; that lim-
ited, emergency backup storage capacity be
authorized at an existing nuclear facility; and
that, if the Yucca Mountain site proves unaccept-
able for repository development, other potential
sites for both centralized storage and disposal be
considered.

Report by letter to the Secretary of Energy and
the Congress. December 13, 1995.

This report, in the form of a letter, addresses the
DOE'’s progress in underground exploration with
the tunnel boring machine, advances in the
development of a waste isolation strategy, new
work on engineered barriers, and progress being
made in performance assessment.

Report to the U.S. Congress and the Secretary of
Energy: 1994 Findings and Recommendations.
March 1995.

This report summarizes Board activities during
1994. It covers aspects of the DOE’s Program
Approach, their emerging waste isolation strat-
egy, and their transportation program. It also
explores the Board’s views on minimum
exploratory requirements and thermal-loading
issues. The report focuses a chapter on the les-
sons that have been learned in site assessment
from projects around the world. Another chapter
deals with volcanism and resolution of difficult
issues. The Board also details its observations

from its visit to Japan and the Japanese nuclear
waste disposal program. Findings and recom-
mendations in the report centered around struc-
tural geology and geoengineering, hydrogeology
and geochemistry, the engineered barrier system,
and risk and performance analysis.

Report to the U.S. Congress and the Secretary of
Energy: January to December 1993. May 1994.

This report summarizes Board activities prima-
rily during 1993. It reviews the nuclear waste dis-
posal programs of Belgium, France, and the
United Kingdom; elaborates on the Board’s
understanding of the radiation protection stan-
dards being reviewed by the National Academy
of Sciences; and, using “future climates” as an
example, examines the DOE’s approach to
“resolving difficult issues.” Recommendations
center on the use of a systems approach in all of
The Office of Civilian Radioactive Waste
Management’s (OCRWM) programs, prioritiza-
tion of site-suitability activities, appropriate use
of total system performance assessment and
expert judgment, and the dynamics of the Yucca
Mountain ecosystem.

Letter Report to Congress and the Secretary of
Energy. February 1994.

This report is issued in letter format due to
impending legislative hearings on the DOE’s fis-
cal year 1995 budget and new funding mecha-
nisms sought by the Secretary of Energy. The
8-page report restates a recommendation made
in the Board’s Special Report, that an independ-
ent review of the OCRWM’s management and
organizational structure be initiated as soon as
possible. Also, it adds two additional recommen-
dations: ensure sufficient and reliable funding for
site characterization and performance assess-
ment, whether the program budget remains level
or is increased, and build on the Secretary of
Energy’s new public involvement initiative by
expanding current efforts to integrate the views
of the various stakeholders during the decision-
making process—not afterward.
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Underground Exploration and Testing at Yucca
Mountain: A Report to Congress and the
Secretary of Energy. October 1993.

This report focuses on the exploratory studies
facility (ESF) at Yucca Mountain, Nevada: the
conceptual design, planned exploration and test-
ing, and excavation plans and schedules. In addi-
tion to a number of detailed recommendations,
the Board makes three general recommendations.
First, the DOE should develop a comprehensive
strategy that integrates exploration and testing
priorities with the design and excavation
approach for the exploratory facility. Second,
underground thermal testing should be resumed
as soon as possible. Third, the DOE should estab-
lish a geoengineering board with expertise in the
engineering, construction, and management of
large underground projects.

Special Report to Congress and the Secretary of
Energy. March 1993.

The Board’s report provides a nontechnical
approach for those not familiar with the details of
the DOE’s high-level nuclear waste management
program. It highlights three important policy
issues: the program is driven by unrealistic dead-
lines, there is no integrated waste management
plan, and program management needs improve-
ment. The Board makes three specific recommen-
dations: amend the current schedule to include
realistic intermediate milestones; develop a com-
prehensive, well-integrated plan for the overall
management of all spent nuclear fuel and high-
level defense waste from generation to disposal;
and implement an independent evaluation of the
OCRWM organization and management. These
recommendations should be implemented with-
out slowing the progress of site-characterization
activities at Yucca Mountain.

Sixth Report to the U.S. Congress and the U.S.
Secretary of Energy. December 1992.

The Board’s report begins by summarizing recent
Board activities, congressional testimony,
changes in Board makeup, and the Little Skull
Mountain earthquake. Chapter 2 details panel
activities and offers seven technical recommen-

dations on the dangers of a schedule-driven pro-
gram; the need for top-level systems studies; the
impact of defense high-level waste; the use of
high capacity, self-shielded waste package
designs; and the need for prioritization among
the numerous studies included in the site-charac-
terization plans. In Chapter 3, the Board offers
candid insights to the high-level waste manage-
ment program in five countries, specifically those
areas that might be applicable to the U.S. pro-
gram, including program size and cost, utility
responsibilities, repository construction sched-
ules, and alternative approaches to licensing.
Appendix F provides background on the Finnish
and Swiss programs.

Fifth Report to the U.S. Congress and the U.S.
Secretary of Energy. June 1992.

The Board’s report focuses on the cross-cutting
issue of thermal loading. It explores thermal-
loading strategies (U.S. and others) and the tech-
nical issues and uncertainties related to thermal
loading. It also details the Board’s position on the
implications of thermal loading for the U.S.
radioactive waste management system. Also
included are updates on Board and panel activi-
ties during the reporting period. The report offers
15 recommendations to the DOE on the following
subjects: ESF and repository design enhance-
ments, repository sealing, seismic vulnerabilities
(vibratory ground motion and fault displace-
ment), the DOE approach to the engineered
barrier system, and transportation and systems
program status.

Fourth Report to the U.S. Congress and the U.S.
Secretary of Energy. December 1991.

The Board’s report provides update on the
Board’s activities and explores in depth the fol-
lowing areas: ESF construction; test prioritiza-
tion; rock mechanics; tectonic features and
processes; volcanism; hydrogeology and geo-
chemistry in the unsaturated zone; the engi-
neered barrier system; regulations promulgated
by the EPA, the NRC, and the DOE; the DOE per-
formance assessment program; and quality
assurance in the Yucca Mountain project. Ten
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recommendations are made across these diverse
subject areas. Chapter 3 offers insights from the
Board’s visit with officials from the Canadian
nuclear power and spent fuel disposal programs.
Background on the Canadian program is in
Appendix D.

Third Report to the U.S. Congress and the LS.
Secretary of Energy. May 1991.

The Board’s report briefly describes recent
Board activities and congressional testimony.
Substantive chapters cover exploratory shaft
facility alternatives, repository design, risk-
benefit analysis, waste package plans and funding,
spent fuel corrosion performance, transportation
and systems, environmental program concerns,
more on the DOE task force studies on risk and
performance assessment, federal quality assur-
ance requirements for the repository program,
and the measurement, modeling, and application
of radionuclide sorption data. Fifteen specific
recommendations are made to the DOE.
Background information on the German and
Swedish nuclear waste disposal programs is
included in Appendix D.

Second Report to the U.S. Congress and the U.S.
Secretary of Energy. November 1990.

The Board’s report begins with the background
and framework for repository development and
then opens areas of inquiry, making 20 specific
recommendations concerning tectonic features
and processes, geoengineering considerations,
the engineered barrier system, transportation
and systems, environmental and public health
issues, and risk and performance analysis. The
report also offers concluding perspectives on
DOE progress, the state of Nevada’s role, the pro-
ject’s regulatory framework, the nuclear waste
negotiator, other oversight agencies, and the
Board’s future plans.

First Report to the U.S. Congress and the U.S.
Secretary of Energy. March 1990.

The Board’s report sets the stage for the Board’s
evaluation of the DOE program to manage the
disposal of the nation’s spent fuel and high-level
waste. The report outlines briefly the legislative
history of the nation’s spent fuel and high-level
waste management program including its legal
and regulatory requirements. The Board’s evolu-
tion is described, along with its protocol, panel
breakdown, and reporting requirements. The
report identifies major issues based on the
Board’s panel breakdown, and highlights five
cross-cutting issues.
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Communication Between
U.S. Nuclear Waste Technical Review Board
and
U.S. Department of Energy

In addition to published reports, the Board periodically writes letters to the Director of the U.S.
Department of Energy’s (DOE) Office of Civilian Radioactive Waste Management (OCRWM). The letters
typically provide the OCRWM with the Board’s views on specific technical areas earlier than do Board
reports. The letters are posted on the Board’s Web site after they have been sent to the OCRWM.
For archival purposes, the eight Board letters written during the period covered by this report are
reproduced here.

The OCRWM typically responds to the Board’s reports and letters, indicating its plans to respond to the
Board’s recommendations. Included here are the OCRWM'’s responses received by the Board during
calendar year 2002. Inclusion of these responses does not imply the Board’s concurrence.

Letter from J. Russell Dyer, Project Manager, Yucca Mountain Site Characterization Office, to
Jared L. Cohon; January 24, 2002.
Subject: Fluid inclusions in mineral deposits at Yucca Mountain

Letter from Jared L. Cohon to Lake Barrett, Acting Director, OCRWM; March 11, 2002.
Subject: DOE's participation at the January Board meeting

Letter from Margaret S. Y. Chu, Director, OCRWM, to Jared L. Cohon; April 1, 2002.
Subject: DOE's responses to the January 24, 2002 letter report

Letter from Jared L. Cohon to Margaret S. Y. Chu, Director, OCRWM; June 20, 2002.
Subject: DOE's participation at the May Board meeting

Letter from Margaret S. Y. Chu, Director, OCRWM, to Michael L. Corradini; August 5, 2002.
Subject: DOE's responses to recommendations in the March 11, 2002 letter

Letter from Margaret S. Y. Chu, Director, OCRWM, to Michael L. Corradini; September 6, 2002.
Subject: DOE's responses to recommendations in the June 20, 2002 letter

Letter from Michael L. Corradini to Margaret S. Y. Chu, Director, OCRWM; November 22, 2002.
Subject: DOE's participation at the September Board meeting

Letter from Margaret S. Y. Chu, Director, OCRWM, to Michael L. Corradini; January 24, 2003.
Subject: DOE's responses to recommendations in the November 22, 2002 letter
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YMP-5

Department of Energy
Office of Civilian Radioactive Waste Management QA: N/A
Yucca Mountain Site Characterization Office )
P.O. Box 364629
North.Las Vegas, NV 89036-8629

JAN 24 2002

Dr. Jared L. Cohon

Chairman

Nuclear Waste Technical Review Board
2300 Clarendon Blvd.

Suite 1300

Arlington, VA 22201-3367

Dear Dr. Cohon:

-On July 24, 1998, the Nuclear Waste Technical Review Board (the Board) provided the Acting Director,

Office of Civilian Radioactive Waste Management with its evaluation of and conclusions about a set of
material provided to it by the State of Nevada Attorney General’s office. The set of material was
presented as new evidence regarding the possible future upwelling of water into the proposed nuclear
waste repository at Yucca Mountain. The Board concluded that the material it reviewed did not
significantly affect the conclusions of the 1992 National Academy of Sciences (NAS) report on similar
issues. The NAS considered such a scenario to be not credible. The U.S. Department of Energy (DOE)
agreed with that conclusion then and now. The Board also suggested that DOE consider conducting some
additional analyses to determine the ages of fluid inclusions in mineral deposits at Yucca Mountain.

As the Board suggested, the DOE funded a joint research program coordinated by Dr. Jean Cline,
University of Nevada, Las Vegas (UNLV) in which scientists from the State of Nevada, the U.S.
Geological Survey (USGS) and UNLV conducted detailed analyses of the fluid inclusions found in
mineral deposits. Participants met on a regular basis between March 1999 and March 2001 to establish a
common methodology for sample collection and handling and share the results of their investigations.
The DOE appreciates the Board’s ongoing interest in the fluid inclusions work, as evidenced by several
invitations to Dr. Jean Cline and members of the working group of scientists, to present their findings to
the Board. The Board staff and individual Board members also participated in the quarterly meetings and
other fora where the work was presented.

Dr. Cline has given the DOE a two-part, draft report entitled “Thermochronological Evolution of Calcite
Formation at the Potential Yucca Mountain Repository Site, Nevada: Part 1, Secondary Mineral
Paragenesis and Geochemistry” (Wilson and Cline) and “Thermochronological Evolution of Calcite
Formation at the Potential Yucca Mountain Repository Site, Nevada: Part 2, Fluid Inclusion Analyses and
U-Pb Dating” (Wilson, Cline, and Amelin). The report was issued in draft form because the Harry Reid
Center (HRC) acknowledges that there are some outstanding issues regarding the database generated by
the scientists. Recent discussions with the HRC indicate these issues are nearly resolved and it is
expected that the database will be submitted to the DOE Technical Data Management System in the near
future.

The purpose of the Cline study was to independently examine the secondary mineral deposits and
especially the fluid inclusions within these secondary minerals, and interpret the observations regarding
the origin of the fluid inclusions and secondary mineralization. A reading of the report indicates the work
provides independent confirmation of work on secondary minerals by DOE scientists. For example:
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Dr. Jared L. Cohon -2- JAN 2 4 2002

Paces et al state in the abstract of the 2001 USGS report “Ages and Origins of Calcite and Opal in the
Exploratory Studies Facility Tunnel, Yucca Mountain, Nevada”: The physical and isotopic data from
calcite and opal indicate they formed from solutions of meteoric origin percolating through a limited
network of connected fracture pathways in the unsaturated zone rather than by inundation from
ascending groundwater originating in the saturated zone.

Wilson, Cline, and Amelin state in the abstract for Part 2 of their report: Results from this study are
consistent with a model of descending meteoric water that infiltrated the cooling tuff sequence, became
heated, and precipitated secondary minerals within the vadose zone. And further, This study
demonstrates that the hypothesis of geologically recent upwelling hydrothermal fluids is untenable and
should not disqualify the Yucca Mountain as a potential nuclear waste storage site.

The position on this issue by scientists representing the State of Nevada seems unchanged. In a
pre-publication excerpt from the “Scientific status of the lingering ‘upwelling water’ controversy

in light of the joint UNLV/USGS/State of Nevada research project” by Jerzy S. Szymanski and
Dr.Yuri V. Dublyansky, May 2001, pp. 19, “The proposed conceptual model implies that vadose zone
is occasionally subjected to an upward flux of heat and gas-charged fluid, in addition to being
subjected to a small flux of infiltrating rainwater.”

The data collected by both DOE and UNLYV researchers confirm that the conceptual model of descending
percolation is correct. The DOE further concludes that the “upwelling waters” or “seismic pumping”
hypotheses for the origin of secondary mineralization at the Yucca Mountain site have been adequately
addressed and may be discounted. The DOE is continuing to examine secondary minerals in conjunction
with studies involving infiltration, flux rates, thermal effects, waste package geochemistry,
paleohydrology and for other studies. Specifically, DOE does have ongoing studies to investigate the
thermal history of the younger inclusions. The DOE and our scientists remain open-minded and
interested in the characterization of the geology and hydrology of the proposed Yucca Mountain site, and
how it might perform as a repository for nuclear waste.

Sincerely,

VE e

usselt Dyer
OL&RC:CMN-0488 oject Manager
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Dr. Jared L. Cohon -3-

cc:
CMS Coordinator, BSC, Las Vegas, NV

W. J. Boyle, DOE/YMSCO, Las Vegas, NV
Stephan Brocoum, DOE/YMSCO, Las Vegas, NV
D. H. Coleman, DOE/YMSCO, Las Vegas, NV
R. L. Craun, DOE/YMSCOQ, Las Vegas, NV

1. R. Dyer, DOE/YMSCO, Las Vegas, NV

A. V.Gil, DOE/YMSCO, Las Vegas, NV

D. G. Horton, DOE/YMSCO, Las Vegas, NV

V. F. Iorii, DOE/YMSCO, Las Vegas, NV

S. P. Mellington, DOE/YMSCO, Las Vegas, NV
C. M. Newbury, DOE/YMSCO, Las Vegas, NV
D. R. Williams, DOE/'YMSCO, Las Vegas, NV
Records Processing Center = “6”

JAN 24 2002
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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

March 11, 2002

Mr. Lake H. Barrett, Acting Director

Office of Civilian Radioactive Waste Management
U.S. Department of Energy

1000 Independence Avenue, SW

RW-2/5A-085

Washington, DC 20585

Dear Mr. Barrett:

Thank you very much for the participation of the Department of Energy (DOE) and its
contractors at the January 29-30, 2002, meeting of the U.S. Nuclear Waste Technical Review
Board in Pahrump, Nevada. We very much appreciate the hard work and extensive preparation
required for the meeting. The presentations and discussions were both interesting and
informative.

On the basis of presentations at the meeting and its previous oversight activities, the
Board has three principal recommendations. First, because of existing uncertainties, a sustained
commitment to continued scientific and engineering investigations is required to improve the
technical basis for evaluating the performance of the proposed nuclear waste repository at Yucca
Mountain. Second, data and analyses from this research should be assimilated into a realistic
total system performance assessment (TSPA) analysis. Third, the DOE needs to communicate
its results more clearly and effectively to decision-makers and the public. The recommendations
are explained further below.

Scientific and Engineering Investigations

It is very important that the DOE vigorously pursue sustained scientific and engineering
investigations to improve understanding of the capability of the site and associated engineered
systems to isolate radioactive waste.

The DOE has made considerable progress in quantifying uncertainties and conservatisms
in many areas. The products of these efforts can help to guide or focus further scientific and
engineering investigations. However, the Board is concerned that some hydrogeologic processes
that may either substantially accelerate or retard radionuclide transport in the unsaturated zone
and saturated zone in and under Yucca Mountain remain poorly understood. For example,
colloid-facilitated transport may accelerate radionuclide migration, and secondary mineralization
may retard it. Furthermore, there is not yet a technically credible analysis of water accumulation
and movement in and around the bulkheaded section of the exploratory cross-drift, no empirical
evidence exists to support the drift-shadow concept, no large-scale field measurements of
hydraulic properties of major geologic faults at Yucca Mountain have ever been made, and

jle120vf
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improvements in the regional saturated zone hydrogeologic model have not been incorporated in
the site-scale model.

The DOE’s current base-case repository design would produce temperatures on the waste
package of 120 °C or higher for 500 to 1,000 years and peak temperatures as high as
approximately 160 °C. The Board questions the DOE’s conclusion that there is no significant
long-term difference in repository performance predictions that is attributable to temperature.
That conclusion appears to be inconsistent with statements by DOE scientists at the meeting
indicating that uncertainties in hydrologic processes increase at higher repository temperatures.
Furthermore, experimental work and analyses clearly indicate that potentially corrosive aqueous
environments are possible in a repository at Yucca Mountain at temperatures up to
approximately 160 °C. Yet, the DOE has essentially no corrosion data for Alloy 22 above
120 °C under repository-relevant conditions. Therefore, assessing the likelihood that localized
corrosion could penetrate waste packages (causing them to fail) during the first few thousand
years after repository closure is not possible currently. These uncertainties weaken the technical
basis of the DOE’s performance predictions.

Performance assessment calculations in the site recommendation show igneous activity to
be the largest contributor to radioactive dose during the first 10,000 years. As discussed at the
Board’s September 2001 meeting, significant differences exist between Nuclear Regulatory
Commission-sponsored models and the DOE models. The Board expressed its concerns about
this situation in its October 17, 2001, letter to the DOE. On the basis of the reports of external
experts, which were provided to the Board subsequent to that letter (all available at
www.nwirb.gov), the Board believes that the model proposed by the Nuclear Regulatory
Commission-sponsored consultants may be overly conservative, and our concerns have lessened.
However, because of the significance of igneous activity to the estimated dose, additional work
leading to a better understanding of igneous consequences is needed to resolve this issue.

At the Board meeting and in a letter to the Board dated January 24, 2002, the DOE
concluded that the hypotheses of hydrothermal upwelling proposed by Mr. Jerry Szymanski had
been adequately addressed and may be discounted. These conclusions were based on the DOE’s
positive response to a Board recommendation that a joint federal-State of Nevada project be
conducted to determine the ages of fluid inclusions at Yucca Mountain. A systematic joint study
was coordinated by University of Nevada-Las Vegas scientists and can be considered a model
for successful resolution of some contentious scientific issues. The Board concurs with the
DOE’s conclusions and considers this issue resolved. The Board also concurs with the stated
commitment of the DOE to continue study of secondary minerals for the information they can
provide about infiltration, flux rate, thermal effects, waste package geochemistry,
paleohydrology, and radionuclide transport and to continue ongoing studies of the thermal
history of the younger of the fluid inclusions.

Total System Performance Assessment

The DOE’s compliance-oriented TSPA for site recommendation contains a mix of
conservative, realistic, and nonconservative elements. Making performance estimates more
realistic and characterizing the full range of uncertainty would increase confidence in the DOE’s
performance estimates and would provide a mechanism for assessing the magnitude of
conservatism of the current compliance-oriented TSPA. Building confidence in the analyses is
particularly important in light of the unique long-term implications of the policy decisions to be
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made in the near future. A realistic analysis can yield a better understanding of the performance
of the major subsystems for radioactive waste isolation at Yucca Mountain, and especially an
improved understanding of the behavior of the unsaturated and saturated zones (without
engineered barriers). To that end, the DOE should perform “one-on” TSPA dose calculations
from waste initially exposed at the accessible environment boundary, then mitigated by transport
through the unsaturated zone, then further mitigated by transport through the saturated zone, and
finally mitigated by the cumulative effect of the engineered barrier system in concert with the
natural barriers.

Clear and Effective Communication

Technical information and—as important—uncertainties associated with that information
should be communicated clearly and effectively to decision-makers and the public. The meeting
offered satisfactory and unsatisfactory examples of clear and effective communication. For
example, the explanations presented at the Board meeting related to the evaluation of the
uncertainties tabulated by the DOE were important and comprehensible. On the other hand, the
risk curves of probability-weighted dose resulting from low-probability igneous events, although
required for regulatory analyses, by themselves mislead diverse audiences who may be trying to
better understand either the consequences or the probability of these events.

Thank you again for participating in the Board’s meeting and for your cooperation with
our ongoing efforts. We look forward to further interactions with the DOE on these issues.

Sincerely,

{Signed by}

Jared L. Cohon
Chairman

jlel20vf 3
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Department of Energy
Washington, DC 20585

APR 01 2002

Dr. Jared L. Cohon

Chairman

Nuclear Waste Technical Review Board
2300 Clarendon Boulevard

Arlington, VA 22201-3367

Dear Dr. Cohon:

This letter transmits the U. S. Department of Energy’s response to the Nuclear Waste
Technical Review Board January 24, 2002, letter which provided the Board’s comments
on the Department’s technical and scientific work related to a decision on a Yucca
Mountain, Nevada, site recommendation.

The Department has developed technical analyses and regulatory evaluations that account
for our understanding of the scientific and technical work in the Site Recommendation
documents. Based on the analytical results and sound scientific principles, the
Department has confidence that a Yucca Mountain repository would likely meet all
applicable radiation protection standards.

The Board’s letter recommends specific actions that the Department should consider if
the Yucca Mountain site is designated, including:

e Systematically integrating new data and analyses from science and
engineering investigations;

e Monitoring performance before, during, and after waste emplacement;

e Developing a strategy for modifying or stopping repository development if
potential significant unforeseen circumstances are encountered; and

e Continued external review of the Department’s technical activities.

@ Printed with soy ink on recycled paper
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The Department agrees with these recommendations. If the site is designated, the
Department will continue to integrate the results of ongoing data and analyses from the
science and engineering investigations. The Department’s Test and Evaluation Plan, and
supporting Performance Confirmation Plan, provide the preliminary strategy for
continued testing and for monitoring performance before, during, and after waste
emplacement. The Department also has procedures in place to modify or delay work if
potential significant unforeseen circumstances are encountered. For example, our
procedure for Reportable Geologic Condition (which was used to address Chlorine 36)
defines a systematic process for evaluating technically significant conditions, including
conditions that could adversely impact the waste isolation capability of the site, could be
a potential radiological hazard, or could result in a deviation from the Project’s design
bases. For significant conditions, the procedure requires a decision to modify the testing
program or to delay work, depending on the nature of the observation. Should the
evaluation of conditions warrant it, the Department would define activities for stopping
repository development.

The Department has implemented a number of external reviews of the scientific testing
and analysis completed for the Yucca Mountain site. Recent examples include the
ongoing peer review of the waste package materials performance, the International Peer
Review of the Total System Performance Assessment (TSPA) for Site Recommendation,
ongoing reviews by the U. S. Nuclear Regulatory Commission and the Board, reviews by
Project Oversight Boards, and the recent Biosphere Peer Review. These reviews have
provided beneficial feedback to the Project and resulted in improvements in the scope of
testing activities and analytical approaches. If the site is designated, the Department will
continue to use external reviews to increase confidence in our scientific and engineering
work and improve the technical basis for a potential license application.

Over the past two years, the Department has focused considerable effort on the Board’s
four priority areas for Site Recommendation. A brief summary of each of these areas and
of the Board’s recommendation for continued study of the natural hydrogeologic barriers
is provided in the following paragraphs.

Meaningful quantification of conservatisms and uncertainties

The Department began an effort to quantify previously unquantified uncertainties and
conservatisms in the TSPA in 2000. You noted that we have made significant progress in
this area. We are committed to continue quantifying uncertainties in performance
assessment models, documenting the technical basis for these assessments, exploring
avenues for reducing uncertainties, and defining ways to communicate uncertainty to
decision-makers. The proposed guidance for continued work to quantify uncertainties
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and conservatisms is documented in the Uncertainty Analysis and Strategy document,
issued in November of 2001. This guidance has been further developed in the
“Guidelines for Developing and Documenting Alternative Conceptual Models, Model
Abstractions, and Parameter Uncertainty in the TSPA for Potential License Application,”
(March 2002). The guidance will be implemented throughout the performance
assessment models and in the TSPA Methods and Assumptions document that is being
developed for the TSPA for License Application, if the site is designated.

Progress in understanding the underlying fundamental waste package processes

The Department agrees with the Board that we have made significant progress in
understanding fundamental corrosion processes. Consistent with the Board’s
recommendation to continue efforts in this area, the Department has an ongoing
comprehensive program for materials testing, which has been reviewed with the Board,
that will continue if the site is designated. The Waste Package Peer Review panel has
recently completed its report. The Department expects to incorporate many of the
recommendations from that panel in its materials testing program.

Evaluation and comparison of the base-case repository design with a low temperature
design

The Department continues to focus on the refinement of a design that can function
effectively over a range of thermal conditions. The Department believes that this course
of action preserves the ability to react to new information and evolving technology. Until
sufficient information is available to make a decision on optimal thermal operating
conditions, and until this decision is necessary, the Department will maintain the
flexibility to operate in either a higher or lower thermal condition. At the appropriate
time, the Department will select a preferred thermal condition, based on postclosure
performance, preclosure safety, cost and schedule, and future national policy decisions.
The Department has ongoing research and analysis to strengthen the technical basis for
both a higher and a lower temperature operating mode. This work will provide a stronger
basis for any future decision on the postclosure thermal conditions.

Development of multiple lines of evidence that are independent of performance
assessment

As noted by the Board, the Department has increased its use of analogs over the last three
years and is now placing greater reliance on analogs to support parameter development
and ranges of parameter values for some process models. If the site is designated, the
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Department will continue to evaluate natural analogs and alternative models to provide
independent lines of evidence to increase confidence in the conclusions reached in its
safety assessments. The Department is also planning to complete “one-on” analyses in
the fall time frame to provide insight on the effectiveness of individual barriers. These
analyses will support our evaluation of defense-in-depth.

Natural hydrogeologic barriers

The Board recommends that the Department continue scientific studies to develop more
realistic and technically defensible predictions of fluid flow and transport in the
unsaturated and saturated zones at Yucca Mountain for the range of radionuclides that
may be emplaced at Yucca Mountain. The Board’s confidence in the Department’s
analyses of fluid flow and transport could be substantially increased if the Department
completes a concentrated research effort over the next few years. Bechtel SAIC
Company, LLC, is defining the work scope that will lead to a License Application in
2004. The scientific investigations and analyses necessary to support License
Application will be prioritized and considered with other project activities, such as
design, to produce a balanced program within the funding constraints dictated by our
budget. As indicated above, additional scientific investigations and analyses to improve
our understanding and confidence in how natural and engineered systems work is planned
to continue during License Application preparation and beyond.

The Department has benefited from the constructive views of the Board leading to the
development of the technical basis for the Secretary’s Site Recommendation decision. If
the site is designated and the Department proceeds to develop a License Application, we
look forward to continuing our dialogue on these important issues with the Board.

Sincerely,
/‘74/\4\/?_____/
Dr. Margaret S. Y. Chu, Director

Office of Civilian Radioactive
Waste Management
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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

June 20, 2002

Dr. Margaret S. Y. Chu

Director

Office of Civilian Radioactive Waste Management
U.S. Department of Energy

1000 Independence Avenue, SW

Washington, D.C. 20585

Dear Dr. Chu:

On behalf of the Nuclear Waste Technical Review Board, I would like to thank you and
your colleagues from the Department of Energy (DOE) and its contractors who participated in
the Board’s meeting on May 7-8, 2002, in Washington, D.C. We appreciated your presentation
and the presentation by Under Secretary of Energy Robert Card. We also were pleased that you
were able to attend so much of the two-day meeting. The Board found it especially useful that,
to varying degrees, all the presentations at the meeting touched on the important task of
increasing confidence in the technical basis for the DOE’s repository performance estimates.

Increasing Confidence
Waste Package Corrosion and Repository Design

Two presentations directly addressed two Board priorities: (1) progress in understanding
the underlying fundamental processes involved in predicting the rate of waste package corrosion
and (2) an evaluation and a comparison of the DOE’s base-case (high-temperature) repository
design with a low-temperature design.

The Board commends the DOE for convening the Waste Package Materials Performance
Peer Review Panel, whose excellent final report is both comprehensive and timely. The report
contains many recommendations for further research and development that should increase con-
fidence in the technical basis for predictions of the long-term performance of the waste package.
The Board strongly endorses the recommendations in the report, especially the recommendation
for better addressing issues related to waste package design, fabrication, and closure. Because of
the importance to repository performance of the Alloy 22 protective passive layer, the Board
continues to believe that the technical basis for extrapolating corrosion behavior over thousands
of years needs to be more firmly established. The DOE should continue to search diligently for
natural and archaeological analogues and should perform experimental and analytical studies on
the analogues that appear to have been protected for long periods by passive layers.

One objective of repository design is to provide tunnel environments that will slow waste
package corrosion and minimize its associated uncertainties. As you know, the Board believes
that high temperatures increase uncertainties and decrease confidence in the predictions of
performance of waste package materials. Therefore, the Board is encouraged that the DOE is
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committed to preserving the option of a low-temperature repository. However, the technical
basis for the DOE’s selection of a high-temperature repository design for a potential license
application remains unclear to the Board, particularly in view of the uncertainties associated with
a high-temperature design and the lack of data on high-temperature corrosion. Furthermore, the
DOE’s current high-temperature repository design differs from the one assumed in the
documentation for the site recommendation in key areas, such as waste package spacing.

Finally, design flexibility deserves further analysis in light of recent ventilation calculations and
the current uncertainties about the thermal conductivity of the rocks in the repository horizon.
Seriously considering designs other than the DOE’s current high-temperature base-case design
may be of considerable value to the program if it proceeds into the licensing phase.

Repository Safety Case and Performance Confirmation

As stated in previous correspondence from the Board to the DOE, the Board strongly
supports the DOE’s efforts to develop a repository safety case now for supporting a potential
license application and for improving the DOE’s communication with decision-makers and the
public. The safety case should explain how a repository at Yucca Mountain would isolate
radioactive waste for many thousands of years and should rely on the numerical analyses used to
predict repository performance as well as other evidence that supports those numerical analyses.
Such supporting evidence addresses two other Board priorities: (1) meaningful quantification of
conservatisms and uncertainties in performance assessments and (2) development of multiple
lines of evidence to support the repository safety case. Consistent with the approach taken in
other countries, the Board recommends that the DOE prepare a working draft of its safety case as
soon as possible to provide ample opportunities for modification and refinement in response to
technical and public comment.

The Board believes that performance confirmation should focus on evaluating the
validity of estimates of long-term repository performance and challenging their underlying
assumptions. However, the DOE presentations did not make clear to the Board what the DOE’s
overall goal for performance confirmation is or how the DOE intends to validate its predictions
of repository performance. Progress in developing a meaningful performance confirmation plan
will be limited until a safety case has been drafted. Development of a meaningful plan may be
complicated further by the potential for competing interpretations of the data that are gathered
(e.g., efforts to explain chlorine-36 data and the appearance of water in the closed-off section of
the cross-drift).

Adaptive Staging

Adaptive staging is a management approach that could potentially increase confidence in
the DOE’s repository development efforts by ensuring that the logic and the underlying technical
arguments of the safety case will be reviewed periodically and that midcourse corrections will be
made if necessary. As the National Research Council’s panel on repository staging notes in its
recently released progress report, adaptive staging differs significantly from a linear,
predetermined repository development process, which is characterized by an unwavering
commitment to a single course of action to secure a fixed outcome. The panel observes that
adaptive staging is a “promising approach,” but the panel also cautions that systematic
organizational learning—a key requirement for adaptive staging—is challenging under the best
of circumstances. The Board encourages the DOE to develop a better understanding of adaptive
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staging and to analyze the implications of this approach for its present organization and for its
interaction with the public.

The presentation on flexible repository design and thermal operating conditions came
closest of all the presentations at the meeting to illustrating how adaptive staging might work
during performance confirmation. In that presentation, discrete decision points were identified,
additional data that need to be collected and integrated were specified, milestones for
reevaluating and reassessing decisions were established, and choices that might foreclose future
options were clearly highlighted. Just as technical flexibility will be a prerequisite for adaptive
staging, it is essential that the DOE be willing to make midcourse technical or programmatic
corrections during performance confirmation if they are required. In summary, using adaptive
staging will require that the DOE address with specificity the following questions: What
information can be gathered over what time frame? How will that information be used to
determine whether previous decisions and assumptions about repository performance remain
valid? What midcourse corrections or remedial actions, if any, are warranted?

New Organizational Structure

As noted in the Board’s January 24, 2002, letter report to Congress and the Secretary of
Energy, improving understanding and filling in existing data gaps are important for increasing
confidence in estimates of repository performance and for better defining necessary activities
associated with performance confirmation. At the May meeting, the DOE informed the Board
that it had established a task force to develop options for increasing fundamental understanding
of the proposed repository system and for increasing confidence in projections of repository
performance. Of course, the Board expects that work directed toward a potential license
application would increase confidence as well. New information and analyses may have
important implications for the development of a safety case as well as for repository design.

Any work undertaken by this task force not only should supplement but also should be
integrated with the work already planned for a potential license application. The Board looks
forward to reviewing the studies initiated by the new task force as well as the ongoing efforts to
refine parameter estimates, models, and scenarios and to develop the next iteration of
performance assessment.

Again, the Board thanks you, the DOE staff, and the DOE’s contractors for supporting its
May Board meeting. It looks forward to your promised September update, which could provide
more details about investigations to improve understanding of the role of natural barriers, such as

the saturated zone, in containing and isolating waste. The Board also would like to hear how the
DOE plans to address the issues discussed in this letter.

Sincerely,
{Signed by}

Jared L. Cohon
Chairman

cc: Robert G. Card

jlc126vE 3
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Department of Energy
Washington, DC 20585

AUG 05 2002

Dr. Michael L. Corradini, Chairman
Nuclear Waste Technical Review Board
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201-3367

Dear Dr. Corradini:

This is in response to Dr. Jared Cohen’s letter of March 11, 2002, providing the Nuclear Waste
Technical Review Board’s (Board) perspective on information presented by the U.S. Department
of Energy (DOE) at the Board’s January 2002 Board Meeting. Based on the presentations at the
meeting and previous oversight activities, the Board provided three principal recommendations
for DOE to consider in planning future studies at the Yucca Mountain, Nevada site:

* Sustained commitment to continued science and engineering investigations.

* Assimilation of the data and analyses from these investigations into a realistic total system
performance assessment.

® Clear and effective communication to decision makers and the public.

The DOE fully concurs with the Board in the importance of these recommendations to the
Office of Civilian Radioactive Waste Management program. Our current plans include work that
will address all three of your recommendations. Each of these recommendations is discussed in

the enclosure to this letter.

The DOE has benefited from the constructive views of the Board. As DOE proceeds to develop
a license application, we will look forward to continuing our dialogue with the Board on these

and other important issues.

Sincerely,

Dr. Margaret S. Y. , Director

Office of Civilian Radioactive
Waste Management

Enclosure:

U.S. Department of Energy’s Responses to
Recommendations in the March 11, 2002,
Letter from the Nuclear Waste Technical
Review Board

@ Printed with soy ink on recycled paper
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Dr. Michael L. Corradini

cc w/encl:

D. K. Kim, DOE/HQ (RW-2), FORS

R. A. Milner, DOE/HQ (RW-2), FORS

S. L. Waisley, DOE/HQ (RW-2), FORS

N. H. Slater-Thompson, DOE/HQ (RW-52), FORS
S. H. Hanauer, DOE/HQ (RW-2), Las Vegas, NV
Richard Goffi, BAH, Washington, DC

J. N. Bailey, BSC, Las Vegas, NV

CMS Coordinator, BSC, Las Vegas, NV

M. W. Pendleton, BSC, Las Vegas, NV

N. H. Williams, BSC, Las Vegas, NV

R. C. Murray, MTS, Las Vegas, NV

W.J. Boyle, DOE/YMSCO, Las Vegas, NV
Stephan Brocoum, DOE/YMSCO, Las Vegas, NV
R. L. Craun, DOE/YMSCO, Las Vegas, NV

J. R. Dyer, DOE/YMSCO, Las Vegas, NV

V. Gil, DOE/YMSCO, Las Vegas, NV

D. G. Horton, DOE/YMSCO, Las Vegas, NV

V. F. Iorii, DOE/YMSCO, Las Vegas, NV

S. P. Mellington, DOE/YMSCO, Las Vegas, NV
M. Newbury, DOE/YMSCO, Las Vegas, NV

R. E. Spence, DOE/YMSCO, Las Vegas, NV

J. T. Sullivan, DOE/YMSCO, Las Vegas, NV

M. C. Tynan, DOE/YMSCO, Las Vegas, NV

R. Williams, DOE/YMSCQ, Las Vegas, NV

J. D. Ziegler, DOE/YMSCO, Las Vegas, NV

L. J. Desell, DOE/YMSCO, (RW-2), FORS

bee w/encl:
Records Processing Center — “11”
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Enclosure

U.S. Department of Energy (Department) Responses to Recommendations in the
March 11, 2002, Letter from the Nuclear Waste Technical Review Board (Board)

Sustained Commitment to Scientific and Engineering Investigations

The Department believes that the work currently planned and funded to strengthen the
technical basis for a potential license application is adequate to request a construction
authorization from the U.S. Nuclear Regulatory Commission (NRC). However, the
Department is committed to continuing scientific and engineering investigations that will
be structured to focus on scientific and technical issues that, if resolved satisfactoriaily,
could bring significant cost reductions and systems enhancements to the implementation
of a repository at the site. Such investigations would also be structured to provide
increased confidence in the understanding of the physical processes at Yucca Mountain
and to improve the defense of long-term projections of site performance. In addition, this
effort will evaluate new and emerging technologies for the waste management system. In
general, information resulting from these continuing science and technology efforts will
not be available for the initial license application, but will be made available throughout
the licensing and operational phase of the repository. As such, science and technology
related activities not currently underway for the development of the license application
can still be undertaken in the continuing scientific and engineering investigations effort,
should funding be available.

The Board has identified areas of investigation that could improve understanding of the
capability of the site and the engineered system to limit releases to the accessible
environment. The Department will be planning scientific and engineering investigations
in the areas identified by the Board discussed below and will consider other areas of
investigation to enhance our fundamental understanding of system performance.

Hydrologic processes that accelerate or retard radionuclide transport in the unsaturated
and saturated zone

The Board notes that some hydrologic processes that may either substantially accelerate
or retard radionuclide transport in the unsaturated and saturated zones are poorly
understood. The Board’s examples are discussed in the following paragraphs.

Current work on transport in the unsaturated and saturated zone is primarily focused on
the evaluation, and validation as appropriate, of existing models. Ongoing transport
testing work at Busted Butte will be completed, but planned field tests of colloid
transport for the unsaturated zone has been cancelled. For the saturated zone,
enhancements to the colloid transport model are not planned in the near term.

Uncertainty in the colloid transport models for the unsaturated and saturated zones will
be evaluated through sensitivity analyses. After submitting information feeds to
performance assessment for use in the Total System Performance Assessment (TSPA) for
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License Application, the Department will evaluate technical issues related to colloid
transport in the unsaturated and saturated zone to determine the need for additional work
on colloids both in terms of strengthening the license application case for subsequent
updates and improving scientific understanding.

Testing in the bulkheaded section of the Exploratory Studies Facility (ESF), Cross Drift
is continuing to focus on evaluating the accumulation and movement of moisture in and
around the drift. Available chemical analyses suggest that the source of water in this
section of the ESF Cross Drift is condensate rather than seepage. Monitoring will
continue to evaluate the source of this moisture.

The predicted consequence of preferential diversion of water around underground
openings is the development of a dry-out zone beneath the opening. If a dry-out zone or
drift shadow zone of drier conditions exists beneath the drifts at Yucca Mountain,
advective and diffusive transport would be greatly reduced in the vicinity of potential
points of radionuclide release, leading to longer transport times in the region directly
below the waste emplacement drifts. To date, the Department has only partly included
the concept in performance assessment calculations of transport in the unsaturated zone.
Additional studies to evaluate this concept are likely necessary to take credit for the full
shadow zone concept in performance assessment calculations. There is a potential for
significant delay in and lowering of peak dose, if diffusive and advective transport rates
from the engineered system into the mountain-scale flow system are significantly
lowered.

More realistic models of the flow of water in the system after a return to ambient
temperature conditions and a mere realistic look at the potential for no continuous
moisture pathways from the waste form to the invert are additional areas that might lead
to increased confidence in system performance. If this work is coupled with drift shadow
zone work, it promises to have an impact on both the overall scientific understanding of
the system and on calculations of expected dose in the very long term.

Large scale measurement of hydraulic properties of faults

Although there are no large-scale field measurements of hydraulic properties of major
geologic faults in the saturated zone at Yucca Mountain, flow in the tuff aquifer is
believed to occur in a fracture network that exhibits a preferential north-south strike.
Faults mapped at the surface have a similar preferred orientation and are represented
implicitly both in the new regional flow model and in the site-scale flow and transport
model as zones of enhanced permeability.

It is reasonable to expect variability in fault properties in the saturated zone. The field
testing in the area of the Paintbrush Fault penetrated in the well UE25 p-1 indicates that
the Paintbrush Fault system at this locality serves as a barrier to flow. However, in other
areas, air permeability and flow tests suggest that the fracture and fault zones in Tertiary
volcanics exhibit a fairly high permeability relative to the non-faulted rock. The
Department believes that the current approach to modeling fault properties in the
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saturated zone as zones of enhanced permeability is consistent with the data, however, in
some areas of the site this may be conservative. Additional long-term field-testing may
lead to a more representative saturated zone flow and transport model.

In the unsaturated zone, direct measurements of fault-specific properties of the Bow
Ridge Fault and the Ghost Dance Fault have been conducted using air-injection tests in
the ESF. These data suggest that, within the welded units of the Topopah Spring and the
Tiva Canyon tuffs, the fractures in the fault zones are more permeable and porous than
the fractures in the formation. From these data, it is inferred that faults within the
Paintbrush and Calico Hills nonwelded units have higher permeabilities than the adjacent
non-faulted rock.

Natural variability in fault properties could result in low permeabilities in portions of
these units and retard movement of water. This would lead to slower transport to the
water table. Faults are modeled as high permeability structures in the Paintbrush and
Calico Hills nonwelded units because there is insufficient data to limit interpretations to a
single conceptual model. Long-term testing and analyses may reduce the conservatism in
this model and lead to greater performance from the unsaturated zone.

The primary focus of ongoing work on the site-scale saturated zone model is evaluation
of this model, and validation as appropriate. The effort is taking into account new data
from the Nye County wells and single-well tests at the Alluvial Testing Complex and a
comparison of the updated, 2001 United States Geological Survey model with the site-
scale saturated zone model. This work will provide the inputs from the site-scale
saturated zone model to performance assessment analysts for development of the TSPA
for the License Application. The United States Geological Survey is continuing to
develop their regional saturated zone model.

Localized Corrosion

The Department has a comprehensive ongoing and planned experimental program to
investigate localized corrosion in repository-relevant conditions. The Department has
been considering a range of thermal conditions for the repository. At the high end, this
range includes thermal conditions in which the surface temperature of the waste package
is expected to be less than 180°C. At the low end, this range includes thermal conditions
in which the surface temperature of the waste package is expected to be less than 85°C.
A key concern for the higher end of the range of thermal conditions is the time at which
the surface temperature of the waste package approaches 120°C. That is the temperature
at which salts could facilitate formation of moisture on the waste package surface and is
the subject of continuing investigations. Continued investigations will focus on the range
of susceptibility.

Under projected repository conditions, aqueous solutions at elevated temperatures
(>120°C) could occur if chloride salts of calcium (CaCl,) or magnesium (MgCl,) are
present. In support of understanding the effect of these hygroscopic salts, atmospheric
corrosion studies (i.e. aqueous thin film studies) with deposited CaCl, are being
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conducted at temperatures up to 150°C using a thermogravimetric analyzer and an
environmental chamber. The project is addressing the likelihood of CaCl, and MgCl,
deposition on the waste packages and the quantities that could be expected.
Thermodynamic modeling is also underway to understand the compositions of aqueous
solutions that could develop under the projected temperature and relative humidity
conditions.

Consequences of Igneous Activity

The Department agrees with the Board’s assessment that the model proposed by the NRC
consultants is overly conservative. The Department has planned additional work to |
improve the understanding of the consequences of igneous activity, because performance
analyses indicate that igneous activity is potentially the largest contributor to the
probability-weighted mean annual radioactive dose during the first 10,000 years. An
external peer review of the planned work on potential consequences of igneous activity is
now underway. The peer review panel is reviewing the current technical basis for the
evaluation of the consequences of igneous activity, proposed work to analyze the
consequences of igneous activity, and the adequacy of the associated modeling program.
They will recommend any augmentations to planned work that would strengthen the
technical basis for the evaluation of consequences from igneous activity.

Hydrothermal Upwelling

The Department is pleased that the Board considers the issue of hydrothermal upwelling
resolved. As discussed in our letter (Dyer to Cohen, 1/24/02), while the issue of
upwelling is closed, we plan to continue the study of secondary minerals to provide
additional insights into the understanding of various aspects of flow and transport in the
unsaturated and saturated zones.

Assimilation of the data and analyses from these investigations into a realistic total
system performance assessment

As we noted at the January 2002 Board Meeting, the TSPA for a potential License
Application will, to the extent practicable, include a better treatment of uncertainty than
previous iterations of TSPA. The Project is following the approach presented in the 2001
Uncertainty Analyses and Strategy Letter Report' in developing the TSPA for a potential
license application. This is a continuing effort to replace single bounding values with
probability distribution values that is highly dependent on the nature and quantity of data
available and obtainable. Analyses of the impact of that uncertainty on subsystem and
system performance will be included. The Department will continue to assimilate the
results of ongoing scientific and engineering investigations into future iterations of the
TSPA; however, some conservatism will, of necessity, remain due to the nature of the
parameter being considered.

The Department is conducting sensitivity analyses to increase our understanding of the
significance of the influence of various components used in the TSPA model. These

70



Appendix E

analyses include “one-off” neutralization analyses, “one-on” analyses to look at
individual barriers, and sequential analyses in which barriers are added one at a time to
observe the combined effects of the barriers for gaining insight on individual and
combined barrier effects.

'Nancy H. Williams. 2001. "Contract Number DE-AC08-01RW 12101, Uncertainty
Analyses and Strategy Leiter Report, Revision 00, Activity #SA011481M4." Letter from
N. H. Williams (BSC) to S. J. Brocoum (DOE/YMSCO), November 19, 2001, JM:cs-
1116010483, with enclosure. ACC: MOL.20020109.0064.

Clear and Effective Communication

The Department agrees that clear and effective communication of technical information
and the uncertainties in that information to decision makers and the public is important.
The Department has also learned from experience that conveying highly technical
information to those same audiences is difficult. The 2002 Uncertainty Analyses and
Strategy Letter Report provides initial guidance on methods for expressing and
communicating uncertainty, including examples of approaches used by other projects to
communicate uncertainty. This guidance is being implemented in the development of
alternative conceptual models, model abstractions, and parameter uncertainty for the next
iteration of the TSPA. The Department is evaluating comments and recommendations
from the recent international review of the TSPA, completed to support Site
Recommendation, to see how best to communicate highly technical concepts, such as
probabilistic calculations and their results and uncertainties, to diverse audiences.
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Department of Energy
Washington, DC 20585

September 6, 2002

Dr. Michael L. Corradint, Chairman
Nuclear Waste Technical Review Board
2300 Clarendon Boulevard

Arlington, VA 22201-3367

Dear Dr. Corradini:

On behalf of the Department, I would like to extend my congratulations on your
appointment as Chairman of the Nuclear Waste Technical Review Board. 1 look forward
to a long and positive association with you and the Board. I would also like to take this
opportunity to extend my thanks to the outgoing Board Chairman, Dr. Jared L. Cohon,
and to Dr. Donald D. Runnells, Dr. Alberto A. Sagiiés, and Dr. Jeffery Wong for their
years of dedicated service as members of the Board.

In his June 20, 2002, letter, Dr. Cohon provided the Board’s perspective on information
presented by the Department at the Board’s May 2002 Board Meeting. Based on the
presentations at that meeting and previous oversight activities, the Board provided
comments in two general areas for the Department to consider in planning future studies
at the Yucca Mountain site:

s Increasing confidence in the understanding of waste package corrosion and
long term repository performance

e The potential value of a new organizational structure that will increase
fundamental understanding of the repository system

The DOE agrees with the Board about the importance of both of these topics. Our
current plans include work that will address the comments that the Board provided in its
June letter. Those comments are discussed in the attachment to this letter.

The Department has benefited from the constructive views of the Board. We appreciate
the Board’s review of our activities as we develop a license application for a repository at
Yucca Mountain, and look forward to continuing our dialogue with the Board on these
and other important issues.

Sincerely,

Dr. Margaret S.Y. Chu, Director
Oftice of Civilian Radioactive
Waste Management

Enclosure

@ Printed with soy ink on recycled paper
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DOE discussion of NWTRB Comments on
Increasing Confidence in the Technical Basis for Estimates of Repository
Performance, June 20, 2002

Waste Package Corrosion

The Board commends the DOE for convening the Waste Package Materials
Performance Peer Review Panel, whose excellent final report is both
comprehensive and timely. The report contains many recommendations for
further research and development that should increase confidence in the technical
basis for predictions of the long-term performance of the waste package. ...The
Board continues to believe that the technical basis for extrapolating corrosion
behavior over thousands of years needs to be more firmly established. The DOE
should continue to search diligently for natural and archaeological analogues
and should perform experimental and analytical studies on the analogues that
appear to have been protected for long periods by passive layers.

The DOE agrees that this Peer Review produced an excellent and comprehensive review
of the current basis for predicting the long-term performance of waste package and drip
shield materials and the adequacy of plans for future study. The DOE is in the process of
evaluating the Panel recommendations as we plan testing and analysis for the next phase
of the Yucca Mountain Project. We will continue to look for natural and archaeological
analogs that appear to have been protected by passive layers for long periods. If found,
they would be excellent candidates for experimental work to establish independent lines
of evidence for the behavior of passive layers.

Repository Design

...the Board is encouraged that the DOE is committed to preserving the option of
a low-temperature repository. However, the technical basis for the DOE'’s
selection of a high-temperature repository design for a potential license
application remains unclear to the Board in view of the uncertainties associated
with a high-temperature design and the lack of data on high-temperature
corrosion.

In 1998, the DOE did evaluate a high temperature design with a drift spacing of 28
meters as the base case for the Viability Assessment (VA). The performance assessment
analyses for that design projected postclosure thermal conditions in which the boiling
zones of adjacent drifts coalesced. For the Site Recommendation (SR), we selected a
single design with a drift spacing of 81 meters. Analyses of that design showed
postclosure thermal conditions that were lower than those projected for the VA design.
Moreover, the SR design accommodates a range of preclosure operating modes that can
be used to modify the early postclosure conditions. For the base-case operating mode of
the SR design, drift wall temperatures are projected to be above boiling in the early
phases of the postclosure scenario and a dry-out zone extends several meters into the rock
around the drifts, but a portion of the pillars between drifts remains below the boiling
point of water. This concept is intended to promote drainage of thermally mobilized
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water through the central portion of the pillars and thus to ensure hydrologic
independence of the individual drifts. The lower temperature postclosure conditions in
the base-case SR design, compared to the Viability Assessment design, have tended to
increase confidence and reduce uncertainties in the analysis and modeling of thermal
effects on the natural system. This results from reducing the volume of rock and water
that is perturbed by the thermal pulse. '

DOE also analyzed the SR design for an alternative case where preclosure operating
modes were used to modify the postclosure thermal conditions, keeping the average
surface temperature of the waste package below 85°C. In comparing the postclosure
results of the two cases, the uncertainties in the base-case SR design may be greater than
the cooler alternative case during the first few thousand years. However, those
uncertainties are primarily related to the subsystem performance calculations for the near-
field environment, and there is no discernable difference in uncertainty as measured in
the current total system performance assessment models. Results of the total system
-performance assessment analyses for both cases indicate that calculated dose rates using
the SR design are well below the limits set by the Nuclear Regulatory Commission and
the Environmental Protection Agency. The DOE believes that the base-case operating
mode for the SR design, that results in postclosure thermal conditions at the higher end of
the expected range, provides a better balance of postclosure thermal conditions and
preclosure advantages for construction and operations, flexibility, and cost. While this
operating mode has been selected for evaluating repository performance in the Total
System Performance Assessment for the License Application (TSPA-LA), DOE will
continue to evaluate the lower temperature option as an alternative operating mode. The
lower temperature option will be carried forward with the objective of minimizing

impacts on the overall schedule if this option is selected. For the purpose of the License’

Application, it is necessary to analyze the proposed operating mode in order to
demonstrate whether or not the repository system meets the Nuclear Regulatory
Commission’s applicable regulatory criteria. If a different operating mode is eventually
selected, then that mode would require approval by the NRC.

The DOE has decided to provide a repository design that will allow loading the
repository to accommodate a range of operating modes and to defer the final decision on
postclosure thermal conditions until more data are available to support this decision.
These data may be collected as part of our baseline program, or as part of the new
Science and Technology Program. We have also laid out a time frame to monitor
ongoing data collection and to evaluate if new data support a decision on the postclosure
thermal conditions, as presented to the Board in May 2002. In the Waste Package
Material Performance Peer Review!, the Panel concludes that

“...the benefits of moving from the high temperature operating mode, as currently
defined, to a low temperature operating mode are not clearly greater and might be

! Beavers, 1.A.; Devine, T.M., Jr.; Frankel, G.S.; Jones, R.H.; Kelly, R.G.; Latanision, R.M_; and Payer,
J.H. 2002. Final Report, Waste Package Materials Performance Peer Review Panel, February 28, 2002.
{Las Vegas, Nevada]: Waste Package Materials Performance Peer Review Panel.
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offset by the effects of radiolysis, in addition to long-term ventilation and
increased area for the repository.”

The DOE concurs with the Panel’s conclusion with respect to the postclosure thermal
conditions. As noted above, testing and analyses are ongoing to improve the technical
bases for projecting both higher and lower postclosure thermal conditions. As additional
data and analyses are completed, the DOE will re-evaluate the postclosure thermal
strategy.

..DOE’s current high-temperature repository design differs from the one
assumed in the documentation for the site recommendation in key areas, such as
waste package spacing.

The current baseline design is the SR design. This design has fixed engineering
parameters, such as drift spacing and drift diameter, and variable operating parameters,
such as areal mass loading, average waste package spacing and ventilation system
operation. Various combinations of operating parameters were used to evaluate different
postclosure thermal conditions that can be achieved with the SR design. These scenarios
included average waste package spacing that varied from 0.1 meters to 6 meters. While
all permutations of operating parameters were not evaluated, DOE is confident that the
combinations that were evaluated adequately bound the postclosure conditions. Current
design considerations are consistent with the SR approach and within the range of
operating parameters considered for the SR design. As discussed previously, the DOE
will evaluate repository performance in the TSPA-LA based on an operating mode that
results in above boiling conditions in the early phases of the postclosure period.

Repository Safety Case

...the Board strongly supports the DOE'’s efforts to develop a repository safety
case now for supporting a potential license application and for improving the
DOE’s communication with decision-makers and the public.

The DOE believes that the case for safety of a repository will be embodied in the
licensing bases being developed for the LA. The licensing bases for both preclosure and
postclosure repository performance will include the results of quantitative assessments of
the performance of the repository system, as well as other lines of evidence that provide
confidence that the results are reasonable and robust. For the postclosure evaluation,
these additional lines of evidence will include the description of multiple natural and
engineered features and systems that will act as barriers to the migration of radionuclides
and the use of natural and man-made analogs to assess the reliability of the systems
performance models. The licensing -bases will also include a commitment to a
performance confirmation (PC) program. For preclosure, the evaluation will include a
quantitative safety analysis of all repository structures, systems, and components.
Additional confidence building measures defined for the preclosure licensing bases
include the use of margin and defense-in-depth in design, consequence analysis of
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beyond-design basis events, reliance on commercial nuclear reactor precedent and
experience, and compliance with all license specifications and surveillances.

Performance Confirmation

...The Board believes that performance confirmation should focus on evaluating
the validity of estimates of long-term repository performance and challenging
their underlying assumptions.

The Test and Evaluation Program and the Performance Confirmation (PC) Program are
being revised in response to the issuance of 10 CFR Part 632 and the draft Yucca
Mountain Review Plan®. Analysis of the regulation identified seven types of required
testing, one of which is performance confirmation. DOE has developed an approach to
manage these seven types of testing in an integrated manner, and has identified interfaces
between them as well as the overlap of some tests among multiple regulatory
requirements. 10 CFR 63.2 defines Performance Confirmation as “the program of tests,
experiments, and analyses that is conducted to evaluate the adequacy of the information
used to demonstrate compliance with the performance objectives of Subpart E of this
part” (10 CFR Part 63).

10 CFR Part 63 Subpart F defines the requirements for a PC program. In developing the
PC program, DOE will define the parameters and the extent of testing and monitoring for
each parameter using a risk-informed performance-based approach. A decision analysis
process is underway to develop and apply parameter selection criteria. The risk-informed
approach to PC program definition is strongly related to the licensing bases, which
includes numerical analyses and qualitative arguments  of the complementary
performance of nine individual natural and engineered barriers. Thus, the revision of the
PC program and the development of the licensing bases are being conducted in tandem.

Adaptive Staging

The Board encourages the DOE to develop a better understanding of adaptive
staging and to analyze the implications of this approach for its present
organization and for its interaction with the public.

The concept as described in the National Research Council panel's interim report* was
generic - intended to be broadly applicable to any repository program at any stage of
development. In the United States (U.S.), a comprehensive law specifying national
policy, court-affirmed contractual obligations for the Federal government to accept and
dispose of spent fuel, a fully-developed regulatory framework, and formal designation of

% 66 FR 55732. Disposal of High-Level Radioactive Wastes in a Proposed Geologic Repository at Yucca
Mountain, NV. Final Rule 10 CFR Part 63. ’

3 Center for Nuclear Waste Regulatory Analyses. 2002. Yucca Mountain Review Plan, Draft Report for
Comment. NUREG-1804, Rev. 2. Washington, D.C.: U.S. Nuclear Regulatory Commission, Office of
Nuclear Material Safety and Safeguards.

* National Research Council. 2002. Principles and Operational Strategies for Staged Repository Systems:
Progress report. Washington, D.C.: National Academy Press.
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a site at Yucca Mountain are already in place. DOE believes that the elements of
adaptive staging already exist in the U.S. waste management system but are constrained
by the realities of where the DOE is in the repository development process. The program
has changed in many ways over the years in response to new information from various
affected and interested parties, including the NWTRB. DOE expects that there will be
continued opportunities to make improvements to design and operations as information is
obtained from the Science and Technology Program that was described at the Board’s
May 2002 meeting. DOE also believes that there may be better ways to stage repository
development within the present regulatory and legislative constraints. DOE is looking
forward to the findings and recommendations of the panel concerning the application of
the concept of adaptive staging to the specific case of the Yucca Mountain project and
will give careful consideration to any findings and recommendations.

The presentation on flexible repository design and thermal operating conditions
came closest of all the presentations at the meeting to illustrating how adaptive
staging might work during performance confirmation. In that presentation,
discrete decision points were identified, additional data that need to be collected
and integrated were specified, milestones for reevaluating and reassessing
decisions were established, and choices that might foreclose future options were
clearly highlighted. Just as technical flexibility will be a prerequisite for adaptive
staging, it is essential that the DOE be willing to make midcourse technical or
programmatic corrections during performance confirmation if they are required.
In summary, using adaptive staging will require that the DOE address with
specificity the following questions: What information can be gathered over what
“time frame? How will that information be used to determine whether previous
decisions and assumptions about repository performance remain valid? What
midcourse corrections or remedial actions, if any, are warranted?

The DOE agrees that the approach being developed for dealing with postclosure thermal
conditions through use of a design with flexible preclosure operating modes may be a
good example of the application of adaptive staging during the repository development
and operations phase. DOE also expects to extend that approach to other aspects of
repository development that could be affected by new information that could become
available during repository construction and operation.

The DOE will make any changes to the program necessary to assure worker and public
health and safety, in response to new information gained during repository development
through the NRC licensing process, if necessary. The NRC requires continued evaluation
of new information obtained during licensing, construction, operation, and monitoring of
the repository to determine whether the essential assumptions and bases for the
postclosure compliance evaluation are within the limits assumed in the licensing review
and are functioning as intended and anticipated. DOE must report significant deviations
from expected conditions and recommend any action (including design changes or even
retrieval of emplaced waste) that might be required in accordance with 10 CFR 63.44.
These requirements are an example of how the existing U.S. system for managing high-
level waste already contains significant elements of adaptive staging as described by the
National Research Council.
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DOE is establishing a separate group to deal with research and development activities
that are not directly linked to the licensing and regulatory process but that could lead to
improvements that could be incorporated into the system at some stage during repository
development and operation. Such improvements will include developing a better
understanding of the coupled (thermal-chemical-hydrologic-mechanical) processes that
will affect repository performance. If any of these activities support a conclusion that a
change to the reference design or operating plan would be desirable, we would certainly
consider proposing such a change and seeking a license amendment if that were required.
As you know, we are also considering adoption of a modular construction approach that
would further enhance flexibility to incorporate design or operational changes during the
course of repository development.

New Organizational Structure

As noted in the Board’s January 24, 2002, letter report to Congress and the
Secretary of Energy, improving understanding and filling in existing data gaps
are important for increasing confidence in estimates of repository performance
and for better defining necessary activities associated with performance
confirmation. At the May meeting, the DOE informed the Board that it had
established a task force to develop options for increasing fundamental
understanding of the proposed repository system and for increasing confidence in
projections of repository performance. Of course, the Board expects that work
directed toward a potential license application would increase confidence as well.
New information and analyses may have important implications for the
development of a safety case as well as for repository design.

Any work undertaken by this task force not only should supplement but also
should be integrated with the work already planned for a potential license
application.

The DOE fully agrees with the Board about the value of improving understanding and
addressing data gaps related to repository performance. As a result of the work of the
DOE Science and Technology Task Force described at the May meeting, we are
establishing a Science and Technology program aimed at increasing confidence in
repository performance and improving safety, operations, schedule, and cost over the
many decades of the repository’s operating life. Such a program has been recommended
by the National Research Council® and DOE’s Strategic Laboratory Council®. This effort
will engage the expertise of the National Laboratories, universities, and the international
scientific community. It will seek to increase confidence in the repository by advancing
the basic scientific and technical understanding of the waste isolation processes at Yucca
Mountain and exploring technological improvements that could improve repository

5 National Research Council. 2001. A Strategic Vision for Department of Energy Environmental Quality
Research and Development. Washington, D.C., p.50.

¢ Department of Energy. September 2000. Adequacy Analysis of the Environmental Quality Research and
Development Portfolio. Washington, D.C., p. 27.
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performance and increase system efficiency. It will also continue to refine and optimize
the repository system design and operating plan, based on laboratory and university
research, value engineering, and the experience from the initial period of repository
operation. Improvements can be incorporated, consistent with the concept of staged
development. As noted earlier, activities in this program will focus on areas that are
important to our mission, but may not be immediately incorporated into the licensing and
regulatory process. DOE will also continue its Core Science Program and Performance
Confirmation activities that are required for the near-term licensing effort. As suggested
by the Board, the work in the new Science and Technology program will be coordinated
and integrated with these other activities directed towards the licensing process.
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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

November 22, 2002

Dr. Margaret S, Y. Chu

Director

Office of Civilian Radioactive Waste Management
U.S. Department of Energy

1000 Independence Avenue, SW

Washington, DC 20585

Dear Dr. Chu:

On behalf of the Nuclear Waste Technical Review Board, I thank you for participating in
the Board’s meeting on September 10, 2002, in Las Vegas, Nevada. We appreciated your
program overview and were pleased that you were able to stay for so much of the day’s
proceedings. Board members, especially the new members, found the technical presentations by
individuals from the Department of Energy (DOE) and its contractors very useful. Members also
feel that the field trip to Yucca Mountain was a valuable experience. The Board realizes that the
high quality of the meeting and the site visit was due in great part to the effort put forth by your
team.

The DOE is entering a new phase of its activities as it prepares an application to the U.S.
Nuclear Regulatory Commission (NRC) for constructing a repository at Yucca Mountain. The
Board’s role, however, has not changed from what was envisioned by Congress in the 1987
Nuclear Waste Policy Amendments Act. It will continue to carry out a broad scientific and
technical review of the DOE’s work and will make recommendations on improving the technical
defensibility of that work.

In that light, the Board presents in this letter its views on three areas covered at the
meeting and, where appropriate, references your letter September 6, 2002, to the Board. The
three areas are (1) the DOE’s technical analyses of the potential repository’s natural system, (2)
the DOE’s technical analyses of the potential repository’s engineered system, and (3) the DOE’s
integration of the potential repository’s natural and engineered systems.

Natural System
The Board believes that the interim report of the DOE-supported Yucca Mountain

Igneous Consequences Peer Review Panel is a significant accomplishment and that the panel has
made progress in defining the fundamental processes. This work is very important because on
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the basis of the most recent performance assessment, volcanism appears to be the largest
potential contributor to dose. For this reason, the Board waits with interest for the panel’s final
report.

The Board also is pleased that one of the priorities you have given the new Science and
Technology unit is to determine whether the potential repository’s natural system makes a
greater contribution to isolating and containing waste than current performance assessments
suggest. If a strong technical case can be made for such an increased contribution, it would
provide additional defense-in-depth, thereby increasing confidence that public health, safety, and
the environment would be protected over the longterm. For this reason, the Board believes that
work in this area could have a major payoff and suggests that it be accelerated.

For nearly two years, the DOE has been trying to explain two conditions that have been
observed at Yucca Mountain. The first involves two independent laboratory analyses that result
in contradictory data with respect to the presence of bomb-pulse chlorine-36 at the repository
horizon. The second condition involves moisture observed within the closed-off part of the
cross-drift and whether this moisture is due to condensation or infiltration. To date, the DOE has
not provided a persuasive explanation for either of these two conditions.

The Board strongly urges the DOE to continue its efforts in these two areas and looks
forward to reviewing the work in the near future. The Board believes that it is essential that the
DOE develop an understanding of key processes affecting repository performance, specifically
seepage and the potential for waste package corrosion when packages are subjected to a range of
conditions representative of the postclosure in-drift environment.

Engineered System, Including Repository Design

The Board has reviewed your letter of September 6, 2002, and the DOE presentations on
repository design at the Board’s May and September meetings. Still unclear to the Board are
what decisions the DOE has made about repository design. However, in your September 6, letter
and the DOE presentations, the DOE appears to have decided to seek a license for constructing a
repository based on a design “... that results in thermal conditions at the higher end of the
expected range, provides a better balance of postclosure thermal conditions and preclosure
advantages for construction and operations, flexibility and cost.” We request that the DOE
provide the Board with the criteria, analyses, and weighting factors that constitute the technical
basis for the apparent selection of the repository design as stated in your September 6, letter.

According to the DOE presentation made at the September Board meeting, the DOE’s
design decision seems to be supported by the following two conclusions: (1) projected
performance for the high-temperature design is comparable to a low-temperature design and, in
any case, is well below the regulatory limit; and (2) overall uncertainty in the projected
performance of the two designs is roughly equivalent. In response to the DOE’s decision, the
Board has several comments on the technical basis for these assertions.

The DOE’s presentation on corrosion testing may call into question the first conclusion.
The increase in corrosion potential due to the presence of nitrate leads to less of a margin at
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temperatures above 140°C. Moreover, in back-up material from the presentation, the short-term
weight-loss measurements based on linear polarization, when extrapolated to higher
temperatures, show a significant increase in the rate of corrosion and indicate a definite thermal
dependency that is not reflected in current models of performance assessment. The Board
encourages continued corrosion testing and analysis supporting basic understanding of waste
package corrosion and the in-drift environment.

Regarding the second conclusion, the DOE asserted at the meeting that performance
assessment shows that the ranges of dose uncertainty for high- and low-temperature repository
designs are similar. The Board notes that performance assessment is not capable of showing
uncertainty unless the models appropriately incorporate uncertainty. Some parts of some key
performance assessment models for the evolution of waste package environments and for
corrosion at high temperatures are not based on data but on a number of assumptions. For
example, TSPA assumes that there will be no liquid water above 120°C and no significant
separation of chloride ions from beneficial anions and that low-temperature corrosion models are
valid at high temperatures. To use these assumptions about high-temperature uncertainties as
input into TSPA models and then say that performance assessment reveals that uncertainties are
equivalent for high- and low-temperature operations constitute, in the Board’s view, circular and
therefore faulty reasoning.

The Board has noted for quite some time that the DOE’s estimates of the total uncertainty
in projected repository performance presume that the underlying conceptual models used to
analyze both the low-temperature design and the high-temperature design are appropriate. For
example, the models should capture relevant thermal sensitivities in a technically defensible
manner. Many experiments, such as the drift-scale thermal test and additional high-temperature
material investigations, have not been completed. Thus, the DOE’s second conclusion may be
premature.

Integrated Repository System

The Board understands that the DOE realizes that the repository safety case not only must
rely on complex calculations of performance assessment but also must include multiple lines of
evidence and argument, which could include natural and man-made analogues and traditional
notions of defense-in-depth. The Board also supports the DOE’s recognition that the safety case
needs to address various audiences, including those not directly involved in the licensing
process. International organizations, such as the Nuclear Energy Agency of the Organization for
Economic Cooperation and Development, have assembled reports on this subject. The Board
recommends that the DOE give serious consideration to the logic developed in those reports as
well as the specific suggestions they contain.

Presentations at the meeting and the short roundtable discussion at the end of the meeting
highlighted several points. The DOE’s projections of repository performance, derived from
performance assessment, have varied considerably over the last two years and differ in many
important respects from those carried out by the Electric Power Research Institute and other
groups. Many of these differences can be traced to the assumptions used and the influence of
new data. However, confidence in these projections will depend in part on understanding and
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explaining clearly why variations arise. The Board therefore urges the DOE to analyze the
different estimates, assess their significance, and address any concerns that may arise about the
overall uncertainty in estimating repository performance. The stability of these projections is an
important element in building confidence.

The Board is pleased that the DOE has carried out the “one-on” barrier analysis. The
roundtable discussion on this topic at the meeting suggested both the value and the potential
limitations of such analyses. On balance, however, the Board believes that such analyses
utilizing different approaches can provide important insights into the roles of the different natural
and engineered barriers. For that reason, the Board urges the DOE to continue supporting this
kind of work and to consider using it to better articulate its repository safety case.

The Board still has questions about the relative role and scope of the DOE’s proposed
research and development, science and technology, and core science programs. As indicated in
the DOE’s letter, the scope of performance confirmation (PC) is limited to a regulatory context.
The Board believes that a PC program should focus on confirming the safety case by challenging
the validity of estimates of long-term repository performance and their underlying assumptions.
The Board would like to understand the key elements of the DOE’s PC plan; the specific tests
and related analyses considered a priority for the PC plan for license application; the testing that
will be undertaken during repository construction; and how PC information will be integrated
and used by the project.

The Board believes that the DOE’s commitment to “jump-starting” transportation
planning and activities is imperative, in particular the DOE’s recognition of the need to
reactivate institutional activities to address the concerns of the State, Tribes, and affected
counties,

Once again, I thank you, the DOE staff, and the DOE’s contractors for supporting the
Board’s September meeting. The Board looks forward to continuing to review and comment on
DOE activities.

Sincerely,

{Signed by}

Michael L. Corradini
Chairman
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Department of Energy
Washington, DC 20585

January 24, 2003
Dr. Michael L. Corradini
Chairman
Nuclear Waste Technical Review Board
2300 Clarendon Boulevard

Arlington, VA 22201-3367
Dear Dr. Corradini:

Thank you for your letter of November 22, 2002 expressirig the Board’s perspective on
information presented by the Department at the Board’s September 2002 meeting and on
information from my letter to you of September 6, 2002.

DOE appreciates the Board’s continuing review of our activities as we develop a license
application for a repository at Yucca Mountain. Our responses to the views expressed by the
Board are discussed in the attachment to this letter.

The Department has benefited from the constructive views of the Board. As the Department
proceeds to develop a license application, we look forward to continuing our dialogue with
the Board.

Sincerely,

~ Dr. Margaret Chu\.Director
Office of Civilian Radioactive
Waste Management

Enclosure

@ Printed with soy ink on recycled paper
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Responses to the September 22, 2002 letter to DOE from the
Nuclear Waste Technical Review Board

Natural System

The Board believes that the interim report of the DOE-supported Yucca Mountain
Igneous Consequences Peer Review Panel is a significant accomplishment and that the
panel has made progress in defining the fundamental processes. This work is very
important because on the basis of the most recent performance assessment, volcanism
appears to be the largest potential contributor to dose. For this reason, the Board waits
with interest for the panel’s final report.

Response: The DOE agrees with the Board's assessment of the interim report from the
ongoing Igneous Consequences Peer Review Panel'. We are looking forward to the
Panel's final report. The interim report summarizes the Panel's key issues, including dike
and crack propagation, particularly in the vicinity of the repository, and the complex
processes that occur once magma interacts with the repository drifts. Within these areas,
we believe that four issues are of particular importance, and discuss briefly below how
the Project is addressing these issues.

1. Dike tip phenomena during dike ascent and dike/drift interaction

The dike tip cavity region may have an important impact on dike propagation and the
nature of the initial magma/drift interaction. There are complex interacting processes
that control the cavity size. Because we have little information to predict the details
of the cavity region in a propagating dike, our approach is to parameterize this zone
with respect to length and pressure and perform parametric studies to assess the
effects under a wide range of conditions. In the dike propagation code, the cavity
pressure will be specified and the appropriate cavity length that is required to
accommodate this pressure will be calculated.

2. Magma viscosity as a function of temperature, volatile content, and bubble content,
and its impact on magma migration down drifts and magma/waste package
interactions

The effects of temperature, dissolved volatile content, and exsolved vapor bubbles on
the shear viscosity of basaltic melt should be included in future studies of the material
properties of potential disruptive Yucca Mountain basalt. We plan to do calculations
with higher and/or lower viscosities. The numerical model in the baseline version of
the Computational Fluid Dynamics Library will only allow a fixed Newtonian
viscosity. However, we plan to incorporate variability in viscosity related to

! Budnitz, R.J., Detournay, E.M., Mastin, L., Pearson, J.R.A_, Rubin, AM., and F.J. Spera 2001. Yucca
Mountain Igneous Consequences Peer Review Panel Interim Report. Las Vegas, Nevada: Igneous
Consequences Peer Review Panel. ACC: MOL.20011010.0084.
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temperature and volatile-content this year. Incorporation of the effects of bubbles
with a capillary number approach will be considered in plans for later years, and
could yield useful confirmatory information.

3. The dog-leg scenario (magma intrudes drifts and initiates a second dike at some
distance from the original dike)

Magma/drift interaction modeling will include 3-D models to simulate magma flow
from a dike into a drift, as well as the continuation of magma flow upward within the
originat dike and within a possible second dike. Two cases will be modeled to assess
the plausibility of including the dog-leg scenario in the Total System Performance
Assessment (TSPA). The first case will assume a short secondary dike has formed at
the end of a drift in order to determine initial magma injection flow rates or pressure
within the second dike for input into dike propagation models. The second case will
assume a second dike has formed at the end of a drift in order to determine the
difference in magma flow rates within the primary and secondary dikes due to
viscous drag within the intervening drift and differences in the hydraulic properties of
the two dikes.

4. A shock wave propagates down a drift following explosive magma decompression

The Panel concluded that rising magma would be partially degassed before it
intersects a drift, minimizing to some extent the magnitude of a potential shock wave
traveling down a drift. Scoping calculations that take into account the geometry of
initial dike/drift intersection and the presence of waste packages within the drift also
indicate that shock wave formation will be diminished given more realistic models of
dike/drift interactions. Modeling planned for this year will provide a more detailed
and realistic technical basis to assess shock wave phenomena within drifts.

The Board also is pleased that one of the priorities you have given the new Science and
Technology unit is to determine whether the potential repository’s natural system makes
a greater contribution to isolating and containing waste than current performance
assessments suggest. If a strong technical case can be made for such an increased
contribution, it would provide additional defense-in-depth, thereby increasing confidence
that public health, safety, and the environment would be protected over the long term.
For this reason, the Board believes that work in this area could have a major payoff and
suggests that it be accelerated.

Response: The DOE agrees with the Board’s recommendation that the new Science and
Technology (S&T) Program should have as one of its priorities to work on improving our
understanding of natural-system performance. We are currently evaluating a whole range
of ideas for the first round of projects to be supported under the S&T Program, and ideas
related to studying the natural system are certainly among those high on our list, along
with ideas involving new or improved technologies that can achieve efficiencies and
savings. However, it is important to note that benefits in all of these areas may take years

to realize.
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The S&T program objectives continue to be a) to improve existing and develop new
technologies to achieve efficiencies and savings in the waste management system; and, b)
to increase understanding of repository performance. Major additional benefits will
include promoting technical excellence, maintaining leadership in nuclear waste
management, and assuring cognizance of emerging technical developments. Our current
efforts include developing long-term strategic research plans for all of the technical areas
within OCRWM's purview (with the assistance of external subject-matter experts). A
subset of these technical areas will be selected for initiation in Fiscal Year 2003. The
balance will help us as we develop the long-term program (Fiscal Year 2004 and later).

Any technical insights, technical data, or new technical tools derived from the S&T work
will be folded into the LA process wherever appropriate.

For nearly two years, the DOE has been trying to explain two conditions that have been
observed at Yucca Mountain. The first involves two independent laboratory analyses that
result in contradictory data with respect to the presence of bomb-pulse chlorine-36 at the
repository horizon. The second condition involves moisture observed within the closed-
off part of the cross-drift and whether this moisture is due to condensation or infiltration.
To date, the DOE has not provided a persuasive explanation for either of these two
conditions.

The Board strongly urges the DOE to continue its efforts in these two areas and looks
forward to reviewing the work in the near future. The Board believes that it is essential
that the -DOE develop an understanding of key processes affecting repository
performance, specifically seepage and the potential for waste package corrosion when
‘packages are subjected to a range of conditions representative of the postclosure in-drift
environment. '

Response: The DOE agrees, and is continuing investigations focused on these two issues
(**Cl and moisture in the cross-drift). The linkage to potential waste-package corrosion is
discussed later in this letter.

With respect to the chlorine-36 issue, the DOE is pursuing a resolution of the legacy
discrepant data sets by (1) having the institutions involved to date document the results to
date and propose a path forward for resolution of the discrepancies, and (2) conducting an
independent new validation study as a parallel, complementary effort. Individuals from
domestic or foreign academic/technical organization(s) with the requisite expertise will
be selected to conduct this new study. One of the key criteria for selection of the
individual(s) will be no prior involvement in the 35CI/C1 work at Yucca Mountain. The
independent validation study will include a new sampling and analysis program to
attempt to better understand the previous 38CI/CI observations. The background, about
which we believe the Board is fully aware, is that because of differences in the
implications for unsaturated-zone flow between important %Cl data and other data, the
DOE initiated a validation project in 1999 to address the presence of bomb-pulse 6Cl at
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the repository horizon. All of the analytical data generated during this %Cl1 ongoing
validation project are being compiled and a summary report, due June 11, 2003, is being
prepared jointly by the United States Geological Survey (USGS), Los Alamos National
Laboratory (LANL), and Lawrence Livermore National Laboratory (LLNL). The report
will contain a recommendation for a path forward based upon a review and interpretation
of the existing data.

The report will include the latest analyses conducted in the spring of 2002 that focused on
core from Niche 1 in the Exploratory Studies Facﬂlty where previous LANL results
indicated a high probability of finding bomb-pulse 3Cl. Selected intervals of remaining
core samples were split and allocated to the USGS and LANL for processing. Isotopxc
analyses of rock leachates were conducted by LLNL. USGS leachates yielded **CU/Cl
ratios of 244 E-15 to 708 E-15 with Cl concentrations ranging from 0.17 to 0.26 mg/kg.
LANL leachates yielded larger values of 1140 E-15 to 8580 E-15 with Cl concentrations
of 0.13 to 0.67 mg/L. Because the water-to-rock ratios are 1:1, the measurements of Cl
concentrations are comparable. To further investigate the source of the differences, the
USGS crushed and leached 99.999 percent pure computer-chip grade silicon and
determined that the crushing blanks used in the analysis were acceptable. . LANL
investigators have not yet performed a similar test. The reasons for the disagreement in
the USGS and LANL results are not currently understood, which is why we have decided
to pursue the new independent validation study.

DOE looks forward to providing further details and results of the independent validation
study at future Board meetings.

With respect to the second issue, moisture was found in several segments of the closed-
off section of the cross drift during entries between September 1999 and June 2002 to
collect samples, install additional bulkheads, and conduct other construction and repair
activities. The moisture was observed at different locations at different times. There is
indication that the amount of moisture decreases with time, especially in 2002 after the
power to the tunnel boring machine was cut off. This trend will be further confirmed in
the next entry. All available data, including geochemical measurements of water
collected, indicate that the moisture observed in the closed off sections of the cross drift
is likely to be condensate. The water samples collected in the June 2000 entry had low
chloride and silicate contents (Cl was 0.23-1.44 mg/L as compared to cross drift pore
water data of 19-66 mg/L. SiO) was 0.24-0.42 mg/L as compared to cross drift pore

water data of 40-65 mg/L). The moisture is likely driven by temperature gradients,
possibly associated with residual heat from cross drift excavation, power consumed by
the tunnel boring machine parked at the terminal end of the cross drift, and other
electrical instrumentation underground. Other indicators of condensation include the
observation in October 2001 of droplets on a painted surface where the paint effectively
isolated the exposed surface from the underlying rock. Droplets and rust were observed
on other metal surfaces of underground structures during the entries. Observations and
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early data are documented in the report In Situ Field Testing of Processes.® This report
will be revised in 2003 to include additional data collected in the cross drift.

Only limited samples have been collected in the cross drift so far. In response to the need
to distinguish clearly whether the moisture observed is due to condensation or seepage,
DOE increased the number of instruments emplaced in the closed-off sections of the
cross drift in October and November 2001 and installed a fourth bulkhead. The first two
bulkheads were installed in June 1999 and the third bulkhead in July 2000 to isolate the
tunnel boring machine. The first bulkhead has been open since July 2002 to
accommodate activities related to rock properties testing. The last three sections of the
cross drift are expected to be closed off for at least another year so that we can continue
the investigation of moisture observed in the cross drift. The currently available
instruments in the closed-off sections include hanging tarps, pH strips, relative humidity,
temperature, and pressure sensors, electrical resistance probes along the drift floor,
psychrometers installed in boreholes, and dedicated water collectors at a location that was
previously observed to be wet. The transducers at the bottom of water collectors have
detected no signal so far, indicating no collection of water at this location. The collectors
are designed either to collect pure condensate or to collect condensate and seepage. We
will use the information from the collectors and all other instruments to help resolve the
source of moisture observed within the closed-off part of the cross drift and to evaluate
whether this moisture is due to condensate or seepage.

In addition to field monitoring activities, DOE has started a modeling study aimed at
developing a better understanding of the moisture and gas flow within the closed-off
sections, taking into account the evaporation and condensation processes and moisture
movement in the surrounding fractured rocks. The surrounding rocks provide water and
vapor for condensation and flow paths for seepage into the drift.

Engineered System, Including Repository Design

The Board has reviewed your letter of September 6, 2002, and the DOE presentations on
repository design at the Board’s May and September meetings. Still unclear to the Board
are what decisions the DOE has made about repository design. However, in your
September 6, letter and the DOE presentations, the DOE appears to have decided to seek
a license for constructing a repository based on a design “... that results in thermal
conditions at the higher end of the expected range, provides a better balance of
postclosure thermal conditions and preclosure advantages for construction and
operations, flexibility and cost.” We request that the DOE provide the Board with the
criteria, analyses, and weighting factors that constitute the technical basis for the
apparent selection of the repository design as stated in your September 6, letter.

Response: As a general matter, OCRWM has not developed or used quantitative
“weighting factors” in an explicit sense in any of its decisions about the thermal-

2 BSC (Bechtel SAIC Company) 2001. In Situ Field Testing of Processes. ANL-NBS-HS-000005 REV 01.
Las Vegas, Nevada: Bechtel SAIC Company. ACC: MOL.20020108.0351
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operating-mode issue. The issue is much too complex, involving as it does judgmental
tradeoffs among factors that we have not expressed in a common framework for explicit
“weighting.”

The criteria that the Department used as the basis for selecting the design to be used as
the basis for the LA were documented in the report License Application Design Selection
(LADS).” The LADS study describes these criteria as being applied qualitatively rather
than quantitatively. Of the criteria, the most important was the objective criterion of long
term performance. That criterion did not dominate the decision, because all of the
designs examined in the LADS study were found to meet the postclosure performance
criterion by a large margin, regardless of whether they employed hotter or cooler
operating modes. The postclosure criterion used in the LADS study is consistent with the
standard promulgated by the EPA in 2001.

The selection of the preferred design of the LADS study instead involved balancing a
potential reduction in uncertainty in long term performance, for which there is a large
safety margin, that could be obtained by lower-temperature operation, against a certain
increase in worker health effects, operational impacts, and cost resulting from the
measures needed to achieve a lower-temperature mode. This balancing was inherently
judgmental, and supported a decision to select a hotter operating mode as the basis for
LA. There have been subsequent refinements of the design concept selected in the LADS
study. However, the Department's considerations still involve the same balancing
between potential reductions in uncertainty in postclosure performance projections that
are well below regulatory limits, and certain increases in impacts in the preclosure period.

Of course, the Department recognizes that a crucial element of NRC's regulatory decision
will be whether the analyses and data submitted by the applicant (DOE) are adequate to
support a positive decision, and that uncertainties in the analyses are a central part of why
the regulatory decision will not be easy. However, even if the uncertainties in analyzing
a colder operating mode are smaller than those for a hotter operating mode, which may or
may not turn out to be the case in the end, it is DOE's current judgment that either
operating mode will meet the NRC standards for post-closure performance with a large
margin, and that uncertainties arising elsewhere in the overall analysis dominate.

Undersecretary Card stated at the NWTRB meeting in May 2002 that the Department is
committed to maintaining a colder-operating-mode option until it is either selected or no
longer important. The Department has done conceptual design work and layouts for such
an option, but based on the above its License Application will be based on a hotter
operating mode.

According to the DOE presentation made at the September Board meeting, the DOE’s
design decision seems to be supported by the following two conclusions: (1) projected
performance for the high-temperature design is comparable to a low-temperature design

3 CRWMS M&O 1999. License Application Design Selection Report. BOO000000-01717-4600-00123 REV
01 ICN 01. Las Vegas, Nevada: CRWMS M&O. ACC: MOL..19990908.0319.
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and, in any case, is well below the regulatory limit; and (2) overall uncertainty in the
projected performance of the two designs is roughly equivalent. In response to the
DOE'’s decision, the Board has several comments on the technical basis for these
assertions.

The DOE’s presentation on corrosion testing may call into question the first conclusion.
The increase in corrosion potential due to the presence of nitrate leads to less of a
margin at temperatures above 140°C. Moreover, in back-up material from the
presentation, the short-term weight-loss measurements based on linear polarization,
when extrapolated to higher temperatures, show a significant increase in the rate of
corrosion and indicate a definite thermal dependency that is not reflected in current
models of performance assessment. The Board encourages continued corrosion testing
and analysis supporting basic understanding of waste package corrosion and the in-drift
environment.

Regarding the second conclusion, the DOE asserted at the meeting that performance
assessment shows that the ranges of dose uncertainty for high- and low-temperature
repository designs are similar. The Board notes that performance assessment is not
capable of showing uncertainty unless the models appropriately incorporate uncertainty.
Some parts of some key performance assessment models for the evolution of waste
package environments and for corrosion at high temperatures are not based on data but
on a number of assumptions. For example, TSPA assumes that there will be no liquid
water above 120 °C and no significant separation of chloride ions from beneficial anions
and that low-temperature corrosion models are valid at high temperatures. To use these
assumptions about high-temperature uncertainties- as input into TSPA models and then
say that performance assessment reveals that uncertainties are equivalent for high- and
low-temperature operations constitute, in the Board’s view, circular and therefore faulty
reasoning.

The Board has noted for quite some time that the DOE’s estimates of the total uncertainty
in projected repository performance presume that the underlying conceptual models used
to analyze both the low-temperature design and the high-temperature design are
appropriate. For example, the models should capture relevant thermal sensitivities in a
technically defensible manner. Many experiments, such as the drift-scale thermal test
and additional high-temperature material investigations, have not been completed. Thus,
the DOE’s second conclusion may be premature.

Response: DOE agrees with the Board comment on the need for continued corrosion
testing and analysis to improve basic understanding of waste package corrosion and of
the in-drift environment. DOE has been developing new data to support development of
and validation of our corrosion models. The new testing and results presented to the
Board at the September 10, 2002 meeting are part of the Project’s ongoing work to
enhance basic understanding of the corrosion processes and improvement of the models.
An increase in the corrosion potential with nitrate-containing solutions above 120°C
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(Gordon4, Slide 13) is observed. Nitrate solutions are known to be oxidizing under acidic
conditions. The oxidation-reduction characteristics of the nitrate-nitrite-ammonium-
nitrogen system are complex and the Project is analyzing this system in terms of the
expected repository conditions. In addition, the Project believes that the possibility of
development of such corrosion environments to a significant extent on the surface of the
waste package is highly unlikely due to the presence of the drip shield.

With the drip shield intact, the potential waste package surface environment is expected
to be a thin aerated brine film formed by deliquescence of soluble salts in the dust
deposits. Chemical analysis of typical dust deposits suggests that the brines likely to
form from the deliquescence of these deposits will not evolve to calcium and/or
magnesium chloride type brines. Thus, the maximum expected boiling point of these
aqueous films are approximately 125°C to 135°C, characteristic of a concentrated
sodium/potassium chloride/nitrate environment. Such an environment is similar to the
Simulated Saturated Water environment that has been used for testing at 120°C. Cyclic
polarization tests indicate that there is greater than a 450 to 700 mV margin between the
corrosion potential and any apparent passive film breakdown potential at temperatures up
to 120°C (Figure 3-444, page 3-58, of the Waste Package Degradation Process Model
reports). Thus, the assumptions related to applicable environments for extrapolation of
corrosion rates appear to be supported by the new data.

The temperature dependency cited by the Board is being evaluated within the on-going
testing program. The short-term electrochemical tests (linear polarization tests shown in
Gordon”, Slide 25) are intended to provide only the temperature dependency i.e., the
slope, and not absolute corrosion rates. The rates for uniform general corrosion will
continue to be obtained from the Long-Term Corrosion Test Facility. The project also
believes that the temperature dependency observed from the tests should be regarded as a
weak dependency, with the activation energies in the range of 17 to 23 ki/mole.
Extrapolation of the corrosion rates to 140°C and 160°C using these activation energies
would result in a corrosion rate increase of approximately 2 to 2.5 times. This increase
would have insignificant effect on the waste package performance in view of the
extremely low corrosion rates measured in the Long-Term Corrosion Test Facility (0.01
microns/year after a two-year exposure).

The temperature dependency of the corrosion rates was included in the analyses
documented in Section 7.3.5 of the FY 0l Supplemental Science and Performance
Analyses (SSPA) report7. These analyses were conducted with significantly higher

* Gordon, G. 2002. Update on Corrosion Testing. Presentation at the Nuclear Waste Technical Review
Board Fall Meeting, September 10, 2002. Las Vegas, Nevada.

> CRWMS M&O 2000. Waste Package Degradation Process Model Report. TDR-W1S-MD-000002 REV
00 ICN 02. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20001228.0229.

Gordon, G. 2002 (op. cit.) .

7 BSC (Bechtel SAIC Company) 2001. FY 01 Supplemental Science and Performance Analyses, Volume 1:
Scientific Bases and Analyses. TDR-MGR-MD-000007 REV 00 ICN 01. Las Vegas, Nevada: Bechtel
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general corrosion rates at higher temperatures to account for the uncertainties in the
Long-Term Corrosion Test Facility corrosion measurements and the possibility of the
occurrence of magnesium/calcium-chloride environments. General corrosion rates for
Alloy 22 at 25, 60, 125, and 165°C were calculated using a temperature dependent
corrosion model with activation energy of about 36 kJ/mole for the temperature
dependency. The temperature of 165°C was selected to represent the highest temperature
for an aqueous condition that may result from deliquescence of highly hygroscopic salts
such as CaCl, and MgCl, that could be deposited on the waste package surface from
dripping water. The median of our distribution for the general corrosion rate at 165°C is
about 1.0 micron/year and the upper bound is about 3.0 microns/year. Although it is not
expected that aqueous conditions can be sustained on the waste package at 165°C, even
with the use of these high corrosion rates the waste package failure times are significantly
beyond the regulatory period of 10,000 years. The variation in the general corrosion rate
is considered to be solely due to uncertainty.

It should also be pointed out that the Project removed the temperature dependent
corrosion model from the Final Environmental Impact Statement (FEIS)8 because the
model showed the waste package failure times are significantly longer than those
calculated without the temperature dependant model. This is due to the fact that the
waste packages remain at high temperatures for a relatively shorter period of time
compared to the low temperature regime. The decision to remove this model was made
to provide more conservative dose estimates.

In summary, DOE is continuing to develop data contributing to a better understanding of
corrosion processes and will incorporate these data into the models supporting the TSPA
for the LA.

The DOE agrees with the Board that “performance assessment is not capable of showing
uncertainty unless the models appropriately incorporate uncertainty.” To that end, the
Project has been working on several fronts to develop models that represent advances
compared to those used in the TSPA-SR. Some of the Board comments above seem to be
based on assumptions in the TSPA-SR that have now been supplemented by data to
provide the firmer foundation that the Board apparently feels was lacking earlier. This is
particularly true for Board concerns about the TSPA approach regarding waste package
environment and corrosion. For the high-temperature and low-temperature operating
modes considered by the Project, the TSPA models associated with the waste package
environment and corrosion are equally applicable based on the available data. Regardless

SAIC Company. ACC: MOL.20010801.0404; MOL.20010712.0062; MOL.20010815.0001; BSC (Bechtel
SAIC Company) 2001; FY0I Supplemental Science and Performance Analyses, Volume 2: Performance
Analyses. TDR-MGR-PA-000001 REV 00. Las Vegas, Nevada: Bechtel SAIC Company. ACC:
MOL.20010724.0110.

$ DOE (U.S. Department of Energy) 2002. Final Environmental Impact Statement for a Geologic
Repository for the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain,
Nye County, Nevada. DOE/EIS-0250. Washington, D.C.: U.S. Department of Energy, Office of Civilian
Radioactive Waste Management. ACC: MOL.20020524.0314; through; MOL.20020524.0320.
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of the thermal strategy adopted, the temperature at which the liquid contacts the waste
package for the initiation of corrosion is dependent on the deliquescence of the soluble
species in the waste package surface deposits.

In order to characterize high-temperature corrosion processes, the Project is conducting
tests in highly corrosive environments such as concentrated bulk calcium chloride
environments (8 to 9M) with and without nitrate at temperatures above 120°C. The
preliminary results from these tests were presented to the Board in September 2002.
These results showed that there is little margin between Alloy 22 corrosion potential and
the critical potential for the initiation of localized corrosion. However, the presentation
also included results of aqueous film corrosion tests (Gordon9, Slides 14-15) with
temperatures as high as 150°C and 22.5% relative humidity using polished Alloy 22
specimens. The calcium chloride concentrations were very high (up to ~62% calcium
chloride) under these test conditions. Results to date indicate no evidence of localized
corrosion attack under these aqueous film conditions.

The temperature dependency for the extrapolation of low-temperature general corrosion
rate data to higher temperatures was discussed above in response to the Board's comment
on thermal dependency, and was shown to have an insignificant effect on waste package
performance.

The Board observes that future results of ongoing experiments such as the drift-scale
thermal test could provide additional information relevant to modeling of thermal
processes, and that some of DOE’s conclusions may therefore be premature. We agree.
However, we believe that the information available and used to date is sound enough to
support all decisions made to date.

Integrated Repository System

The Board understands that the DOE realizes that the repository safety case not only
must rely on complex calculations of performance assessment but also must include
multiple lines of evidence and argument, which could include natural and man-made
analogues and traditional notions of defense-in-depth. The Board also supports the
DOE’s recognition that the safety case needs to address various audiences, including
those not directly involved in the licensing process. International organizations, such as
the Nuclear Energy Agency of the Organization for Economic Cooperation and
Development, have assembled reports on this subject. The Board recommends that the
DOE give serious consideration to the logic developed in those reports as well as the
specific suggestions they contain.

Response: The DOE appreciates the Board’s observations that the safety case will need
to address audiences beyond those involved directly in the NRC licensing process. The

? Gordon G. 2002. (op. cit.)
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licensing process itself will address multiple lines of evidence such as those suggested by
the Board, for example through the requirements for descriptions of capability of the
natural and engineered barriers included in the system, and through DOE'’s use of
analogue information as an additional line of evidence to support several of the analyses.

The DOE also recognizes the need for effectively presenting the safety case to broader
audiences. The DOE will continue to evaluate recommendations from the Nuclear
Energy Agency and others in the international community both for improving the way the
Program’s safety-case logic is presented, and for improving the safety-case presentation
itself.

Presentations at the meeting and the short roundtable discussion at the end of the
meeting highlighted several points. The DOE’s projections of repository performance,
derived from performance assessment, have varied considerably over the last two years
and differ in many important respects from those carried out by the Electric Power
Research Institute and other groups. Many of these differences can be traced to the
assumptions used and the influence of new data. However, confidence in these
projections will depend in part on understanding and explaining clearly why variations
arise. The Board therefore urges the DOE to analyze the different estimates, assess their
significance, and address any concerns that may arise about the overall uncertainty in
estimating repository performance. The stability of these projections is an important
element in building confidence.

Response: The DOE recognizes the value of such comparative analyses as the Board is
recommending. To this end, the Project included discussions of model changes since
TSPA for Site Recommendation and their impacts at the subsystem and system level in
the SSPA (Volume 2, sections 3 and 4). Summaries of the SSPA model changes and
their impacts were presented to the Board in June of 2001. Briefer discussions of model
changes were included in the documentation of the TSPA update to support the FEIS.

Recent EPRI results were not available at the time of the SSPA and FEIS, and differences
between the EPRI and the DOE analyses were therefore discussed only in very general
terms (e.g., presence or absence of a model for diffusive transport, differing assumptions
about water consumption by the receptor) at the Board meeting in September 2002.
Because both the DOE and EPRI models are continually evolving, the DOE expects to do
a detailed comparison between the two only after the completion of the TSPA-LA. In the
interim, the Program will attempt to understand the reasons for any important differences,
so that this understanding can inform the ongoing TSPA work.

The Board is pleased that the DOE has carried out the “one-on” barrier analysis. The
roundtable discussion on this topic at the meeting suggested both the value and the
potential limitations of such analyses. On balance, however, the Board believes that such
analyses utilizing different approaches can provide important insights into the roles of
the different natural and engineered barriers. For that reason, the Board urges the DOE
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to continue supporting this kind of work and to consider using it to better articulate its
repository safety case.

Response: The DOE recognizes both the value of the “one-on” style of analyses in
providing insights into barrier performance and the potential limitations noted during the
roundtable discussion at the September 2002 Board meeting. As discussed in Section
7.2.3.1 of the TSPA-LA Methods and Approach document'®, the DOE may use sequential
one-on analyses as one of several types of analyses included in the confidence-building
activities that will support validation of the TSPA-LA model. Other types of possible
analyses include comparisons to simplified models, detailed analysis of selected
deterministic cases, and neutralization or “one-off” cases. For the descriptions of 10,000-
year barrier capability required by 10 CFR Part 63.115'!, the DOE proposes to
supplement these analyses with additional techniques including intermediate performance
measures from the full TSPA and pinch point analyses that report radionuclide mass flux
or concentrations at selected interfaces between model components (Section 8.3 of the
TSPA-LA Methods and Approach document).

The Board still has questions about the relative role and scope of the DOE’s proposed
research and development, science and technology, and core science programs. As
indicated in the DOE’s letter, the scope of performance confirmation (PC) is limited to a
regulatory context. The Board believes that a PC program should focus on confirming
the safety case by challenging the validity of estimates of long-term repository
performance and their underlying assumptions. The Board would like to understand the
key elements of the DOE’s PC plan; the specific tests and related analyses considered a
priority for the PC plan for license application; the testing that will be undertaken during
repository construction; and how PC information will be integrated and used by the
project.

Response: The DOE believes that the Performance Confirmation program will represent
only a subset of a much more comprehensive test and evaluation program.

Based on the language in 10 CFR Part 63'%, the DOE is revising its PC program to focus
resources using a risk-informed, performance-based (RIPB) approach. A formal decision
analysis process is being used to evaluate the value (in terms of confirming expected
barrier performance) and cost of several hundred combinations of a PC parameter and a
data-acquisition method. The results are being assembled into several alternative
portfolios. One portfolio will be selected soon for development to support the LA. The

1® BSC (Bechtel SAIC Company) 2002. Total System Performance Assessment-License Application
Methods and Approach. TDR WIS-PA-000006, Rev. 00, Las Vegas, Nevada: Bechtel SAIC Company.
ACC: MOL.200202923.0175.

! 66 FR 55732. Disposal of High-Level Radioactive Wastes in a Proposed Geologic Repository at Yucca
Mountain, NV. Final Rule 10 CFR Part 63. US Nuclear Regulatory Commission.

12 1bid.
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alternative portfolios under development include activities to confirm barrier
performance (using the RIPB approach), as well as activities to meet NRC requirements
in I0CFR63 Subpart F that must be addressed independent of their significance to barrier
performance or total-system performance.

In addition to the baseline work, the Science and Technology Program may develop data,
test techniques, or design enhancements that could be brought into the testing programs
after initial submittal of a license application or at an appropriate time during the
construction and operation of a repository at a later stage. .

The proposed PC program is expected to be mature enough to present to the NWTRB at
its May 2003 meeting, if that is the desire of the Board.

The Board believes that the DOE’s commitment to “jump-starting” transportation
planning and activities is imperative, in particular the DOE’s recognition of the need to
reactivate institutional activities to address the concerns of the State, Tribes, and affected
counties.

Response: DOE believes that it is critical to "jump-start” the transportation program and
agrees with the Board's observation that resumption of institutional activities is very
important. To accomplish the re-emphasis on the transportation activities DOE has
requested Fiscal Year 2003 funds to restart the Transportation Program. The Secretary of
Energy has committed to Congress to have a transportation plan prepared by the end of
this fiscal year. This plan is currently in preparation. We look forward to working with
you as the plans develop on this vitally important issue. We will also, of course, support
the February 25 meeting on this subject with your Panel on the Waste Management
System.

13
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Communication Between the
U.S. Nuclear Waste Technical Review Board
and Congress

Letter from Jared L. Cohon to Senator Harry Reid; January 24, 2002.
Subject: Responses to questions posed in letter of November 26, 2001

Letter from Jared L. Cohon to Senator John Ensign; January 24, 2002.
Subject: Responses to questions posed in letter of November 26, 2001

Letter from Jared L. Cohon to Congressman Joe Barton; January 24, 2002.
Subject: Responses to questions posed in letter of December 11, 2001

Letter from Jared L. Cohon to Congressman John Shimkus; January 24, 2002.
Subject: Responses to questions posed in letter of December 5, 2001

Testimony of Jared L. Cohon before the U.S. House of Representatives, Subcommittee on Energy
and Air Quality; April 18, 2002.

Letter from the Honorable Joe Barton to Jared L. Cohon; April 22, 2002.
Subject: Questions from members of the U.S. House of Representatives, Subcommittee on Energy
and Air Quality

Letter from Jared L. Cohon to Congressman Joe Barton; May 22, 2002.
Subject: Responses to questions posed in letter of April 22, 2002

Testimony of Jared L. Cohon before the Senate Committee on Energy and Natural Resources;
May 23, 2002.

Letter from Jared L. Cohon to Senator Jeff Bingaman, May 31, 2002.
Subject: Responses to questions posed by the Committee on May 29, 2002
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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

January 24, 2002

Honorable Harry Reid
United States Senate

528 SHOB

Washington, DC 20510-2893

Dear Senator Reid:

Enclosed are responses to the questions posed in letter of November 26, 2001 from you
and Senator John Ensign. As you know, the Board provides independent advice on the technical
issues associated with the management of the country’s commercial spent nuclear fuel and
defense high-level radioactive waste. The Board offers its technical views to help inform the
larger consideration of issues that face the Department of Energy and Congress in their
evaluation of the suitability of the Yucca Mountain candidate repository site.

The Board is keenly aware that many of the issues that must be considered in making
decisions in this policy area are technical ones, but that other issues are not. We believe that
Congress and the Secretary will find it useful to have our views on the technical and scientific
information related to a possible site recommendation. As noted in our responses, policy-makers
will decide how much technical certainty is acceptable for a site recommendation.

Please let me or the Board’s staff know if we can provide you or your staff with
additional information on the enclosed responses.

Sincerely,
{Signed by}

Jared L. Cohon
Chairman
Enclosure
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NUCLEAR WASTE TECHNICAL REVIEW BOARD
RESPONSE TO QUESTIONS FROM
SENATORS HARRY REID AND JOHN ENSIGN
JANUARY 24, 2002

1. How strong is the current technical basis for DOE’s repository design and for the analysis
that supports the site recommendation?

In evaluating the DOE’s technical and scientific work related to individual natural and
engineered components of the proposed repository system, the Board finds varying degrees of
strength and weakness. Such variability is not surprising, given that the Yucca Mountain project
is in many respects a first-of-a-kind, complex undertaking. When the DOE’s technical and
scientific work is taken as a whole, the Board’s view is that the technical basis for the DOE’s
repository performance estimates is weak to moderate at this time. As discussed in the Board’s
January 24, 2002 letter to Congress and the Secretary of Energy, the Board believes that it is
possible to increase confidence in the DOE’s projections of repository system performance.

The DOE’s estimates of repository performance currently rely heavily on engineered
components of the repository system, making corrosion of the waste package very important.
High temperatures in the DOE’s base-case repository design increase uncertainties and decrease
confidence in the performance of waste package materials. Confidence in waste package and
repository performance potentially could increase if the DOE adopts a low-temperature
repository design. However, a full and objective comparison of high- and low-temperature
repository designs should be completed before the DOE selects a final repository design concept.

The Board makes no judgment on the question of whether the Yucca Mountain site should be
recommended or approved for repository development. Those judgments, which involve a
number of public policy considerations as well as an assessment of how much technical certainty
is necessary at various decision points, go beyond the Board’s congressionally established
mandate.

2. How confident are you that the current DOE program would lead to a safe repository that
protects human health and the environment at Yucca Mountain?

At this point, no individual technical or scientific factor has been identified that would
automatically eliminate Yucca Mountain from consideration as the site of a permanent
repository. The Board believes, however, that specific activities can and should be pursued to
increase confidence in the projections of performance of the proposed repository at Yucca
Mountain. Those activities include identifying, quantifying, and communicating clearly the
extent of the uncertainty associated with the DOE’s performance estimates; comparing and
evaluating a low-temperature repository design with the DOE’s current base-case high-
temperature design; increasing the fundamental understanding of the potential behavior of the
proposed repository system; developing multiple lines of evidence; and strengthening arguments
about defense-in-depth (or redundancy). The Board also believes that uncertainties related to the
performance of waste package materials under high-temperature conditions should be addressed.

conl62vl
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The Board’s January 24, 2002 letter to Congress and the Secretary of Energy also contains
suggestions about new initiatives that the DOE might undertake to increase confidence. Many
factors, such as the DOE’s ability to improve the integration of scientific and engineering
activities, are likely to influence whether those activities can be successfully completed.

3. Is it premature for the DOE to make a recommendation that the site is suitable for a geologic
repository?

The timing of a decision on whether the Yucca Mountain site should be recommended or
approved for repository development is a judgment involving a number of public policy
considerations as well as an assessment of how much technical certainty policy-makers believe is
necessary at the time decisions are made. As stated in the answer to question 1, these judgments
go beyond the Board’s congressionally established mandate.
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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

January 24, 2002

Honorable John Ensign
United States Senate

364 SROB

Washington, DC 20510-2805

Dear Senator Ensign:

Enclosed are responses to the questions posed in letter of November 26, 2001 from you
and Senator Harry Reid. As you know, the Board provides independent advice on the technical
issues associated with the management of the country’s commercial spent nuclear fuel and
defense high-level radioactive waste. The Board offers its technical views to help inform the
larger consideration of issues that face the Department of Energy and Congress in their
evaluation of the suitability of the Yucca Mountain candidate repository site.

The Board is keenly aware that many of the issues that must be considered in making
decisions in this policy area are technical ones but that other issues are not. We believe that
Congress and the Secretary will find it useful to have our views on the technical and scientific
information related to a possible site recommendation. As noted in our responses, policy-makers
will decide how much technical certainty is acceptable for a site recommendation.

Please let me or the Board’s staff know if we can provide you or your staff with
additional information on the enclosed responses.

Sincerely,
{signed by}

Jared L. Cohon
Chairman
Enclosure
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NUCLEAR WASTE TECHNICAL REVIEW BOARD
RESPONSE TO QUESTIONS FROM
SENATORS HARRY REID AND JOHN ENSIGN
JANUARY 24, 2002

1. How strong is the current technical basis for DOE'’s repository design and for the analysis
that supports the site recommendation?

In evaluating the DOE’s technical and scientific work related to individual natural and
engineered components of the proposed repository system, the Board finds varying degrees of
strength and weakness. Such variability is not surprising, given that the Yucca Mountain project
is in many respects a first-of-a-kind, complex undertaking. When the DOE’s technical and
scientific work is taken as a whole, the Board’s view is that the technical basis for the DOE’s
repository performance estimates is weak to moderate at this time. As discussed in the Board’s
January 24, 2002 letter to Congress and the Secretary of Energy, the Board believes that it is
possible to increase confidence in the DOE’s projections of repository system performance.

The DOE’s estimates of repository performance currently rely heavily on engineered
components of the repository system, making corrosion of the waste package very important.
High temperatures in the DOE’s base-case repository design increase uncertainties and decrease
confidence in the performance of waste package materials. Confidence in waste package and
repository performance potentially could increase if the DOE adopts a low-temperature
repository design. However, a full and objective comparison of high- and low-temperature
repository designs should be completed before the DOE selects a final repository design concept.

The Board makes no judgment on the question of whether the Yucca Mountain site should be
recommended or approved for repository development. Those judgments, which involve a
number of public policy considerations as well as an assessment of how much technical certainty
is necessary at various decision points, go beyond the Board’s congressionally established
mandate.

2. How confident are you that the current DOE program would lead to a safe repository that
protects human health and the environment at Yucca Mountain?

At this point, no individual technical or scientific factor has been identified that would
automatically eliminate Yucca Mountain from consideration as the site of a permanent
repository. The Board believes, however, that specific activities can and should be pursued to
increase confidence in the projections of performance of the proposed repository at Yucca
Mountain. Those activities include identifying, quantifying, and communicating clearly the
extent of the uncertainty associated with the DOE’s performance estimates; comparing and
evaluating a low-temperature repository design with the DOE’s current base-case high-
temperature design; increasing the fundamental understanding of the potential behavior of the
proposed repository system; developing multiple lines of evidence; and strengthening arguments
about defense-in-depth (or redundancy). The Board also believes that uncertainties related to the
performance of waste package materials under high-temperature conditions should be addressed.
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The Board’s January 24, 2002 letter to Congress and the Secretary of Energy also contains
suggestions about new initiatives that the DOE might undertake to increase confidence. Many
factors, such as the DOE’s ability to improve the integration of scientific and engineering
activities, are likely to influence whether those activities can be successfully completed.

3. Is it premature for the DOE to make a recommendation that the site is suitable for a geologic
repository?

The timing of a decision on whether the Yucca Mountain site should be recommended or
approved for repository development is a judgment involving a number of public policy
considerations as well as an assessment of how much technical certainty policy-makers believe is
necessary at the time decisions are made. As stated in the answer to question 1, these judgments
go beyond the Board’s congressionally established mandate.
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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

January 24, 2002

Honorable Joe Barton

Chairman

Subcommittee on Energy and Power
Committee on Energy and Commerce

U.S. House of Representatives

Room 2125, Rayburn House Office Building
Washington, DC 20515-6115

Dear Mr. Barton:

Enclosed are responses to the questions posed in your letter of December 11, 2001. As
you know, the Board provides independent advice on the technical issues associated with the
management of the country’s commercial spent nuclear fuel and defense high-level radioactive
waste. The Board offers its technical views to help inform the larger consideration of issues tha
face the Department of Energy and Congress in their evaluation of the suitability of the Yucca
Mountain candidate repository site.

The Board is keenly aware that many of the issues that must be considered in making
decisions in this policy area are technical ones but other issues are not. We believe that Congre:
and the Secretary will find it useful to have our views on the technical and scientific informatio:
related to a possible site recommendation. As noted in our responses, policy-makers will decid
how much technical certainty is acceptable for a site recommendation.

Please let me or the Board’s staff know if we can provide you or your staff with
additional information on the enclosed responses.

Sincerely,
{Signed by}

Jared L. Cohon
Chairman
Enclosure
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NUCLEAR WASTE TECHNICAL REVIEW BOARD
RESPONSE TO QUESTIONS FROM
REPRESENTATIVE JOE BARTON
JANUARY 24, 2002

1. Does the Board have any reason to believe that the site currently being studied at Yucca
Mountain could not be made suitable for the development of a repository? If so, please explain
any such reason(s)?

At this point, no individual technical or scientific factor has been identified that would
automatically eliminate Yucca Mountain from consideration as the site of a permanent
repository. However, the DOE uses a complex integrated performance assessment model to
project repository system performance. Performance assessment is a useful tool because it
assesses how well the repository system as a whole, not just the site or the engineered
components, might perform. However, gaps in data and basic understanding cause important
uncertainties in the concepts and assumptions on which the DOE’s performance estimates are
now based. Because of these uncertainties, the Board has limited confidence in current
performance estimates generated by the DOE’s performance assessment model. This is not an
assessment of the Board’s level of confidence in the Yucca Mountain site.

The Board believes that confidence in performance estimates can be increased. Future scientific
investigations may show that components of the repository system perform better than or not as
well as the DOE’s performance assessment model now projects. It is impossible to know with
absolute certainty whether issues or concerns that cannot be mitigated might arise in the future.
This would be the case at any potential repository site.

2. What improvements can DOE make in its research and design that would improve the
effectiveness of a repository at that location? In keeping with the “step-wise repository
development” approach recommended by the National Academy of Sciences, how can such
improvements best be phased into the evolving repository design?

If policy-makers decide to approve the Yucca Mountain site, the Board strongly recommends
that in addition to demonstrating regulatory compliance, the DOE continue a vigorous well-
integrated scientific investigation to increase its fundamental understanding of the potential
behavior of the repository system. The Board believes, in addition, that specific activities can
and should be pursued to increase confidence in the projections of performance of the proposed
repository at Yucca Mountain, Those activities include systematically integrating new data and
analyses produced by ongoing scientific and engineering investigations; identifying, quantifying,
and communicating clearly the extent of the uncertainty associated with its performance
estimates; comparing and evaluating a low-temperature repository design with the DOE’s current
base-case high-temperature design; increasing the fundamental understanding of the potential
behavior of the proposed repository system; developing multiple lines of evidence; and
strengthening arguments about defense-in-depth (or redundancy). The Board also believes that
uncertainties related to the performance of waste package materials under high-temperature
conditions should be addressed.
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The Board has not evaluated the implications of a “step wise” approach to repository
development. However, in its January 24, 2002 letter to Congress and the Secretary of Energy,
the Board suggests several new actions that should be considered if policy-makers approve the
Yucca Mountain site, regardless of the development approach used. The actions include
monitoring repository performance before, during, and after waste emplacement; developing a
strategy for modifying or stopping repository development if potentially significant unforeseen
circumstances are encountered; and continuing external review of the DOE’s technical and
scientific activities. The Board notes that the National Academy of Sciences (NAS) is scheduled
soon to release a preliminary report describing the advantages and disadvantages of applying a
step wise approach specifically to the development of a repository at Yucca Mountain. As part
of its ongoing evaluation, the Board will review the technical and scientific validity of any plans
that the DOE adopts in response to the NAS report.
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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

January 24, 2002

Honorable John Shimkus

Committee on Energy and Commerce
U.S. House of Representatives
Rayburn House Office Building
Washington, DC 20515-1320

Dear Mr. Shimkus:

Enclosed are responses to the questions posed in your letter of December 5, 2001. As
you know, the Board provides independent advice on the technical issues associated with the
management of the country’s commercial spent nuclear fuel and defense high-level radioactive
waste. The Board offers its technical views to help inform the larger consideration of issues that
face the Department of Energy and Congress in their evaluation of the suitability of the Yucca
Mountain candidate repository site.

The Board is keenly aware that many of the issues that must be considered in making
decisions in this policy area are technical ones but that other issues are not. We believe that
Congress and the Secretary will find it useful to have our views on the technical and scientific
information related to a possible site recommendation. As noted in our responses, policy-makers
will decide how much technical certainty is acceptable for a site recommendation.

Please let me or the Board’s staff know if we can provide you or your staff with
additional information on the enclosed responses.

Sincerely,
{signed by}
Jared L. Cohon

Chairman
Enclosure
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NUCLEAR WASTE TECHNICAL REVIEW BOARD
RESPONSE TO QUESTIONS FROM
REPRESENTATIVE JOHN SHIMKUS
JANUARY 24, 2002

Are you aware of any technical issues or concerns applicable to the site recommendation phase
of the Yucca Mountain Project, that directly and negatively impact human health and safety, that
could not be mitigated prior to the closure of the repository, which under current design, would
occur 100-300 years after its opening?

At this point, no individual technical or scientific factor has been identified that would
automatically eliminate Yucca Mountain from consideration as the site of a permanent
repository. However, the DOE uses a complex integrated performance assessment model to
project repository system performance. Performance assessment is a useful tool because it
assesses how well the repository system as a whole, not just the site or the engineered
components, might perform. However, gaps in data and basic understanding cause important
uncertainties in the concepts and assumptions on which the DOE’s performance estimates are
now based. Because of these uncertainties, the Board has limited confidence in current
performance estimates generated by the DOE’s performance assessment model. This is not an
assessment of the Board’s level of confidence in the Yucca Mountain site.

The Board believes that confidence in performance estimates can be increased. Future scientific
investigations may show that components of the repository system perform better than or not as
well as the DOE’s performance assessment model now projects. It is impossible to know with
absolute certainty whether issues or concerns that cannot be mitigated might arise in the future.
This would be the case at any potential repository site.
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Statement of

Dr. Jared L. Cohon, Chairman

U.S. Nuclear Waste Technical Review Board
Before the
Subcommittee on Energy and Air Quality
Committee on Energy and Commerce

U.S. House of Representatives

April 18, 2002

Good morning, Mr. Chairman and members of the Subcommittee. I am Jared Cohon, Chairman of the
Nuclear Waste Technical Review Board. All members of the Board are appointed by the President and
serve on a part-time basis. In my case, I also am president of Carnegie Mellon University in Pittsburgh,
Pennsylvania.

I am pleased to be here today to present the Board’s technical and scientific evaluation of the
Department of Energy’s work related to the recommendation of a site at Yucca Mountain in Nevada as
the location of a permanent repository for spent nuclear fuel and high-level radioactive waste. We hope
that the Subcommittee and other policy-makers will find the Board’s technical and scientific evaluation
useful as you consider the various issues that will affect a decision on whether to proceed with reposi-
tory development. With your permission, Mr. Chairman, I will summarize the Board’s findings, and I
request that my full statement and the Board’s January 24, 2002, letter report to Congress and the
Secretary of Energy be included in the hearing record.

As you know, Mr. Chairman, Congress created the Board in the 1987 amendments to the Nuclear
Waste Policy Act. Congress charged the Board with performing an ongoing independent evaluation of
the technical and scientific validity of activities undertaken by the Secretary of Energy related to dis-
posing of spent nuclear fuel and high-level radioactive waste. The Board also reviews the DOE’s activ-
ities related to transporting and packaging such waste. Since the Board was established, its primary
focus has been the DOE’s efforts to characterize a site at Yucca Mountain in Nevada to determine its suit-
ability as the location of a potential repository.

Early last year, Secretary of Energy Spencer Abraham indicated that he would make a decision at the
end of 2001 on whether to recommend the Yucca Mountain site for repository development. As the
Secretary’s decision approached, the Board decided it was important to comment to the Secretary and
Congress, within the context of the Board’s ongoing evaluation of the technical and scientific validity of
DOE activities, on the Doe’s work related to a site recommendation. So, in November 2001, the Board
met to review comprehensively the DOE’s efforts in this area. In December 2001, the Board sent a letter
to the Secretary indicating that the Board would provide its comments within a few weeks. The Board
conveyed those comments in a letter, which included attachments with supporting details, that was sent
to Congress and the Secretary on January 24, 2002.

I will now summarize the Board’s review procedures and the results of the Board’s evaluation.

The Board’s evaluation represents the collective judgment of its members and was based on the
following:

¢ The results of the Board’s ongoing review of the DOE’s Yucca Mountain technical and scientific
investigations since the Board’s inception.

* An evaluation of the DOE’s work on the natural and engineered components of the proposed
repository system, using a list of technical questions identified by the Board.
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* A comprehensive Board review of draft and final documents supplied by the DOE through mid-
November 2001.

¢ Field observations by Board members at Yucca Mountain and related sites.

To focus its review, the Board considered the following 10 questions for components of the repository
system:

1. Do the models used to generate input to the total system performance assessment (TSPA) and the
representations of processes and linkages or relationships among processes within TSPA have a
sound basis?

2. Have uncertainties and conservatisms in the analyses been identified, quantified, and described
accurately and meaningfully?

Have sufficient data and observations been gathered using appropriate methodologies?

Have assumptions and expert judgments, including bounding estimates, been documented and
justified?

5. Have model predictions been verified or tested?
Have available data that could challenge prevailing interpretations been collected and evaluated?

7. Have alternative conceptual models and model abstractions been evaluated, and have the bases for
accepting preferred models been documented?

Are the bases for extrapolating data over long times or distances scientifically valid?

9. Can the repository and waste package designs be implemented so that the engineered and natural
barriers perform as expected?

10. To the extent practical, have other lines of evidence, derived independently of performance assess-
ments, been used to evaluate confidence in model estimates?

In evaluating the DOE’s work related to individual natural and engineered components of the pro-
posed repository system, the Board found varying degrees of strength and weakness. For example, the
Board considers the DOE’s estimates of the probabilities of volcanic events and earthquakes at Yucca
Mountain strengths, while the lack of data related to corrosion of materials proposed for the waste pack-
ages under conditions that would likely be present in the repository and the very short experience with
these materials are considered weaknesses.

This kind of variability is not surprising, given that the Yucca Mountain project is a complex, and in
many respects, a first-of-a-kind undertaking. An important conclusion in the Board'’s letter is that when
the DOE'’s technical and scientific work is taken as a whole, the Board’s view is that the technical basis
for the DOE’s repository performance estimates is weak to moderate at this time.

The Board made no judgment in its January 24 letter on the question of whether the Yucca Mountain
site should be recommended or approved for repository development. Those judgments, which involve
a number of public-policy considerations as well as an assessment of how much technical uncertainty is
acceptable at various decision points, go beyond the Board’s congressionally established mandate.

Let me explain in a little more detail, Mr. Chairman, the basis for the Board’s conclusion on perfor-
mance estimates. The DOE uses a complex, integrated performance assessment model to project repos-
itory system performance. Performance assessment is a useful tool because it assesses how well the
repository system as a whole, not just the site or the engineered components, might perform. However,
gaps in data and basic understanding cause important uncertainties in the concepts and assumptions on
which the DOE’s performance estimates are now based. Therefore, while no individual technical or sci-
entific factor has been identified that would automatically eliminate Yucca Mountain from considera-
tion at this point, the Board has limited confidence in current performance estimates generated by the
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DOE’s performance assessment model. As I will discuss in just a moment, the Board believes that con-
fidence in the DOE’s projections of repository performance can be increased.

But first let me clarify the comment I just made on the current state of knowledge of technical and sci-
entific factors that could potentially eliminate Yucca Mountain from consideration. The Board considers
the very precise statement in its letter that at this point, no individual technical or scientific factor has
been identified that would automatically eliminate Yucca Mountain from consideration a necessary con-
dition for a discussion of site suitability to take place. But this threshold condition, by itself, is not nec-
essarily sufficient for a definitive determination of site suitability.

How can confidence in the DOE’s performance estimates be increased? As noted in the Board’s letter, the
Board believes that a fundamental understanding of the potential behavior of a proposed repository sys-
tem is very important. Therefore, if policy-makers decide to approve the Yucca Mountain site, the Board
strongly recommends that, in addition to demonstrating regulatory compliance, the DOE continue a vig-
orous, well-integrated scientific investigation to increase its fundamental understanding of the potential
behavior of the repository system. Increased understanding could show that components of the repository
system perform better than or not as well as the DOE’s performance assessment model now projects. In
either case, making performance projections more realistic and characterizing the full range of uncertainty
could increase confidence in the DOE’s performance estimates.

The DOE’s estimates of repository performance currently rely heavily on engineered components of the
repository system, making corrosion of the waste package very important. As the Board has mentioned in
many of its previous reports and letters over the last 11 years, we believe that high temperatures in the
DOE's base-case repository design increase uncertainties and decrease confidence in the performance of
waste package materials. It is possible that confidence in waste package and repository performance could
increase if the DOE adopts a low-temperature repository design. However, the Board continues to believe
that the DOE should complete a full and objective comparison of high- and low-temperature repository
designs before it selects a final repository design concept.

Over the last several years, the Board has made several other recommendations that could increase con-
fidence in the DOE’s projections of repository performance. For example, the Board recommended that the
DOE identify, quantify, and communicate clearly the extent of the uncertainty associated with its per-
formance estimates. The Board also recommended that the DOE use other lines of evidence and argument
to supplement the results of its performance assessment. Moreover, the DOE could strengthen its argu-
ments about how multiple barriers in its proposed repository system provide “defense-in-depth”
(or redundancy). Although the DOE has made progress in each of these areas, more work is needed.

Other actions that might be considered if policy-makers approve the Yucca Mountain site include sys-
tematically integrating new data and analyses produced by ongoing scientific and engineering investiga-
tions; monitoring repository performance before, during, and after waste emplacement; developing a
strategy for modifying or stopping repository development if potentially significant unforeseen circum-
stances are encountered; and continuing external review of the DOE’s technical and scientific activities.

Mr. Chairman, eliminating all uncertainty associated with estimates of repository performance would
never be possible at any repository site. Policy-makers will decide how much scientific uncertainty is
acceptable at the time various decisions are made on site recommendation or repository development. The
Board hopes that the information provided in the testimony and in its letter report to Congress and the
Secretary will be useful to policy-makers faced with making these important decisions.

Not surprisingly, Mr. Chairman, people have drawn from the Board’s January 24 letter the points that
support their case. The Board is concerned, however, that lifting individual statements from the letter and
using them without context can be confusing for policy-makers and the public. Therefore, we urge those
charged with making decisions about Yucca Mountain to consider the full text or our 3-page letter.

Thank you very much, Mr. Chairman. I will be happy to respond to questions.
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CHRISTOPHER ONE HUNDRED SEVENTH CONGRESS .

Ty .%. Bouse of Representatioes
S o Committee on Energy and Conumerce
s, ean " Wiashington, BE 20515-6115

TOM DAVIS, VIRGINA W.J. “BILLY” TAUZIN, LOUISIANA,
£D BAYANT, TENNESSER CHAIRMAN

CHARLES F. BASS, NEW HAMPSHIRE .
JOGEM A, PITTS, PENNSYLVANA Aprll 22,2002
CALIFORNA

Dr. Jared L. Cohon

Chairman

Nuclear Waste Technical Review Board
Suite 1300

2300 Clarendon Boulevard
Arlington, VA 22201

Dear Dr. Cohon:

TED STRICKLAND,
DIANA DeGETTE,

M.  WISCONSII
BAL LUTHER, MINNESOTA

MICHAEL F. DOYLE, PENNS YLVAN
CHRISTOPHER JOHN, LOUISIANA
JANE KARMAN,

DAVID V. MARVENTANO, STAFF D

T am writing to thank you for appearing before the Subcommittee on Energy and Air
Quality on April 18, 2002, to present testimony on President’s recommendation to develop a
nuclear waste repository at Yucca Mountain, Nevada. Your testimony allowed the
‘Subcommittee’s Members to gain a better understanding of this extremely important issue.

Pursuant to the Chair’s order of April 18, 2002, the record of the Subcommittee’s hearing
remains open to permit Members to submit questions to witnesses in writing. Attached you will
find questions submitted by Members of the Subcommittee. I would appreciate it if you could
respond to these questions in writing no later than the close of business on May 17, 2002, in

order to facilitate the printing of the hearing record.

Thank you again for your time and effort in preparing and delivering testimony before the

Subcommittce.

Sincerely,

Subcommittee on Energy and Air Quality

Attachment
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Questions from Congressman Ed Markey:

1.

In addition to the Nuclear Waste Technical Review Board (NWTRB), the International
Atomic Energy Agency/Nuclear Energy Agency has reviewed the scientific and technical
work of the DOE. They state in their review that “In general, the level of understanding
of the hydro-geology of the site... is low, unclear and insufficient to support an
assessment of the realistic performance.” They continue “Until these questions are
answered, it is not possible to develop a realistic conceptual model of the site, or to build
a probabilistic saturated zone local model.” Do you agree with their assessment? Is the
DOE’s model unrealistic because of lack of data and basic understanding of physical

processes?

The DOE is relying heavily on the ability of the canisters to withstand corrosion and
contain the radioactive waste for long periods of time. The NWTRB report states that
essentially no corrosion data exists for conditions above 275 degrees (120 C), despite the
fact the repository could reach temperatures as high as 350 degrees (165 C). In your
opinion, can the DOE make any real assessment of the engineered barriers above 275
degrees? What are some of the effects that elevated temperatures could have on the

canisters?

The DOE only has 2 years of corrosion data for alloy 22 based canisters, yet they are
extrapolating this data to 10,000 years. Is this acceptable? Is there currently anyway to
adequately determine the integrity of these canisters 10,000 years in the future?

The Chlorine -36 “fingerprints” of above ground nuclear testing have been found in the
interior of Yucca Mountain, suggesting that water from the surface can migrate 1000 feet
to the repository level of the mountain within 50 years. What are the implications of this
data for contamination of the ground water below the repository? What are the
implications for corrosion of the canisters?

Secretary Abraham said in his testimony that Yucca Mountain will meet the EPA
radiological exposure standard. But the NWTRB report notes that DOE has not published
updated calculations of radiological doscs based on the recent travel time estimates. Is the
Secretary’s statement premature? Can DOE be confident that Yucca Mountain will meet
the EPA’s standard without having completed these calculations?

Spent fuel — uranium dioxide — will be the majority of the stored waste in Yucca
Mountain. What will happen to the fuel rods as they sit in the repository? Will they rust?
Has the DOE considered the effect of rusting in their assessment of Yucca Mountain and
containment of the radioactive waste?

Questions from Congressman George Radanovich:

L

Would you agree with the statement “Geologic isolation cannot and will not play any
significant role at the Yucca Mountain repository?”

What is the NWTRB opinion of the ability of the man-made containers to meet the NRC
and EPA standards for radioactive release into the environment?
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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

May 22, 2002

Honorable Joe Barton

Chairman

Subcommittee on Energy and Air Quality
Committee on Energy and Commerce
U.S. House of Representatives

2125 RHOB

Washington, DC 20515-6115

Dear Mr. Barton:

Thank you very much for the opportunity to present the views of the Nuclear Waste
Technical Review Board at a hearing before the Subcommittee on Energy and Air Quality on
April 18, 2002. Enclosed are responses to questions from Representatives Ed Markey and
George Radanovich that were enclosed in your letter of April 22, 2002. The questions follow up
on issues raised during the hearing.

As you know, the Board is charged by Congress with conducting an ongoing and
independent review of the technical and scientific validity of activities undertaken by the
Secretary of Energy associated with the management of the country’s commercial spent nuclear
fuel and defense high-level radioactive waste. The Board provides its technical views to help
inform the larger consideration of issues that face the Department of Energy and Congress
related to nuclear waste disposal.

Please do not hesitate to contact me or have your staff contact Bill Barnard, Board
Executive Director, if you have questions related to the Board’s responses or any other issue
related to the Board’s technical and scientific review.

Sincerely,

{Signed by}

Jared L. Cohon
- Chairman

Enclosure
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Questions from Congressman Ed Markey:

L.

In addition to the Nuclear Waste Technical Review Board (NWTRB), the International
Atomic Energy Agency/Nuclear Energy Agency has reviewed the scientific and technical
work of the DOE. They state in their review that “In general, the level of understanding of
the hydro-geology of the site. . .is low, unclear and insufficient to support an assessment of
the realistic performance.” They continue “Until these questions are answered, it is not
possible to develop a realistic conceptual model of the site, or to build a probabilistic
saturated zone local model.” Do you agree with their assessment? Is the DOE’s model
unrealistic because of lack of data and basic understanding of physical process?

Answer: We agree generally with the concerns expressed by the International Atomic
Energy Agency/Nuclear Energy Agency Peer Review Panel (International Panel) but would
like to make several observations to put their comments in perspective. The International
Panel comment cited above includes three elements: (1) an assessment of the realistic
performance, (2) a realistic conceptual model of the site, and (3) a saturated zone local
model. (In the context of this question, realism may be viewed as the set of models and
assumptions that most nearly describes the natural and engineered repository system and
produces neither overly pessimistic nor overly optimistic predictions of waste isolation.) The
three elements are interlinked: A realistic performance assessment requires a realistic
saturated zone site-scale model, and that requires a realistic conceptual model. Although the
general concepts of the Yucca Mountain hydrogeologic system are understood, important
details remain unresolved. Consequently, the performance estimates for the saturated zone in
the Total System Performance Assessment for Site Recommendation (TSPA-SR) may not be
realistic. The TSPA-SR was the sole focus of the International Panel. Since that time,
results released by the DOE in subsequent documents indicate that some progress has been
made in addressing questions raised by the International Panel and in developing a credible
conceptual model of the site. Those results have not been incorporated in performance
assessments, however, and substantial work remains to be done to develop a realistic
saturated zone site-scale model on which a realistic assessment of performance attributable to
site hydrogeology could be based.

In answer to your question on the DOE’s model, the Board stated in its January 24, 2002,
letter report to Congress and the Secretary of Energy that it has limited confidence in current
DOE performance estimates because of uncertainties created by gaps in data and basic
understanding of the proposed repository system (including the saturated zone). The Board
has recommended that, if policy-makers decide to approve the Yucca Mountain site, the
DOE should continue a vigorous, well-integrated scientific investigation to increase its
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fundamental understanding of the potential behavior of the repository system. Increasing
understanding could show that components of the repository system, including the saturated
and unsaturated zones, perform better than or not as well as the DOE’s performance
assessment model now projects. In either case, making performance projections more
realistic and characterizing the full range of uncertainty could improve the DOE’s
performance estimates.

2. The DOE is relying heavily on the ability of the canisters to withstand corrosion and contain
the radioactive waste for long periods of time. The NWTRB report states that essentially no
corrosion data exists for conditions above 275 degrees (120° C), despite the fact the
repository could reach temperatures as high as 350 degrees (165° C). In your opinion, can
the DOE make any real assessment of the engineered barriers above 275 degrees? What are
some of the effects that elevated temperatures could have on the canisters?

Answer: To answer your second, more general, question first: The severity of corrosion
tends to increase with increasing temperatures. In fact, some forms of corrosion are not even
observed unless the temperature exceeds a certain threshold value. This applies to essentially
all alloys and metals used as construction materials, including Alloy 22, the material that the
DOE has chosen to provide corrosion resistance for its waste package. In addition, and
perhaps more important, predicting the chemistry (composition and strength) of salt solutions
contacting the waste packages becomes more difficult and more uncertain with increasing
temperature. The type and severity of corrosion depend on the makeup of those solutions.

Regarding your first question, data on the chemistry of salt solutions that may contact the
waste package as well as data on corrosion of Alloy 22 exposed to such waste package
environments are both essentially nonexistent for temperatures above 120° C. These key
data needed to assess the likelihood that corrosion could penetrate waste packages during the
10,000-year regulatory period. This absence of information weakens the technical basis of
the DOE’s performance estimates for its high-temperature, base-case repository design.
Uncertainty about waste package performance decreases, however, with lower repository
temperatures because more corrosion data and more data on the chemistry of salt solutions
that may contact waste package surfaces are available. Uncertainty also is reduced with low
temperatures because corrosion severity generally decreases as temperatures decrease. The
Board believes, therefore, that confidence in waste package and repository performance
potentially could increase if the DOE adopts a low-temperature repository design. However,
a full and objective comparison of high- and low-temperature repository designs should be
completed before the DOE selects a final repository design concept.
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3. The DOE only has 2 years of corrosion data for alloy 22 based canisters, yet they are

extrapolating this data to 10,000 years. Is this acceptable? Is there currently any way to
adequately determine the integrity of these canisters 10,000 years in the future?

Answer: Alloy 22 relies on the formation of an ultrathin passive (i.e., nonreactive) film for
its corrosion resistance. The DOE’s models predict that corrosion will not penetrate Alloy 22
waste packages for at least 10,000 years, perhaps for longer than a million years. However,
experience with Alloy 22 and comparable alloys spans only several decades, and experience
with alloys that rely on passive films for corrosion resistance spans only about a century.
Although a few natural or man-made materials have been identified that might provide
insights into the long-term passivity of metals, none has been confirmed yet as a suitable
analogue. Thus, this type of corrosion resistance over many thousands of years can be
extrapolated only by using theories and assumptions. At this point, on the basis of the
information developed by the DOE and others, Board members believe that claims of
minimum waste package durability of a few thousand years to a few tens of thousands of
years are not out of the question. Underlying this belief are the following suppositions: that
temperatures and chemical conditions on the waste-package surface will be no more severe
or uncertain than those in the DOE’s preliminary analysis of the low-temperature operating
mode; that supporting research will be continued to fill in data gaps and to rule out
unexpected modes of failure; that research, development, and demonstration of waste-
package welding, fabrication, and inspection are completed successfully; and that no major
“surprises” are found.

The Chlorine-36 “fingerprints” of above ground nuclear testing have been found in the
interior of Yucca Mountain, suggesting that water from the surface can migrate 1000 feet to
the repository level of the mountain within 50 years. What are the implications of this data
for contamination of the ground water below the repository? What are the implications for
corrosion of the canisters?

Answer: The discovery of elevated amounts of chlorine-36 (a product of nuclear testing in
the 1950’s) at the depth of the proposed repository at Yucca Mountain would provide direct
evidence of the existence of “fast paths” through which rainwater could travel from the
surface of Yucca Mountain to the repository horizon within about 50 years. However,
questions have been raised about the validity of the results of the original chlorine-36 study
that showed evidence of such fast paths. In 1999, the DOE sought to validate the original
tests. Scientists using different testing procedures have shown differing estimates of the
amount of chlorine-36 present in the underground rocks. The validation study is still under
way, and the DOE has not reached any conclusions. The DOE’s current models of repository
performance are based on the general assumption that some fast-flow paths do exist in Yucca
Mountain.

conl87vf 3
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To answer the question on the effects of possible fast paths on groundwater contamination, it
would be necessary to verify that they exist and to estimate the volume of water being
transported along the pathways under current and future climate conditions. The chlorine-36
validation study may resolve the question of the presence or absence of fast pathways for
water flow. Estimation of the volumetric flux associated with fast pathways requires
additional investigations, some of which are ongoing and some of which are planned.

In terms of the effects of fast paths on waste package corrosion rates, if the assumption is (as
the DOE's is) that corrosion proceeds as rapidly under high-humidity conditions as under
dripping conditions (a reasonable assumption), whether fast paths are present or absent has
essentially no effect on waste package corrosion rates. However, larger fluxes of water
generally result in shorter times of radioactive waste isolation. Current models, based on
multiple lines of evidence, do not allow for large volumes of water to flow through these fast

- pathways. If the current thinking is found to be incorrect, then radionuclide transport
predictions may need to be revised.

5. Secretary Abraham said in his testimony that Yucca Mountain will meet the EPA
radiological exposure standard. But the NWTRB report notes that DOE has not published
updated calculations of radiological doses based on the recent travel time estimates. Is the
Secretary’s statement premature? Can DOE be confident that Yucca Mountain will meet the
EPA’s standard without having completed these calculations?

Answer: The DOE’s performance calculations should be updated to take into account new
information on travel-time estimates. However, because many things, in addition to
groundwater travel times, affect the DOE’s projections of compliance, the effect of revised
travel-time estimates on judging compliance with the EPA standard may not be large. For
example, current DOE models show that the waste package will last longer than the 10,000-
year compliance period.

The Board believes that the technical basis for the DOE’s current repository performance
estimates is weak to moderate. The question of whether the Secretary’s statement is
premature depends on how much uncertainty one finds acceptable at this decision point.
That is a policy question, which is outside the Board’s technical and scientific mandate.

conl187vf 4
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6. Spent fuel — uranium dioxide — will be the majority of the stored waste in Yucca Mountain.
What will happen to the fuel rods as they sit in the repository? Will they rust? Has the DOE
considered the effect of rusting in their assessment of Yucca Mountain and containment of
the radioactive waste?

Answer: The spent-fuel rods consist of uranium dioxide pellets enclosed in metallic
cladding. The cladding for the vast majority of the rods is zircaloy, a very corrosion-resistant
alloy of zirconium. Once the cladding is exposed to aqueous or high-humidity environments
(e.g., after penetration of the waste package), the cladding will begin to corrode. Eventually,
corrosion will cause the cladding to fail after thousands of years. The DOE has considered
cladding corrosion in its performance assessment models. However, the Board believes that
the DOE’s current level of understanding of cladding performance is incomplete and should
be improved.
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Questions from Congressman George Radanovich:

1.

Would you agree with the statement “Geologic isolation cannot and will not play any
significant role at the Yucca Mountain repository?”

Answer: No, the statement is too strong. Although the DOE’s current estimates of
repository performance rely heavily on components of the engineered barrier system, the
natural barriers do play a role. Further analysis and the reduction of uncertainties will permit
a more realistic assessment of the relative significance of the contribution of the engineered
and natural barriers in the proposed repository system.

What is the NWTRB opinion of the ability of the man-made containers to meet the NRC and
EPA standards for radioactive release into the environment?

Answer: At this point, on the basis of the information developed by the project (and others),
Board members believe that claims of minimum waste package durability of a few thousand
years to a few tens of thousands of years are not out of the question under relatively mild and
less uncertain (lower temperature) in-drift conditions. Underlying this belief are the
following suppositions: that temperatures and chemical conditions on the waste-package
surface will be no more severe or uncertain than those in the DOE’s preliminary analysis of
the low-temperature operating mode; that supporting research will be continued to fill in data
gaps and to rule out unexpected modes of failure; that research, development, and
demonstration of waste-package welding, fabrication, and inspection are completed
successfully; and that no major “surprises” are found.
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Statement of
Dr. Jared L. Cohon, Chairman
U.S. Nuclear Waste Technical Review Board
Before the
Committee on Energy and Natural Resources
U.S. Senate
May 23, 2002

Good morning, Mr. Chairman and members of the Committee. I am Jared Cohon, Chairman of the
Nuclear Waste Technical Review Board. All members of the Board are appointed by the President and
serve on a part-time basis. In my case, I also am president of Carnegie Mellon University in Pittsburgh,
Pennsylvania.

I am pleased to be here today to present the Board’s technical and scientific evaluation of the
Department of Energy’s work related to the recommendation of a site at Yucca Mountain in Nevada as
the location of a permanent repository for spent nuclear fuel and high-level radioactive waste and to
respond to questions posed by the Committee in its invitiation letter. We hope that the Committee and
other policy-makers will find the Board’s testimony useful as you consider the various issues that will
affect a decision on whether to proceed with repository development. With your permission, Mr.
Chairman, I will summarize the Board’s findings, and I request that my full statement and the Board’s
January 24, 2002, letter report to Congress and the Secretary of Energy be included in the hearing record.

As you know, Mr. Chairman, Congress created the Board in the 1987 amendments to the Nuclear
Waste Policy Act. Congress charged the Board with performing an ongoing independent evaluation of
the technical and scientific validity of activities undertaken by the Secretary of Energy related to dis-
posing of spent nuclear fuel and high-level radioactive waste. The Board also reviews the DOE’s activ-
ities related to transporting and packaging such waste. Since the Board was established, its primary
focus has been the DOE’s efforts to characterize a site at Yucca Mountain in Nevada to determine its suit-
ability as the location of a potential repository.

Early last year, Secretary of Energy Spencer Abraham indicated that he would make a decision at the
end of 2001 on whether to recommend the Yucca Mountain site for repository development. As the
Secretary’s decision approached, the Board decided it was important to comment to the Secretary and
Congress, within the context of the Board’s ongoing evaluation of the technical and scientific validity of
DOE activities, on the DOE’s work related to a site recommendation. So, in November 2001, the Board
met to review comprehensively the DOE’s efforts in this area. In December 2001, the Board sent a letter
to the Secretary indicating that the Board would provide its comments within a few weeks. The Board
conveyed those comments in a letter, which included attachments with supporting details, that was sent
to Congress and the Secretary on January 24, 2002.

I will now summarize the Board’s review procedures and the results of the Board’s evaluation.
Questions posed by the Committee in its invitation letter are addressed in the context of the Board’s
evaluation.

The Board’s evaluation of the DOE’s work represents the collective judgment of its members and was
based on the following;:

¢ The results of the Board’s ongoing review of the DOE’s Yucca Mountain technical and scientific
investigations since the Board’s inception.

* An evaluation of the DOE’s work on the natural and engineered components of the proposed
repository system, using a list of technical questions identified by the Board.
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* A comprehensive Board review of draft and final documents supplied by the DOE through mid-
November 2001.

¢ Field observations by Board members at Yucca Mountain and related sites.

To focus its review, the Board considered the following 10 questions for components of the repository
system:

1. Do the models used to generate input to the total system performance assessment (TSPA) and the
representations of processes and linkages or relationships among processes within TSPA have a
sound basis?

2. Have uncertainties and conservatisms in the analyses been identified, quantified, and described
accurately and meaningfully?

Have sufficient data and observations been gathered using appropriate methodologies?

Have assumptions and expert judgments, including bounding estimates, been documented and
justified?

5. Have model predictions been verified or tested?
Have available data that could challenge prevailing interpretations been collected and evaluated?

7. Have alternative conceptual models and model abstractions been evaluated, and have the bases
for accepting preferred models been documented?

Are the bases for extrapolating data over long times or distances scientifically valid?

9. Can the repository and waste package designs be implemented so that the engineered and natural
barriers perform as expected?

10. To the extent practical, have other lines of evidence, derived independently of performance assess-
ments, been used to evaluate confidence in model estimates?

In evaluating the DOE’s work related to individual natural and engineered components of the pro-
posed repository system, the Board found varying degrees of strength and weakness. For example, the
Board considers the DOE’s estimates of the probabilities of volcanic events and earthquakes at Yucca
Mountain strengths and the lack of data related to corrosion of materials proposed for the waste pack-
ages under conditions that would likely be present in the repository and the very short experience with
these materials weaknesses.

This kind of variability is not surprising, given that the Yucca Mountain project is a complex, and
in many respects, a first-of-a-kind undertaking. An important conclusion in the Board’s January letter
is that when the DOE’s technical and scientific work is taken as a whole, the Board’s view is that the
technical basis for the DOE’s repository performance estimates is weak to moderate at this time.
However, if all the recommendations in the Board’s January 24, 2002, letter report are implemented
and no surprises are found,the Board’s view of the technical basis would likely improve. The
predicted repository performance, however, might be either better or worse, depending on what is
discovered.

The Board concurs with the consensus within the international scientific community that deep geo-
logic disposal is technically feasible at a suitable site. However, the Board made no judgment in its
January letter on the question of whether the Yucca Mountain site should be recommended or approved
for repository development. Those judgments, which involve a number of public-policy considerations
as well as an assessment of how much technical uncertainty is acceptable at various decision points, go
beyond the Board’s congressionally established mandate.
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Let me explain in a little more detail, Mr. Chairman, the basis for the Board’s conclusion on perfor-
mance estimates. The DOE uses a complex, integrated performance assessment model to project repos-
itory system performance. Performance assessment is a useful tool because it assesses how well the
repository system as a whole, not just the site or the engineered components, might perform. However,
gaps in data and basic understanding cause important uncertainties in the concepts and assumptions on
which the DOE’s performance estimates are now based. Therefore, while no individual technical or sci-
entific factor has been identified that would automatically eliminate Yucca Mountain from considera-
tion at this point, the Board has limited confidence in current performance estimates generated by the
DOE'’s performance assessment model.

But first let me expand a bit on the comment I just made that at this point, no individual technical or
scientific factor has been identified that would automatically eliminate Yucca Mountain from consider-
ation. The Board considers this minimum threshold finding to be a necessary, but by itself not a suffi-
cient, condition for a positive determination of site suitability.

How can confidence in the DOE’s performance estimates be increased? As noted in the Board’s
January letter report, the Board believes that a fundamental understanding of the potential behavior of
a proposed repository system is very important. Therefore, if policy-makers decide to approve the Yucca
Mountain site, the Board strongly recommends that, in addition to demonstrating regulatory compli-
ance, the DOE continue a vigorous, well-integrated scientific investigation to increase its fundamental
understanding of the potential behavior of the repository system. Increased understanding could show
that components of the repository system perform better than or not as well as the DOE’s performance
assessment model now projects. In either case, making performance projections more realistic and char-
acterizing the full range of uncertainty could improve the DOE’s performance estimates.

The DOE’s estimates of repository performance currently rely heavily on engineered components of
the repository system, making corrosion of the waste package very important. As the Board has men-
tioned in many of its previous reports and letters, we believe that high temperatures in the DOE’s base-
case repository design increase uncertainties and decrease confidence in the performance of waste
package materials. Confidence in projections of waste package and repository performance potentially
could increase if the DOE adopts a low-temperature repository design. However, the Board continues
to believe that the DOE should complete a full and objective comparison of high- and low-temperature
repository designs before it selects a final repository design concept.

Over the last several years, the Board has made several other recommendations that could improve
the DOE’s projections of repository performance. For example, the Board recommended that the DOE
identify, quantify, and communicate clearly the extent of the uncertainty associated with its performance
estimates. The Board also recommended that the DOE use additional lines of evidence and argument
to supplement the results of its performance assessment. Moreover, the DOE could strengthen its argu-
ments about how multiple barriers in its proposed repository system provide “defense-in-depth”
(or redundancy). Although the DOE has made progress in each of these areas, more work is needed.

Other actions that might be considered if policy-makers approve the Yucca Mountain site include
systematically integrating new data and analyses produced by ongoing scientific and engineering
investigations; monitoring repository performance before, during, and after waste emplacement;
developing a strategy for modifying or stopping repository development if potentially significant
unforeseen circumstances are encountered; and continuing external review of the DOE’s technical and
scientific activities.

Mr. Chairman, your letter of invitation asked what the Board’s views are on whether sufficient tech-
nical information is or will be available to the Nuclear Regulatory Commission to enable it to assess the
safety and environmental impact of a repository at Yucca Mountain.
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This is the Board’s answer to that question. The NRC issued the following statement in November
2001, “The NRC believes that sufficient at-depth site characterization analysis and waste form proposal
information, although not available now, will be available at the time of a potential license application
such that development of an acceptable license application is achievable.” The NRC and the DOE have
agreed on a list of “key technical issues” (KTI) that need to be addressed in the DOE's license applica-
tion. The NRC, not the Board, will judge the adequacy of the DOE’s efforts to resolve these issues for a
license application. However, the Board believes that given the significant uncertainties associated with
the DOE’s current performance estimates, addressing all of the KTI's in the 2004 time frame that has
been discussed will be an ambitious undertaking.

Mr. Chairman, let me close by observing that eliminating all uncertainty associated with estimates of
repository performance would never be possible at any repository site. Policy-makers will decide how
much scientific uncertainty is acceptable at the time various decisions are made on site recommendation
or repository development. The Board hopes that the information provided in this testimony and in its
letter report to Congress and the Secretary will be useful to policy-makers faced with making these
important decisions.

Thank you for the opportunity to present the Board’s views. I will be happy to respond to additional
questions from the Committee.
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UNITED STATES

NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

May 31, 2002
The Honorable Jeff Bingaman
Chairman
Committee on Energy and Natural Resources
U.S. Senate

Washington, DC 20510-6105
Dear Senator Bingaman:

Thank you very much for the opportunity to present the views of the Nuclear Waste
Technical Review Board at the hearing of the Committee on Energy and Natural Resources on
May 23, 2002. Following up on issues raised during the hearing, the Committee sent questions
to the Board on May 29, 2002. Enclosed are the Board’s responses to those questions.

As you know, the Board is charged by Congress with conducting an ongoing and
independent review of the technical and scientific validity of activities undertaken by the
Secretary of Encrgy associated with the management of the country’s commercial spent nuclear
fuel and defense high-level radioactive waste. The Board provides its technical views to help
inform policy-makers as they deliberate on issucs that face the Department of Energy related to
nuclear waste disposal.

Please do not hesitate to contact me or have your staff contact Bill Barnard, the Board’s
executive director, if you have questions related to the Board’s responses or any other issue
related to the Board’s technical and scientific review.

Sincerely,
{Signed by}

Jared L. Cohon
Chairman
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RESPONSES TO QUESTIONS ASKED BY
THE SENATE COMMITTEE ON ENERGY AND NATURAL RESOURCES

Could you further explain what you meant in your testimony about *‘gaps in data and basic
understanding cause important uncertainties in ... DOE’s performance estimates”?

Gaps in data and basic understanding exist in a number of areas including: the hydraulic
properties of faults and other significant rock-mass discontinuities at Yucca Mountain; thermal,
hydrologic, and mechanical characteristics of the repository rock formations (especially thermal
conductivity); the properties of the in-drift environment; fundamental mechanisms underlying
long-term corrosion and passive-film behavior; the chemical composition of salt solutions on the
waste package surface that could promote corrosion; colloid formation and dissolution; modeling
of rock-matrix diffusion and radionuclide transport in the drift shadow; oxidation-reduction
conditions in the saturated zone; and consequences of igneous activity. Because of the
cumulative effect of these and other uncertainties, the Board has limited confidence in current
estimates of repository performance generated by the DOE’s performance assessment model.
Increased understanding in these key areas could show that components of the repository system
perform better than or not as well as the DOE’s performance assessment model now projects.

Based on the International Atomic Energy Agency’s (IAEA) assertion that the modeling already
incorporates many conservatisms, do you believe that many of the uncertainties in the
performance estimates may already be well within an acceptable risk range?

Although the IAEA peer review group pointed out a number of conservatisms, it also mentioned
a number of potential non-conservatisms and areas where additional data are required to achieve
an increased level of understanding and confidence. More specifically, in the Board’s view, the
DOE’s current performance estimates for Yucca Mountain are based on a mix of conservative,
realistic, and non-conservative models and assumptions. This mix and the gaps in data and basic
understanding, such as those mentioned above, make it very difficult to estimate what the “true”
overall level of uncertainty is and whether or not this uncertainty lies within an acceptable range
of risk. So that policy-makers can determine whether the risks and associated uncertainties are
acceptable, the Board has recommended that meaningful quantification of conservatisms and
uncertainties be a high priority for the DOE.

conl91vf
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U.S. Nuclear Waste Technical Review Board
Strategic Plan: Fiscal Years 2003-2008

Statement of the Chairman

The Nuclear Waste Policy Amendments Act of
1987 directed the U.S. Department of Energy
(DOE) to characterize one site, at Yucca
Mountain in Nevada, to determine its suitability
as the location of a permanent repository for dis-
posing of spent nuclear fuel and high-level
radioactive waste. The Act also established the
U.S. Nuclear Waste Technical Review Board as
an independent agency within the executive
branch of the United States Government. The Act
requires the Board to evaluate continuously the
technical and scientific validity of activities
undertaken by the Secretary of Energy related to
implementing the Act and to report its findings
and recommendations to the Secretary and
Congress at least twice yearly. Congress created
the Board to perform ongoing independent and
unbiased technical and scientific evaluation—
crucial for public acceptance of decisions related
to nuclear waste disposal.

In 2002, Congress approved the President’s rec-
ommendation that the DOE proceed to develop a
license application for constructing a repository
at Yucca Mountain. As a result, the DOE plans to
prepare and submit an application to the Nuclear
Regulatory Commission (NRC) for repository
construction. The DOE plans to have the applica-
tion ready for submittal to the NRC in December

2004. After the application is submitted, the NRC
will have 3 years, with the option for a fourth, to
review the application.

This strategic plan includes the Board’s goals and
objectives for fiscal years 2003 through 2008.
During that period, the DOE will develop a license
application and will undertake important techni-
cal and scientific activities related to (a) gaining a
better understanding of the potential behavior of a
Yucca Mountain repository; (b) developing a
repository design; (c) reducing technical uncer-
tainties; (d) confirming estimates of repository
performance; and (e) developing and implement-
ing plans for a waste management system that
incorporates waste transportation, handling, and
packaging and repository operations. In accor-
dance with its statutory mandate, the Board will
continue its evaluation of the technical and scien-
tific validity of the DOE’s work in these areas.
Because many crucial technical and scientific deci-
sions will be made throughout this period, the
Board’s “systems view” of repository and waste
management activities and its ongoing independ-
ent technical and scientific review of the DOE’s
efforts will continue to be critically important.

On behalf of the Board,

Michael L. Corradini
Chairman

135



NWTRB 2002 Report to The U.S. Congress and The Secretary of Energy

Mission

The Board’s mission, established in the Nuclear
Waste Policy Amendments Act (NWPAA) of 1987
(Public Law 100-203), is to “...evaluate the tech-
nical and scientific validity of activities [for
management of high-level radioactive waste]
undertaken by the Secretary after the date of the
enactment of the Nuclear Waste Policy
Amendments Act of 1987...” By law, the Board
shall cease to exist not later than one year after
the date on which the Secretary begins disposal
of high-level radioactive waste or spent nuclear
fuel in a repository.

Vision

By performing ongoing and independent techni-
cal and scientific review of the highest quality, the
Board makes a unique and essential contribution
to the implementation of the Nuclear Waste Policy
Act (NWPA), to the credibility of the scientific
effort, to Congress’s understanding of technical
and scientific issues, and to the public’s access to
technical and scientific issues and information
related to the disposal of spent nuclear fuel and
high-level radioactive waste. The Board performs
critical technical and scientific peer review of the
DOE'’s work related to (a) gaining a better under-
standing of the potential behavior of a repository
at Yucca Mountain; (b) developing a repository
design for safe and efficient repository operations;
(c) establishing a program for confirming esti-
mates of repository performance; and (d) devel-
oping and implementing plans for a waste
management system that incorporates waste
transportation, handling, and packaging and
repository operations.

Values

To achieve its goals, the Board conducts itself
according to the following values:

e The Board strives to ensure that its members
and staff have no conflicts of interest—real or

perceived—related to the Secretary of Energy’s
efforts to implement the DOE’s nuclear waste
program.

¢ The Board members arrive at their conclusions
on the basis of objective evaluations of the
technical and scientific validity of the
Secretary’s activities.

¢ The Board’s practices and procedures are open
and conducted so that the Board’s integrity
and objectivity are above reproach.

* The Board’s findings, conclusions, and recom-
mendations are technically and scientifically
sound and are based on the best available tech-
nical analysis and information.

¢ The Board’s findings, conclusions, and recom-
mendations are communicated clearly and in
time for them to be most useful to Congress,
the Secretary, and the public.

* The Board encourages public comment and
discussion of DOE activities and Board find-
ings, conclusions, and recommendations.

Goals and Strategic Objectives

National Goals

The nation’s goals related to the disposal of
spent nuclear fuel and high-level radioactive
waste were set forth by Congress in the Nuclear
Waste Policy Act of 1982 (NWPA). The goals are
to develop a repository or repositories for dis-
posing of high-level radioactive waste and spent
nuclear fuel at a suitable site or sites and to
establish a program of research, development,
and demonstration for the disposal of such
waste.

The Nuclear Waste Policy Amendments Act of
1987 (NWPAA) limited repository development
activities to a single site at Yucca Mountain in
Nevada. The NWPAA also established the Board
and charged it with evaluating the technical and
scientific validity of the Secretary of Energy’s
activities associated with implementing the
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NWPA. The activities include characterizing the
Yucca Mountain site and packaging and trans-
porting spent nuclear fuel and high-level radioac-
tive waste.

The Board’s general goals have been established
in accordance with its statutory mandate and
with congressional action in 2002 authorizing the
DOE to proceed with the development of an
application to be submitted to the NRC for con-
structing a repository at Yucca Mountain. The
Board’s goals reflect the continuity of the Board’s
ongoing technical and scientific evaluation and
the Board’s “systems view” of the repository and
of waste management activities.

General Goals of the Board

To accomplish its congressional mandate, the
Board has established four general goals:

1. Evaluate the technical and scientific validity of
activities undertaken by the DOE related to
understanding, testing, analyzing, and model-
ing geologic and other natural components
of a proposed Yucca Mountain repository
system.

2. Evaluate the technical and scientific validity of
activities undertaken by the DOE related to
modeling, understanding, testing, and analyz-
ing the engineered components of a proposed
Yucca Mountain repository system.

3. Evaluate the technical and scientific validity of
activities undertaken by the DOE related to
understanding and modeling the interactions
of natural and engineered repository system
components, estimating the performance of
the proposed repository system, and integrat-
ing scientific and engineering activities.

4. Evaluate the technical and scientific validity of
activities undertaken by the DOE related to
planning, integrating, and implementing a
waste management system, including the
transportation, packaging, and handling of
spent nuclear fuel and high-level radioactive
waste and the operation of a repository.

Strategic Objectives of the Board

To achieve its general goals, the Board has estab-
lished the following long-term objectives:

1. Objectives Related to the Natural System

1.1 Evaluate the technical and scientific validity
of data and analyses related to the contribu-
tions of the natural barriers to waste isolation
in a Yucca Mountain repository.

1.2. Monitor DOE analyses and investigations
related to hydrologic, geologic, geotechnical,
seismic, volcanic, climatic, biological, and
other natural features, events, and processes
at the Yucca Mountain site and at related
analogue sites.

1.3. Monitor DOE efforts to increase fundamental
understanding of the potential behavior of
the repository in a natural system.

1.4. Evaluate DOE and other studies and analyses
related to repository tunnel environments.*

1.5. Review DOE integration of technical and sci-
entific activities related to the natural system.

1.6. Review DOE efforts to confirm estimates of
natural-system performance, including tests
of models and assumptions and the pursuit
of independent lines of evidence.

2. Objectives Related to the Engineered System

2.1. Evaluate the technical and scientific validity
of DOE data and analyses related to the con-
tribution of the engineered system to waste
isolation in a Yucca Mountain repository.

2.2. Evaluate DOE and other studies and analyses
related to repository tunnel environments.*

* This is a shared objective under the natural system and the
engineered system.
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2.3. Assess DOE efforts to increase understand-
ing of fundamental corrosion processes in a
proposed repository.

2.4. Review waste package designs, including the
performance attributes and technical bases
for such designs, and assess the need to
revise waste package designs on the basis of
the results of ongoing technical and scientific
studies.

2.5. Evaluate the integration of science and engi-
neering in the DOE program, especially the
integration of new data into repository and
waste package designs.

2.6. Review DOE activities related to confirming
the predicted performance of the engineered
system.

3. Objectives Related to Repository System Perfor-
mance and Integration

3.1. Evaluate the technical and scientific validity
of the DOE’s technical basis for its estimates
of repository system performance.

3.2. Review the technical and scientific validity
of DOE models used to predict repository
system performance.

3.3. Evaluate DOE efforts to increase confidence
in its estimates of repository performance.

3.4. Evaluate the technical and scientific validity
of DOE efforts to gain a more realistic
understanding of the interaction of the
natural and engineered components of a
repository system.

3.5. Evaluate the integration of science and engi-
neering with performance assessment.

3.6. Evaluate the technical bases for the DOE'’s
repository safety case, including efforts
to integrate the safety case with multiple
lines of evidence and performance con-
firmation.

3.7. Monitor the development of DOE plans and
activities for performance confirmation.

4. Obyjectives Related to the Waste Management System

4.1. Review DOE efforts related to the interaction
of components of the waste management
system from a life-cycle systems perspective,
including at-reactor storage, waste accept-
ance, transportation, and repository design
and operations.

4.2. Review the technical and scientific validity of
the DOE’s plans for safely handling and
packaging spent nuclear fuel and high-level
radioactive waste for transport to a perma-
nent repository and for disposal in a perma-
nent repository.

4.3. Review the technical and scientific aspects of
the DOE’s transportation plans.

4.4. Review the technical and scientific validity of
the DOE’s plans for developing a transporta-
tion infrastructure.

4.5. Evaluate design and engineering of the facility
components or subsystems that involve inno-
vative features, assumptions, and approaches.

4.6. Review the process through which the DOE
provides technical and scientific information
to stakeholders and includes stakeholders in
the development of waste management plans.

Achieving the Goals and Objectives

The NWPAA grants significant investigatory
powers to the Board. In accordance with the
NWPAA, the Board may hold such hearings, sit
and act at such times and places, take such testi-
mony, and receive such evidence as it considers
appropriate. By law, no nominee to the Board
may be an employee of the DOE, a National
Laboratory, or DOE contractors performing activ-
ities related to high-level radioactive waste or
spent nuclear fuel.
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At the request of the Board and subject to exist-
ing law, the NWPAA directs the DOE to provide
all records, files, papers, data, and information
requested by the Board, including drafts of
work products and documentation of work in
progress. According to the legislative history, in
providing this access, Congress expected that
the Board would review and comment on DOE
decisions, plans, and actions as they occurred,
not after the fact. The Board has the power,
under current law, to achieve its goals and
objectives.

In conducting its ongoing technical and scientific
review, the Board takes a systems view of the
repository and of waste management activities.
Consistent with this approach, the Board has
established the following four panels with
purviews corresponding to the Board’s general
goals:

1. Panel on the Natural System

Panel Goal: Evaluate the technical and scien-
tific validity of activities undertaken by the
DOE related to understanding, testing, ana-
lyzing, and modeling geologic and other
natural components of a proposed Yucca
Mountain repository system.

2. Panel on the Engineered System

Panel Goal: Evaluate the technical and scien-
tific validity of activities undertaken by the
DOE related to modeling, understanding,
testing, and analyzing the engineered com-
ponents of a proposed Yucca Mountain
repository system.

3. Panel on Repository System Performance
and Integration

Panel Goal: Evaluate the technical and scien-
tific validity of activities undertaken by the
DOE related to understanding and model-
ing the interactions of natural and engi-
neered repository system components,
estimating the performance of the proposed
repository system, and integrating scientific
and engineering activities.

4. Panel on the Waste Management System

Panel Goal: Evaluate activities undertaken
by the DOE related to planning, integrating,
and implementing a waste management
system, including the transportation, pack-
aging, and handling of spent nuclear fuel
and high-level radioactive waste and the
operation of a repository.

Much of the Board’s information gathering
occurs at open public meetings arranged by the
Board. At each meeting, the DOE, its contrac-
tors, and other program participants present
technical information according to an agenda
prepared by the Board. Board members and
staff question presenters during the meetings.
Time is provided at the meeting for comments
from members of the public and interested
parties. The full Board holds three or four meet-
ings each year, usually in Nevada. The Board’s
panels meet as needed to investigate specific
issue areas.

The Board also gathers information through field
trips to the Yucca Mountain site, visits to con-
tractor laboratories and facilities, and meetings
with individuals working on the project. Board
members and staff attend national and interna-
tional symposia and conferences related to the
science and technology of nuclear waste dis-
posal. From time to time, Board members and
staff also visit programs in other countries to
review best practices, perform benchmarking,
and assess potential analogues.

Although the Board’s information-gathering
activities are carried out primarily to further the
Board’s review, they often have the collateral
benefit of promoting communication and inte-
gration of technical information within the DOE
program and facilitating the dissemination of
information among interested parties outside
the program. Analyses are performed primarily
by Board members and the Board’s staff. When
necessary, the Board hires special expert consult-
ants to perform in-depth reviews of specific
technical and scientific topics.
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Crosscutting Functions

Several entities and agencies are involved in
developing a system for safely packaging, trans-
porting, and disposing of spent nuclear fuel and
high-level radioactive waste in a geologic reposi-
tory at a suitable site. As discussed in the follow-
ing paragraphs, the Board’s ongoing peer review
and systems approach is unique among those
involved in managing spent nuclear fuel and
high-level radioactive waste.

¢ Congress and the Administration, including
the Secretary of Energy, make decisions on
national policy and goals and how they will be
implemented. The Board’s role in this process
is to help ensure that policy-makers receive
unbiased and credible technical and scientific
analyses and information.

e State and local governments comment on and
oversee DOE activities. The Board’s oversight
activities are different in that they are
(1) unconstrained by any stake in the outcome
of the endeavor besides the credibility of the
scientific and technical activities; (2) confined
to scientific and technical evaluations; and
(3) conducted by individuals nominated by the
National Academy of Sciences and expressly
chosen by the President for their expertise in
the various disciplines represented in the DOE
program.

 Other federal agencies (in addition to the Board)
with roles in the waste management program
include the DOE, the NRC, the Environmental
Protection Agency (EPA), the Department of
Transportation (DOT), and the United States
Geological Survey (USGS). The DOE and its
contractors are responsible for developing and
implementing waste management plans and for
conducting analytical and research activities
related to licensing, constructing, and operating
a repository. The NRC is the regulatory body
with responsibility for licensing the construc-
tion and operation of a proposed repository and
for certifying transportation casks. The EPA is
responsible for issuing radiation safety stan-
dards that the NRC uses to formulate its reposi-
tory regulations. The DOT is responsible for
regulating the transporters of the waste. The

USGS participates in site-characterization activ-
ities at the Yucca Mountain site. The Board’s role
and its systems approach are unique among
these federal agencies: perform ongoing, inde-
pendent review and expert oversight of the
technical and scientific validity of the Secretary
of Energy’s activities relating to civilian radioac-
tive waste management and communicate its
tindings and recommendations to Congress, the
Secretary, and the public. The Board’s technical
and scientific evaluations enhance the work of
other agencies involved in achieving the
national goal.

Key External Factors

Some factors that are beyond the Board’s control
could affect its ability to achieve its goals and
objectives. Among them are the following;:

® The Board has no implementing authority. The
Board is by statute a technical and scientific
review body that can only make recommen-
dations to the DOE. Congress expected that
the DOE would accept the Board’s recom-
mendations or indicate why the recom-
mendations could not or should not be
implemented. However, the DOE is not
legally obligated to accept any of the Board’s
recommendations.

To increase its effectiveness, the Board has devel-
oped procedures for increasing the relevance of
its findings and recommendations for Congress,
the Secretary, DOE program managers, and the
public. The Board’s recommendations and the
DOE'’s responses are included in Board reports to
Congress and the Secretary. If the DOE does not
accept a Board recommendation, the Board’s
recourse is to advise Congress or reiterate its
recommendation to the DOE, or both.

* Legislation and budget considerations could affect
nuclear waste policy. Congress has considered
nuclear waste legislation several times in the
last few years. The effects of such legislation, if
enacted, on the program or the Board’s activi-
ties are not currently known. In addition, the
level of funding provided to the Board affects
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its ability to comprehensively review DOE
activities. Funding levels for the program also
may influence activities undertaken in a given
year or over time.

The Board will evaluate the status of these exter-
nal factors, identify any new factors, and, if war-
ranted, modify the “external factors” section of
the strategic plan as part of the annual program
evaluation described below.

Evaluating Board Performance

The Board believes that measuring its effective-
ness by directly correlating improvements in the
DOE program with Board actions and recom-
mendations would be ideal. However, the Board
has no implementing authority. Consequently, a
judgment about whether a specific recommenda-
tion had a positive outcome for the DOE pro-
gram is, in most cases, (1) subjective and (2) an
imprecise indicator of Board performance
because implementation of Board recommenda-
tions by the DOE is outside the Board’s direct
control. Therefore, to measure its performance in
a given year, the Board has developed perform-
ance measures. For each annual performance
goal, the Board considers the following.

1. Were the reviews, evaluations, and other activ-
ities undertaken under the auspices of the goal
completed?

2. Were the results of the reviews, evaluations,
and other activities communicated in a timely,
understandable, and appropriate way to
Congress and the Secretary of Energy?

If both measures are met, the Board’s perform-
ance in meeting the annual goal will be judged
effective. If only one measure is met, the per-
formance of the Board in achieving that goal will
be judged minimally effective. Failing to meet
both performance measures without sufficient
and compelling explanation will result in a judg-
ment that the Board has been ineffective in
achieving that performance goal.

The Board will use its evaluation of its own per-
formance from the current year, together with its
assessment of current or potential key issues of
concern related to the DOE program, to establish
its annual performance objectives and develop its
budget request for subsequent years. The results
of the Board’s performance evaluation are
included in its annual summary report.

Congressional and Stakeholder
Consultations

In developing its original strategic plan, the
Board consulted with the Office of Management
and Budget, the DOE, congressional staff, and
members of the public and provided a copy of
the plan to the NRC and to representatives of
state and local governments. The Board solicited
public comment and presented its strategic plan
at a session held expressly for this purpose dur-
ing a public Board meeting in Amargosa Valley,
Nevada, on January 20, 1998. The Board is solic-
iting pubic comment on its revised strategic plan
and performance plan for fiscal year 2004. Copies
of the Board’s strategic plan and annual per-
formance plans and forms for providing com-
ment are available on the Board’s Web site:
www.nwtrb.gov.
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U.S. Nuclear Waste Technical Review Board
Performance Plan and Evaluation:
Fiscal Year 2002

The NWTRB’s General Goals
and Strategic Objectives

The national goal for radioactive waste manage-
ment established by Congress in the Nuclear
Waste Policy Act of 1982 (NWPA) and the
Nuclear Waste Policy Amendments Act of 1987 is
safe disposal of civilian spent nuclear fuel and
high-level radioactive waste in a permanent geo-
logic repository at a suitable site or sites. In the
acts, Congress directed the U.S. Department of
Energy (DOE) to characterize a site at Yucca
Mountain, Nevada, to determine its suitability as
the potential location of a permanent repository
for spent nuclear fuel and high-level radioactive
waste. Congress charged the U.S. Nuclear Waste
Technical Review Board with reviewing the tech-
nical and scientific validity of the Secretary of
Energy’s activities associated with implementing
the NWPA, including characterizing the Yucca
Mountain site and packaging and transporting
the waste. The Board’s general goals have been
established in accordance with its congressional
mandate.*

General Goals

To accomplish its congressional mandate, the
Board has established four general goals.

1. Ensure that technical and scientific activities
undertaken by the DOE related to characteriz-
ing and analyzing the natural components of a
potential Yucca Mountain repository and pre-
dicting the performance of a potential reposi-
tory establish a sound technical basis for a
decision on whether to recommend the site for
repository development.

2. Ensure that technical and scientific activities

undertaken by the DOE related to evaluating
and designing the repository and waste pack-
ages are well integrated and establish a sound
technical basis for designing the repository
system, including the engineered barrier sys-
tem (EBS).

3. Ensure that technical and scientific activities

undertaken by the DOE related to packaging,
handling, and transporting spent nuclear fuel
and high-level radioactive waste to a potential
repository are well integrated and establish a
sound technical basis for designing and operat-
ing a waste management system.

4. Ensure that technical and scientific perform-

ance-confirmation activities undertaken by the
DOE establish a sound technical basis for
operating a repository, reducing uncertainties
related to repository performance, and revis-
ing repository and waste package designs.
(Will apply only if the site recommendation is
approved.)

* In February 2002, the Secretary of Energy and the President recommended the Yucca Mountain site for repository development.
If the State of Nevada disapproves the recommendation, Congress will debate a “Resolution of Approval” later this year.
The Board’s goals and objectives will be revised to reflect the outcome of these deliberations.
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Strategic Objectives

To achieve its general goals, the Board has estab-
lished the following long-term objectives.

1. Objectives Related to the Natural Components
of the Repository System and Predicting Repository
Performance

1.1. Evaluate the technical and scientific validity
of DOE studies, testing, and analyses sup-
porting a decision on whether to recommend
the Yucca Mountain site.

1.2. Evaluate the analyses and investigations
pertaining to hydrologic and other natural
processes at the Yucca Mountain site and at
related analogue sites that establish the
foundation for predicting repository per-
formance.

1.3. Review the technical and scientific validity
of models used to predict repository
performance.

1.4. Evaluate the DOE’s progress in developing a
safety strategy for the Yucca Mountain site.

1.5. Monitor progress in completing develop-
ment of standards and regulatory guidelines
for a potential Yucca Mountain repository.

1.6. Review the Record of Decision and maintain
awareness of legal challenges to the final
environmental impact statement for a poten-
tial Yucca Mountain repository.

2. Objectives Related to the Engineered Components
of the Repository System

2.1. Evaluate repository and waste package
designs, including the technical bases for the
designs.

2.2. Review the progress or results of materials
testing being conducted to address uncer-
tainties about waste package performance.

2.3. Assess the integration of science and engineer-
ing in the DOE program, paying particular
attention to the effects of site-characterization
studies (e.g., modeling, testing, and analyses
of thermal and mechanical effects) on reposi-
tory and waste package designs.

3. Objectives Related to the Waste Management System

3.1. Evaluate the accuracy and reasonableness of
analyses, methods, and major assumptions
used by the DOE in estimating health and
safety risks associated with transporting
spent nuclear fuel and high-level radioactive
waste.

3.2. Review the adequacy of DOE plans for
developing the transportation infrastructure
and determine the effort needed to develop a
large-scale transportation capability.

3.3. Review the adequacy of the DOE’s plans for
safely handling and packaging spent nuclear
fuel and high-level radioactive waste for
transport to a permanent repository.

3.4. Evaluate the effectiveness of the DOE'’s
efforts to integrate the various components of
the waste management system (packaging,
handling, transport, storage, and disposal of
the waste).

3.5. Review the DOE’s plans for addressing pub-
lic safety concerns and for enhancing safety
capabilities along transportation corridors.
This includes activities related to develop-
ment of plans (e.g., route selection), coordi-
nation, accident prevention (e.g., improved
inspections and enforcement), and emer-
gency response.

4. Objectives Related to Confirmatory Testing (Will
apply only if the site recommendation is approved.)

4.1. Monitor performance-confirmation activi-
ties, including performance-confirmation
planning, undertaken by the DOE that are
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designed to reduce uncertainties related to
repository performance.

4.2. Monitor performance-confirmation activities
undertaken by the DOE, and evaluate the
need to revise repository or waste package
designs on the basis of the results of such
activities.

Performance Goals for FY 2002

The Board’s performance goals for fiscal year
(FY) 2002 have been developed to further the
achievement of the Board’s general goals and
strategic objectives. Because some of the general
goals and strategic objectives relate to work and
activities that will be undertaken in the future,
they may not have corresponding annual per-
formance goals in any given year. For example,
the following performance goals for FY 2002
relate primarily to DOE activities supporting a
DOE decision on whether to recommend the
Yucca Mountain site to the President, the design
of a potential repository and waste package, and
transportation planning.

1. Performance Goals Related to Site Suitability and
Predicting Repository Performance and Strategy for
Achieving Performance Goals

PERFORMANCE GOALS

1.1.1. Review for technical validity the technical
and scientific components of a DOE site rec-
ommendation report (if applicable).

1.1.2. Monitor the DOE’s efforts to quantify
uncertainties related to estimates of reposi-
tory performance.

1.2.1. Monitor the results of flow-and-transport
studies being conducted to obtain informa-
tion on the potential performance of the
saturated zone as a natural barrier in the
repository system.

1.2.2. Evaluate geologic, hydrologic, and geo-
chemical information obtained from the

enhanced characterization of the repository
block at Yucca Mountain.

1.3.1. Determine the strengths and weaknesses of
the total system performance assessment
(TSPA).

1.3.2. On the basis of an evaluation of the natural
processes at work at the Yucca Mountain
site, recommend additional work needed
to address uncertainties, paying particular
attention to estimates of the rate and distri-
bution of water seepage into the proposed
repository under proposed repository
design conditions.

1.3.3. Evaluate the DOE’s quantification of uncer-
tainties and conservatisms used in TSPA.

1.3.4. Recommend additional measures for
strength ening the DOE'’s repository safety
case.

1.3.5. Evaluate data from the drift-scale heater
test.

1.4.1. Review plans and work carried out on
natural and engineered analogs.

STRATEGY FOR ACHIEVING GOALS

The strategy for achieving performance goals for
FY 2002 is similar to that used and proven suc-
cessful in previous years. The Board will accom-
plish its goals by doing the following.

* Reviewing critical documents provided by the
DOE and its contractors, including contractor
reports, process model reports, TSPA for site
recommendation, and the site recommendation.

* Meeting with contractor’s principal investiga-
tors on technical issues, including those related
to climate change, flow and transport in the
unsaturated and saturated zones, seepage, and
the biosphere.

¢ Holding public meetings with DOE and con-
tractor personnel at least three times a year
involving the full Board and holding several
meetings with individual Board panels.
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* Visiting and observing ongoing laboratory
investigations, including the facilities at
Lawrence Livermore National Laboratory,
Lawrence Berkeley National Laboratory,
Sandia National Laboratories, and the engi-
neered-barrier test facility. Observing field
investigations.

* Meeting with other entities carrying out
research on, or providing input to, scien-
tificand technical issues related to waste
disposal, including the Nuclear Regulatory
Commission (NRC) and its contractors,
the Southwest Research Institute, The Nye
County Early Warning Drilling Program,
the Environmental Protection Agency, and
the State of Nevada Nuclear Waste Projects
Office.

2. Performance Goals Related to the Engineered
Repository System and Strategy for Achieving
Performance Goals

PERFORMANCE GOALS

2.1.1. Monitor the DOE’s development of analyt-
ical tools for assessing the differences
between different repository designs.

2.1.2. Evaluate the accuracy and completeness of
the technical bases for repository and waste
package designs.

2.1.3. Evaluate the extent to which the DOE is
using the technical bases for modifying
repository and waste package designs.

2.1.4. Monitor and evaluate the DOE’s progress
in developing a technical basis for modi-
fied or novel design features.

2.2.1. Evaluate data from studies of corrosion
and the waste package environment on the
predicted performance of materials being
proposed for the EBS.

2.3.1. Assess the integration of scientific studies
with engineering designs for the repository
and the waste package. In particular, mon-
itor the results of ongoing thermal tests and
evaluate DOE plans for using the test

results to support models of the thermally
disturbed region near the repository and
for deciding on spacing between emplace-
ment drifts, degree of preclosure ventila-
tion, and closure date of the potential
repository.

2.3.2. Evaluate the DOE’s efforts in identifying

natural and engineered analogs.

STRATEGY FOR ACHIEVING GOALS

The Board will accomplish its goals by doing the
following.

Evaluating the technical bases for the EBS
design by reviewing technical documents
and databases (e.g., the controlled design
assumption document and the technical
database), paying particular attention to the
technical bases for making and inspecting
final closure welds of the waste package and
methods for making sections of the drip
shields. Meetings will be held with project
personnel as necessary to obtain clarification
and confirmation.

Evaluating the technical bases for repository
design by reviewing DOE documents and
databases, paying particular attention to
design features developed to promote
drainage, control ventilation, and protect
workers in the exhaust end of the ventilation
system.

Evaluating repository and waste package
designs to identify which parts (if any) of the
designs do not have a technical basis.

Evaluating the technical basis for the DOE’s
work on alternative design features.

After identifying the corrosion mechanisms
most important to performance of the overall
repository system, reviewing the common
database (literature, laboratory, and field data)
and judging the adequacy of the database for a
decision on site recommendation.
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3. Performance Goals Related to the Waste
Management System and Strategy for Achieving
Performance Goals

PERFORMANCE GOALS

3.1.1. Monitor efforts by the NRC to update esti-
mates of risk associated with transporta-
tion of spent nuclear fuel and high-level
radioactive waste.

3.1.2. Evaluate the operation of the entire reposi-
tory facility, including the surface and sub-
surface components.

3.2.1. Evaluate the effects of “off-normal” events
at the surface facility and how the events
could affect the ability of the facility to
receive waste shipments.

3.2.2. Evaluate the effects of reduced receiving
capacity at the repository surface facility on
the nationwide transportation system.

3.3.1. Examine the ability of storage casks and
containers, including multipurpose canis-
ters, to serve as disposal casks and contain-
ers in a repository.

3.3.2. Evaluate effects of human errors on risks
associated with packaging and transport-
ing spent nuclear fuel.

3.4.1. Evaluate logistics capabilities of the trans-
portation system.

3.4.2. Monitor progress in implementing new
technologies for improving transportation
safety for spent fuel (e.g., electronic brak-
ing, wheel-bearing monitoring).

3.4.3. Review criteria for waste acceptance for
storage to ensure that accepted material
has been suitably characterized for subse-
quent disposal.

3.4.4. Evaluate the DOE’s plans for enhancing
safety capabilities along transportation corri-
dors, and review the DOE'’s planning and
coordination activities (e.g., route selection),
accident prevention activities (e.g., improved
inspections and enforcement), and emer-
gency response activities.

STRATEGY FOR ACHIEVING GOALS

The Board will accomplish its goals by doing the
following.

¢ Meeting with the American Association of
Railroads, individual railroad companies,
and railroad infrastructure manufacturers to
determine the current state of rail infrastruc-
ture, and noting the effects of a sustained
transportation campaign on the railroad
industry.

¢ Attending meetings of the DOE-sponsored
Transportation External Working Group to
determine how well the DOE is working to
implement Section 180(c) of the Nuclear Waste
Policy Act.

¢ Holding meetings of the Board’s Panel on the
Waste Management System, as appropriate.

4. Performance Goals Related to Long-Term Activities
and Strategy for Achieving Performance Goals
(Will apply only if the site is found suitable and a
site recommendation is ratified.)

PERFORMANCE GOALS

4.1.1. Monitor the DOE’s proposed plans for per-
formance confirmation to help ensure that
uncertainties identified as part of the site
recommendation process are addressed.

4.1.2. Monitor design modification activities
undertaken by the DOE.

STRATEGY FOR ACHIEVING GOALS

The Board will accomplish its goals by doing the
following.

¢ Reviewing critical documents provided by the
DOE and its contractors, including contractor
reports, process model reports, TSPA for site
recommendation, and the site recommendation.

¢ Reviewing performance-confirmation plans
and meeting with DOE personnel to discuss
aspects of the plans.
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Evaluation of the Board’s
Performance During 2002

The Board believes that measuring its effective-
ness by directly correlating improvements in the
DOE program with Board actions and recom-
mendations would be ideal. However, the Board
has no implementing authority, so it cannot com-
pel the DOE to comply with its recommenda-
tions. Consequently, a judgment about whether a
specific recommendation had a positive outcome
for the DOE program is, in most cases, (1) sub-
jective and (2) an imprecise indicator of Board
performance because implementation of Board
recommendations by the DOE is outside the
Board’s direct control. Therefore, to measure its
performance in a given year, the Board has
developed performance measures. For each
annual performance goal, the Board considers
the following.

1. Were the reviews, evaluations, and other activ-
ities undertaken under the auspices of the goal
completed?

2. Were the results of the reviews, evaluations,
and other activities communicated in a timely,
understandable, and appropriate way to
Congress and the Secretary of Energy?

If both measures are met, the Board’s perform-
ance in meeting the annual goal will be judged
effective. If only one measure is met, the per-
formance of the Board in achieving that goal will
be judged minimally effective. Failing to meet
both performance measures without sufficient
and compelling explanation will result in a judg-
ment that the Board has been ineffective in
achieving that performance goal.

The Board will use its evaluation of its own per-
formance from the current year, together with its
assessment of current or potential key issues of
concern related to the DOE program, to establish
its annual performance objectives and develop its
budget request for subsequent years. The results
of the Board’s performance evaluation are
included in the Board’s annual summary report
to Congress and the Secretary.

On the basis of the following evaluation and con-
sistent with the performance measures described
in the previous section, the Board’s performance
for 2002 was found to be effective. However, the
Secretary’s activities related to the waste man-
agement program were very limited in 2002.
Therefore, most of the Board’s 2002 goals in that
area have been deferred until 2003.

1. Performance Goals and Evaluation Related to Site
Suitability and Predicting Repository Performance

PERFORMANCE GOALS

1.1.1. Review for technical validity the technical
and scientific components of a DOE site
recommendation report.

e Evaluation of 1.1.1: The Board submit-
ted a letter to Congress and the
Secretary on January 24, 2002, giving
the Board’s evaluation of the DOE’s
technical and scientific work. The
Board found the DOE’s technical basis
for its performance estimates to be
weak to moderate. On the same date,
the Board sent answers to questions
raised by Senators Harry Reid and John
Ensign and by Representatives Joe
Barton and John Shimkus on the DOE’s
technical and scientific activities
related to site recommendation. On
April 18, 2002, Chairman of the Board
Jared Cohon testified before the House
Subcommittee on Energy and Air
Quality, Committee on Energy and
Commerce, on issues related to the
DOE'’s technical basis for its perform-
ance estimates. On May 23, 2002,
Chairman Cohon testified before the
Senate Committee on Energy and
Natural Resources on the same subject.
The Board received follow-up ques-
tions from the House Subcommittee
and the Senate Committee. The Board
sent its responses to the follow-up
questions to Representative Joe Barton
on May 22, 2002, and to the Committee
on Natural Resources on May 31, 2002.
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1.1.2.

1.2.1.

1.2.2.

1.3.1.

Monitor the DOE’s efforts to quantify
uncertainties related to estimates of reposi-
tory performance.

¢ Evaluation of 1.1.2: The Board reiterated
its recommendation for the DOE to quan-
tify uncertainties in the Board’s January
24,2002, letter report to Congress and the
Secretary and in a June 20, 2002, letter to
the director of the DOE’s Office of
Civilian Radioactive Waste Management
(OCRWM), Margaret Chu.

Monitor the results of flow-and-transport
studies being conducted to obtain informa-
tion on the potential performance of the
saturated zone as a natural barrier in the
repository system.

¢ Evaluation of 1.2.1: The Board received
an update on the DOE’s flow-and-trans-
port models on the site-scale saturated
zone model at the Board’s January 2002
meeting. The Board also commented on
the DOE’s efforts to determine whether
the natural system makes a greater con-
tribution to isolating and containing
waste in its November 22, 2002, letter to
OCRWM director Margaret Chu.

Evaluate geologic, hydrologic, and geo-
chemical information obtained from the
enhanced characterization of the repository
block (ECRB) at Yucca Mountain.

e Evaluation of 1.2.2: The Board was
updated on the status of ECRB studies at
its September 2002 meeting. In the
Board’s November 22, 2002, letter to
Margaret Chu, the Board commented on
the need to find an explanation for mois-
ture discovered in the closed-off section
of the tunnel.

Determine the strengths and weaknesses
of TSPA.

¢ Evaluation of 1.3.1: The Board discussed
TSPA in its January 24, 2002, letter report
to the Secretary of Energy and Congress.

The Board held a session on TSPA at its
January 2002 meeting and a session on
barrier analysis at its September 2002
meeting. The Board commented on
TSPA in its November 22, 2002, letter to
Margaret Chu.

1.3.2. On the basis of an evaluation of the natural

processes at work at the Yucca Mountain
site, recommend additional work needed
to address uncertainties, paying particular
attention to estimates of the rate and distri-
bution of water seepage into the proposed
repository under proposed repository
design conditions.

¢ Evaluation of 1.3.2: In its January 24,
2002, letter report, the Board com-
mented on ways to increase confidence
and decrease uncertainties, including
increasing fundamental understanding
and, potentially, lowering repository
temperatures. In its November 22, 2002,
letter to Margaret Chu, the Board
encouraged the DOE to reconcile contra-
dictory data about the presence of chlo-
rine-36 at the repository horizon and
urged the DOE to complete experi-
ments, such as the drift-scale thermal
test, before drawing conclusions about
whether uncertainties have been esti-
mated properly.

1.3.3. Evaluate the DOE’s quantification of uncer-

tainties and conservatisms used in TSPA.

¢ Evaluation of 1.3.3: The Board evaluated
the DOE’s quantification of uncertainties
in the Board’s January 24, 2002, letter
report to Congress and the Secretary. The
Board was updated at its January meet-
ing on the DOE’s uncertainty analysis
and strategy report. The Board com-
mented on other aspects of the DOE’s
analyses of uncertainties in its November
22,2002, letter to Margaret Chu.
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1.3.4. Recommend additional measures for

strengthening the DOE’s repository safety
case.

e Evaluation of 1.3.4: The Board com-
mented on the DOE’s safety case in its
January 24, 2002, letter to Congress and
the Secretary. The Board held a session
devoted to the DOE’s safety case at its
May 2002 meeting. The Board again
commented to the DOE on the need for a
defensible safety case that includes mul-
tiple lines of evidence supporting TSPA
projections in a letter to Margaret Chu
dated June 20, 2002.

1.3.5. Evaluate data from the drift-scale heater test.

e Evaluation of 1.3.5: The Board made the
recommendation that the DOE complete
and analyze the data from the drift-scale
heater test in the Board’s letter to
Margaret Chu dated November 22, 2002.

1.4.1. Review plans and work carried out on

natural and engineered analogs.

e Evaluation of 1.4.1: The Board reiterated
the importance of finding natural
analogs in its November 24, 2002, letter
to Congress and the Secretary and in let-
ters to Margaret Chu dated June 20, 2002,
and November 22, 2002.

2. Performance Goals and Evaluation Related to the
Engineered Repository System

PERFORMANCE GOALS

2.1.1. Monitor the DOE’s development of analyt-

ical tools for assessing the differences
between different repository designs.

¢ Evaluation of 2.1.1: The Board discussed
issues related to repository design at its
May meeting and received an update on
repository design at its November meet-
ing. The Board commented on the DOE’s
analysis of the differences in perform-
ance associated with different repository
designs in its November 22, 2002, letter
to Margaret Chu.

2.1.2.

2.1.3.

2.14.

2.2.1.

23.1.

Evaluate the accuracy and completeness of
the technical bases for repository and waste
package designs.

* Evaluation of 2.1.2: The Board discussed
issues related to repository design at its
May meeting and received an update on
repository design at its November meet-
ing. The Board commented on the DOE’s
technical analysis of repository designs
in its November 22, 2002, letter to
Margaret Chu.

Evaluate the extent to which the DOE is
using the technical bases for modifying
repository and waste package designs.

¢ Evaluation of 2.1.3: The Board discussed
issues related to repository design at its
May meeting and received an update on
repository design at its November meet-
ing. The Board commented on the DOE’s
technical analysis of repository designs
in its November 22, 2002, letter to
Margaret Chu.

Monitor and evaluate the DOE'’s progress
in developing a technical basis for modi-
tied or novel design features.

¢ Evaluation of 2.1.4: The Board discussed
issues related to repository design at its
May 2002 meeting and received an
update on repository design at its
November 2002 meeting.

Evaluate data from studies of corrosion
and the waste package environment on the
predicted performance of materials being
proposed for the EBS.

e Evaluation of 2.2.1: The Board was
updated on the DOE’s corrosion studies
at its January 2002 and September 2002
meetings. The Board commented specifi-
cally on tunnel environments and their
influence on the performance of the
waste package in its letter to Margaret
Chu dated June 20, 2002.

Assess the integration of scientific studies
with engineering designs for the repository
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2.3.2.

and the waste package. In particular, mon-
itor the results of ongoing thermal tests and
evaluate DOE plans for using the test
results to support models of the thermally
disturbed region near the repository and
for deciding on spacing between emplace-
ment drifts, degree of preclosure ventila-
tion, and closure date of the potential
repository.

e Evaluation of 2.3.1: The Board was
updated on the DOE’s corrosion studies
at its January 2002 and September 2002
meetings. The Board commented on
waste package spacing and ventilation
concepts in its letter to Margaret Chu
dated June 20, 2002.

Evaluate the DOE’s efforts in identifying
natural and engineered analogs.

e Evaluation of 2.3.2: The Board com-
mented on the importance of identify-
ing natural and engineered analogs
inits January 24, 2002, letter to the
Secretary and Congress and in letters to
Margaret Chu dated June 20, 2002, and
November 22, 2002.

3. Performance Goals and Evaluation Related to the
Waste Management System

PERFORMANCE GOALS

3.1.1.

3.1.2.

Monitor efforts by the NRC to update esti-
mates of risk associated with transporta-
tion of spent nuclear fuel and high-level
radioactive waste.

¢ Evaluation of 3.1.1: The Board monitored
the progress of the NRC’s ongoing pack-
age performance study.

Evaluate the operation of the entire reposi-
tory facility, including the surface and sub-
surface components.

¢ Evaluation of 3.1.2: Because of limited
DOE activity in this area, the Board’s
performance goal was deferred until
2003.

3.2.1.

3.2.2.

3.3.1.

3.3.2.

34.1.

3.4.2.

Evaluate the effects of “off-normal” events
at the surface facility and how the events
could affect the ability of the facility to
receive waste shipments.

e Evaluation of 3.2.1: Because of limited
DOE activity in this area, the Board’s per-
formance goal was deferred until 2003.

Evaluate the effects of reduced receiving
capacity at the repository surface facility on
the nationwide transportation system.

¢ Evaluation of 3.2.2: Because of limited
DOE activity in this area, the Board’s per-
formance goal was deferred until 2003.

Examine the ability of storage casks and
containers, including multipurpose canis-
ters, to serve as disposal casks and contain-
ers in a repository.

e Evaluation of 3.3.1: Because of limited
DOE activity in this area, the Board’s per-
formance goal was deferred until 2003.

Evaluate the effects of human errors on
risks associated with packaging and trans-
porting spent nuclear fuel.

e Evaluation of 3.3.2: Because of limited
DOE activity in this area, the Board’s per-
formance goal was deferred until 2003.

Evaluate logistics capabilities of the trans-
portation system.

e Evaluation of 3.4.1: Because of limited
DOE activity in this area, the Board’s
performance goal was deferred until
2003.

Monitor progress in implementing new
technologies for improving transportation
safety for spent fuel (e.g., electronic brak-
ing, wheel-bearing monitoring).

e Evaluation of 3.4.2: Because of limited
DOE activity in this area, the Board’s
performance goal was deferred until
2003.
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3.4.3. Review criteria for waste acceptance for
storage to ensure that accepted material
has been suitably characterized for subse-
quent disposal.

e Evaluation of 3.4.3: Because of limited
DOE activity in this area, the Board’s per-
formance goal was deferred until 2003.

3.4.4. Evaluate the DOE’s plans for enhancing
safety capabilities along transportation cor-
ridors, and review the DOE’s planning and
coordination activities (e.g., route selec-
tion), accident prevention activities (e.g.,
improved inspections and enforcement),
and emergency response activities.

¢ Evaluation of 3.4.4: Because of limited
DOE activity in this area, the Board’s per-
formance goal was deferred until 2003.

4. Performance Goals and Evaluation Related to Long-
Term Activities

PERFORMANCE GOALS

4.1.1. Monitor the DOE’s proposed plans for per-
formance confirmation to help ensure that
uncertainties identified as part of the site
recommendation process are addressed.

* Evaluation of 4.1.1: The Board referred to
the need to develop performance confir-
mation activities as one of the confidence
builders in its January 24, 2003, letter to
Congress and the Secretary. The Board
held a session on performance confirma-
tion at its May 2002 meeting. In its June
20, 2002, letter to Margaret Chu, the
Board questioned the DOE’s goal for
performance confirmation and its meth-
ods for validating its predictions. The
Board said that performance confirma-
tion should focus on evaluating the
validity of estimates of long-term reposi-
tory performance. The Board expressed
similar sentiments in its November 22,
2002, letter to Margaret Chu.

Board Operations

The Board is composed of 11 members appointed
by the President who serve on a part-time basis;
are eminent in a relevant field of science or engi-
neering, including environmental sciences; and
are appointed solely on the basis of distinguished
service. Because of the comprehensive nature of
the program and the part-time availability of the
members, Congress authorized the Board to
maintain a small professional staff of 10 full-time
employees to support the Board’s comprehensive
review of the DOE program. In addition to the
members and professional staff, the Board main-
tains a small administrative staff that supports its
activities.

The full Board meets three or four times each
year. The Board has organized itself into panels
that meet as needed. The Board also gathers
information from field trips to the Yucca
Mountain site, visits to contractor laboratories
and facilities, and informal meetings with indi-
viduals working on the project. On the basis of
the information gathered throughout the year, the
Board issues its findings in letters and reports.
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U.S. Nuclear Waste Technical Review Board
Performance Plan: Fiscal Year 2003

The NWTRB’s General Goals
and Strategic Objectives

The national goal for radioactive waste manage-
ment established by Congress in the Nuclear
Waste Policy Act of 1982 (NWPA) and the
Nuclear Waste Policy Amendments Act of 1987 is
safe disposal of civilian spent nuclear fuel and
high-level radioactive waste in a permanent geo-
logic repository at a suitable site or sites. In the
acts, Congress directed the U.S. Department of
Energy (DOE) to characterize a site at Yucca
Mountain, Nevada, to determine its suitability as
the potential location of a permanent repository
for spent nuclear fuel and high-level radioactive
waste. Congress charged the U.S. Nuclear Waste
Technical Review Board with reviewing the tech-
nical and scientific validity of the Secretary of
Energy’s activities associated with implementing
the NWPA, including characterizing the Yucca
Mountain site and packaging and transporting
the waste. The Board’s general goals have been
established in accordance with its congressional
mandate.*

General Goals

To accomplish its congressional mandate, the
Board has established four general goals.

1. Ensure that technical and scientific activities
undertaken by the DOE related to characteriz-
ing and analyzing the natural components of a
potential Yucca Mountain repository and pre-
dicting the performance of a potential reposi-
tory establish a sound technical basis for a
decision on whether to recommend the site for
repository development.

2. Ensure that technical and scientific activities

undertaken by the DOE related to evaluating
and designing the repository and waste pack-
ages are well integrated and establish a sound
technical basis for designing the repository sys-
tem, including the engineered barrier system
(EBS).

3. Ensure that technical and scientific activities

undertaken by the DOE related to packaging,
handling, and transporting spent nuclear fuel
and high-level radioactive waste to a potential
repository are well integrated and establish a
sound technical basis for designing and operat-
ing a waste management system.

4. Ensure that technical and scientific perform-

ance-confirmation activities undertaken by the
DOE establish a sound technical basis for
operating a repository, reducing uncertainties
related to repository performance, and revis-
ing repository and waste package designs.
(Will apply only if the site recommendation is
approved.)

* In February 2002, the Secretary of Energy and the President recommended the Yucca Mountain site for repository development.
If the State of Nevada disapproves the recommendation, Congress will debate a “Resolution of Approval” later this year.
The Board’s goals and objectives will be revised to reflect the outcome of these deliberations.
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Strategic Objectives

To achieve its general goals, the Board has estab-
lished the following long-term objectives.

1. Objectives Related to the Natural Components of
the Repository System and Predicting Repository
Performance

1.1. Evaluate the technical and scientific validity
of DOE studies, testing, and analyses sup-
porting a decision on whether to recommend
the Yucca Mountain site.

1.2. Evaluate the analyses and investigations
pertaining to hydrologic and other natural
processes at the Yucca Mountain site and
at related analogue sites that establish
the foundation for predicting repository
performance.

1.3. Review the technical and scientific validity
of models used to predict repository per-
formance.

1.4. Evaluate the DOE’s progress in developing a
safety strategy for the Yucca Mountain site.

1.5. Monitor progress in completing develop-
ment of standards and regulatory guidelines
for a potential Yucca Mountain repository.

1.6. Review the Record of Decision and maintain
awareness of legal challenges to the final
environmental impact statement for a poten-
tial Yucca Mountain repository.

2. Objectives Related to the Engineered Components
of the Repository System

2.1. Evaluate repository and waste package
designs, including the technical bases for the
designs.

2.2. Review the progress or results of materials
testing being conducted to address uncer-
tainties about waste package performance.

2.3. Assess the integration of science and engineer-
ing in the DOE program, paying particular
attention to the effects of site-characterization
studies (e.g. modeling, testing, and analyses
of thermal and mechanical effects) on reposi-
tory and waste package designs.

3. Objectives Related to the Waste Management
System

3.1. Evaluate the accuracy and reasonableness of
analyses, methods, and major assumptions
used by the DOE in estimating health and
safety risks associated with transporting spent
nuclear fuel and high-level radioactive waste.

3.2. Review the adequacy of DOE plans for
developing the transportation infrastructure
and determine the effort needed to develop a
large-scale transportation capability.

3.3. Review the adequacy of the DOE’s plans for
safely handling and packaging spent nuclear
fuel and high-level radioactive waste for
transport to a permanent repository.

3.4. Evaluate the effectiveness of the DOE’s
efforts to integrate the various components of
the waste management system (packaging,
handling, transport, storage, and disposal of
the waste).

3.5. Review the DOE’s plans for addressing pub-
lic safety concerns and for enhancing safety
capabilities along transportation corridors.
This includes activities related to develop-
ment of plans (e.g., route selection), coordi-
nation, accident prevention (e.g., improved
inspections and enforcement), and emer-
gency response.

4. Objectives Related to Confirmatory Testing (Will
apply only if the site recommendation is approved.)

4.1. Monitor performance-confirmation activi-
ties, including performance-confirmation
planning, undertaken by the DOE that are
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designed to reduce uncertainties related to
repository performance.

4.2. Monitor performance-confirmation activities
undertaken by the DOE, and evaluate the need
to revise repository or waste package designs
on the basis of the results of such activities.

Performance Goals for FY 2003

The Board’s performance goals for fiscal year
(FY) 2003 have been developed to further the
achievement of the Board’s general goals and
strategic objectives. Because some of the general
goals and strategic objectives relate to work and
activities that will be undertaken in the future,
they may not have corresponding annual per-
formance goals in any given year.

1. Performance Goals Related to Site Suitability and
Predicting Repository Performance and Strategy for
Achieving Performance Goals

PERFORMANCE GOALS

1.1.1 Review for technical validity the technical
and scientific components of the DOE’s on-
going site investigations (if applicable).

1.1.2. Monitor the DOE’s efforts to quantify
uncertainties related to estimates of reposi-
tory performance.

1.2.1. Monitor the results of flow-and-transport
studies being conducted to obtain informa-
tion on the potential performance of the
saturated zone as a natural barrier in the
repository system.

1.2.2. Evaluate geologic, hydrologic, and geo-
chemical information obtained from the
enhanced characterization of the repository
block at Yucca Mountain.

1.3.1. Determine the strengths and weaknesses of
the total system performance assessment
(TSPA).

1.3.2. On the basis of an evaluation of the natural
processes at work at the Yucca Mountain
site, recommend additional work needed
to address uncertainties, paying particular
attention to estimates of the rate and distri-
bution of water seepage into the proposed
repository under proposed repository
design conditions.

1.3.3. Evaluate the DOE’s quantification of uncer-
tainties and conservatisms used in TSPA.

1.3.4. Recommend additional measures for
strengthening the DOE’s repository safety
case.

1.3.5. Evaluate data from the drift-scale heater test.

1.4.1. Review plans and work carried out on
natural and engineered analogs to the
repository system.

STRATEGY FOR ACHIEVING GOALS

The strategy for achieving performance goals for
FY 2003 is similar to that used and proven suc-
cessful in previous years. The Board will accom-
plish its goals by doing the following.

¢ Reviewing critical documents provided by the
DOE and its contractors, including contractor
reports, process model reports, and TSPA.

* Meeting with contractor’s principal investiga-
tors on technical issues, including those related
to climate change, flow and transport in the
unsaturated and saturated zones, seepage, and
the biosphere.

¢ Holding public meetings with DOE and con-
tractor personnel at least three times a year
involving the full Board and holding several
meetings with individual Board panels.

¢ Visiting and observing ongoing laboratory
investigations, including the facilities at
Lawrence Livermore National Laboratory,
Lawrence Berkeley National Laboratory, Sandia
National Laboratories, and the engineered-bar-
rier test facility. Observing field investigations.
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* Meeting with other entities carrying out
research on, or providing input to, scientific
and technical issues related to waste disposal,
including the Nuclear Regulatory Commission
(NRC) and its contractors, the Southwest
Research Institute, The Nye County Early
Warning Drilling Program, the Environmental
Protection Agency, and the State of Nevada
Nuclear Waste Projects Office.

2. Performance Goals Related to the Engineered
Repository System and Strategy for Achieving
Performance Goals

PERFORMANCE GOALS

2.1.1. Monitor the DOE’s development of analyt-
ical tools for assessing the differences
between different repository designs.

2.1.2. Evaluate the accuracy and completeness of
the technical bases for repository and waste
package designs.

2.1.3. Evaluate the extent to which the DOE is
using the technical bases for modifying
repository and waste package designs.

2.1.4. Monitor and evaluate the DOE’s progress
in developing a technical basis for modi-
fied or novel design features.

2.2.1. Evaluate data from studies of corrosion and
the waste package environment on the pre-
dicted performance of materials being pro-
posed for the engineered barrier system.

2.3.1. Assess the integration of scientific studies
with engineering designs for the repository
and the waste package. In particular, mon-
itor the results of ongoing thermal tests and
evaluate DOE plans for using the test
results to support models of the thermally
disturbed region near the repository and
for deciding on spacing between emplace-
ment drifts, degree of preclosure ventila-
tion, and closure date of the potential
repository.

2.3.2. Evaluate the DOE’s efforts in identifying
natural and engineered analogs (see also
1.4.1.).

STRATEGY FOR ACHIEVING GOALS

The Board will accomplish its goals by doing the
following.

¢ Evaluating the technical bases for the EBS
design by reviewing technical documents and
databases (e.g., the controlled design assump-
tion document and the technical database),
paying particular attention to the technical
bases for making and inspecting final closure
welds of the waste package and methods for
making sections of the drip shields. Meetings
will be held with project personnel as neces-
sary to obtain clarification and confirmation.

¢ Evaluating the technical bases for repository
design by reviewing DOE documents and data-
bases, paying particular attention to design fea-
tures developed to promote drainage, control
ventilation, and protect workers in the exhaust
end of the ventilation system.

¢ Evaluating repository and waste package
designs to identify which parts (if any) of the
designs do not have a technical basis.

¢ Evaluating the technical basis for the DOE’s
work on alternative design features.

* After identifying the corrosion mechanisms
most important to performance of the overall
repository system, reviewing the common
database (literature, laboratory, and field data)
and judging the adequacy of the database for a
decision on repository development.

3. Performance Goals Related to the Waste
Management System and Strategy for Achieving
Performance Goals

PERFORMANCE GOALS

3.1.1. Monitor efforts by the NRC to update esti-
mates of risk associated with transporta-
tion of spent nuclear fuel and high-level
radioactive waste.

3.1.2. Evaluate the operation of the entire reposi-
tory facility, including the surface and sub-
surface components.

156



Appendix I

3.2.1. Evaluate the effects of “off-normal” events
at the surface facility and how the events
could affect the ability of the facility to
receive waste shipments.

3.2.2. Evaluate the effects of reduced receiving
capacity at the repository surface facility on
the nationwide transportation system.

3.3.1. Examine the ability of storage casks and
containers, including multipurpose canis-
ters, to serve as disposal casks and contain-
ers in a repository.

3.3.2. Evaluate effects of human errors in risks
associated with packaging and transport-
ing spent nuclear fuel.

3.4.1. Evaluate logistics capabilities of the trans-
portation system.

3.4.2. Monitor progress in implementing new
technologies for improving transportation
safety for spent fuel (e.g., electronic brak-
ing, wheel-bearing monitoring).

3.4.3 Review criteria for waste acceptance for
storage to ensure that accepted material
has been suitably characterized for subse-
quent disposal.

3.4.4. Evaluate the DOE’s plans for enhancing
safety capabilities along transportation cor-
ridors, and review the DOE’s planning and
coordination activities (e.g., route selec-
tion), accident prevention activities (e.g.,
improved inspections and enforcement),
and emergency response activities.

STRATEGY FOR ACHIEVING GOALS

The Board will accomplish its goals by doing the
following.

* Meeting with the American Association of
Railroads, individual railroad companies, and
railroad infrastructure manufacturers to deter-
mine the current state of rail infrastructure,
and noting the effects of a sustained trans-
portation campaign on the railroad industry.

¢ Attending meetings of the DOE-sponsored
Transportation External Coordination Working

Group to determine how well the DOE is
working to implement Section 180(c) of the
Nuclear Waste Policy Act.

¢ Holding meetings of the Board’s Panel on the
Waste Management System, as appropriate.

4. Performance Goals Related to Long-Term Activities
and Strategy for Achieving Performance Goals (Will
apply only if the site is found suitable and a site rec-
ommendation is ratified.)

PERFORMANCE GOALS

4.1.1. Monitor the DOE’s proposed plans for per-
formance confirmation to help ensure that
uncertainties identified as part of the site
recommendation process are addressed.

4.1.2. Monitor design modification activities
undertaken by the DOE.

STRATEGY FOR ACHIEVING GOALS

The Board will accomplish its goals by doing the
following.

¢ Reviewing critical documents provided by the
DOE and its contractors, including contractor
reports, process model reports, and TSPA.

¢ Reviewing performance-confirmation plans
and meeting with DOE personnel to discuss
aspects of the plans.

Evaluation of the Board’s
Performance

The Board believes that measuring its effective-
ness by directly correlating improvements in the
DOE program with Board actions and recommen-
dations would be ideal. However, the Board has
no implementing authority, so it cannot compel
the DOE to comply with its recommendations.
Consequently, a judgment about whether a spe-
cific recommendation had a positive outcome for
the DOE program is, in most cases, (1) subjective
and (2) an imprecise indicator of Board perform-
ance because implementation of Board recom-
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mendations by the DOE is outside the Board’s
direct control. Therefore, to measure its perform-
ance in a given year, the Board has developed per-
formance measures. For each annual performance
goal, the Board considers the following.

1. Were the reviews, evaluations, and other activ-
ities undertaken under the auspices of the goal
completed?

2. Were the results of the reviews, evaluations,
and other activities communicated in a timely,
understandable, and appropriate way to
Congress and the Secretary of Energy?

If both measures are met, the Board’s perform-
ance in meeting the annual goal will be judged
effective. If only one measure is met, the per-
formance of the Board in achieving that goal will
be judged minimally effective. Failing to meet
both performance measures without sufficient
and compelling explanation will result in a judg-
ment that the Board has been ineffective in
achieving that performance goal.

The Board will use its evaluation of its own per-
formance from the current year, together with its
assessment of current or potential key issues of
concern related to the DOE program, to establish
its annual performance objectives and develop its
budget request for subsequent years. The results
of the Board’s performance evaluation are
included in the Board’s annual summary report
to Congress and the Secretary.

Board Operations

The Board is composed of 11 members appointed
by the President who serve on a part-time basis;
are eminent in a relevant field of science or engi-
neering, including environmental sciences; and
are appointed solely on the basis of distinguished
service. Because of the comprehensive nature of
the program and the part-time availability of the
members, Congress authorized the Board to
maintain a small professional staff of 10 full-time
employees to support the Board’s comprehensive
review of the DOE program. In addition to the
members and professional staff, the Board main-
tains a small administrative staff that supports its
activities.

The full Board meets three or four times each
year. The Board has organized itself into panels
that meet as needed. The Board also gathers
information from field trips to the Yucca
Mountain site, visits to contractor laboratories
and facilities, and informal meetings with indi-
viduals working on the project. On the basis of
the information gathered throughout the year, the
Board issues its findings in letters and reports.
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U.S. Nuclear Waste Technical Review Board
Performance Plan: Fiscal Year 2004

The nation’s goals related to the disposal of spent
nuclear fuel and high-level radioactive waste
were set forth by Congress in the Nuclear Waste
Policy Act of 1982. The goals are to develop a
repository or repositories for disposing of high-
level radioactive waste and spent nuclear fuel at
a suitable site or sites and establishing a program
of research, development, and demonstration for
the disposal of such waste.

The Nuclear Waste Policy Amendments Act of
1987 (NWPAA) limited repository development
activities to a single site, Yucca Mountain in
Nevada. The NWPAA also established the Board
and charged it with evaluating the technical and
scientific validity of the Secretary of Energy’s
activities associated with implementing the
NWPA. The activities include characterizing the
Yucca Mountain site and packaging and trans-
porting spent nuclear fuel and high-level radioac-
tive waste.

The Board’s performance goals for fiscal year
(FY) 2004 have been developed to achieve the
general goals and strategic objectives in its strate-
gic plan. The goals also have been established in
accordance with the Board’s statutory mandate
and reflect congressional action in 2002 authoriz-
ing the U.S. Department of Energy (DOE) to pro-
ceed with developing an application to be
submitted to the Nuclear Regulatory
Commission (NRC) for constructing a repository
at Yucca Mountain. The Board’s performance
goals reflect the continuity of the Board’s ongoing
technical and scientific evaluation and the
Board’s “systems view” of the repository and of
waste management activities.

Performance Goals for FY 2004

The Board’s performance goals for FY 2004 have
been developed to further the achievement of the
Board’s general goals and strategic objectives.
Because some of the general goals and strategic
objectives relate to work and activities that will be
undertaken in the future, they may not have cor-
responding annual performance goals in any
given year. The performance goals have been
numbered to correlate with appropriate strategic
objectives in the Board’s strategic plan for FY
2003-2008.

1. Performance Goals Related to the Natural System
and Strategy for Achieving the Goals

PERFORMANCE GOALS

1.1.1 Review the technical activities and agenda
of the DOE’s Cost Reductions and Systems
Enhancement effort.

1.1.2. Monitor the results of flow-and-transport
studies to obtain information on the poten-
tial performance of the saturated zone as a
natural barrier in the repository system.

1.1.3. Review DOE efforts to confirm estimates of
natural-system performance, including
tests of models and assumptions, and the
pursuit of independent lines of evidence.

1.2.1. Review DOE efforts to resolve questions
related to possible seismic events and
igneous consequences.
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1.3.1. Evaluate geologic, hydrologic, and geo-

chemical information obtained from the
enhanced characterization of the repository
block (ECRB) at Yucca Mountain.

1.3.2. Evaluate data from the drift-scale heater

test.

1.3.3. Review plans and work carried out on pos-

sible analogues for the natural components
of the repository system.

1.3.4. Recommend additional work needed to

address uncertainties, paying particular
attention to estimates of the rate and dis-
tribution of water seepage into the reposi-
tory under proposed repository design
conditions.

1.4.1. Evaluate tunnel-stability studies under-

taken by the DOE.

1.5.1. Review the DOE'’s efforts to integrate

results of scientific studies on the behavior
of the natural system into repository
designs.

Strategy for Achieving Goals

The Board will accomplish its goals by doing the
following.

Holding three public meetings with the DOE
and DOE contractor personnel involving the
full Board and holding meetings of the Panel
on the Natural System, as needed.

Reviewing critical documents provided by the
DOE and its contractors, including contractor
reports, process model reports, and total sys-
tem performance assessment (TSPA).

Meeting with contractor principal investiga-
tors on technical issues, including those related
to climate change, seismic and volcanic events,
flow and transport in the unsaturated and
saturated zones, seepage, and the biosphere.

Visiting and observing ongoing exploratory
studies facility (ESF), ECRB, and laboratory
investigations, including the facilities at

Lawrence Livermore National Laboratory,
Lawrence Berkeley National Laboratory, and
Sandia National Laboratories. Observing other
field investigations and visiting potential ana-
logue sites. Visiting programs in other coun-
tries and attending national and international
symposia and conferences.

2. Performance Goals Related to the Engineered
System and Strategy for Achieving the Goals

PERFORMANCE GOALS

2.1.1. Monitor the DOE’s performance allocation
studies.

2.2.1. Review thermal testing and rock stability
testing related to potential conditions in
repository tunnels.

2.2.2. Evaluate data from studies of the effects of
corrosion and the waste package environ-
ment on the predicted performance of
materials being proposed for engineered
barriers.

2.3.1. Review the progress and results of materi-
als testing being conducted to address
uncertainties about waste package per-
formance.

2.3.2. Evaluate the DOE’s efforts in identifying
natural and engineered analogs for corro-
sion processes.

2.4.1. Monitor the DOE’s development of analyt-
ical tools for assessing the differences
between repository designs.

2.4.2. Evaluate the accuracy and completeness of
the technical bases for repository and waste
package designs and the extent to which
the DOE is using the technical bases for
modifying repository and waste package
designs.

2.4.4. Evaluate the integration of the subsurface
design and layout with thermal manage-
ment and preclosure facility operations.

2.5.1. Assess the integration of scientific studies
with engineering designs for the repository
and the waste package.
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Strategy for Achieving Goals

The Board will accomplish its goals by doing the
following.

* Holding three public meetings with DOE and
contractor personnel involving the full Board
and holding meetings of the Panel on the
Engineered System, as needed.

¢ Reviewing critical documents provided by the
DOE and its contractors, including contractor
reports, process model reports, and TSPA.

* Meeting with contractor principal investiga-
tors on technical issues.

¢ Reviewing DOE documents and databases,
paying particular attention to design features
developed to promote drainage, control venti-
lation, and protect workers in the exhaust end
of the ventilation system.

* Reviewing the common database (literature,
laboratory, and field data) and judging the ade-
quacy of the database for a decision on reposi-
tory development.

¢ Visiting and observing ongoing laboratory
investigations, including the facilities at
Lawrence Livermore National Laboratory and
Lawrence Berkeley National Laboratory.
Visiting programs in other countries and
attending national and international symposia
and conferences.

3. Performance Goals Related to Repository System
Performance and Integration and Strategy for
Achieving Performance Goals

PERFORMANCE GOALS

3.1.1. Identify which technical and scientific
activities are on the critical path to reconcil-
ing uncertainties related to the DOE’s per-
formance estimates.

3.1.2. Determine the strengths and weaknesses of
TSPA.

3.1.3. Evaluate the DOE’s treatment of seismic
and volcanism issues in TSPA.

3.2.1 Evaluate the DOE’s quantification of uncer-
tainties and conservatisms used in TSPA.

3.2.2. Review new data and updates of TSPA
models, and identify models and data that
should be updated.

3.3.1. Evaluate the DOE’s efforts to create a trans-
parent and traceable TSPA.

3.3.2. Evaluate the DOE’s efforts to develop sim-
plified models of repository performance.

3.3.3. Evaluate the DOE’s efforts to identify ana-
logues for performance estimates of the
overall repository system.

3.4.1. Evaluate the DOE’s efforts to analyze the
contribution of the different engineered
and natural barriers to waste isolation.

3.5.1. Evaluate technical aspects of value engi-
neering and performance-related trade-off
studies, including criteria, weighting fac-
tors and decision methodologies for such
studies and how technical uncertainties are
taken into account.

3.6.1. Recommend additional measures for
strengthening the DOE’s repository safety
case.

3.7.1. Evaluate the DOE’s efforts to develop a
feedback loop among performance-confir-
mation activities and TSPA models and
data.

3.7.2. Monitor the DOE’s proposed plans for per-
formance confirmation to help ensure that
uncertainties identified as part of the site
recommendation process are addressed.

Strategy for Achieving Goals

The Board will accomplish its goals by doing the
following.

* Holding three public meetings with DOE and
contractor personnel involving the full
Board and holding meetings of the Panel
on the Repository System Performance and
Integration, as needed.

161



NWTRB 2002 Report to The U.S. Congress and The Secretary of Energy

* Reviewing critical documents provided by the
DOE and its contractors, including contractor
reports, process model reports, and the DOE’s
TSPA.

* Meeting with contractor’s principal investiga-
tors on technical issues.

¢ Visiting and observing ongoing laboratory
investigations, including the facilities at
Lawrence Livermore National Laboratory,
Lawrence Berkeley National Laboratory,
Sandia National Laboratories, and the engi-
neered-barrier test facility. Observing field
investigations. Visiting programs in other
countries and attending national and interna-
tional symposia and conferences.

4. Performance Goals Related to the Waste
Management System and Strategy for Achieving the
Goals

PERFORMANCE GOALS

4.1.1. Evaluate the operation of the entire reposi-
tory facility, including the surface and sub-
surface components.

4.1.2. Monitor the identification of research needs
to support improved understanding of the
interaction of components of the waste
management system.

4.1.3. Review the technical and scientific basis of
the DOE’s analyses of component interac-
tions under various scenarios, including
the degree of integration and redundancy
across functional components over time.

4.1.4. Evaluate the effects of reduced receiving
capacity at the repository surface facility on
the nationwide transportation system.

4.1.5. Review criteria for waste acceptance for
storage to ensure that accepted material
has been suitably characterized for subse-
quent disposal.

4.2.1. Monitor the DOE'’s efforts to implement
Section 180 (c) of the NWPA.

4.3.1. Monitor the DOE’s progress in developing
and implementing a transportation plan for
shipping spent nuclear fuel and high-level
radioactive waste to a Yucca Mountain
repository.

4.3.2 Review the DOE’s efforts to develop crite-
ria for transportation mode and routing
decisions.

4.3.3 Evaluate logistics capabilities of the trans-
portation system.

434 Monitor progress in implementing new
technologies for improving transportation
safety for spent nuclear fuel.

435 Evaluate the DOE’s plans for enhancing
safety capabilities along transportation cor-
ridors, and review the DOE’s planning and
coordination activities (e.g., route selec-
tion), accident prevention activities (e.g.,
improved inspections and enforcement),
and emergency response activities.

Strategy for Achieving Goals

The Board will accomplish its goals by doing the
following.

¢ Holding three public meetings with DOE and
contractor personnel involving the full Board
and holding meetings of the Board’s Panel on
the Waste Management System in appropriate
areas of the country.

* Reviewing critical documents provided by the
DOE and its contractors, including contractor
reports, process model reports, and TSPA.

* Meeting with groups involved in implement-
ing transportation plans, including the NRC,
the Department of Transportation, railroad and
trucking companies, nonprofit groups, the util-
ities, and other stakeholders. Visiting programs
in other countries and attending national and
international conferences and symposia.
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