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

October 2016

The Honorable Paul D. Ryan

Speaker

United States House of Representatives
Washington, DC 20515

The Honorable Orrin G. Hatch
President Pro Tempore

United States Senate
Washington, DC 20510

The Honorable Ernest Moniz
Secretary

U.S. Department of Energy
Washington, DC 20585

Dear Speaker Ryan, Senator Hatch, and Secretary Moniz:

Congress created the U.S. Nuclear Waste Technical Review Board in the 1987 Nuclear
Waste Policy Amendments Act (NWPAA) (Public Law 100-203) to evaluate the technical and
scientific validity of activities undertaken by the Secretary of Energy to implement the Nuclear
Waste Policy Act. In accordance with provisions of the NWPAA directing the Board to report its
findings and recommendations to Congress and the Secretary of Energy, the Board submits this
Report to the U.S. Congress and the Secretary of Energy. The Report summarizes Board activities,
conclusions, and recommendations for the period, January 1, 2013, through December 31, 2015.

During the period covered by the Report, the Board focused its review on activities
undertaken by the U.S. Department of Energy (DOE) to implement its 2013 Strategy for the
Management and Disposal of Used Nuclear Fuel and High-Level Radioactive Waste. The Board
also evaluated DOE activities related to the treatment and conditioning of spent nuclear fuel and
high-level radioactive waste managed by DOE.

The Board hopes that Congress and the Secretary will find the information in this summary
report useful and looks forward to continuing its ongoing technical and scientific review of DOE
activities related to nuclear waste management and disposal.

Sincerely,

Rodney €. Ewingj
Chairman ,

Report to Congress and the Secretary of Energy
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EXECUTIVE SUMMARY

he U.S. Nuclear Waste Technical Review Board (Board) was established by
Congress in Title V of the 1987 Nuclear Waste Policy Amendments Act. Its
mandate is to “evaluate the technical and scientific validity” of actions taken
by the U.S. Secretary of Energy to implement the Nuclear Waste Policy Act (NWPA)
as amended. Among other things, Congress charged the Board with assessing the
Department of Energy’s (DOE's) site characterization activities and activities relating
to packaging and transporting high-level radioactive waste (HLIW) and spent nuclear

fuel (SNF).

The Board is an independent federal agency within the executive branch. Members of the
eleven-person Board serve part time and are appointed by the president from a list of nom-
inees prepared by the U.S. National Academy of Sciences. The Board is required to report
its findings, conclusions, and recommendations to Congress and the Secretary of Energy at
least twice each year. This report summarizes the Board’s activities beginning on January
1, 2013, and ending on December 31, 2015.

All the letters, testimony, reports, and meeting materials referred to in this report can be
found on the Board’s website: www.nwtrb.gov. Many of those documents also are repro-
duced as appendices to this report. In addition, in June 2015, the Board began streaming
its meetings over the Internet; those webcasts are archived on the Board’s website.

BACKGROUND

In January 2013, DOE issued Strategy for the Management and Disposal of Used Nuclear
Fuel and High-Level Radioactive Waste, its response to the recommendations from the Blue
Ribbon Commission on America’s Nuclear Future. That document outlined DOE’s plans
to establish an integrated system for the long-term management of HLW and SNF. Among
the initiatives that DOE intended to pursue were the following:

« Conducting generic research into potential repository host rocks, including salt, gran-
ite, and clay/shale;
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o Investigating the deep borehole concept for disposing of certain types of HLW and
SNF;

o  Evaluating the option for constructing a separate repository that might be used to dis-
pose of certain DOE-managed HLW and SNF; and

o Developing a transportation system to move HLW and SNF from generating sites to
either a consolidated interim storage facility or a repository.

In addition to these new projects, DOE continued ongoing efforts to manage its HLW and
SNF currently stored in Washington State, Idaho, South Carolina, Colorado, and New York.

BOARD ACTIVITIES

Consistent with its legislative mandate, the Board maintained a “watching brief” over
technical and scientific aspects of these new initiatives, as well as over the more standard
and traditional studies and investigations that DOE has undertaken in the past. During
the period covered in this document, the Board published eight reports, held six public
meetings, conducted two technical workshops, provided testimony and comments to two
congressional committees, and carried out two study trips abroad.

Board Reports

One of the primary means by which the Board communicates its findings, conclusions,
and recommendations on the technical and scientific validity of DOE activities and related
issues is via written reports to the U.S. Congress and the Secretary of Energy.

o Review of U.S. Department of Energy Activities to Preserve Records Created by the
Yucca Mountain Repository Project. (NWTRB 2013c)

o Deep Borehole Disposal of Spent Nuclear Fuel and High-Level Waste. (NWTRB 2013b)

o Summary of the Workshop Issues Identified. (NWTRB 2014b)

o A Report to the U.S. Congress and the Secretary of Energy: Board Activities for the
Period January 1, 2008-December 31, 2012. (NWTRB 2014a)

o Evaluation of Technical Issues Associated with the Development of a Separate Repository
for U.S. Department of Energy-Managed High-Level Radioactive Waste and Spent
Nuclear Fuel. NWTRB 2015¢)

o Designing a Process for Selecting a Site for a Deep-Mined, Geologic Repository for High-
Level Radioactive Waste and Spent Nuclear Fuel: Overview and Summary. NWTRB
2015b)

o Designing a Process for Selecting a Site for a Deep-Mined, Geologic Repository for High-
Level Radioactive Waste and Spent Nuclear Fuel: Detailed Analysis. (NWTRB 2015a)

!'This report does not discuss the Board’s 2014 summary report to Congress and the Secretary of Energy
(NWTRB 2014a). Although published in January 2016, the Board’s analysis, Technical Evaluation of the
U.S. Department of Energy Deep Borehole Disposal Research and Development Program (NWTRB 2016), is
discussed in this report.

Board Activities for the Period January 1, 2013 — December 31, 2015



o Technical Evaluation of the U.S. Department of Energy Deep Borehole Disposal Research
and Development Program. (NWTRB 2016)

Board Meetings and Correspondence with DOE

The Board held six public meetings at which DOE and its contractors presented their tech-
nical and scientific work related to implementing the NWPA. In accordance with estab-
lished practice and to ensure the timeliness of Board comments, after every public Board
meeting, the Board sends follow-up correspondence to DOE, including observations and
recommendations on DOE’s work presented at the meetings. Together with Board reports
and congressional testimony, the letters represent a substantial body of technical and sci-
entific information and a record of key issues related to the U.S. program for managing
and disposing of SNF and HLW.

The six meetings along with the subject manner they covered are listed below. In the body
of this report, the reader will find a description of those meetings and a summary of the
follow-up letters the Board sent to DOE.

o Waste Form and Disposal Issues: Richland, Washington (April 16, 2013)

« DOE Research and Development Related to SNF and HLW Management: Washington,
DC (November 20, 2013)

o DOE Research and Development Related to Salt as a Geologic Medium for Disposal of
SNF and HLW: Albuquerque, New Mexico (March 19, 2014)

o DOE SNF and HLW: Idaho Falls, Idaho (August 6, 2014)

o DOE-Managed HLW and SNF at the Savannah River Site: Augusta, Georgia (October
29, 2014)

o Transportation of Commercial SNF: Golden, Colorado (June 24, 2015)

Board-Sponsored Technical Workshops

From time to time over the years, a particular technical topic became so central to DOE’s
waste-management program that the Board organized a technical workshop to explore the
subject in depth. During the period covered by the document, the Board conducted two
technical workshops. The first, held November 18-19, 2013, in Washington, DC, examined
the impact of dry-storage canister design on the future handling, storage, transportation,
and disposal of SNF. The workshop brought together eight experts from DOE, DOC con-
tractors and laboratory scientists, nuclear industry representatives from the United States
and abroad, and representatives from nongovernmental organizations. The Board issued a
report summarizing the issues identified at this workshop (NWTRB 2014b).

The second technical workshop, held October 20-21, 2015 in Washington, D.C., focused on
DOE’s efforts to evaluate the deep borehole disposal concept. Twenty-seven experts from
DOE, DOE contractors and laboratory scientists, the U.S. Geological Survey, the U.S.
Defense Nuclear Safety Board, and the U.S. Environmental Protection Agency, university
researchers, and independent consultants participated. The Board issued a report contain-
ing its findings, conclusions, and recommendations (NWTRB 2016).

Report to Congress and the Secretary of Energy
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Board Testimony and Correspondence with Congress

An important aspect of the Board’s peer-review responsibilities involves advising decision-
makers in Congress and the Administration on technical and scientific issues associated
with SNF and HLW management and disposal. In addition to issuing reports, the Board
fulfills this responsibility by providing testimony on nuclear waste issues at the request of
congressional committees. During the period covered by this report, the Board provided
testimony to the House Appropriations Subcommittee on Energy and Water Development
(NWTRB 2013a). Also, the Board provided comments on draft legislation circulated by the
Senate Energy and Natural Resources Committee (Ewing 2013b).

Interactions with the Interested Public

A fixture of all Board meetings is the public comment session, where interested members
of the public are invited to comment on and ask questions about the information presented
at the meetings. In addition to providing the Board with the most recent and relevant
information on DOE’s nuclear waste activities, the meetings offer a unique forum for the
interested public to interact directly with the Board and its staff; DOE managers, scientists,
engineers, and consultants; and other program participants. Comments made at the meet-
ings and other submitted materials are included in the meeting records on the Board’s
website: www.nwtrb.gov.

Board Interactions with Radioactive Waste-Management
Programs Abroad

Since its inception, the Board has interacted in various ways with radioactive waste-
management and disposal programs in other countries. The objective of these interac-
tions has been to gain knowledge and perspective from the relevant experiences of these
programs in order to enhance the Board’s technical and scientific evaluation of DOE
activities. During the period covered by this report, delegations of Board members and
staff visited Sweden, France, Switzerland, and Belgium. In addition, a small delegation of
Board members and staff visited the People’s Republic of China.

Board Activities for the Period January 1, 2013 — December 31, 2015


http://www.nwtrb.gov

PREFACE

ongress established the U.S. Nuclear Waste Technical Review Board as part

of the 1987 Nuclear Waste Policy Amendments Act, to “evaluate the techni-

cal and scientific validity” of the actions taken by the Secretary of Energy to
implement the Nuclear Waste Policy Act.

This report provides a summary of the activities carried out by the Board between January
1, 2013, and December 31, 2015. Among those activities are findings, conclusions, and rec-
ommendations adopted by the Board in its letters and reports. This report records the
views of the Board at the time they were published.
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BOARD ACTIVITIES

THE BOARD AND TS MISSION

he U.S. Nuclear Waste Technical Review Board (Board) was established

by Congress in Title V of the 1987 Nuclear Waste Policy Amendments Act

(NWPAA). lts mandate is to “evaluate the technical and scientific validity” of
actions taken by the U.S. Secretary of Energy to implement the Nuclear Waste Policy
Act (NWPA) as amended. Among other things, Congress charged the Board with
assessing the Department of Energy’s (DOE's) site characterization activities and
activities relating to packaging and transporting high-level radioactive waste (HLW)
and spent nuclear fuel (SNF).

The Board is an independent federal agency within the Executive Branch. Members of the
eleven-person Board serve part time and are appointed by the President from a list of nom-
inees prepared by the U.S. National Academy of Sciences. For the period covered by this
document, the members of the Board who served were: Dr. Rodney C. Ewing (Chairman),
Dr. Jean M. Bahr, Dr. Steven M. Becker, Dr. Susan L. Brantley, Dr. Susan B. Clark, Mr.
Allen G. Croff, Dr. Efi Foufoula-Georgiou, Dr. Gerald S. Frankel, Dr. Linda K. Nozick, Dr.
Kenneth L. Peddicord, Dr. Paul J. Turinsky, and Dr. Mary Lou Zoback.? Biographies of the
members can be found in Appendix A.

The Board is required to report its findings, conclusions, and recommendations to
Congress and the Secretary of Energy at least twice each year. This report summarizes the
Board’s activities beginning on January 1, 2013, and ending on December 31, 2015.

All the letters, testimony, reports, and meeting materials referred to can be found on the
Board’s website www.nwtrb.gov. Many of those documents also are reproduced as appen-
dices to this report. In addition, in June 2015, the Board began streaming its meetings over
the Internet; those webcasts are archived on the Board’s website.

?Dr. Sue Clark served from July 28, 2011, until Ocotber 31, 2014. Mr Allen Croff replaced her on
February 23, 2015.

*This report does not discuss the Board’s 2014 summary report to Congress and the Secretary of Energy
(NWTRB 2014a). Although published in January 2016, the Board’s analysis, Technical Evaluation of the
U.S. Department of Energy Deep Borehole Disposal Research and Development Program (NWTRB 2016), is
discussed in this report.
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RECENT DEVELOPMENTS IN NUCLEAR WASTE MANAGEMENT

In passing the NWPAA, Congress instructed DOE to limit its efforts to identify a site for a
deep-mined, geologic repository to Yucca Mountain in Nevada. In January 2002, based on
a recommendation from Secretary of Energy Spencer Abraham, President George W. Bush
informed Congress of his intention to select this site. Overriding the objections from
Nevada Governor Kenneth Guinn, Congress ratified the president’s decision in July 2002.

In June 2008, DOE submitted an application to the Nuclear Regulatory Commission
(NRC) for a license to construct a repository at Yucca Mountain. In January 2010, however,
the administration of President Barack Obama initiated steps to halt DOE’s licensing
effort, maintaining that the Yucca Mountain Project (YMP) was “unworkable,” and DOE
soon after attempted to formally withdraw the application before the NRC. In September
2011, the commissioners were divided on whether to take the action of overturning or
upholding the Atomic Safety and Licensing Board (ASLB) decision denying DOE’s peti-
tion. At the same time, however, the commissioners, in recognition of budgetary limita-
tions, directed ASLB to complete all necessary and appropriate activities, including
disposition of all matters currently pending before it (NRC 2011). Accordingly, ASLB sus-
pended the proceedings (ASLB 2012).

In August 2013, the U.S. Court of Appeals for the District of Columbia Circuit ruled that
NRC had to continue its licensing process using remaining appropriated funds of approxi-
mately $11.1 million.* As part of that work, the NRC staff in 2015 released volume three of
its Safety Evaluation Report (SER), which evaluated repository safety after permanent clo-
sure. The NRC staff concluded in that volume of the SER that DOE had complied with all
of the relevant health and safety regulations, with the exception of requirements regarding
ownership of land and water rights. At that time, the staff recommended that a construc-
tion license not be granted because DOE had not met the ownership requirements, and a
supplement to DOE’s environmental impact assessment had not yet been completed (NRC
2015). Although the staff continued its YMP-related activities, without the appropriation of
additional funding by Congress, those efforts are likely to end soon. As of December 31,
2015, approximately $1.8 million in unobligated funds remained available.

In parallel with seeking to withdraw the license application in 2010, President Obama
instructed the then Secretary of Energy, Steven Chu, to establish a Blue Ribbon
Commission on America’s Nuclear Future (BRC). The group was charged with recom-
mending a new strategy for managing the back end of the nuclear fuel cycle. In a report
issued in January 2012, BRC made several important recommendations (BRC 2012).

o Adopt a new consent-based approach to siting both consolidated storage facilities not
at reactor sites and deep-mined, geologic repositories.

o  Establish a new independent organization to implement the waste-management
program.

o Pass legislation that would facilitate access to fees deposited in the Nuclear Waste
Fund, independent of the annual appropriations process.

*In re Aiken County, 725 F.3d 255 (DC Cir. 2013).
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o Initiate prompt efforts to develop a new geologic disposal facility.
o Initiate prompt efforts to develop one or more consolidated storage facilities.

o Prepare early on for eventual large-scale SNF and HLW transport to consolidated stor-
age and disposal facilities.

In January 2013, DOE issued its response to BRC’s recommendations, Strategy for the
Management and Disposal of Used Nuclear Fuel and High-Level Radioactive Waste (DOE
2013). Although many details of implementation were left to future discussions with law-
makers and other interested and affected parties,

the Administration endorses the key principles that underpin the BRC’s recommenda-
tions. The BRC’s report and recommendations provide a starting point for this
Strategy, which translates many of the BRC’s principles into an actionable framework
within which the Administration and Congress can build a national program for the
management and disposal of the nation’s used nuclear fuel and high-level radioactive
waste (DOE 2013, 1).

A discussion draft on “Comprehensive Nuclear Waste Legislation,” which was intended to
implement at least some of BRC’s advice, was released by the Senate Committee on Energy
and Natural Resources on April 25, 2013. A hearing on S. 1240, the “Nuclear Waste
Administration Act of 2013,” was held in July 2013.

DOE subsequently advanced three initiatives from its Strategy, each of which had been
considered by BRC. The first followed up on a BRC evaluation into whether some DOE-
managed HLW and SNF should be disposed of in a repository separate from a repository
for commercial SNF (and the remaining DOE-managed HLW and SNF). In March 2015,
DOE issued Report on Separate Disposal of Defense High Level Radioactive Waste (DOE
2015c¢). Revisiting the decision made by President Ronald Reagan in 1985 to develop a sin-
gle repository for both defense and commercial HLW and SNF, the report reevaluated the
six factors identified in Section 8(b)(1) of the NWPA ° Noting that significant changes had
taken place over the past three decades in repository availability, approaches for siting
disposal facilities, the end of the Cold War, and new environmental obligations, DOE
concluded that “a strong basis exists to find that a Defense HLW repository is required”
(DOE 2015¢, iv). In a memorandum to the Secretary of Energy, Ernest Moniz, President
Obama determined that a separate defense HLW repository was in fact “required” under
the terms of the NWPA (Obama 2015). That determination broadened the authority DOE
already held under the Atomic Energy Act to dispose of defense SNF in a deep-mined,
geologic repository.

The second initiative responded to BRC’s recommendation favoring
further RD&D to help resolve some of the current uncertainties about deep borehole

disposal and to allow for a more comprehensive (and conclusive) evaluation of the
potential practicality of licensing and deploying this approach, particularly as a dis-

* These include cost efficiency, health and safety, regulation, transportation, public acceptability, and
national security.

Report to Congress and the Secretary of Energy



posal alternative for certain forms of waste that have essentially no potential for re-use
(BRC 2012, 30).

Supported by a report from Sandia National Laboratories (SNL; SNL 2015), DOE issued a
request for proposal for vendors to conduct a deep borehole field test (DOE 2015a).

Consent-based siting of nuclear waste storage and disposal facilities was the subject of
DOE’s third initiative. In a Federal Register notice, DOE stated that it was implementing

a consent-based siting process to establish an integrated waste management system to
transport, store, and dispose of commercial spent nuclear fuel and high-level defense
radioactive waste. In a consent-based siting approach, DOE will work with communi-
ties, tribal governments, and states across the country that express interest in hosting
any of the facilities identified as part of an integrated waste management system.
(DOE 2015b, 79,872)

Subsequently, DOE scheduled a kickoff meeting in Washington, DC, and eight additional
meetings across the country to obtain public comments on five questions:

1. How can DOE ensure that the process for selecting a site is fair?

2. What models and experience should DOE use in designing the process?

3. Who should be involved in the process for selecting a site, and what are their roles?
4. What information and resources do people think would facilitate their participation?

5.  What else should be considered?

Fulfilling its obligations under the NWPAA, the Board maintained a “watching brief” over
technical and scientific aspects of these initiatives, as well as over the more standard and
traditional studies and investigations that DOE has undertaken in the past.

BoArRD RevieEw oF DOE’s PRESERVATION OF RECORDS CREATED BY
THE YuccA MOUNTAIN PROJECT

DOE’s investigation of the Yucca Mountain site through its Office of Civilian Radioactive
Waste Management (OCRWM) and its subsequent development of a license application
development generated massive amounts of technical and scientific information, as well
as extensive analyses of that information. As they are public records, proper archiving and
preservation of those materials are required by the Federal Records Act.® In addition, the
possibility remains that the Yucca Mountain license application might be revived in the
future. Finally, the data gathered, the samples collected, and the analyses undertaken by

¢ Records include all books, papers, maps, photographs, machine-readable materials, or other documen-
tary materials, regardless of physical form or characteristics, made or received by an agency of the United
States government under federal law or in connection with the transaction of public business and pre-
served or appropriate for preservation by that agency or its legitimate successor as evidence of the orga-
nization, functions, policies, decisions, procedures, operations, or other activities of the government or
because of the informational value of the data in them (44 USC. § 3301). Many of the key terms, phrases,
and concepts in this statutory definition of records are defined in 36 C.E.R. 1222.12.
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the YMP could prove to be of independent scientific value beyond their relevance in sup-
porting an application to construct a deep-mined, geologic repository at Yucca Mountain.
On July 29, 2010, responsibility for archiving and preserving Yucca Mountain scientific
and engineering information was internally transferred from OCRWM to the Office of
Legacy Management (LM; OCRWM 2010). On September 30, 2010, OCRWM ceased all of
its activities.

As part of the Board’s ongoing technical and scientific review of DOE activities toward
implementing the NWPA, the Board began to monitor events as they unfolded in the
spring of 2010, considering, among other things, the question of what would become of
the materials developed for the Yucca Mountain license application. DOE recognized
the importance of properly archiving and preserving critical information from the YMP.
DOE also appreciated how the decision to cease work on the YMP and the effort to with-
draw the license application had created an environment where DOE’s management of
YMP-generated information might be closely scrutinized by other interested and
affected parties. For this reason, DOE approached the Board in May 2010 and proposed
that the Board, as an independent party, formally oversee LM’s efforts to archive and
preserve YMP documents and materials. At that time, DOE notified ASLB that it was in
discussions with the Board about how it might carry out that task (DOE 2010). The fol-
lowing year, in a report accompanying the Fiscal Year 2012 Energy and Water
Development Appropriations Bill, the House Appropriations Committee directed the
Board to “give support to” DOE as it archived and preserved scientific data, documents,
and materials from the YMP (HR 2012).

LM’s primary responsibility in this respect is to archive and preserve materials created by
the YMP during its nearly 30-year lifetime. These materials take the form of electronic
databases and retrieval systems, analytical software, and physical objects such as maps,
videotapes, well-logs, and other items, some of which cannot be digitized. The two most
important databases and retrieval systems are the records information system (RIS) and
the e-mail warehouse. The former holds the central information generated by the YMP;
the latter stores the Lotus Notes e-mails that were sent and received by YMP personnel.
Together, these databases and systems contain more than two million records.

Additional physical items—such as geologic cores, rock samples, and experimental
materials like metal coupons from corrosion investigations—are not the responsibility
of LM but instead are the responsibility of DOE’s Office of Nuclear Energy (DOE-NE).
Preserving these physical materials falls outside DOE’s request to the Board to oversee
LM activities. Because these items are an important component of the scientific infor-
mation produced by the YMP, however, the Board also considered how those materials
were being preserved.

LM also is responsible for implementing DOE’s commitment, made in the President’s
Budget for Fiscal Year 2011 and later confirmed to ASLB, to archive and preserve a special
collection of records, DOE’s Licensing Support Network Document Collection (LSNdc),
which contains 3.65 million documents totaling more than 34 million pages of informa-
tion. Until early August 2011, this material could be accessed through a web-based, NRC-
operated portal, the Licensing Support Network, which was developed to facilitate the legal
process of discovery during the license application proceeding.
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Figure 1. Storage box for ated by the YMP.
YMP documents.

As part of its review, the Board designed a spot-checking exercise to determine whether
records could be retrieved from storage (NWTRB 2013¢,9-10). It is important to state pre-
cisely the limitations of this exercise. Given the vast number of records archived and pre-
served, the Board could only ask LM to retrieve a very small fraction of the documents.
The Board requested records spanning a wide range of technical work undertaken over the
years by the YMP, but this does not represent a statistically significant sampling of the doc-
uments archived and preserved.

Based on the results of its review, including the spot-checking retrieval exercise, the Board
found that NWTRB 2013¢):

1. Yucca Mountain documents have been preserved and can be accessed and retrieved. LM
developed a computer program that integrates the primary electronic database, the
RIS, with records of data collected during the course of the YMP. In the Board’s view,
this new system, the Yucca Mountain Record Information System (YMRIS), signifi-
cantly improved the functionality of search and retrieval operations. In particular, the
Board has a high degree of confidence that documentary material the YMP developed
and included in the LSNdc can be accessed and retrieved.

2. With significant time and effort, LM personnel can search and retrieve e-mails from the
e-mail warehouse. Because of the level of effort involved, the Board could not directly
test LM’s capability to access electronic messages. Board staff members, however, were
shown how LM responded to congressional requests for YMP e-mails. A small set
of e-mails deemed necessary to support the hearing on the Yucca Mountain license
application was captured in the RIS database and included in the LSNdc. Board staft
members were able to readily access a sample of these messages through the YMRIS.

3. LM does not have the capability to load and execute most analytical software. This
software was used by YMP personnel to analyze data and support modeling activities.
LM cannot run most of the analytical software to re-create some of these analyses,
although both the inputs and outputs used by the software have been archived and
preserved.
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Some boxes LM stored contain physical objects, such as videotapes, well logs, and maps.
However, LM has only a general understanding of the boxes’ contents. When activ-

ity ceased on the YMP, OCRWM personnel began transferring boxes with physical
objects to LM for storage. The contents of those boxes were inventoried, and the inven-
tories were provided to LM. The amount of detail in the inventories varies greatly.

For this reason, it is unclear what measures might be needed to preserve the physical
objects from the YMP for extended periods or to provide searchable databases for
these objects.

LM used schedules approved by the National Archives and Records Administration
(NARA) to identify YMP records that should be preserved permanently and YMP
records that should be preserved temporarily—that is, for periods ranging from 10 to
100 years. LM will hold temporary records. Permanent records will be transferred to
NARA no sooner than 30 years from the time that the YMP is conclusively shut down,
either as the result of a non-appealable court decision or by definitive executive or
legislative actions. The procedures NARA used to allow public access to the records
under its control can be cumbersome; thus, examining even permanent YMP records
may be difficult in the future.

The general public can access written records LM holds. However, to do so, individuals
or organizations must file a Freedom of Information Act request. During the time the
Board was conducting its review (2011-2013), LM had received only four such requests
from external parties since it took over responsibility for archiving and preserving
YMP-generated material.

Based on its findings, the Board made the following recommendations:

A retrieval exercise, similar to the one conducted in August 2012, should be repeated in
three years to assess the level of record preservation and retrieval capability at that time.

Policymakers should evaluate the priority given to archiving and preserving YMP docu-
ments and physical materials. Without a continuing commitment of resources, it is
unclear whether the current level of effort in this area can be sustained over time.

Additional project documents may still be forwarded to LM to be archived and pre-
served. Those records should be added to the YMRIS if they contain new technical
information.

DOE should consider providing web access to the foundational documents developed as
part of the YMP. These records may be of scientific, technical, and historical value, and
deserve to be easily accessible by the general public.

In the cases of boxes of physical objects stored by LM for which inventories are lim-

ited and/or not included in a searchable database, DOE policymakers should evaluate
whether to undertake additional efforts to develop informative inventories that could be
placed into searchable databases.

Although not the responsibility of LM, materials from geologic investigations—for
example, rock cores and materials from experimental studies, such as metal coupons
used in corrosion investigations—may have future value to ongoing DOE projects and
may even find application in broader scientific and technical studies. This report does
not address or evaluate the fate of these materials; however, the Board recommends that
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an external review be initiated to determine what types of materials exist, where they
are located, and what their potential value might be. A review should provide recom-
mendations to DOE policymakers on whether and how materials judged to be valuable
should be preserved and made accessible.

BoArD ReviEw oF DOE’s ACTIVITIES RELATED TO
REPOSITORY DEVELOPMENT

DOE Research and Development on Spent Nuclear Fuel and
High-Level Radioactive Waste Management

DOE’s Office of Nuclear Energy (DOE-NE) supports a broad range of scientific and techni-
cal analyses that are directly relevant to DOE’s responsibility to manage both commercial
and defense HLW and SNF. The research explores topics ranging from waste form behav-
ior, which dictates the source term that drives repository performance, to alternative dis-
posal concepts and factors affecting preclosure operations. As part of the Board’s mandate
to provide ongoing review of those studies, it invited key investigators or their DOE-NE
sponsors to discuss this research. At a public meeting on November 30, 2013, in Washing-
ton, DC, the Board heard presentations about studies undertaken in two DOE-NE units,
the Office of Used Fuel Disposition R&D (research and development) and the Office of Fuel
Cycle R&D. In a January 29, 2014, letter, the Board provided comments on the presenta-
tions and made a series of recommendations (Ewing 2014d).

Important developments over the past decade include decisions by nuclear power plant
owners to irradiate the fuel in their reactors for a longer time in order to improve the eco-
nomics of reactor operations. Increasingly, fuel is discharged from reactors at burnup lev-
els greater than 45 gigawatt days per metric ton of uranium. Such material is termed
“high-burnup” SNEF. Very little data are available to project how high-burnup SNF behaves
if it is stored for decadesA technical specialist from Argonne National Laboratory
described studies of high-burnup fuel cladding..”

These investigations produced some preliminary data. For example, the tests were
restricted in scope and size, were spread over a broad range of environmental conditions,
and were not repeated to understand statistical variations. In the Board’s view, these cir-
cumstances limit the test results’ usefulness in predicting changes in cladding perfor-
mance during transport after extended storage. The researcher informed the Board that he
was working with the nuclear industry, which has a substantial amount of data on high-
burnup fuel characteristics. These data, however, are proprietary and not currently acces-
sible to DOE.

o DOE should consider both how it can extend the work it is supporting in this area—for
example, by conducting more tests using cladding samples irradiated in research reac-
tors, to study the impact of high burnups—and how it can gain access to the results of
work done in this area by other national and international Re»D programs.

7Cladding contains the fuel pellets within the fuel rod and can act as an engineered barrier within a
repository.
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o Given the importance of understanding how high-burnup fuel and cladding properties
could change during prolonged SNF storage, DOE should focus particular effort on gain-
ing access to more data from the nuclear industry about this issue.

A senior DOE manager from the Office of Used Fuel Disposition R&D discussed the High
Burnup Dry Storage Cask Research and Development Project (CDP), which is jointly spon-
sored with the Electric Power Research Institute (EPRI). This effort is intended to provide
much-needed data on changes in the properties of high-burnup SNF and potential degra-
dation of storage system materials during extended storage. Although the Board strongly
supports this research, it is concerned that cask monitoring over time will be too limited.
Moreover, it is unclear whether there will be available DOE facilities where the cask can be
opened to inspect the SNF at the conclusion of the ten-year project.

o DOE should make it a priority to develop a more extensive program to inspect and
examine, using advanced analytical techniques, the condition of SNF with a range of
designs, burnups, and storage histories, to establish the capability to open large dry-
storage casks and canisters in a dry facility.

o DOE should increase its R&D efforts to develop sensors and instrumentation that can
operate in the extreme environments that exist in storage systems, so that additional
data on the condition of SNF and dry-storage systems can be collected over long storage
periods.

Two scientists from SNL reported on a major study conducted by
experts from ten DOE program offices and national laboratories,
three universities, and a DOE contractor. The study was designed to
evaluate how different disposal concepts might be suitable for the full
inventory of commercial and defense HLW and SNF (SNL 2014). The
concepts included disposal in a deep-mined, geologic repository con-
structed in salt, clay/shale, and crystalline host rock, and disposal in
deep boreholes. Collectively, the investigators sorted the HLW and
SNF into ten categories.

Although this effort appeared to be comprehensive, the Board con-
cluded that the waste form/disposal options evaluation was based on
qualitative metrics and appeared not to have addressed a number of
issues: (1) temperature dependence of corrosion rates and mecha-
nisms for different waste forms, (2) matching waste forms to geo-
chemical conditions to improve waste form performance, and (3)
matching waste form performance to the half-life and radiotoxicity
of different waste streams.

o Perhaps a useful and objective approach to improving this evalu-

ation would be to analyze in more detail the results available in
other countries: Sweden for granite, France and Switzerland for

Figure 2. Disposal of
spent nuclear fuel in a
clay formation.

clay, and Germany for salt. It would have been more interesting to compare the perfor-
mance assessment results for each of the different geologies for a single waste form (most
important, SNF).
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o Given the considerable effort that went into assessing an unsaturated site in volcanic tuff
at Yucca Mountain, DOE should include the relevant results from that work in the cur-
rent evaluation to increase the study’s range.

o DOE should make the SNF and HLW inventory data available to the public in a more
accessible format—for example, in spreadsheet form.

Based on presentations made at this meeting and DOE published documents available at
the time, DOE’s position on the potential use of deep borehole disposal was not clear. The
senior DOE manager described DOE’s R&D program to develop deep borehole disposal
technology and suggested it may be used to dispose of both SNF and HLW. The SNL pre-
sentations, however, indicated that DOE’s waste form and disposal options evaluation
implied that emplacing SNF and HLW at depths of from 3 to 5 kilometers (km) beneath
the surface is not operationally feasible because of the size of the disposal containers. The
options and waste form study concluded that deep borehole disposal would not be possible
for large waste packages (e.g., existing vitrified HLW containers and commercial SNF in
dual-purpose canisters) and, in other cases, that significant modification of waste forms
would be required (e.g., rod consolidation for SNF or redesign of canisters for HLW).

o Prior to embarking on an expensive, full-scale demonstration, it would be prudent to
have an explicit understanding of the types of waste that are realistic candidates for deep
borehole disposal.

o IfDOE envisions that deep borehole disposal might be appropriate for some small-
volume, “niche” waste, then any borehole research program should be designed with
disposal of that waste form in mind and justified on the basis of a cost-benefit and safety
analysis.

A senior manager from the Office of Fuel Cycle R&D provided an overview of his unit,
including its mission, near-to-long-term program objectives, and R&D activities on mate-
rials recovery and waste forms. It was not clear from his presentation how DOE establishes
R&D priorities to allocate its limited funding in this area. For example, the presentation on
developing the technology for uranium separation from seawater was technically interest-
ing but, given the significant challenges facing DOE (e.g., investigating how the character-
istics of high-burnup SNF change during extended periods of dry storage) as well as the
abundance of uranium that is readily available for extraction using conventional technolo-
gies at reasonable cost, it is difficult for the Board to understand why separating uranium
from seawater should be a high priority.

o DOE’s Fuel Cycle Technologies Ré&»D program should establish its priorities based on
work needed to provide information on the most important issues related to managing
and disposing of SNF and HLW.
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DOE Research and Development Activities on Salt as a Geologic Medium
for SNF and HLW Disposal

On March 19, 2014, the Board held a public meeting in Albuquerque, New Mexico. The
main topic of interest was DOE’s R&D activities on salt as a potential host rock for dispos-
ing of SNF and HLW.

A 1957 report from a panel convened by the National Academy of Sciences initially identi-
fied salt as a promising host rock for a deep-mined, geologic repository (NAS 1957).% As
originally articulated, the salt disposal concept appears elegant in its simplicity. If the salt
is there, then water flow—the predominant mechanism for transporting waste to the bio-
sphere—is probably not occurring at rates of concern for waste disposal. Ideally, under
lithostatic pressure the salt itself moves slowly, closing around emplaced disposal packages
and healing any fractures or voids that may have formed during the repository construc-
tion phase. In the salt disposal concept, robust and long-lasting waste packages are not
considered necessary to isolate and contain HLW and SNF; the hydrogeologic environ-
ment is key to long-term repository performance.

Starting in the early 1960s in the United States, Oak Ridge National Laboratory investi-
gated bedded salt in the Permian basin. The world’s first deep-mined, geologic repository
(for defense-origin transuranic waste) at the Waste Isolation Pilot Plant (WIPP) in New
Mexico is carved out of bedded salt. Of the nine locations DOE chose as “potentially
acceptable” repository sites, seven were in salt formations.” Beginning in the early 1970s,
the German waste management program focused on salt as the preferred disposal
medium. Extensive experiments were conducted at two sites in Lower Saxony, Asse, and
Gorleben.

At the public meeting, the Board heard from seven DOE and DOE laboratory scientists,
who discussed DOE’s generic research on salt as a geologic medium for the disposal of
HLW and SNF. The modeling and laboratory studies explored a range of issues that would
need to be addressed before a repository could be developed in that host rock, including:

o Alternatives for emplacing and backfilling waste packages within the mined-out tun-
nels (drifts).

o  Simulating coupled thermal-hydrological-mechanical processes.

o  Brine migration by the movement of fluid inclusions up the thermal gradient.

o Developing performance-assessment models for a salt repository.

In none of the presentations, however, did the scientists explore in detail the implications
for repository performance.

Alternatives for emplacing and backfilling waste packages within the mined-out tunnels
(drifts): Since the late 1950s, in situ studies conducted in the United States and Germany
have examined the behavior of salt domes and bedded salt as a potential host rock. An

8 Both bedded-salt formations and salt domes could host a repository.
9N'WPA Section 116(a) [42 USC 10136].
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investigator from SNL in his presentation to the Board summarized the relevant scien-
tific literature. He maintained that available data have been well developed for most
repository design options. However, for one alternative—emplacing waste packages hor-
izontally on the drift floor, along with the use of crushed salt to backfill the drift—
important data gaps remain.

Emphasizing the importance of obtaining that missing data, a DOE official from the
Carlsbad Field Office, which oversees WIPP, noted that heater tests conducted in the 1980s
at WIPP indicated that emplacing packages containing HLW and SNF vertically in bore-
holes drilled in the drift floor could cause a steep and very localized temperature and pres-
sure gradient to form and caused brine to flow into the cavity. Horizontal emplacement,
along with a crushed salt backfill, not only could avoid that problem but also could be
operationally easier to implement.

Simulating coupled thermal-hydrological-mechanical processes: Waste packages generate
heat that declines over time, but early on, heat can affect, among other things, the porosity,
permeability, thermal conductivity, solubility, and water vapor pressure of a salt formation.
All of those alterations can influence the long-term performance of a deep-mined, geologic
repository.

In two presentations to the Board, an investigator from Los Alamos National Laboratory
(LANL) and a second one from SNL discussed simulations they executed. The LANL study
employed the Finite Element Heat and Mass transfer code to look at the impact of placing
five waste packages on the drift floor covered by run-of-mine salt backfill. At higher decay
heat levels (more than 250 watts/package), a boiling region was created, resulting in a boil-
ing region near the packages and water vapor moved upward away from the packages. The
vapor eventually condenses into water that dissolves the salt and flows back toward the
packages, where salt deposits build up as the water again boils and salts reprecipitate.

The SNL presentation focused on the value of a second simulation model, SIERRA, a fam-
ily of finite-element, multiphysics codes. In collaboration with a German team of investi-
gators, the SNL team is comparing current constitutive models and simulation procedures
for exploring thermo-mechanical behavior and healing in salt formations. Although that
work is still at the preliminary stage, the SNL investigator maintained that the applicability
of the SIERRA model appears promising.

Brine migration by the movement of fluid inclusions up the thermal gradient: A second sci-
entist from LANL discussed his research that explored free fluid migration in single salt
grains. He concluded that temperatures in crushed and intact salt drop very rapidly away
from the heat source. Further, the rate of migration is influenced by the size of the fluid
inclusion and by the temperature gradient in the salt. Finally, the brine becomes enriched
in pure salt as it migrates toward the heat source, depositing magnesium-rich salt along the
migration channels.

Developing performance-assessment models for a salt repository: Under the regulatory
regime now in place in the United States, deep-mined, geologic repository developers must
demonstrate compliance with health and safety rules, using a formal technique known as
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performance assessment. Two other researchers from SNL described efforts to fashion a
generic evaluation for a repository constructed in a salt formation.

The first presentation focused on what information and process understanding would be
needed to develop a multiphysics performance assessment that relies on high-performance
computing architecture and software. The researcher described a salt-reference case and
identified key events, features, and processes that would have to be considered. The capa-
bilities of this performance assessment model were illustrated by examining radionuclide
transport for the scenario of an undisturbed repository.

The second presentation described how ongoing collaboration between investigators in the
United States and Germany contributed to an improved understanding of how a repository
built in a salt formation might evolve over time. Among the topics being studied are the
isochoric deformation of salt, triaxial strength tests, salt creep and consolidation, and in
situ analogues.

Based on these presentations, in a letter to Dr. Peter Lyons, Assistant Secretary for Nuclear
Energy, and to Mr. David Huizenga, Senior Advisor for Environmental Management, the
Board advanced a set of findings and recommendations (Ewing 2014c).

o DOE should develop a framework for bringing together the different modeling groups,
to encourage model comparison, integration, and computational performance improve-
ment, which are essential elements for further advances in understanding coupled
processes and in increasing confidence in these models for repository site performance
evaluation.

o DOE should continue its efforts on coupled-process model validation using published
laboratory and in situ field-scale test data.

o DOE should pay better attention to potential disadvantages associated with locating
a repository for SNF and HLW in salt (inadvertent human intrusion, brine migration
along clay seams, and accelerated plastic flow of salt due to the presence of heat-gen-
erating waste) in order to ensure a balanced evaluation of the performance of salt as a
medium for a deep-mined, geologic repository.

o DOE should collect in situ data applicable to emplacing waste packages on drift floors
and backfilling using crushed salt.

o DOE should make relatively simple calculations of the amount of water that might
accumulate around a waste package due to fluid inclusion migration within the thermal
gradient of a waste package.

o DOE should continue its efforts in model improvement, including incorporation of
thin clay beds that can have significant impact on mechanical performance, and, most
important, its efforts in model validation using field data available from U.S. and inter-
national sites.

o DOE should include human intrusion and ingress of water from sources external to the
salt body in its performance-assessment analysis of SNF and HLW disposal in salt.
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o DOE should use information on the flooding that has occurred at the Asse site (in
Germany) to evaluate lessons that can inform the consideration of salt as a geologic
medium for SNF and HLW disposal.

o DOE should evaluate whether the operational advantages of emplacing waste packages
on drift floors and backfilling with crushed salt would have any adverse impacts on the
long-term performance of an SNF and HLW repository in salt.

Evaluation of Technical Issues Associated with the Development of a
Separate Repository for U.S. Department of Energy-Managed High-Level
Radioactive Waste and Spent Nuclear Fuel

The 1982 NWPA called for a presidential determination about whether developing a
repository solely for disposing of radioactive waste from the nuclear weapons complex was
“required” and defined six factors (cost efficiency, health and safety, regulation, transporta-
tion, public acceptability, and national security) to be considered in making this determi-
nation."” Based on a DOE evaluation of the need for separate repositories, President Ronald
Reagan determined in 1985 that defense HLW should be disposed of in a common reposi-
tory with commercial SNF.

As noted above, the BRC recommended that DOE evaluate whether separate repositories
should be developed for disposal of at least some DOE-managed HLW and SNF on the one
hand and commercial SNF (and the remaining DOE-managed HLW and SNF) on the oth-
er."! The administration’s strategy, articulated in 2013, promised to undertake that
evaluation.

In October 2014, DOE issued a report, Assessment of Disposal Options for DOE Managed
High-Level Radioactive Waste and Spent Nuclear Fuel (DOE 2014). The report recom-
mended implementing a strategy for disposal of some DOE-managed HLW and SNF in a
separate deep-mined, geologic repository rather than disposal of these wastes in a reposi-
tory commingled with commercial HLW and SNF. The report also recommended that
DOE retain the flexibility to consider options for disposal of smaller DOE-managed waste
forms in deep boreholes rather than in a deep-mined, geologic repository. In a document
released in March 2015, Report on Separate Disposal of Defense High-Level Radioactive
Waste (DOE 2015¢), DOE revisited the six factors identified in the NWPA that are used to
determine whether separate disposal of defense HLW is required. Although the report on
separate disposal is primarily an analysis to support a presidential decision on whether to
develop separate repositories, it also examines some of the associated technical issues. On
March 24, 2015, President Barack Obama issued a Presidential Memorandum that stated,
“the development of a repository for the disposal of high-level radioactive waste resulting
from atomic energy defense activities only is required” (Obama 2015).

Developing a separate repository for defense HLW represents a fundamental shift in policy
for managing radioactive waste in the United States. In addition, as DOE observed in the
report on separate disposal, DOE retains its authority under the 1954 Atomic Energy Act
to construct a repository that would be used exclusively to dispose of both defense HLW

UN'WPA Section 8(b).

"Commenting on the BRC report in an April 2012 letter to DOE, the Board noted that the issue of com-
mingling waste “is a technical issue that deserves consideration (Garrick 2012).”
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and SNF as well as of HLW and SNF from DOE’s R&D activities. Although this authority
may be open to conflicting legal interpretations, the Board’s consideration of the technical
and scientific questions that might arise if DOE pursues this new approach presumes that
at least some DOE-managed SNF may be disposed of in a “defense-only” repository
(NWTRB 2015¢). In this report, the Board identified a number of technical and scientific
issues that should be addressed as DOE implements this new approach, including those
stemming from waste form performance, DOE SNF degradation and release rates, repack-
aging of naval SNF for disposal, and disposal of DOE-managed HLW and SNF in deep
boreholes.

Based on its review, the Board made the following recommendations.

o DOE should consider waste form performance in different host-rock types after degrada-
tion of the waste package in future assessments. Much information can be obtained ini-
tially by looking at the performance of commercial SNF and vitrified HLW in different
host-rock types.

o DOE should develop a better understanding of the degradation rates of DOE SNF in
potential repository geologic environments, particularly the DOE SNF types that could
contribute most to radionuclide release and calculated dose, to improve the basis for the
separate repository safety assessment.

o DOE should evaluate approaches, benefits, and costs of repackaging cooler naval SNF
into smaller disposal packages.

o DOE should conduct research on borehole sealing technology and assess whether more
robust engineered barriers might be required for disposal of selected waste forms in deep
boreholes.

Designing a Process for Selecting a Site for a Deep-Mined, Geologic
Repository for High-Level Radioactive Waste and Spent Nuclear Fuel

Every country that has chosen a strategy for managing its HLW and SNF over the long
term has opted for disposal in deep-mined, geologic repositories. Depending on the avail-
able lithology, a nation may be able to adopt one or more disposal concepts—designs for a
repository system composed of the host-rock formation and engineered barriers—to iso-
late the HLW and SNF from the accessible environment.

As the discussion at the beginning of this report makes clear, the issue of repository siting
has dominated recent developments in nuclear waste management in the United States.
Should the proposed repository at Yucca Mountain be put back on the table? Should a con-
sent-based siting strategy be developed for the first or second repository? Should a separate
repository for DOE-managed HLW and SNF be constructed?

In order to provide useful information to policymakers faced with such decisions and to
aid the public with an increased understanding of the issues, the Board wrote two reports
on selecting a site for a deep-mined, geologic repository for HLW and SNF (NWTRB
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2015a, 2015b)."? The reports present a historical analysis of 24 instances in ten countries
where implementers such as DOE attempted to find a repository site.

The reports rest on the premise that finding a repository site is a difficult socio-technical
challenge. Many levels of government exercise power. Affected constituencies strive to
make their voices heard, often with the goal of preventing the development of a repository;
sharp disagreements over values and how they are weighed arise. Scientific and engineer-
ing uncertainties may be difficult, if not impossible, to resolve.

The reports rest as well on the premise that finding a repository site requires the metaphor-
ical passage, generally more than once, of possible locations through two filters, a
Technical Suitability Filter and a Social Acceptability Filter. The reports describe how the
Technical Suitability Filter is established, typically by implementers through formal rules
or regulations collectively termed “site-suitability criteria.” Depending on how many dis-
posal concepts might be adopted and the order in which sites pass through the two filters,
three types of site-suitability criteria can be distinguished. Host-Rock-Specific Criteria are
disposal concept-specific and typically identify quantitative rock properties that would
indicate that a repository developed at a particular location would perform satisfactorily.
Generic Criteria are typically used to compare a site in one lithology with a site in a com-
pletely different lithology. Finally, Exclusion Criteria identify certain geologic characteris-
tics that almost automatically preclude developing a facility. They also inform communities
interested in exploring the possibility of hosting a repository whether the local geology is
likely to pass muster. The type of criteria used by the implementer can strongly influence
how it winnows down prospective settings to potential sites, to candidate sites.
Consequently, how interested and affected parties perceive and understand the implement-
er’s action is also affected by the type of criteria.

The Social Acceptability Filter can take many forms, including referenda, mass action,
negotiated agreements, and legislative determinations. Passage through it can resultin a
range of outcomes, including a willingness to host a repository, taking a wait-and-see
stance, or protests based on poor technical analyses or flawed procedures. Increasingly,
nations have created consent-based siting processes. These also take a variety of forms,
depending on who consents, how consent is granted, and at what point consent can be
withdrawn. Although consent-based processes have resulted in selecting a site in some
countries, in others such processes failed.

Although passage through one filter can mostly be described and understood indepen-
dently of passage through the other, the two are interdependent in several respects.
Examples of this interdependence include: simplicity of the disposal concept and social
acceptability; the order in which a possible site passes through one or the other of the fil-
ters; political influences in determining site-suitability criteria; technical ambiguity,
bureaucratic discretion, and social trust; support or opposition to nuclear energy produc-
tion and attitudes toward radioactive waste management; and technical uncertainty and
informed consent.

2NWTRB 2015b provides a summary of the Board’s views about designing a siting process; NWTRB
2015a provides the empirical evidence upon which those views are based.
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As the reports detail, experience siting
a deep-mined, geologic repository has
been mixed. Of the two dozen attempts
in nine nations that have taken place
over the years, six are still on track; of
the four sites selected, applications for
construction authorization are active
in three. Notwithstanding this history,
the Board strongly agrees with the
international consensus within the sci-
entific and engineering communities
and among implementers and regula-
tors that developing such a facility is
technically feasible and provides a
compelling level and duration of
protection.

Thus, the Board advises DOE that it
should not pursue any strategy that might distract from focused efforts to develop a deep-
mined, geologic repository.

Based on the information developed in the two reports, and in keeping with its techni-
cal mandate, the Board presents four recommendations that policymakers should con-
sider if they decide to launch a new siting process. These recommendations address
the preparation of site-suitability criteria to replace DOE’s 1985 Siting Guidelines
(DOE 1985) and the timing of when a state might object to the president’s nomination
of a repository site.

The geological diversity in the United States may make it impossible to choose a single dis-
posal concept in advance of the site-selection process; nuclear regulators in Finland and
Sweden were able to do so because a single rock type, crystalline rock, underlays virtually
all of both countries. Consequently, despite their limitations, Generic Criteria will have to
provide the initial foundation for any new set of site-suitability criteria. DOE’s 1985 Siting
Guidelines contain generic criteria that are consistent with international practice and are
technically defensible. DOE’s 2001 Yucca Mountain-specific site-suitability regulation
relies on probabilistic performance assessment (DOE 2001). Putting aside the ongoing
debate over the utility and validity of that methodology, using it to winnow down sites is
inappropriate and technically questionable. The data needed to employ such an approach
sensibly are not available at the earliest stages of any siting effort.

o DOE’s 1985 Siting Guidelines should be adopted as a sound basis for developing any
new rules that might structure a future siting process. DOE’s 2001 site-suitability regula-
tion (for Yucca Mountain), which relies on a technically complex performance assess-
ment using detailed site-specific data, does not provide a sound basis for selecting sites in
the future.

DOE applied the 1985 Siting Guidelines to compare locations after it reduced the number
of prospective settings for the second repository. In that case, all of the sites were in crys-
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talline rock formations. Using generic criteria when host-rock-specific criteria would have
sufficed unnecessarily complicates matters. Developing new guidelines should anticipate
this situation. Adding host-rock-specific criteria would simplify and make more transpar-
ent the technical basis for DOE’s decisions in the future.

o The 1985 Siting Guidelines should be supplemented with host-rock-specific criteria that
are applicable to geology-specific concepts (including relevant engineered barriers) that
have been advanced for disposing of HLW and SNF in salt, crystalline rock, or clay/shale
formations and their associated environmental settings.

DOE also used the 1985 Siting Guidelines to winnow five potential sites for the first reposi-
tory down to three. DOE exercised its legitimate discretion to interpret ambiguous lan-
guage in the rule and to determine how its decision-aiding multiattribute utility analysis
methodology should be carried out to distinguish among sites. In both that case and in
down-selecting prospective settings for the second repository, charges of unfairness were
leveled that could not be dispelled neatly and persuasively. There is a fine line between pro-
tecting the discretion required for bureaucratic flexibility and enlarging the domain of dis-
cretion to the point where bureaucratic decisions appear unaccountable. If new (or revised)
guidelines are written, they must be scrutinized carefully to ascertain on which side of that
line they fall. Erring on the side of reducing discretion is a conservative approach, but it is
one that is more likely to be viable in the long term.

o To the greatest extent possible, those responsible for developing any new site-suitability
criteria should minimize the ambiguity that facilitates the implementer’s discretion in
applying them, helping to ensure the objectivity of the process and public confidence in
its outcome. If, at any point during the siting process, the criteria need to be changed, the
implementer should use a transparent and meaningfully participatory process to do so.

As siting investigations proceed at the surface and in laboratories, knowledge is gained
about the potential performance of a proposed repository system. That knowledge is often
supplemented by constructing underground research laboratories in the same hydrogeo-
logic environment as the candidate site or at the candidate site itself. Thus, the chances of
scientific and technical surprises arising are reduced even if they cannot be completely
eliminated. Generally, communities asked to consent to the site choice are concerned
about when a right of withdrawal can be exercised, because disagreements between the
implementer and the community may arise over whether any surprises encountered dur-
ing site investigations can be worked around or whether they automatically disqualify a
site. The 1982 NWPA uniquely requires that investigations at depth be completed before a
final decision on selecting a repository site can be made. Both the implementer and the
affected state benefit from investigations carried out at depth where the repository will be
built. Resources might not be expended in vain. Giving consent or withholding it until the
time of “full disclosure” permits a more informed choice.

o Any new siting process should preserve the requirement in the 1982 Nuclear Waste Policy
Act that a final choice of site await extensive underground characterization.
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BoArD ReviEw oF DOE’s AcCTIVITIES RELATED TO THE
MANAGEMENT OF ITs HiGH-LEVEL RADIOACTIVE WASTE AND SPENT
NuUCLEAR FUEL

As part of its technical oversight activities involving disposal of DOE-managed HLW and
SNF, the Board closely followed efforts at the five locations where that material is being
stored and managed.”® During the period of January 1, 2013, to December 31, 2015, the
Board held meetings and toured facilities at three of those locations: the Hanford
Reservation, the Idaho National Laboratory, and the Savannah River Site (SRS).

DOE Research and Development Activities Related to Disposition of
Vitrified High-Level Radioactive Waste

On April 16, 2013, the Board held a public meeting in Richland, Washington. The primary
purpose of the meeting was to hear from DOE and other experts about R&D efforts on
vitrified HLW disposition. In addition, a senior DOE official from the Office of Environ-
mental Management (DOE-EM) discussed his unit’s plans to treat the wide variety of
radioactive wastes generated at defense-complex sites. The Board also invited a panel of
interested and affected parties to discuss critical technical issues dealing with disposal

of DOE-managed HLW and SNF now kept at the Hanford Site. A director in DOE-NE
informed the Board about the potential for direct disposal of dry storage containers cur-
rently in service at nuclear power plant sites. Finally, the Assistant
Secretary for Nuclear Energy provided an overview of the Obama
Administration’s response to BRC’s recommendations.

What follows below is limited to the Board’s evaluation of DOE’s R&D
activities related to the disposition of vitrified HLW (Ewing 2013a).

A senior scientist from the Savannah River National Laboratory (SRNL)
delivered an informative lecture that made the complex chemistry and
physics of HLW vitrification understandable to experts and generalists
alike. Her presentation segued into a panel discussion that included
DOE officials who have experience at three sites that have produced or
will produce vitrified HLW: SRS, the West Valley Demonstration Project
(WVDP), and Hanford. In addition, a technical expert from the French
Alternative Energies and Atomic Energy Commission provided insights
into the approach taken to vitrification by the French reprocessing
industry.

The lecture and the panel made clear that the process technology
employed at SRNL and WVDP differs significantly from the technology
being designed for use at Hanford. Nonetheless, lessons can be learned

on matters such as feed processing, sampling, and characterization as

well as repository waste-acceptance criteria for glass produced Figure 4. Strontium and
complex-wide. cesium capsules stored at
Hanford.

®Washington State, Idaho, South Carolina, Colorado, and New York
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o The Board believes strongly that closer collaboration among DOE-EM sites involved in
waste vitrification would be mutually beneficial. It recommends increased integration
of their programs, possibly including establishing an advisory panel with representation
from all three sites, to ensure the relevant experiences and lessons learned at one site are
shared with the others.

A second panel, composed of DOE experts from SRNL and the Pacific Northwest National
Laboratory, as well as the director of the Vitreous State Laboratory at the Catholic
University of America, commented on DOE’s technology development programs on waste
forms. Both panels observed that the U.S. strategy for waste vitrification contrasts with
that used by the French. Although the U.S. established waste-specification criteria based
on standard tests, the French recognized that the performance of glass as a waste form can
vary dramatically as a function of the dissolution and release mechanisms within the geo-
chemical/hydrologic environments of different repository rock types.

Research on the mechanisms that influence changes in glass corrosion rates with time is
essential to evaluating overall repository performance, as is addressing uncertainties that
could affect radionuclide release rates. Coordinated experimental and predictive model-
ing-simulation programs could be most productive in understanding these mechanisms,
particularly in different geologic media.

o DOE should consider carefully the long-term performance of glass in a variety of geo-
logic environments, as well as the interactions of different types of engineered barriers
with the glass. A specific effort also should be made to evaluate and demonstrate the
long-term performance of the low-activity glass that DOE-EM plans to dispose of at the
Integrated Disposal Facility at Hanford.

DOE Research and Development Activities Related to the Disposition of
Spent Nuclear Fuel

On August 6, 2014, the Board held a public meeting in Idaho Falls, Idaho. It heard from
technical experts and officials from DOE-EM and -NE. The meeting’s purpose was to con-
tinue the Board’s evaluation of efforts by DOE to prepare its own and commercial HLW
and SNF for disposal. The Board considered three types of issues: those that cross-cut both
offices, those that affect only DOE-EM, and those that affect only DOE-NE. The Board
communicated its findings, conclusions, and recommendations to DOE in two letters
(Ewing 2014a, 2014b).

Issues that cross-cut the Offices of Environmental Management and Nuclear Energy: Before
DOE dismantled the YMP in 2010, a clear division of labor had been established between
the OCRWM—which was responsible for preparing both commercial SNF and DOE-
managed HLW and SNF for transportation and disposal—and DOE-EM’s National Spent
Nuclear Fuel Program (NSNFP), which oversaw efforts to ensure that DOE-managed SNF
met OCRW M’s acceptance criteria for disposal at Yucca Mountain. This division of labor
not only allocated responsibility clearly between the two units but also guarded against the
possibility that some critical function might not fall to either organization.

Subsequently, DOE leaders reassigned many of OCRWM’s responsibilities, but one critical
function—R&D on the long-term disposition of DOE-managed HLW and SNF—fell
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between organizational cracks. The need for that R&D is especially acute because, com-
pared with commercial SNF, DOE-managed SNF is more damaged, includes many more
types of fuel and cladding, and contains highly enriched uranium, all of which are impor-
tant considerations when designing and implementing an integrated SNF management
and disposal program.

o DOE should review OCRWM's past responsibilities and functions, and explicitly assign
the responsibilities, which have not already been reassigned, to specific DOE organiza-
tions to facilitate the management and disposal of DOE-managed SNF and HLW.

Further, for a variety of reasons, the NSNFP was severely cut back between the time the
YMP was shut down and 2014. As a result, interactions among the technical staff across
the defense complex were much less frequent, so common issues were harder to identify
and address. For example, until 2011, the NSNFP maintained the Spent Fuel Database,
which served as the single source of information about DOE-managed SNE.

o DOE should revitalize the NSNFP to integrate approaches at the staff level, address
issues affecting the DOE-managed SNF program, and update and maintain the Spent
Fuel Database.

The issue of HLW and SNF transportation also illustrates how OCRWM’s closure led to a
loss of the crucial link between different waste types and transportation strategies.
OCRWM was responsible for designing, obtaining regulatory approval for, and fabricating
the transportation cask system for all HLW and SNF (except the Navy’s) destined for
Yucca Mountain. Work in this area on commercial SNF is being conducted within
DOE-NE, but the corresponding responsibilities for DOE-EM’s HLW and SNF have not
been assigned.

o DOE should explicitly assign responsibility for the coordination of all transportation
activities for HLW and SNF.

In the Board report (NWTRB 2013c), the focus was on preserving records created by
OCRWM for the YMP; it did not explicitly address subordinate records created at DOE
field offices responsible for managing HLW and SNE. Although the Board has not under-
taken a systematic evaluation of the record preservation and retrieval practices at field
office sites, comments made during the meeting suggest that some information may no
longer be available from official documents. This material, which contains information
about the radionuclide content and details about packaging, would have eventually been
transmitted to OCRWM as part of the waste-acceptance process. Several DOE-EM presen-
tations at the August 6, 2014, Board meeting required retrieving information on past DOE
operations; the presenters indicated that this was a difficult task.

o DOE should assess the level of record preservation and retrieval of DOE field office site
organizations and ensure that all records related to past HLW and SNF management
are preserved and retrievable to support future waste management activities.

Given the transfers and retirements that have taken place since 2010, the possibility cannot
be excluded that the valuable knowledge base, including experiences, related to past SNF
handling operations and other management activities has already been lost.
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o DOE should take early action to capture this critical knowledge so it can be used to sup-
port later DOE efforts aimed at handling wastes, certifying transportation and storage
packages, and undertaking interim storage and final disposal.

Issues that affect only the Office of Environmental Management: DOE-EM manages a wide
variety of SNF. Many advantages could be secured if it were possible to emplace all or most
of that SNF into a standard canister, which could be loaded into a transportation cask. An
engineer from the Idaho National Laboratory (INL) discussed the design, regulatory, and
development obstacles that stood in the way of creating a standardized canister. A contrac-
tor working at Hanford described the design for a multicanister overpack and how it has
been loaded, mostly with N-Reactor SNF (and debris). The multicanister overpack also
would have to be loaded into a transportation cask to ship the SNF off site. The contractor
remarked that evaluations of some issues, such as criticality and the availability of certified
commercial transportation casks, still needed to be performed.

o DOE should resume efforts on the DOE standard canister and multicanister overpacks.

These efforts should include:

O Resolve criticality issues related to the transportation and disposal of the DOE stan-
dard canister. These efforts should include submitting a topical report to NRC to
confirm that the standard canister would be acceptable to the NRC staff as part of
a transportation package based on the canister’s ability to prevent water intrusion
under hypothetical transportation accident conditions.

o To the extent that DOE continues its generic disposal research, it should assess the
viability of and implications for disposal of the DOE standard canister and multi-
canister overpacks in different geologic settings with their associated disposal con-
cepts (e.g., copper outer layer for a waste package in a reducing environment).

o Identify those issues that could affect future shipment of the multicanister overpacks
from Hanford to a geologic repository.

DOE’s decision to terminate the YMP broadly affected management of the HLW and SNF
under DOE’s control. Among other things, those wastes will have to be stored at defense-
complex sites for longer than expected. Three such impacts were discussed at the meeting.

First, a major force driving DOE SNF management at INL is the 1995 Settlement
Agreement negotiated between DOE, the U.S. Navy, and the state of Idaho. It requires
DOE to remove all SNF from wet storage by December 31, 2023, and from the state of
Idaho by January 1, 2035, with some exceptions for SNF being maintained for purposes
of testing. A 2008 addendum to the 1995 Settlement Agreement, related only to the
receipt and storage of naval SNF at INL, provided additional exceptions to the 2023 and
2035 SNF deadlines. The 1995 Settlement Agreement also requires HLW that existed at
the time of the agreement to be treated so that it is ready to be transported out of Idaho
for disposal by 2035.

Because of the uncertainty surrounding the prospects for final disposition of HLW and
SNF, designs for a facility to package DOE-EM-managed SNF for off-site transportation
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cannot be finalized. For example, the NRC-licensed, but unconstructed, Idaho Spent Fuel
Facility might need to be modified to accommodate packaging operations.

o Regarding the plans for SNF management at Idaho, DOE should review and update the
scope of the proposed packaging facility, taking into account the possibility that some SNF
could be stored at the site beyond 2035. DOE should examine how this extended period of
storage could impact the capabilities needed and the timing for packaging the SNF.*

Second, significant differences exist across the DOE-EM complex in terms of how the issue
of aging management is being addressed. For example, at the Hanford Site, almost all of
the SNF has been cleaned, dried, sealed in new multicanister overpacks, and stored in a
new facility. At INL, however, most of the SNF storage facilities are more than thirty years
old. Some of the SNF—with the exception of the material in the NRC-licensed Three Mile
Island Unit 2 Independent Spent Fuel Storage Installation—is not stored in an inert envi-
ronment, and SNF degradation is not monitored.

o DOE should develop a comprehensive systemwide strategy for managing aging SNF and
SNF storage facilities and individual aging management plans for all types of SNF and
SNF facilities. The systemwide strategy should be based on the expected period of storage
and should take advantage of the experience of the NRC’s aging management programs.

Third, the longer SNF has to be stored, the more critical becomes the issue of how well it
has been dried prior to being placed in storage containers. Water in a sealed SNF canister
can interact with the SNF over time and can potentially create a flammable gas mixture,
cause gas pressurization, and lead to container and fuel corrosion. Adequate drying of
SNF, especially degraded SNF, during multipurpose canister packaging is necessary to
ensure safe interim storage and subsequent transport and disposal.

o DOE should collect additional empirical data to develop an understanding of the impor-
tant processes that can occur—during drying and afterward—in a sealed container with
SNF that may not have been effectively dried.

Issues affecting only the Office of Nuclear Energy: The 1995 Settlement Agreement also
affects DOE-NE SNF stored in pools. A DOE manager from INL described how transfer-
ring this material into dry storage presents significant challenges. The Board recognizes
the national importance of the Advanced Test Reactor to nuclear research and to the pro-
duction of cobalt-60 for medical applications. The Board supports DOE’s plans to keep
operating that facility beyond 2023.

o DOE should assess the implications of the future generation and storage of SNF from the
Advanced Test Reactor beyond 2023 on DOE’s proposed packaging facility.

Increasingly, nuclear utilities in the United States and abroad are leaving fuel in reactors
for longer periods. Little data are available to understand how such “high-burnup” fuel
might degrade over time as it is stored. DOE and the nuclear utilities are conducting
research designed to fill in at least some of these information gaps. The Board believes that
this work is of great importance.

"“The Board made an identical recommendation in Ewing 2014a.
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o DOE should become more active in international efforts to develop a better understand-
ing of the changes in fuel and cladding characteristics during extended periods of dry
storage so that it can benefit from shared results of other Re»D programs.

o As DOE reviews and updates the scope of the proposed packaging facility, it should
consider the infrastructure that may be needed to support DOE’s Ré+D efforts on high-
burnup SNF and to periodically examine the commercial SNF that is currently in dry
storage at Idaho National Laboratory.

A DOE official described his unit’s R&D program for “accident-tolerant” fuels. Although
generally pleased with that effort, the Board recommended that:

o Inaddition to evaluating the performance in the reactors of “accident-tolerant” fuels,
DOE should also evaluate how these fuels will perform during extended dry storage and
subsequent transportation and disposal.

Management and Plans for Disposal of Spent Nuclear Fuel and High-
Level Radioactive Waste Stored at DOE’s Savannah River Site

On October 29, 2014, the Board held a public meeting in Augusta, Georgia. Based on the
information presented at the meeting, the Board was impressed with the way DOE and its
contractors at the SRS have been successful in integrating operations at the facilities on
site, including processing SNF, removing and vitrifying HLW from underground tanks,
and storing vitrified HLW in preparation for off-site disposal in a geologic repository. The
Board’s specific findings, conclusions, and recommendations were conveyed to DOE-EM
(Ewing 2015b).

The Board’s long-standing concern about DOE’s efforts to integrate the elements of its
waste management system was addressed by the first speaker, a senior DOE-EM official.
He provided an update to an earlier DOE-EM presentation on establishing a DOE SNF
corporate board and reestablishing a tank waste corporate board (Ewing 2014b, 2-3). The
former unit would bring together representatives of DOE program offices— for example,
DOE-NE, Office of Science, and Naval Reactors. The latter would be composed of manag-
ers from the different DOE-EM sites.”

o Regarding HLW management and coordination between the DOE sites, DOE should
place more emphasis on exchanging lessons learned and transferring new technology,
such as improvements in HLW melter performance and advances in melter designs. The
Board suggests that this may be an appropriate role for the tank waste corporate board.

More generally, the Board envisioned a wide range of constructive activities that might be
undertaken by the two corporate boards.

o DOE should task the SNF corporate board and the tank waste corporate board with:

o Employing a systems engineering approach to developing and implementing SNF
and HLW management programs.

5The Board is not aware of the activities that either of these boards has undertaken since 2015.
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o Obtaining design and regulatory input from outside organizations whose activities
will impact the technical management of DOE SNF and HLW within the DOE com-
plex and its preparation for off-site transportation (e.g., NRC, state regulators, local
government organizations in the vicinity of the DOE sites, and commercial cask
vendors).

o Ensuring that DOE’s efforts to transport and dispose of HLW, defense SNF, and
commercial SNF are integrated both at the management level and at the staff level.

o Making DOE’s efforts to integrate these activities more transparent.

One of the earliest facilities that reprocessed defense SNF is H-Canyon; L Basin stored
some of the SNF in water while it awaited treatment. Both remain in operation and will
continue to do so for the foreseeable future. To avoid problems experienced at Hanford,
where SNF significantly degraded when stored in water, a robust program for SNF surveil-
lance is crucial. Assessing and controlling SNF degradation in L Basin is especially impor-
tant because all of it may not be reprocessed in H-Canyon. This residual fuel will have to
be handled, dried, and packaged for disposal at a geologic repository. DOE has initiated an
Augmented Monitoring and Condition Assessment Program at L Basin, but some neces-
sary actions have not yet been undertaken.

o DOE should accelerate the Augmented Monitoring and Condition Assessment Program
to substantiate the condition of the fuel and to facilitate future SNF handling, drying,
and packaging operations.

In addition to monitoring potential SNF degradation in L Basin, the structure of the basin
itself needs to be evaluated as it becomes increasingly close to reaching the end of its
design life. DOE undertook that assessment and concluded that the condition of L Basin
would allow SNF storage there for another fifty years. The Board is pleased that this assess-
ment included seismic hazard analyses and relevant ground-motion modeling.

o DOE should consider further actions to validate the structural integrity of L Basin,
including:

o Obtaining and analyzing core samples of the L Basin structural concrete, including
samples containing rebar.

o Expanding visual examination of the interior and exterior surfaces of the basin
walls, including those areas that are in contact with soils.

o Obtaining and analyzing core samples of older (possibly on the order of one hundred
years) representative concrete from other sources to gather data that can improve
understanding of the concrete’s long-term performance.

o Ensuring coordination with other efforts to study concrete aging, such as those being
conducted by the DOE Light Water Reactor Sustainability Program, the Concrete
Sustainability Hub at the Massachusetts Institute of Technology, and the DOE-EM
Cementitious Barriers Partnership at Vanderbilt University.
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DOE’s planning for future operations of both H-Canyon and L Basin is still in flux. The
situation is complicated because some of the material stored at SRS—stainless steel- and
Zircaloy-clad SNF—cannot be treated in H-Canyon as it is currently configured. DOE
committed to process only approximately 3.3 metric tons of the projected 22 metric tons of
SNF that is either at or coming to SRS. The effect on repository performance of roughly 19
metric tons of SNF for which no disposition path has been selected would be dwarfed in a
combined defense/commercial repository but could be significant in a defense-only facility.

o DOE should perform a study to compare the performances of DOE SNF and vitrified
HLW in different geologic environments. The results of this work should then be used to
inform plans for processing SNF in H-Canyon.

BoARD RevieEw oF DOE’s AcCTIVITIES RELATED TO
Deep BOREHOLE DisPOsAL

Transmittal Letter to the Department of Energy for the Board’s Fact Sheet
on Deep Borehole Disposal

As discussed earlier, in 2013, DOE released Strategy for the Management and Disposal of
Used Nuclear Fuel and High-Level Radioactive Waste. In that document, DOE announced
that it was “developing a research and development plan for deep borehole disposal (DOE
2013, 13).” At the Board’s public meeting on April 16, 2013, in Richland, Washington,
Assistant Secretary for Nuclear Energy Peter Lyons briefly mentioned that that effort was
under way.

The Board subsequently prepared a fact sheet, outlining the basic elements involved in
implementing deep borehole disposal (NWTRB 2013b). In a July 30, 2013, letter to Dr.
Lyons, the Board transmitted the fact sheet to DOE. In the letter, the Board reiterated its
position that implementing deep borehole disposal “would not eliminate the need for a
deep-mined, geologic repository.” Further, “because deep borehole disposal is in the earli-
est stages of development, significant technological challenges must be resolved” (Ewing
2013d, 1-2). The Board conveyed the following recommendations for DOE to consider as it
crafted its R&D plan (Ewing 2013d).

o There are drilling, casing, and sealing challenges associated with disposing of spent
nuclear fuel and high-level waste in deep boreholes. DOE should investigate the different
components of the deep (5 km) borehole disposal system (e.g., drilling, emplacement, and
sealing) in a logical stepwise sequence, starting at the bench-scale and progressing to in
situ tests prior to implementing a full-scale pilot deep borehole.

o A major challenge will be characterizing the host rock at great depth. The petrologic,
hydrologic, and geochemical characteristics of the rock units at depth may vary consider-
ably. DOE should use international collaborations with those countries that have operat-
ing underground research laboratories, such as Switzerland and Sweden, to identify and
address issues surrounding characterization of rock at depth and to understand how the
heterogeneity of petrologic, hydrologic, and geochemical characteristics could affect drill-
ing, casing, and sealing the proposed borehole drilling systems.
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o Due to limitations on the size of the package that can be emplaced in a deep borehole,
a major challenge will be dismantling spent nuclear fuel assemblies and consolidating
the spent nuclear fuel rods into smaller packages. Dismantling and consolidating will
require new facilities and entail additional cost and potential exposure of workers. DOE
should assess these impacts as part of the deep borehole disposal R&D plan.

Technical Evaluation of the U.S. Department of Energy Deep Borehole
Disposal Research and Development Program

On October 20 and 21, 2015, the Board held an International Technical Workshop on Deep
Borehole Disposal of Radioactive Waste in Washington, DC The purpose was to review
the technical and scientific validity of DOE activities assessing the feasibility of using deep
boreholes to dispose of some radioactive waste. During the workshop, DOE made presen-
tations on its Deep Borehole Disposal Research and Development Program and its plan for
the Deep Borehole Field Test. These talks were followed by presentations by and discus-
sions among U.S. and international experts on relevant aspects of deep borehole disposal
of radioactive waste. The discussions were organized into seven panels that addressed the
following technical and scientific topics: (1) experience in deep drilling in crystalline rocks,
(2) emplacement modes, (3) borehole seals, (4) hydrogeology at depth, (5) geochemistry of
fluids at depth, (6) multiple barriers (waste forms and package materials), and (7) efficacy
of deep borehole disposal and risk analysis. During the workshop, the Board reviewed spe-
cific details of the DOE Deep Borehole Field Test as well as broader issues of the DOE deep
borehole disposal concept.

The DOE deep borehole disposal concept envisions disposal of radioactive waste in one or
more boreholes drilled to a depth of 5 km (3.1 mi) in crystalline basement rock. The lower
2 km (1.2 mi) of the borehole would be used as the disposal zone, wherein a series of waste
packages would be emplaced. The upper 3 km (1.9 mi) of the borehole would then be sealed
with bentonite and concrete. The disposal zone in the borehole disposal concept is signifi-
cantly deeper than in a mined, geologic repository, which is typically 0.5 to 1 km (0.31 to
0.62 mi) deep. The volume and capacity of the disposal zone in a single borehole are, of
course, much smaller than in a deep-mined, geologic repository. Waste isolation in the
DOE deep borehole disposal concept is based on the assumptions of long radionuclide
travel time through the rock to sources of drinking water due to the great distance and the
low permeability of the rocks at depth, increasing salinity with depth that would promote
stable stratification based on fluid density and prevent the buoyant movement of water
upward, and chemically reducing conditions at depth that would decrease the solubility
and mobility of some radionuclides. The DOE concept takes very limited credit for engi-
neered barriers, such as waste packages and waste forms, following borehole closure.

DOE identified the following waste forms as potential candidates for deep borehole
disposal.

o Cesium and strontium capsules stored at the Hanford Site in Washington State.
o Untreated calcine HLW currently stored at INL.

o  Salt wastes from electrometallurgical treatment of sodium-bonded fuels that could be
packaged in small canisters as they are produced.
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Figure 5. Drill rig for creat-
ing deep boreholes.
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o Some relatively small DOE-managed
SNF currently stored in water-filled
pools at the INL and at SRS in South
Carolina.

DOE acknowledged that all of the
above waste forms also could be
accommodated in a deep-mined, geo-
logic repository. However, DOE
believes that the deep borehole dis-
posal concept could offer a pathway for
earlier disposal of some wastes than
might be possible in a mined reposi-
tory. DOE also indicated that commer-
cial SNF is not being considered for
deep borehole disposal, mainly because
of its size.

Based on the information presented at the International Technical Workshop, the Board

released a report that considered two main questions (NWTRB 2016).

1.  What technical and scientific issues may affect the feasibility of the concept of using

deep boreholes to dispose of select radioactive waste forms?

2. Will the results obtained from the Deep Borehole Field Test provide the necessary

technical and scientific data to support the DOE evaluation of the feasibility of dispos-

ing of select waste forms in deep boreholes?

What follows summarizes the Board’s findings, conclusions, and recommendations docu-

mented in that report.

1.

Disposal of radioactive waste in deep boreholes does not eliminate the need for a
deep-mined, geologic repository. The Board observed that available performance
assessments do not indicate any discernible improvement in the long-term safety
of geologic disposal of radioactive waste using a deep borehole compared with a
mined, geologic repository. Although deep boreholes might provide a disposal
option for certain types of DOE-managed waste, all of the waste forms being
considered for deep borehole disposal could be disposed of in a mined, geologic
repository. Many large waste forms, such as the packages of vitrified HLW of the
type being produced at SRS, are not suitable for disposal in deep boreholes, given
current technical limits on borehole diameter.

A deep borehole disposal system could be as complex as a mined, geologic repository;
assessing the performance of each of these disposal options may require an equivalent
level of data collection and testing. Deep boreholes, however, lack the easy working
access for characterizing the disposal zone that shafts, ramps, and tunnels would
provide in the case of a much shallower mined, geologic repository. Thus, the abil-
ity to characterize the disposal zone in a borehole is extremely limited as compared
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with a mined, geologic repository. Also, the Board has not been presented with
any compelling evidence that deep borehole disposal can be accomplished more
quickly than can disposal in a mined, geologic repository. Both approaches will
pass through a lengthy, sequential process of developing regulations, site selection,
data acquisition and analysis, licensing, and construction.

DOE runs the risk that information later found to be necessary to support its evalua-
tion of the feasibility of the deep borehole disposal concept at other sites will not have
been obtained during the test Deep Borehole Field Test. The DOE approach to assess-
ing the feasibility of the deep borehole disposal concept is focused on confirming
the assumptions underpinning the DOE safety case for the deep borehole disposal
concept: long radionuclide travel time to sources of drinking water due to the great
distance and the low permeability of the rocks at depth, increasing salinity with
depth that would promote stable stratification based on fluid density and prevent
the buoyant movement of water upward, and chemically reducing conditions at
depth that would decrease the solubility and mobility of some radionuclides. The
DOE approach does not fully take account of the potential heterogeneity of the
subsurface environment and the complex set of interactions and feedback among
the engineering activities related to drilling the borehole, and the conditions of

the natural geologic system at depth, nor does it fully consider how data from the
potentially complex system at one site can be applied to another.

The operational safety strategy required for drilling and emplacement operations
involving radioactive material is very different from that of operations involving non-
radioactive material. Hence, it is important to consider the operational implications
and limitations of handling and emplacing actual, highly radioactive waste and
how these may be simulated during the Deep Borehole Field Test. The operational
implications and limitations presented by handling and emplacing radioactive
waste could impact the assessment of the feasibility of deep borehole disposal of
radioactive waste.

The presentations made at the International Workshop make clear that substantial time

and effort will be required to fully evaluate the concept of deep borehole disposal. In the

Board’s view, the Deep Borehole Field Test should carefully consider the key parameters

and information that would be needed to fully evaluate the feasibility of deep borehole dis-

posal of radioactive waste. This would provide a basis for additional planning, including

definition of specific technological and scientific goals, and obtaining a broader range of

data, such as those from surface-based characterization methods and those needed to sup-

port regulatory interactions, and greatly improve the technical basis and rationale for the

DOE Deep Borehole Disposal Program.

Based on its findings, the Board made the following recommendations:

DOE should ensure the drilling program design and implementation are reviewed by
experts with extensive experience in drilling and down-hole operations (e.g., logging,
testing, well completion) and in designing and operating equipment for handling
highly radioactive material. These experts should be independent of the Deep Borehole
Field Test contractor and of the lead national laboratory on the project, and should be
able to monitor the progress of the project and report on it to the Secretary of Energy.
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DOE should complete a more comprehensive risk analysis for all aspects of the drill-
ing and emplacement program as part of assessing the feasibility of deep borehole
disposal of radioactive waste. In particular, an analysis should be conducted of what
options will be available in the event of an accident during waste emplacement and the
implications of such an accident for the safety of recovery operations and the isolation
of waste. A transparent and comprehensive assessment of the five possible emplacement
modes for deep borehole disposal, including their absolute and relative risks for having
and recovering from an accident, also should be completed.

DOE should strengthen its assessment of the feasibility of the deep borehole disposal
option by addressing the technical and scientific issues related to the potential het-
erogeneity of the subsurface geology and the complex in situ conditions at depth.
DOE should take into consideration the potential implications, with a focus on con-
ducting a defensible safety analysis and demonstrating the transferability of the data
and results of analysis to other sites. DOE should address these issues in the guidance

it provides to the contractor for developing the drilling and test plan. Specifically, the
project team should carefully consider the key parameters for the safety case that need to
be measured during sampling and testing in the 2- to 5-km (1.2- to 3.1-mi) depth range
encompassing the seal and disposal zones. For example, DOE should identify down-hole
logs, tests, and monitoring techniques that could lead to a better understanding of the
potential development of a free gas phase (e.g., hydrogen from the rapid corrosion of steel
components) and its implications for disposal system behavior. The goal for character-
ization should be obtaining relatively continuous down-hole profiles based on multiple
measurements, instead of relying on, and interpolating between, a limited set of mea-
surements. DOE also should consider using the characterization and field test boreholes
to conduct cross-hole monitoring, to provide information on the characteristics of the
rock volume surrounding the boreholes. Moreover, ongoing subsurface monitoring after
the emplacement testing—to continue to test and evaluate starting assumptions—should
be included in the drilling and test plan.

The Deep Borehole Field Test should include surface-based geophysical surveys to
delineate subsurface structure and physical conditions prior to drilling (e.g., detailed
gravity, magnetic, seismic, or electrical data). These measurements could help in the
design of the Deep Borehole Field Test drilling and test plan, and they could provide
knowledge for using surface-based measurements to evaluate the subsurface characteris-
tics of potential deep borehole sites prior to drilling.

DOE should explicitly analyze the potential safety benefits of using more robust
waste forms and waste packages as part of assessing the feasibility of the deep bore-
hole disposal concept and in developing the associated safety case. The Board also
recommends that the Deep Borehole Field Test be used to demonstrate emplacement of
potential seals and to test the efficacy of seal materials in dealing with breakouts and
evolving damage zones around the borehole when exposed to in situ thermal, hydrogeo-
logic, geomechanical, microbiological, and chemical conditions. Geophysical techniques
(e.g., acoustic sonic and ultrasonic tools) should be used to verify the seals between the
casing and rock, where the casing remains in the borehole.

DOE should develop an operational safety strategy for the Deep Borehole Field Test
that integrates conventional borehole operations and remote handling of highly
radioactive materials. This might include emphasizing the use of engineering controls
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(e.g., automated equipment to protect workers) over administrative controls (i.e., pro-
cesses that rely on personnel actions and procedures). The Deep Borehole Field Test
should simulate implementation of deep borehole disposal as if radioactive wastes were
being emplaced, in order to test the features of an operational safety strategy that can
be applied to a future borehole disposal site and to provide the basis for ensuring safe
operations, limiting exposure of workers to hazards or release of radioactive material to
the environment, and mitigating waste emplacement risks.

o Aspart of its assessment of the feasibility of deep borehole disposal of radioactive
waste, DOE should place a high priority on engaging regulators to define retriev-
ability requirements in the context of deep borehole disposal of radioactive waste.
DOE should begin defining and clarifying the types of technical information that may be
needed to address regulatory issues and then collect that information to the extent prac-
ticable as part of the Deep Borehole Field Test.

o DOE should use the Deep Borehole Field Test to gain experience related to its siting
approach. DOE should begin to incorporate new standards of transparency and data
access, and it should explore avenues to engage stakeholders.

o The DOE Deep Borehole Field Test programs should have a chief scientist responsible
for integrating the engineering activities (i.e., drilling the characterization and field
test boreholes, emplacing and retrieving the simulated waste) and the site character-
ization activities. The chief scientist should possess the scientific understanding required
to ensure the technical integrity of information gathered in the Deep Borehole Field Test
and its use for developing the safety case for deep borehole disposal of radioactive waste.

On June 9, 2016, DOE formally responded to the Board’s report on deep borehole disposal
(DOE 2016b). That response is reproduced in Appendix F of this document.

BoARD ReviEw oF DOE’s AcTIVITIES RELATED TO THE PACKAGING
AND TRANSPORTATION OF CoOMMERCIAL HLW aND SNF

Technical Workshop on the Impacts of Dry-Storage Canister Designs on
the Future Handling, Storage, Transportation, and Geologic Disposal of
Spent Nuclear Fuel

During November 18-19, 2013, the Board held a two-day workshop in Washington, DC, to
explore the implications of the current nuclear power plant operator practice of loading
SNF into very large dry-storage canisters.

Following discharge from nuclear reactors, SNF continues to generate heat, which
decreases over time due to radioactive decay. Initially, nuclear power utilities stored SNF in
water-filled pools at the nuclear power plant sites. Because the United States has no cen-
tralized storage facility or geologic repository for SNF, when these pools approach their
licensed capacity, most utilities transfer the older, cooler, SNF assemblies to large dry-stor-
age canister systems. By doing this, they create space in the pools to accommodate subse-
quent SNF discharges from continued reactor operations. To minimize the near-term
economic and operational impacts of transferring SNF from pools to dry storage, nuclear
utilities worked with storage system vendors to maximize the capacity of dry-storage sys-
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Figure 6. Spent nuclear
fuel storage casks at Idaho
National Laboratory.
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tems. However, these storage systems were not designed for disposal, and many dry-stor-
age canisters in use at utility sites today exceed the size, weight, and/or heat-load limits for
repository concepts developed to date.

The design of the large dry-storage canister utilities used could have major implications for
future SNF handling, storage, transportation, and disposal, as well as for a centralized
interim storage facility’s design and operation,
should one be constructed. Potential impacts
include the following:

o Unless the large, dry-storage canisters used
by nuclear utilities can be directly disposed
of in a geologic repository, the SNF they
contain will need to be repackaged into
disposal containers before emplacement in
a repository.

o Repackaging SNF currently in dry-storage
canisters at nuclear utility sites would
significantly impact the SNF manage
ment system. For example, repackag-

ing the SNF may be a lengthy process and

could affect operational schedules at utility

sites, at a consolidated storage facility, or at

a repository, depending on where repackag-

ing is performed. Repackaging the SNF also

could involve extensive SNF assembly handling that could increase the potential for
fuel damage and result in additional radiation exposure to workers; although, as for all
other operations, worker radiation exposures would be managed in accordance with
the appropriate regulatory limits. Repackaging also could generate a large volume of
low-level waste that would require disposal.

+ Because of the large size and high-heat output of the dry-storage canisters currently in
use, their direct disposal might increase the degree of reliance on engineered barriers
in the design of a repository. Direct disposal of the canisters also could increase the
complexity of retrieval operations, if required, and may limit the geologic environ-
ments considered suitable for siting a repository for SNF disposal.

The workshop featured ten speakers, including DOE officials, DOE contractors and
national laboratory specialists, NRC officials, and representatives from the international
community, the electric utility industry, and nongovernmental organizations. The speak-
ers examined the consequences of loading very large dry-storage canisters from a variety
of perspectives, including cost, safety, security, and occupational exposure to nuclear
power plant workers.

The Board described the workshop and summarized the issues the participants identified
in a report (NWTRB 2014b).
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Board Comments on the DOE Research and Development Program
Related to Long-Term Dry Storage of High-Burnup Spent Nuclear Fuel

Between November 2013 and May 2014, Board members and staff attended seven meetings
where experts discussed the potential consequences of extended dry-cask, high-burnup
SNF storage. Based on the information presented at those meetings and the additional
information Board members and staff gathered, the Board provided comments on the CDP
and the broad R&D activities DOE-NE carried out (Ewing 2014e).

The Board views the CDP as a welcome first step in investigating key issues of potential
degradation of high-burnup SNF and dry-storage systems during extended storage. The
condition of dry-storage systems and the SNF they contain will need to be monitored over
many decades in order to collect the necessary information to fully understand degrada-
tion mechanisms, and for calibrating codes developed to model changes in the condition
of the SNF and storage systems over time. The CDP described in the test plan will provide
important data to support all of these activities.

The Board, however, is concerned that according to the initial scope of the test plan, the
information to be collected during the first ten-year storage period appears to be very
limited. Most of the data will be derived from measurements made during examina-
tion—using nondestructive and/or destructive techniques—of fuel pellets, fuel cladding,
fuel assembly hardware, and cask components (e.g., bolts and O-rings) at the beginning
and at the end of the ten-year period. Originally, only cask temperature, inter-seal gas
pressure, and external dose rates were to be monitored or measured during the storage
period. Gas pressure measurements and gas sampling to determine the presence of fis-
sion gases, water vapor, oxygen, and hydrogen were planned to be conducted only dur-
ing the two weeks after the cask is dewatered and the fuel is dried in preparation for
moving the cask to the independent spent fuel storage installation (ISFSI) pad for the
initial ten-year storage period. Thereafter, no measurements were initially planned that
could be used to determine the rate of change of high-burnup SNF properties or the rate
of degradation of storage system materials (if it occurs). Yet, the final test plan DOE pub-
lished on February 27, 2014, states that “the EPRI team will continue to investigate and
evaluate methods for performing gas sampling at the ISFSI during the longer-term stor-
age period.” If implemented, this sampling may be used to determine if any fuel rods fail
during this period.

o The Board supports efforts to sample and analyze gases that may be released from the
fuel rods during the ten-year storage period.

The Board notes that advanced sensors may provide an opportunity to monitor important
parameters continuously. This would allow monitoring the condition of the SNF and the
storage system during extended storage and subsequent transportation. The Board under-
stands that consideration is now being given to installing universal ports in the cask lid
that would permit additional internal instrumentation during periodic inspections
planned over the full term of the project. The Board’s view is that this will be a valuable
and forward-looking extension to the planned cask lid modifications.

o DOE should utilize or develop of instrumentation that can be installed in or attached to
the canister when the SNF is loaded.
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o Ifnot already planned, DOE should consider basket modifications along with cask lid
modifications to facilitate placing internal instrumentation. The Board understands that
developing sensors and instrumentation will take time; however, we endorse implement-
ing the planned passive cask-monitoring program at the earliest opportunity after due
consideration is given to cask lid and basket modifications.

Developing long-term in situ monitoring systems will require innovative approaches to
overcome technical challenges, including the high-radiation environment inside the cask,
the need to transmit data through cask walls if no universal lid ports or other penetrations
are available, and the need for power sources that could support measurements for several
years or decades. At the Board’s January 31, 2014, meeting, DOE indicated that it is engag-
ing other U.S. federal agencies, including the National Aeronautics and Space
Administration and the Department of Defense, both of which have expertise in wired and
wireless instrumentation, in an effort to benefit from their experiences in developing mon-
itoring systems for harsh environments. Moreover, the National Nuclear Laboratory in the
United Kingdom is researching energy scavenging techniques that may allow the decay
heat or gamma radiation from SNF to be used to power monitoring instruments fitted into
SNF storage systems.

o The Board supports this interagency collaboration and encourages DOE also to look at
work being undertaken in other countries that may also support these efforts.

The CDP test plan states “that a large scale R&D project using various configurations of
dry-storage cask systems and experiments would be beneficial.” Tests that are initiated
later in an expanded program could employ newly developed monitoring systems that can
function in high-radiation fields. An alternative approach might be to open, over the next
few years, several casks that contain fuels with a range of burnups and storage histories to
examine the condition of the fuel and the storage system materials. Even though the infor-
mation available on the initial status of the SNF in those casks may not be as extensive as
that on the SNF in the CDP cask, important information could be gained from examining
the condition of SNF stored in canisters that have been loaded previously.

o The Board believes that using a statistically meaningful number of tests, as opposed to
the single cask demonstration included in the CDP, would provide additional data and
confidence in the results.

o The Board understands that DOE is now considering opening other SNF storage casks or
canisters, possibly during the initial ten-year storage period of the CDP, and commends
DOE for being prepared to undertake this additional research activity.

A major issue that could affect the successful completion of the CDP is the current lack of
a facility in the United States that can be used to unload the demonstration cask and to
allow the fuel to be examined in a dry environment. Although the demonstration cask and
additional systems that also may be included in the R&D program could be unloaded in
existing wet pools, this would result in fuel and cladding temperature cycling, which could
alter the results obtained from the SNF examination and make them less representative of
SNF that remained in dry storage.

o Consequently, the Board believes that high priority should be given to establishing a
capability to open in a dry environment any of the dry-storage systems currently in use
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and to performing the full range of inspection and monitoring operations that may be
required to meet the needs of the R&+D program. We note that in its fiscal year 2015
budget, DOE’s request for the Used Fuel Disposition Program includes funding to begin
to develop this capability by adapting existing facilities at INL. The Board supports this
initiative.

The CDP test plan indicates that certification of a cask for transportation would occur after
the cask has been certified for storage and loaded with high-burnup SNE. However, as the
NRC’s transportation requirements are separate from its storage requirements, this leaves
open the possibility that the NRC might not certify the loaded TN-32 cask for transporta-
tion. If this were to occur, the SNF would have to be repackaged prior to shipment to the
fuel examination facility, which would reduce the value of the results of the program.

o The Board understands that there are competing priorities in the CDP and that, in the
early years, the emphasis will be on activities such as modifying the cask lid and exam-
ining the fuel. However, we encourage DOE to include early certification of the cask for
transportation in the schedule and list of key milestones."®

The separate-effects test (SET) and small-scale test (SST) efforts, which were listed in the
draft test plan, will be crucial to understanding key factors. They also would provide a
wealth of validation data. According to the draft test plan, DOE’s used nuclear fuel
research, development, and demonstration strategies rely on these activities in implement-
ing the large-scale prototype testing outlined in the test plan.

o The Board considers it important to set priorities among the SETs and SSTs and to focus
on early execution of the higher priority tests.

Transporting Commercial Spent Nuclear Fuel

The Board held a public meeting in Golden, Colorado, on June 24, 2015, to review DOE
activities on transporting commercial SNE. Among the areas covered were the transport-
ability of SNF from shut-down as well as operating nuclear power plants; system-level
analyses and their use in engaging interested and affected parties; chloride-induced stress
corrosion cracking (CISCC) of SNF canisters under dry storage conditions; and the poten-
tial development of standardized transportation, aging, and disposal canisters (STAD).
The Board’s findings, conclusions, and recommendations were provided to DOE in a letter
on August 31, 2015 (Ewing 2015a).

A DOE official described her unit’s Nuclear Fuel Storage and Transportation Planning
Project. She concluded that no significant technical issues stand in the way of transporting
SNF from shut-down sites in the canisters or casks in which it is currently stored. Some
technical issues would have to be resolved before some of the SNF held in canisters and
casks licensed only for storage could receive the NRC approval it needs in order to be
transported. In DOE’s view, no technical challenges are likely to be encountered.

The Board is not as sanguine. The Board observes that many nuclear utilities are loading
SNF into very large-capacity canisters. The weight of the combined canister and overpack

*In 2016, DOE replaced the acronym CDP with HDRP. It has defined that acronym variously as “High
Burnup Spent Fuel Data Research Project” and “High Burn-up Confirmatory Data Research Project.”
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will likely exceed the capacity of standard transportation methods, and the load will have
to be transported by a heavy-haul tractor-trailer or by rail on a specially designed rail car.
The size and weight of these and similar loads may prevent transporting SNF, or limit the
road or rail route options for transporting SNF, particularly from operating nuclear power
plant sites. Further, the regulatory requirements for transporting certain commercial SNF
canisters may be difficult to meet. DOE would be well served to address these technical
challenges sooner rather than later.

o DOE should work closely with nuclear utilities and the NRC to expeditiously define and
resolve technical issues that may limit or prevent the transporting of SNF in current
canisters and casks from nuclear power plant sites. As a result of such consultation, if
repackaging the SNF is determined to be necessary, it is more likely that the site infra-
structure to support repackaging would still be in place.

DOE developed five major computer-based tools to assist in integration and analyses of
SNF storage and transportation systems. Information about the detailed structure and
planned use of some of the tools was not readily available. Nonetheless, these tools, espe-
cially START, may be quite useful in preventing loss of institutional knowledge as experi-
enced personnel retire. Moreover, the tools can provide a vehicle for engaging
communities on an issue that is typically highly contentious."”

o DOE should expedite its efforts to finalize and publish documentation supporting its
integration and planning tools associated with SNF transportation.

o DOE should consider producing a version of one of the five tools (START) not restricted
for release, so that it can be demonstrated and provided to members of the public to
increase their understanding of the constraints on routing options for SNF transporta-
tion. Such an effort should be initiated early in DOE’s route selection process and be used
to clearly explain all aspects of DOE’s plans.

The Board heard from a panel of experts drawn from national laboratories, EPRI, and
NRC about the CISCC issue. Most dry-storage canisters are fabricated from austenitic
stainless steel (304, 304L, 316, or 316LN stainless steel) and closed by welding on a stain-
less steel lid. Welding can create a heat-affected zone in the steel that is susceptible to vari-
ous forms of corrosion, including CISCC, if the residual tensile stresses are sufficiently
high and the local environment sufficiently aggressive. The locations of many dry-storage
pads at nuclear power plant sites are especially vulnerable to chloride aerosol deposition
and high humidity, which could combine to create conditions conducive to CISCC on the
canister surfaces. One of the experts indicated that, whereas CISCC has not yet been found
on any dry-storage canisters, it has been found in steel structures in similar atmospheric
conditions. Given the possibility of high crack propagation rates from CISCC and
extended dry-storage times, this issue requires attention.

Cracking of sensitized stainless steel under immersion conditions has been studied in
detail, but this cracking phenomenon is much more complicated under atmospheric condi-
tions where the susceptibility of the canisters to cracking will depend on several related
factors. The local environment on the canister surface is critical, but it is variable and not

7Jim Williams, representing the Western Interstate Energy Board, made this point in his presentation to
the Board.
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well understood under atmospheric conditions. Relevant parameters of the local environ-
ment include chloride concentration, temperature, and local humidity. The relationship of
these parameters must be understood in order to develop meaningful models that can pre-
dict the initiation and progression of CISCC.

The state of stress at the welds and the resultant stress intensity at defects or corrosion pits
are also critical for assessing the susceptibility to CISCC. It is not uncommon for residual
stress to vary through the thickness of a component such that a tensile stress at the surface
becomes a compressive stress at the interior, thus stifling crack growth and preventing
penetration of the wall. One expert described ongoing experiments on a mock-up canister
to assess the three-dimensional stress state. He indicated that some models predict the for-
mation of short cracks perpendicular to the welds, which might impede further crack
growth and not pose integrity concerns. The mock-up experiments will be very useful for
validating such models.

The final important aspect of this issue is inspection. Another specialist stated that dry-
storage systems in use were not designed to allow for inspection. The size and position of
vents in the overpacks, as well as the high radiation field and temperature, make inspec-
tion extremely difficult. Fully automated inspection systems are not yet available; thus,
inspection equipment is manipulated through the vents by hand. DOE is providing
resources through the Nuclear Energy University Program and the Integrated Research
Program at Pennsylvania State University and other schools to develop new systems to
inspect the surfaces of canisters.

o DOE should continue to work with EPRI and NRC; however, it should assume a greater
leadership role in integrating Ré&D being performed by multiple organizations on CISCC
of dry-storage canisters, particularly in (1) determining the environments on canister
surfaces, (2) assessing the state of residual stress in the welded canisters, (3) determining
the time interval until crack initiation under current storage conditions, (4) confirming
crack growth rates, and (5) developing robust inspection tools and methods appropriate
for the conditions and requirements of dry-storage systems.

o Regarding other research needs associated with commercial SNF, DOE should expand
its leadership in identifying and communicating technical gaps, technical information
needed to fill the gaps, and research being done on commercial SNF wet storage, drying,
dry storage (on-site or centralized), transportation, and repackaging (if needed).

An engineer from the Oak Ridge National Laboratory presented information about
DOE’s evaluation of the feasibility and potential benefits of using a STAD canister for
commercial SNF. These benefits—which include common handling equipment, common
transportation equipment, and common procedures and training programs—could
improve operational efficiency and reduce overall program cost. If implemented, the
STAD canister would be used to package commercial SNF taken directly from the spent
fuel pools of commercial nuclear power plants. The STAD canisters would not be used
for SNF that is currently stored in large dry-storage canisters because this would involve
a significant effort to open the welded canisters, transfer the SNF, and dispose of the old
canisters. Clearly, the potential benefit would significantly lessen as the time it takes to
implement and deploy STAD canisters increased. DOE has not defined the STAD’s pur-
pose, scope, costs and benefits, and timing. Consequently, it has not made a decision to
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undertake development of a STAD. Making such a decision, the Board notes, could be
challenging and have large uncertainties.

o DOE should continue working closely with nuclear utilities to examine the implications
of using a STAD canister, including the impacts of implementing a STAD canister at dif-
ferent times and at different repackaging locations (if repackaging is needed).

On January 27, 2016, DOE formally responded to the Board’s letter on commercial SNF
transportation (DOE 2016a). That response is reproduced in Appendix F of this document.

BOARD INTERACTIONS WITH CONGRESS

Testimony before and Correspondence with the House Subcommittee on
Energy and Water Development, Committee on Appropriations

On April 11, 2013, Board Chairman Rodney Ewing, testified before the House
Subcommittee on Energy and Water Development, Committee on Appropriations. He was
invited to discuss, from the Board’s technical prospective, three questions:

1. What do international and U.S. experiences tell us about consent-based siting?
2. What can we learn from Yucca Mountain, technically and otherwise?

3. What is the current thinking and consensus around preferable options for nuclear
waste disposal and the siting of a geologic repository?

With respect to the first question, the chairman observed (Ewing 2013c),

In general, most national programs for siting a deep-mined geologic repository for
SNF and HLW are attempting to use some form of consent-based siting process—
for very good reasons, but with varying degrees of success. As has been learned from
siting efforts in this country, not having the consent of the affected units of govern-
ment at the potential host site, including the state, community, and Native American
Tribe(s) can create problems that delay or stop the process altogether. But using a
consent-based process does not guarantee that a repository will be successfully sited,
as was most recently demonstrated by the experience in the United Kingdom.

With respect to the second question, the chairman referred the subcommittee to the
Board’s report, Technical Advancements and Issues Associated with the Permanent Disposal
of High-Activity Wastes: Lessons from Yucca Mountain and Other Programs (NWTRB
2011b). He summarized the report’s technical conclusions:

1. A variety of geologies can be viable candidates for a repository, including intrusive or
extrusive igneous rocks (e.g., granite and tuff), metamorphic (e.g., basement rocks of

the Canadian Shield), and sedimentary rocks (e.g., salt and clay).

2. Expect surprises in any underground site investigation.
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3. Engineered barriers can delay reliance on the waste-isolation capabilities of the natu-
ral system.

4. In general, in the presence of water, the higher the temperature, the more rapid will be
the degradation (corrosion) of the waste package.

5. When compared with oxidizing environments, emplacement of high-activity waste in
reducing environments has important advantages that enhance long-term isolation of
the waste from the environment.

6. Natural analogs were invaluable for evaluating the Yucca Mountain site. Natural ana-
logs should be identified and studied early as part of the site-characterization process.

In addition, the chairman noted that the report also made some comments about the insti-
tutional issues surrounding the development of a repository:

1. A deep-mined, geologic repository for the disposal of SNF and HLW is needed under
all realistically foreseeable circumstances.

2. Animplementing waste management organization that has continuity of funding,
management, and personnel is very important.

3. Undue delay makes it difficult to implement a concept of waste management that
depends on institutional stability.

4. Implementing a permanent repository could take decades.

With respect to the third question, the chairman pointed out that international consensus
has formed, holding that disposal of HLW and SNF in deep-mined, geologic repositories is
a workable and safe solution. He also stated that

The Board’s ... analysis so far indicates that deep borehole disposal, if it proved to be
physically feasible, might have some advantages for disposing of SNF and HLW that
has little potential for reuse. However, vitrified waste as it currently exists—in metal
canisters filled with glass—may be too large for the boreholes envisioned for deep
borehole disposal. Also, commercially generated SNF and DOE-managed SNF is
stored in canisters with a wide-range of sizes and shapes, so repackaging into smaller
canisters also would be required for that waste. There are other daunting challenges
associated with deep borehole disposal related to developing new drilling technolo-
gies, the emplacement and effective sealing of waste packages at great depth, and the
need to address the potential retrieval of the emplaced waste.

He concluded, however, that “because of the present uncertainties associated with deep-
borehole technologies, the Board recommends that deep borehole research and develop-
ment not distract the U.S. program from vigorously pursuing the siting and
characterization of a deep-mined geologic repository.”
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With respect to options for siting a repository, the chairman made the following points:

1. There must be a set of technical criteria by which sites are evaluated.

2. There should be a clear statement of how all affected units of government (e.g., local
community, Native American tribe, and state) will be engaged in the consent-based
process.

3. There should be a clearly understood process by which the affected units of govern-
ment can opt out of the siting process

4. 'There should be a clear understanding of the time after which the affected units of

government can no longer withdraw their consent.

After Chairman Ewing’s appearance before the subcommittee, the Board carried out a
study visit to Sweden and France to learn more about how the waste-management pro-
grams in both countries were organized and how difficult technical challenges were
addressed. The Board followed up the chairman’s testimony to the House Subcommittee
on Energy and Water Development with a letter to Subcommittee Chairman Rodney
Frelinghuysen; it detailed the observations, insights, and conclusions developed during
that study visit (Ewing 2013a)."® The contents of this letter are described below. The letter is
reproduced in Appendix D.

Comments on the Senate Committee on Energy and Natural Resources’
Discussion Draft of Comprehensive Nuclear Waste Legislation

On April 25, 2013, the Senate Committee on Energy and Natural Resources released a dis-
cussion draft of comprehensive nuclear waste legislation. On June 7, 2013, the Board pro-
vided the committee with its comments on the draft NWTRB 2013a). The comments
relied on two Board reports, Survey of National Programs for Managing High-Level
Radioactive Waste and Spent Nuclear Fuel (NWTRB 2009) and Experience Gained from
Programs to Manage High-Level Radioactive Waste and Spent Nuclear Fuel in the United
States and Other Countries (NWTRB 2011a.) The comments focused on provisions of the
proposed legislation that would affect or would be affected by technical issues, including
consent-based siting processes, site characterization, safety case and regulatory standards,
implementing organizations, and transportation of defense waste. It also responded to two
questions about SNF storage facilities siting.

INTERNATIONAL ACTIVITIES
Board Study Visit to Sweden and France

In June 2013, a Board delegation took part in a study visit to Sweden and France. In
Sweden, the Board met with officials from the Swedish regulator, and the Board’s sister
agency, the Swedish National Council for Nuclear Waste. It met with representatives
from the two municipalities that hosted waste-management facilities, Oskarshamn
and Osthammar. The Board received detailed presentations from the implementer, the

8 Copies of the letter were also sent to the chairman and ranking minority member of the Senate Energy
and Natural Resources Committee and to the chairman and ranking minority member of the Senate
Committee on Public Works, Subcommittee on Clean Air and Nuclear Safety.
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Swedish Nuclear Fuel and Waste Management Company (SKB), and visited its under-
ground research laboratory, spent fuel storage facility, and low- and intermediate-waste
disposal repository. In France, the Board visited AREVA’s La Hague reprocessing facil-
ity and intermodal transfer terminal, the Alternative Energies and Atomic Energy
Commission’s Marcoule Research Center, and the underground research laboratory
operated by the French implementer, the National Radioactive Waste Management
Agency (ANDRA).

As discussed above, one of the key recommendations of the Blue Ribbon Commission on
America’s Nuclear Future was that a new implementing organization should replace DOE.
For that reason, one of the main foci of this study visit was to understand how the two
implementers, SKB and ANDRA, addressed challenging technical issues. The Board’s
views on this question were sent to the House Subcommittee on Energy and Water
Development, Committee on Appropriations (Ewing 2013a).

From its interactions with the two implementers, the Board came to appreciate what
“ingredients” might be necessary (although probably not sufficient) to carry out a techni-
cally sound repository development process. Three appear worthy of note: (1) steady avail-
ability of resources, (2) adaptability, and (3) attention to the details of deployment.

One consequence of operating within a relatively stable political environment is that
there is broadly based support for work to address long-term safety questions. This con-
tinuity is crucial because establishing the case for a repository is a decades-long and
sometimes tedious process. For example, the Swedish safety case relies on the integrity
of a bentonite barrier that surrounds the waste packages, minimizing water flow past
them and absorbing radionuclides that might be released. The French safety case relies
on the slow movement of water through argillite (clay-rich rock) formations.
Demonstrating the capabilities of these barriers requires investigations that have to be
conducted over substantial periods of time. Experience in Sweden and France indicates
that long-term, multiyear, ensured budgets provided a number of benefits, including
more efficient planning and implementation of an integrated research program and the
retention of key personnel.

A stepwise and adaptive repository development process is premised on the likelihood that
new technical information or shifts in policy might demand midcourse modifications.
Both implementers have demonstrated a capacity—albeit sometimes imperfectly—to make
adjustments in a technically credible and publicly transparent manner.

Another element of the Swedish safety case is the assertion that waste canisters fabri-
cated from elemental copper will not corrode in the anoxic groundwater to which they
will be exposed. That proposition appeared for many years to be supported by funda-
mental principles of thermodynamics. Experiments conducted at the Swedish Royal
Institute of Technology (KTH), however, called that claim into question. The regulatory
authorities expressed considerable interest in this new information. SKB’s response was
twofold. It supported a pair of independent investigations to see if the KTH results
could be replicated and sponsored the formal “reference group” of interested and
affected parties to monitor the progress of those studies. SKB also performed additional
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safety assessments to determine the consequences for public health if the KTH findings
were substantiated.

The French implementer also faced challenges to its approach. A public debate held in 2005
revealed a strong preference for a disposal concept that permits reversibility for perhaps as
many as one hundred years. That public demand was incorporated into legislation in 2006.
Since then, ANDRA has been working on alternative repository designs that would satisfy
the law’s requirements. These were the subject of technical conferences and were opened
up to international peer review. ANDRA will need to choose one design when it submits a
license application to the regulatory authorities.

SKB and ANDRA understand better than OCRWM did that their responsibilities extend
beyond articulating a safety case and supporting it before the public and the regulators.
Both SKB and ANDRA are looking ahead to determine what it will take to operate a deep-
mined, geologic repository in a manner that will not endanger the trust that the organiza-
tions have built up over the years. For that reason, both implementers constructed
underground research laboratories in rock formations and at depths virtually identical to
those where a repository might be developed. They also concluded that it is essential to
develop full-scale prototypes of critical systems before a license application is submitted
and to test the performance of those systems in situ. Neither SKB nor ANDRA is prepared
to claim that the technologies required could be taken off the shelf or would somehow
become available at a later stage.

One of the greatest challenges that all implementers will face is the emplacement of
waste packages and engineered barrier systems (EBS) within the host rock. This opera-
tion, which typically will have to be performed in a high-radiation, low-visibility
environment, will need to be executed remotely. Should the EBS be misaligned or
incorrectly emplaced, the long-term safety of the repository could be degraded and
perhaps jeopardized.

The Swedish disposal concept specifies that, before a waste package is lowered into the host
rock, highly compacted bentonite blocks and rings have to be placed into the vertical dis-
position holes. The tolerances are extraordinarily tight. To determine whether the emplace-
ment requirements could be met, SKB constructed prototype machines for installing the
bentonite and for depositing the waste package. These systems were repeatedly tested (in a
nonradiological but underground environment) using fully automated navigation and
positioning systems.

In the French disposal concept, the EBS relies heavily on the waste package. However,
because of the reversibility requirement enacted by Parliament, ANDRA has had to deter-
mine not only how to emplace the packages inside horizontal holes bored in the repository
tunnels’ walls but also how to extract the packages if so required. Several full-scale proto-
types were developed, and preliminary tests were conducted. Although final design
requirements have not been set, ANDRA seems to feel confident that it can develop the
technologies needed to implement the reversible emplacement of waste.
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Board Study Visit to the People’s Republic of China

In May, 2014, a small Board delegation visited the People’s Republic of China to learn more
about its waste-management program. The delegation met with officials from a number

of organizations, including the implementer, the Beijing Research Institute for Uranium
Geology (BRIUG), the China Atomic Energy Authority, the China National Nuclear Cor-
poration (CNNC), the Nuclear Power Engineering Company (CNPE), the China Institute
for Atomic Energy (CIAE), and the regulator, the Chinese National Nuclear Safety Admin-
istration. BRIUG and the Board organized a workshop where scientists and engineers
from both countries made presentations on important technical issues. Finally, the Board
delegation was invited to visit the proposed underground research laboratory/repository
site at Beishan in Gansu Province.

The dominant “nongovernmental” organization that the Board delegation engaged was the
state-owned CNNC, which controls directly or indirectly the entire front end of the
nuclear fuel cycle, all the nuclear power plants, and the small number of branches working
on radioactive waste management.

Within the CNNC, three organizations play important roles in developing a repository.
BRIUG has been the lead research institute for more than thirty years. Up until recently,
it conducted all the technical studies on repository siting. The CIAE conducts research
on waste forms, almost exclusively vitrified glass. The Board delegation visited laborato-
ries studying the behavior of glass under various environmental conditions and visited
the prototype fast-reactor control room. Finally, the CNPE is involved in designing
nuclear power plants, expects to be the lead organization for constructing any future
underground research laboratory, and recently became a strong advocate for deep bore-
hole disposal.

Overall, the visit was a productive and valuable one. The Board delegation was generally
impressed with the progress that China’s program is making. The Chinese scientific and
technical experts were interested in hearing suggestions from the delegation about what
studies might be undertaken in the future. Both sides recognized that the institutional
structure for the Chinese waste-management program is still immature, as is the regula-
tory framework.

Board Participation in the Activities of the Advisory Bodies
to Government

In 2004, the Nuclear Energy Agency, a unit of the Organization for Economic Cooperation
and Development, established an informal group called the Advisory Bodies to Govern-
ment (ABQ). Its purpose is to bring together the chairs of entities, such as the Board, that
provide advice to policymaking levels of the national government. ABG meetings are held
roughly every eighteen months.

The composition of the ABG has varied over the years, but during the period covered by
this report, its members included:

o Commission on National Evaluation (France)
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o Nuclear Waste Management Commission (Germany)

o National Council for Nuclear Waste (Sweden)

o Nuclear Safety Commission (Switzerland)

o Committee on Radioactive Waste Management (United Kingdom)

o Nuclear Waste Technical Review Board (United States)

The Board participated in an ABG meeting in London in October 2013 and another one in
Berlin in May 2015. At each meeting, the chairs provided an update on each country’s

radioactive waste-management activities. In addition, the chairs discussed issues common
to each organization.
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