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• Presentation to Blue Ribbon Commission on America’s Nuclear Future Disposal
Subcommittee by Daniel Metlay; International Experience Developing Deep Geologic
Repositories
July 7, 2010

• Presentation to BRC Reactor & Fuel Cycle Technology Subcommittee by Mark
Abkowitz; Nuclear Waste Assessment System for Technical Evaluation (NUWASTE):
Status and Initial Results
October 12, 2010

• Statement of Dr. B. John Garrick, Chairman, U.S. Nuclear Waste Technical Review
Board on Experiences Gained On the Management and Disposition of High-Activity
Waste - Presented to the Blue Ribbon Commission on America’s Nuclear Future
November 16, 2010

• Board comments on the Subcommittee on Disposal’s draft report
June 30, 2011

• Board comments on recommendations in the Transportation and Storage Subcommittee’s
draft report
June 30, 2011

• Board comments on the Reactor and Fuel Cycle Technology Subcommittee draft report
July 14, 2011

• Board comments on the Commission’s Draft Report to the Secretary of Energy
October 31, 2011

• Board comments on the final report of the Blue Ribbon Commission on America’s
Nuclear Future
April 18, 2012
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Presented to:

Presented by:

International Experience 
Developing Deep Geologic 

Repositories

Blue Ribbon Commission on Americaʼs Nuclear Future
Disposal Subcommittee

Dr. Daniel Metlay
Nuclear Waste Technical Review Board

Washington, D.C.July 7, 2010
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About the Board
• The Board is an independent Federal agency.

– It was established in 1987 by the Nuclear Waste Policy 
Amendments Act.

– Its mandate is to “…evaluate scientific and technical validity …”
of activities undertaken by the Secretary of Energy to implement 
the Nuclear Waste Policy Act.

• The Board is composed of eleven members, selected 
strictly on the basis of their expertise.
– They are nominated by the National Academy of Sciences.
– They are appointed by the President.
– They serve part-time.

• The Board reports to Congress and the Secretary of 
Energy on its findings, conclusions, and 
recommendations at least twice a year.
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Background
• This presentation is largely based on the Board’s 

October 2009 report:  Survey of National Programs 
for Managing High-Level Radioactive Waste and 
Spent Nuclear Fuel.
– Compendium of information on 30 institutional and technical 

program attributes in 13 countries
– Does not make judgments or draw conclusions

• The Board expects in the coming months to follow up 
the “Survey of National Programs” report with an 
“Experience Gained” report.  This report will have a 
historical dimension and will provide context—both 
technical and process—to the information contained 
in the “Survey” report.
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Is a Disposal Facility Needed? (1)
• NEA Collective Statement:  A deep geologic 

repository “provides a unique level and duration of 
protection” of public health and safety.  It is 
“technically feasible.”

• The only issue appears to be timing.
– Early operation:  United States (YM and WIPP), Sweden, 

France, and Finland
– Operation anticipated by mid-century:  Belgium, China, 

and Switzerland
– No official decision made on when operations might 

begin:  Canada, Germany, Japan, Korea, United Kingdom 
(except Scotland), and the United States

– No official decision to develop a deep geologic 
repository:  Scotland and Spain

4
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Is a Disposal Facility Needed? (2)
Deep geologic repositories can be designed to isolate 

and contain a wide variety of waste forms.
– High-level radioactive waste:  United States, Belgium, 

China, France, Germany, Japan, Switzerland, and United 
Kingdom (except Scotland)

– Commercial spent nuclear fuel:  United States, Canada, 
Finland, Germany, Korea, Sweden, and United Kingdom 
(except Scotland)

– Defense-related spent nuclear fuel:  United States, 
France, and United Kingdom (except Scotland)

– Long-lived intermediate level waste:  France and United 
Kingdom (except Scotland)

– Heat-generating intermediate level waste:  Germany
– Transuranic-contaminated waste:  United States

5
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Is a Disposal Facility Needed? (3)
Countries have made the decision to develop a deep 

geologic repository in a variety of ways.
– Adopt disposal without a formal comparative analysis:  

United States (early), Belgium, Canada (early), China, 
Finland, France (early), Germany, Japan, Korea, Sweden, 
Switzerland, and United Kingdom (early)

– Adopt disposal after a formal comparative analysis:
United States (GEIS), Canada (NWMO), France (ANDRA), 
and United Kingdom (except Scotland) (MRWS)

6
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Alternative Approaches? (1)
• Fundamental Prerequisites

– Technical competence
– Technical confidence and robustness (defense-in-depth, 

retrievability/reversibility, monitoring, and the use of natural 
analogues)

– Socially acceptable process
– Open, transparent, respectful, fair, and trustworthy behavior

• Focus will be on the site-selection process because it 
is here that the rubber first hits the road.
– Technical filter
– Nontechnical filter

7
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Alternative Approaches? (2)
Technical filter

– Focus on specific host-rocks
• Salt:  United States and Germany
• Granite:  United States, France, Canada, China, Finland, 

Japan, Korea, Sweden, and Switzerland
• Basalt:  United States
• Sedimentary rocks including clay:  United States, Belgium, 

Canada, France, Japan, and Switzerland
– Qualifying and disqualifying conditions

• General (host-rock neutral):  Canada, Germany (AkEnd), 
Japan, Switzerland, and United Kingdom (except Scotland)

• General (host-rock specific): China (granite), Finland (granite), 
France (granite), and Switzerland (clay)

• Detailed (host-rock neutral):  United States (10 CFR 960)

8
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Alternative Approaches? (3)
Nontechnical filter (State/regional and local involvement)

– Volunteer community with right of withdrawal deep into 
the repository development process:  Canada, Japan, 
Sweden, and United Kingdom (except Scotland)

– State or local veto either at the beginning or the end of the 
site-selection process:  Finland and United States

– Volunteer for URL with the understanding that a 
repository might be sited in community:  France

– Informal regional participation, formal consultation, and 
possible national referendum:  Switzerland

– No decision made:  Belgium, China, Germany, and Korea.

9

NWTRB
www.nwtrb.govU.S. Nuclear Waste Technical Review Board

Alternative Approaches? (4)
• Selecting sites for development of a deep geologic 

repository that pass through both filters 
– Serial approach:  United States (YM and WIPP) and France 

(clay).
– Parallel approach:  United States (NWPA), Finland, France 

(granite), Sweden, and Switzerland
– Depends on the number of volunteers:  Canada, Japan, 

and United Kingdom (except Scotland)
– No decision made:  Belgium, China, Germany, and Korea

• Formal designation of a site for a deep geologic 
repository typically is done by the legislature.

• What if no site can pass through both filters?

10
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Development Process?
• Institutional form of the implementer

– Government agency:  United States (YM and WIPP), 
Belgium, Germany, Korea, and United Kingdom

– Government-owned corporation:  China and France
– Utility-owned corporation:  Canada, Finland, Japan, 

Sweden
– Public-private partnership:  Switzerland

• Step-wise development
– What isn’t?
– Critical variables

• How large are the steps?
• What are the rules for moving from one step to the next?

– Based on an incremental or “trial-and-error” theory of 
decision-making

11
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Two Personal Observations
• There are no simple solutions to complex problems.

– Alter institutional form
• Empirical evidence is not compelling
• AMFM report

– Find a volunteer community/allow an absolute veto
• Swedish “model”
• Consultation and concurrence

• What should be the connection between “new build” 
and long-term management of HLW and SNF?
– Public will never believe we have a permanent solution until 

there is evidence of one.
– At least outside of the United States, the imperative to 

develop waste management solutions is independent of the 
future of nuclear power.

12
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Presented to:

Presented By:

Nuclear Waste Assessment System for Technical 
Evaluation (NUWASTE): Status and Initial Results

BRC Reactor & Fuel Cycle Technology Subcommittee

Mark Abkowitz

October 12, 2010
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The Board’s Role

• Conduct an independent and ongoing evaluation of the 
technical activities undertaken by the Secretary of 
Energy in managing:
– High-level radioactive waste (HLW) 
– Commercial, research, and defense-related spent 

nuclear fuel (SNF)

• Report its findings to Congress and the Secretary of 
Energy at least twice per year.

• The Board’s statutory responsibility is unchanged by the 
status of the Yucca Mountain repository program, though 
the DOE activities the Board reviews in future will 
necessarily be different.
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About the Board

• The 11-person Board was created in the 1987 amendments 
to the Nuclear Waste Policy Act.

• Members are nominated by the National Academy of 
Sciences and appointed by the President to four-year terms. 

• The Board is an independent agency in the Executive 
Branch, not part of the Department of Energy (DOE).

• The Board typically holds 2 or 3 public meetings each year, 
plus smaller topical meetings and fact-finding trips.

NWTRB
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Board Priority Tasks

• Analyze the impact of new SNF and HLW management 
options being considered by DOE (NUWASTE).

• Consider options for dealing with “stranded” SNF and 
HLW.

• Identify technical issues involving very long term storage.

• Characterize waste management programs and derive 
lessons learned based on SNF and HLW experiences in 
the U.S. and abroad.

• Perform technical review of other activities conducted by 
DOE-NE and DOE-EM under the NWPA.

4
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• Understand the impacts of potential fuel cycle initiatives on 
the generation and management of SNF and HLW.

• Create ability to vary system parameters to represent 
different scenarios that DOE may consider.

• Explore opportunities to balance potentially conflicting 
waste management criteria:
– Surface dry storage volume
– Number of waste packages generated
– Mass of natural uranium used
– Introduction of new waste streams
– Proliferation risk
– Relative dose to the public
– Relative cost (construction, operating, decommissioning)

NUWASTE Objectives

NWTRB
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NUWASTE Features

• Projects types, volumes and locations of SNF, HLW and other wastes
• Includes entire U.S. program – not focused on theoretical waste 

streams or specific fuel cycle facilities
• Currently includes LWR program using existing technologies 
• Evaluates the impact of alternative SNF management options:

– Dry surface storage 
– Reprocessing/recycling
– Direct repository disposal

• Considers nuclear electricity generating capacity alternatives:
– Present nuclear power plants only
– Present plus planned nuclear power plants
– New nuclear power plants as needed to maintain present generating 

capacity
• Allows selection of a variety of fuel fabrication options:

– New uranium fuel
– Recycled uranium fuel
– MOX fuel

6
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Other Factors Considered

• Facility availability
• Start date
• Operating period 
• Capacity

• PWR/BWR burn-up (GWd/MT)
• Fuel age ranges, and order of selection, for disposal 

and reprocessing
• Applying importance weights to various criteria
• Length of evaluation period

7
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NUWASTE Process Operations & Material Flow 

• Waste streams generated
– Fission products and minor actinides
– Fuel assembly components
– Tails from new and recycled uranium
– Low-level waste
– Greater than Class C waste
– Transuranic waste

• Facilities required
– Recycled uranium enrichment
– Recycled fuel fabrication
– Spent fuel storage
– Reprocessing
– Vitrification
– Repository for CSNF and HLW
– Repositories for other wastes

• Transportation logistics 
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Scenarios Presented Today
• Waste Stream

– Existing plus 28 plants that have submitted license applications to the NRC
– All plants operate for 60 years
– 40 GWd/ton for assemblies discharged prior to 2010 and 60 GWd/ton 

burnup for assemblies discharged in 2010 and beyond
• Scenarios

– Scenario 1: Long-Term Storage Only
• No repository 
• No reprocessing facility

– Scenario 2: Direct Disposal of SNF
• Repository starts in 2040 with a capacity of 3,000 MT/year
• No reprocessing facility

– Scenario 3: Recycle of Uranium and Plutonium (Once)
• Repository starts in 2040 with a capacity of 3,000 MT/year
• Reprocessing starts in 2030 with a capacity of 1,500 MT/year
• All separated uranium and plutonium recycled within one year

NWTRB
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Number of Dry Storage Casks Required

10

*Disposal in a repository or use of reprocessing would each 
reduce the capacity of dry storage facilities required for SNF
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Number of Waste Packages Required

11

*Maximum savings in waste packages as a 
result of reprocessing is approx 25%

*A geologic repository will be needed for direct 
disposal of SNF and disposal of vitrified HLW

NWTRB
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Natural Uranium Usage

12

*Maximum savings in natural uranium use is 10-15% 
if both separated uranium and plutonium are used to 
fabricate second cycle fuel assemblies
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Quantity of LLW and GTCC Waste Generated

13

*Large quantities of other wastes 
are produced during reprocessing

NWTRB
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Quantity of Plutonium Separated

14

*Unless sufficient MOX fuel is fabricated, 
reprocessing will generate significant 
stockpiles of plutonium
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Overarching Observations
• NUWASTE can help understand the impacts of potential fuel 

cycle initiatives on the generation and management of SNF 
and HLW.

• A variety of waste management criteria warrant consideration.
• Under all likely scenarios, a geologic repository will be needed 

for disposal of both SNF and vitrified HLW.
• Significant delays in opening a repository will 

substantially increase the quantity of SNF in dry storage, 
potentially in at least 33 states.

• The analyses completed to date have not identified any major 
advantages from reprocessing, in terms of either reduction in 
repository volume required for disposal of SNF and HLW or in 
uranium demand.

15
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NUWASTE – Ongoing Activities
•Communicate results to Congress, DOE, BRC and 
other interested parties.
•Include additional functionality

–relative facility construction, operating and decommissioning 
costs
–relative dose to the public

•Identify and evaluate additional scenarios.
•Extend NUWASTE capabilities 

–away from reactor central storage facility/facilities
–processing of DOE SNF, disposal of all DOE HLW
–transportation equipment/facility characteristics and logistics
–small modular reactors
–advanced (Gen III and IV) reactor designs, fast reactors

16
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Experience Gained On the Management and
Disposition of High-Activity Waste

Presentation to the Blue Ribbon Commission 
on America’s Nuclear Future

U.S. Nuclear Waste Technical Review Board
B. John Garrick, Chairman November 16, 

2010

Thank you for inviting me here today to discuss lessons learned from U.S. and international
waste disposal efforts.  I am John Garrick, Chairman of the U.S. Nuclear Waste Technical Review 
Board.  Four members of the Board are in the audience to provide assistance in answering your
questions. 

About the Board
I know that two of your subcommittees have heard from other Board members and staff, so I will 

only very briefly describe the Board and its role.  The Board is an independent federal agency composed 
of 11 technical and scientific experts.  It is nonpartisan and apolitical.  Members are appointed by the 
President to 4 year terms from a list of nominees submitted by the National Academy of Sciences.  By 
the way, I should mention that former Congressman and current Commissioner Phil Sharp played a 
pivotal role in crafting an amendment that created the Board in the 1987 amendments to the Nuclear
Waste Policy Act.  I know that Senator Domenici also played an important role in the passage of that
legislation.  The Board is charged with conducting unbiased ongoing technical peer review of activities 
undertaken by the Secretary of Energy related to the implementation of the Nuclear Waste Policy Act. 
In particular, we assess the technical and scientific validity of DOE activities to manage and dispose of 
spent fuel and high-level radioactive waste, which I lump together under the rubric of “high-activity
waste.” The law requires us to report our findings, conclusions, and recommendations at least twice a
year to Congress and the Secretary. 

I should establish at the outset that the Board’s statutory mandate continues even as alternatives 
to a Yucca Mountain repository are considered.  The Board’s current review work and priority tasks 
reflect the transition of DOE’s nuclear waste-management activities to include potential fuel cycle 
alternatives to direct disposal of spent fuel.

What are our current priorities?
I will list very briefly some of the Board’s current priority tasks:

• Since June 2009, the Board has reviewed the technical issues of very long-term storage of
commercial spent fuel.  The Board is developing a White Paper on this subject that we will use as
the basis for reviewing DOE’s research related to extended storage of both commercial and
government-owned high activity waste.

• Another effort supporting our ongoing review is a material-balance analytical tool called
NUWASTE, which was introduced to the Blue Ribbon Commission’s Reactor and Fuel Cycle
Technologies Subcommittee last month by my Board colleague Mark Abkowitz.  The results provide
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important insights on the potential benefits of different back-end processes and activities such as 
recycling of uranium and plutonium and long-term storage of spent fuel.

• To determine the technical effects of how a delay in repository availability affects the plans of
federal facilities that store government-owned high-activity waste, the Board has visited most of the
facilities where these wastes are stored.  We plan to issue a report on our findings and conclusions
during 2011.

• We are in the process of revising the report we published a year ago that presents information on the
programs being developed in other countries for managing high-activity waste.  Board staff member,
Daniel Metlay, presented the original report at the Blue Ribbon Commission’s Disposal
Subcommittee meeting in July this year.  The revised report will be extended to include a qualitative
and historical assessment of how the countries we surveyed are going about developing their
geologic repository programs, and it will draw some conclusions on how external factors have
impacted the repository programs in those countries.

• Last, but far from the least, is the Board’s preparation of a report of technical lessons learned from
the U.S. and repository programs worldwide.  This report will be made available to the Blue Ribbon
Commission when it has been finalized.  Much of the balance of my talk will focus on the highlights
from this report.

Deep Geologic Disposal
First however, the Board feels compelled to express its support of the opinion voiced by many

others that regardless of the nuclear fuel-cycle option adopted, a repository for permanent disposal of
high-activity wastes will be necessary.  In addition, I personally believe that having a plan in place for
permanent disposition of the waste, on which there is agreement and a path forward, is essential to 
gaining public confidence in the nation’s ability to manage nuclear waste.

Right now, I think we have a temporary fix for a problem that very much requires a permanent 
solution.  Government-owned high-activity waste is being stored at several federal facilities, and 
commercial spent nuclear fuel is being stored at more than 100 nuclear power plants nationwide at over 
70 different sites.   The current inventory of high-activity waste in storage is greater than 60,000 metric 
tons of heavy metal and is being added to at the rate of about 2,000 metric tons per year. 

So, what is the solution? That is, of course, part of what the Blue Ribbon Commission has been
asked to consider.  But, deep geologic disposal must be at least part of the answer.

The objective of deep geologic disposal is to isolate high-activity radioactive waste from humans 
and the accessible environment for durations that are unprecedented in our history.  This is, of course, 
easier said than done.  Some of the more important technical challenges to waste isolation are that high- 
activity waste is made up of diverse radioactive species with widely differing inventories; different types
of radiation; different rates of decay; and different physical, chemical, and thermal properties.  The 
waste generates heat in the geological environment, which results in high temperatures for a relatively
long period of time — on the order of a thousand years.  The high temperatures significantly affect 
geochemical processes associated with mobilizing the radionuclides as well as the rates and mechanisms
of degradation of the engineered barriers.  Additional complexity is introduced by hydrogeological and 
“coupled processes,” that is, the interactions of nuclear, thermal, chemical, and mechanical processes.
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The result is a dynamic system and considerable complexity in predicting the long-term performance of 
a repository. 

Experience Gained from Efforts in the U.S. and Other Countries to Develop a Geologic Repository
Every time I think or talk about learning from experience, I’m reminded of what President 

Truman once said, “There is nothing new in the world except the history you do not know.” And the 
late great nuclear pioneer Walter Zinn several decades ago often pointed out that many scientists and 
engineers complain that there is too little data, when in fact the problem is that we seldom take 
advantage of the data that is available.  In the spirit of President Truman and Dr. Zinn, we have
attempted to capture some nuggets from what has been learned during the last several decades from 
disposal efforts in the U.S. and other countries that might be useful in the future.  Because we know the 
U.S. program from our own involvement, the Yucca Mountain Project provides the primary source of 
information for our retrospective.  Obviously we have learned much more about geologic disposal than I 
can cover in a few short moments, but let me highlight a few examples.

Preliminary Findings

• First and foremost, the cumulative experience of the Yucca Mountain program, the Finnish,
French, Swedish, Swiss, and the Waste Isolation Pilot Plant program provides a high level of
confidence that deep geologic repositories are indeed feasible.  And it should be noted that the
planned repositories for these programs and the operating Waste Isolation Pilot Plant are located
in different geological environments including tuff, granite, clay, clay and granite, and salt.

• We learned to expect surprises when you get underground during the site-characterization phase,
so the sooner you go underground the better.  Two examples of surprises at Yucca Mountain
were (1) the possible discovery of bomb-pulse chlorine-36 at the repository level, which if
eventually confirmed, means that a small amount of surface precipitation could reach the
repository level in 50 years or less; and (2) the discovery of a repository environment riddled
with pockets (the technical term is lithophysae) ranging in size from the diameter of your thumb
to the diameter of a basketball and larger, which considerably complicated geotechnical and heat
transfer modeling.  Another example of a surprise is that in the early days of the Waste Isolation
Pilot Plant characterization, experiments with heat-generating surrogates demonstrated that the
creep rate of the salt at higher temperatures was far greater than had been determined in the
laboratory.

• We learned that including a robust engineered barrier system can have significant advantages
over a program that relies primarily on what is referred to as the “natural system.”  Because the
materials and manufacturing methods used for the engineered barriers can be specified and
controlled, confidence in their predictability may be greater than that of the natural system.  Of
course this assumes that the environment in which the engineered barriers would operate is
understood.  The result can be much greater confidence in the form, quantity, and rate (the
source term) of radioactive material from the disposed waste entering the natural system.

• We have learned a great deal about the importance of analyzing the contribution to overall risk of
different waste forms.  A much improved knowledge base now exists to guide future efforts in
specifying the most appropriate waste forms for permanent disposal.
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• A disposal facility involves many first of a kind systems and components for which there is
minimum experience.  A carefully planned and systematic program of prototyping such systems
and components in their expected environments is essential to understanding and modeling their
potential performance.

• We learned how important it is to have a waste package design that allows for direct disposal of
a variety of canisters, including loaded dual-purpose canisters, to minimize the handling of high- 
activity waste.  Waste handling is considered a significant contributor to the risk of any high
activity waste management system.

• Major advancements were made in the Yucca Mountain Project on how to use the risk sciences
to quantify postclosure performance over extremely long time periods.  An important spinoff of
this work is the use of phased and interactive probabilistic performance assessments to identify
what is important to focus on in the characterization program.

• We learned how important it is to implement a rigorous and integrated total systems approach to
characterizing a repository site, developing a repository, and designing and operating a waste
management system that involves such diverse activities as transportation, storage, packaging,
handling, and disposal.  It is important to know how decisions made in each functional area of
the waste management system affect other parts of the system.  In particular, the impact of
decisions and design requirements having to do with postclosure have to be traceable to their
impact on preclosure activities including waste handling and transporting, and the actual design
and construction of the surface facilities for the project to be efficient in its operation.

• We learned that it is essential to have a close relationship between the science program and the
engineering activities in such projects to control costs, schedules, and other performance goals.
Experience indicates the importance of making the transition from a science program to an
engineering project at the right time.

• And finally, experience tells us that a license application in the U.S. can be developed that meets
the requirements of the Nuclear Regulatory Commission for accepting a license application to
review—a major achievement.

Experience in Other Countries
Experience in other countries could become increasingly significant depending on when the 

United States resumes efforts to site and develop a deep geologic repository. 

Some findings from the experiences of programs worldwide are:

• Repository systems can be developed in a variety of geological environments.

• Most proposed disposal concepts rely on both natural and engineered barriers, although the
degree of reliance on one or the other varies considerably.

• Research carried out at-depth in underground research laboratories has been extremely valuable.

Moving Forward
These are some of the lessons that the Board learned from its review of different high activity

waste repository programs, although I have only had time to present them here at the highest level.  As I 
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mentioned, I believe that keeping a focus on a permanent solution is critical regardless of what interim 
alternatives to managing high-activity nuclear waste are recommended.  The basis for this view is:

• A permanent solution is critical to building public confidence that there is indeed a way of
isolating high-activity waste;

• History teaches us that institutional stability is not guaranteed forever.  The longer the delay in
resuming a repository program the higher the probability that it could be disrupted during the
operational phase by institutional changes;

• An international scientific consensus exists that a permanent geologic repository is the preferred
disposal option and that it is technically feasible.

It appears that the following are necessary to move forward: 

1.  An assessment of repository-development experiences to date should be used as a baseline for
future geologic disposal programs; site-selection and site-characterization activities in the U.S.
would benefit from such an assessment.

2. Characterization of waste forms together with existing inventories of high-activity waste should
be revisited, and the issue of the optimal method of disposal for each waste form should be
addressed.   In other words, the one-size-fits-all approach used at Yucca Mountain may or may
not be the best approach.

3. Once a site has been selected, characterized, and found suitable, an engineering-oriented project
plan for the design, construction, licensing, and operation of a geologic disposal facility for high- 
activity waste should be developed.  At the same time, a scientific research program that is
tailored to the requirements of the engineering plan and the repository site selected should
continue in parallel, both for better technical understanding and to identify potential
improvements to the engineering plan.

I hope that this brief representation of some findings from the Board’s work undertaken as part
of its review of DOE activities has been useful.  We look forward to providing other technical
information that you feel would be helpful to your deliberations, and, of course, all the Board’s reports, 
correspondence, congressional testimony, and meeting materials are available on our website.

Thank you for your time.  I will be pleased to respond to questions. 
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

June 30, 2011

The Honorable Chuck Hagel
The Honorable Jonathan Lash 
Co-Chairs 
Disposal Subcommittee 
Blue Ribbon Commission on the America’s Nuclear Future 
U.S. Department of Energy 
1000 Independence Avenue, SW
Washington, DC 20585 

Dear Commissioner Hagel and Commissioner Lash: 

On behalf of the Nuclear Waste Technical Review Board, I would like to submit general
comments on the Subcommittee on Disposal’s draft report, dated June 1, 2011. 

As you know, the Board has followed closely the Commission’s activities since its 
inception.  Board members and staff have testified on several occasions, either before
subcommittees or the full Commission.  The Disposal Subcommittee’s draft report provides a 
strong foundation for debating key institutional issues that need to be addressed as the Nation 
moves forward with its efforts to provide a long-term solution to the problem of managing high- 
level radioactive waste and spent nuclear fuel.

Given its technical mandate, the Board will not offer a detailed critique of the 
Subcommittee’s three key recommendations dealing with institutional design (organizational
form, funding, and siting strategy), other than to note that Board members with extensive 
program management experience concur with the draft report’s conclusion that substantial
changes are necessary in these areas.  Nor, consistent with its past practice, will the Board
comment on the Subcommittee’s recommendations dealing with the Environmental Protection 
Agency and the Nuclear Regulatory Commission. 

The Board has, however, recently published two substantial reports—Technical 
Advancements and Issues Associated with the Permanent Disposal of High-Activity Wastes
(TAI) and Experience Gained from Programs to Manage High-Level Radioactive Waste and 
Spent Nuclear Fuel in the United States and Other Countries (EG)—that speak to matters raised 
by the Subcommittee.1  As the following paragraphs suggest, the Subcommittee has reached 
conclusions that are tightly aligned with many of the views contained in those Board reports.

1Both of these reports are available on the Board’s website: www.nwtrb.gov.
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On the need for a deep-mined geologic repository

In Chapter Four of the draft report, the Subcommittee maintains that “one or more
permanent disposal facilities for high-level nuclear waste will be needed in the United States 
under all reasonably foreseeable scenarios” and that “[d]eep geologic disposal has emerged as 
the most promising and technically acceptable option” [pg. 27].  The Board agrees.  As it states
in its TAI report:

The Board believes that keeping a focus on a permanent solution is critical regardless of 
what interim measures for managing high-activity waste are charted. Among the reasons
are (1) a permanent solution is critical to building public confidence that there is a way of 
isolating nuclear waste radioactivity from the biosphere to acceptable levels; (2) given the 
long duration of the hazard of high-activity waste, undue delay in implementing a
permanent solution could make tenuous a concept of waste management dependent on 
institutional stability; (3) experience to date has indicated that deploying a permanent 
solution to isolating high-activity waste could take decades; and (4) there is an 
international consensus that a permanent solution to high-activity waste isolation is 
feasible via geologic disposal. [pg. 69] 

On the question of organizational form for the implementer

In Chapter Five of the draft report, the Subcommittee considers alternative organizational
forms that a new manager of a nuclear waste program might take on.  The Subcommittee
recommends that a FEDCORP-like organization be created to direct future efforts.  The Board
takes no position on this particular recommendation, but it is cognizant of language in the draft
report that seems to qualify the Subcommittee’s position.  To begin with, the Subcommittee
realizes that the choice of organizational form depends on how potentially conflicting values, 
such as independence and accountability [pg. 31], are traded off.  Further, the Subcommittee
understands that “[t]he general conclusion has been that a number of different organizational
forms are viable and could work to provide the focus and effectiveness needed to successfully
implement program objectives” and “[m]ore importantly than what form it takes is that a new 
waste management organization display certain behaviors and attributes (i.e., competence, 
transparency, flexibility, responsiveness, accountability, etc.)” [pgs. 41, 42]. 

Both of these conclusions very closely reflect views that the Board expresses in its TAI
and EG reports.  The impact of organizational arrangements on technical work, for instance, is 
addressed in the TAI report.

[There is a] need for continuity of management, personnel, and funding. Contractors came
and went, and managers cycled in and out, while the amount of money available in the 
next fiscal year was always in doubt and not under the control of the management of the 
program. Any engineering program would benefit greatly from having a dedicated 
organization that would maintain continuity of its personnel, especially of its management 
and principal engineers and scientists. [pg. 40] 

More generally, the EG report considers how different countries have organized their waste-management 
programs.
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The choice of organizational form for the implementer depends in each country on how 
value-based conflicts are resolved. There does not seem to be “one best way” that can be 
universally applied. [pg. 22] 

Rather than organizational form per se, what appears to be important are organizational 
behaviors, such as leadership continuity, funding stability, and the capacity to inspire
public trust and confidence over long periods of time. [pg. 60] 

The Board believes that the experience of the 13 national waste-management programs it 
examined in its EG report does not unequivocally support the Subcommittee’s claim that
FEDCORP-like organizational form is the most appropriate for the United States.  At most, the 
international experience suggests that an organization devoted exclusively to managing high- 
level radioactive waste and spent nuclear fuel, whether government, private, or hybrid, seems to 
work better than an organization that has multiple missions, some of which may be at cross- 
purposes with its waste-management responsibilities.

On structuring a new siting and development process

In Chapters Three and Seven of the draft report, the Subcommittee devotes considerable 
attention to diagnosing the root causes of the problems encountered in the United States in siting 
and developing both consolidated interim storage facilities and deep-mined geologic repositories. 
The Board believes that the Subcommittee’s historical analysis is largely correct and informed. 
Out of the Subcommittee’s evaluation comes the recommendation that a “phased, adaptive 
approach” be adopted.  Support for this recommendation comes from a report by the National 
Research Council (NRC), One Step at a Time, as well as from international experience especially
in Canada.2

In its EG report, the Board takes note of the fact that the approach the Subcommittee
recommends is derived from research on decision-making dating back to the 1950s. 
Subsequently, researchers have assessed both the strengths and weaknesses of such an approach.
The Subcommittee’s discussion does not fully reflect the balance of those assessments, which are
well-described in both the NRC report cited above and key documents issued by the Canadian 
program.  For example, the Subcommittee does not examine the difficulties the Japanese have 
encountered, even pre-Fukushima, in implementing a phased, adaptive siting strategy. 

As the Board observes,

At the theoretical level, it is hard to find fault with a decision-making strategy that seems 
to promise so much [in terms of potential benefits]. As a more practical matter, however, 
it is unclear whether it can be any more successful than earlier efforts in overcoming 
local and state opposition to specific siting decisions, whether it can be implemented, and 
whether it should be implemented. [pg. 6] 

2The Subcommittee’s draft report asserts that the phased adaptive approach also has been used in Finland and
Sweden.  A review of the historical record in both these countries suggests that neither one originally cast its siting
process in those terms. Although it is possible to interpret what both countries did as being consistent with a phased,
adaptive approach, such an interpretation probably reflects the malleability of the concept most of all.

142 Board Activities for the Period January 1, 2008 - December 31, 2012



136 Board Activities for the Period January 1, 2008 - December 31, 2012 

The Board thanks the Commission for the opportunity to comment on the draft report 
prepared by the Disposal Subcommittee.  The Board looks forward to interacting with the 
Commission as it moves forward in preparing its final report.

Sincerely,

{Signed by} 

B. John Garrick 
Chairman
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

June 30, 2011

The Honorable Phil Sharp
The Honorable Richard Meserve 
Co-Chairs 
Transportation and Storage Subcommittee 
Blue Ribbon Commission on the Nation’s Nuclear Future 
U.S. Department of Energy 
1000 Independence Avenue, SW
Washington, DC 20585 

Dear Commissioner Sharp and Commissioner Meserve:

On behalf of the U.S. Nuclear Waste Technical Review Board, I am submitting these 
Board comments on recommendations in the Transportation and Storage Subcommittee’s draft
report, dated May 31, 2011.  The Subcommittee in its draft report identifies many important 
issues and makes recommendations that will contribute positively to a discussion among policy- 
makers on an effective approach for managing high-level radioactive waste (HLW) and spent 
nuclear fuel (SNF).  As the Board has often stated, we believe that it is important to move 
forward expeditiously in establishing policies and taking actions that demonstrate the will and 
the capacity for addressing these critical national issues.

As you know, the Board has followed closely the deliberations of the Blue Ribbon 
Commission on America’s Nuclear Future (Commission) since the Commission was established 
in January 2010.  Board members and staff have testified on several occasions, either before the 
full Commission or its subcommittees.  In its presentations and written documents, the Board has
provided its technical perspective, consistent with its mandate to review the technical and 
scientific validity of activities undertaken by the Secretary of Energy related to implementing the 
Nuclear Waste Policy Act and to report Board findings and recommendations to Congress and 
the Secretary. 

Based on the Board’s experience in reviewing DOE SNF and HLW management 
activities and its strong interest in an integrated systems approach to U.S. high-level radioactive 
waste management (an interest shared by the Commission’s Transportation and Storage
Subcommittee), the Board conveys the following comments on Subcommittee recommendations 
numbers 1 through 3, and recommendation number 6. 

Subcommittee Recommendation #1: The United States should proceed expeditiously to 
establish one or more consolidated interim storage facilities as part of an integrated, 
comprehensive plan for managing the back end of the nuclear fuel cycle.  An effective integrated 
plan must also provide for the siting and development of one or more permanent disposal 
facilities.
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Board Comments: The Board believes that the system-wide implications of developing
consolidated interim storage should be considered as part of a detailed evaluation that includes
the advantages and disadvantages of such an approach.  For example, the Board notes in its 
report, Evaluation of the Technical Basis for Extended Dry Storage and Transportation of Used 
Nuclear Fuel,1 that the length of time SNF is stored at commercial nuclear power plant sites will 
affect the degree to which fuel or dry storage system components may degrade.  Such 
degradation affects compliance with the regulatory requirements for storage, retrieval, and 
transport of SNF.  Information from the detailed analysis, suggested above, also will inform
decisions about what technical capabilities may be required at SNF storage-site locations.  The 
Board agrees that taking full account of the complex nature and integrated dependencies of the 
entire waste disposal system is vitally important in making any decisions about options for 
managing SNF and HLW. Thus, siting an interim storage facility without an integrated waste 
management plan is not recommended. 

Subcommittee Recommendation #2: Recognizing the substantial lead-times that may be 
required in opening one or more consolidated storage facilities, dispersed interim storage of 
substantial quantities of spent fuel at existing reactor sites can be expected to continue for some 
time.  The Subcommittee has concluded that there do not appear to be unmanageable safety or 
security risks associated with current methods of storage (dry or wet) at existing sites.  However, 
to ensure that all near-term forms of storage meet high standards of safety and security for the 
multi-decade-long time periods that they are likely to be in use, active research should continue 
on issues such as degradation phenomena, vulnerability to sabotage and terrorism, full-scale 
cask testing, and other matters.

Board Comments: The Board agrees that technical information and experience to date indicates 
that low-burnup SNF can be stored safely in the short-term and then transported for additional 
storage, processing, or disposal.  However, as noted in its report on Extended Dry Storage,
referenced above, the Board believes that there are outstanding issues for which more
information is needed before it can be concluded that SNF can be safely placed in dry storage
over an extended period of time.  For this reason, the Board strongly endorses the 
Subcommittee’s recommendation that an active and sustained research program is required to 
obtain the additional information necessary to have similar high-confidence in the safe extended 
storage and subsequent transportation of SNF, particularly for high burn-up SNF, and HLW. 
Recommendations for future research described in the Board’s report concur with the summary
of research needs that are discussed in in Chapters 3, 4, and 7 of the draft Subcommittee report.
Additionally, after extended storage at an interim site, and particularly after transportation, the 
condition of the spent fuel would need to be established to confirm the integrity of the cladding. 

Subcommittee Recommendation #3: Spent fuel currently being stored at decommissioned 
reactor sites should be “first in line” for transfer to a consolidated interim storage facility as 
soon as such a facility is available.

Board Comments:  The Board believes that, should one or more consolidated interim storage 
facilities be constructed, an incremental, staged approach for transferring SNF and HLW to an 
interim facility is appropriate.  It makes sense for the reasons outlined in your report to consider 

1 This report is available on the Board’s website: www.nwtrb.gov.
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decommissioned sites as “first in line.” However, should it be necessary to transfer SNF or 
HLW from storage containers to transportation casks after extended storage, this will require
either dry-transfer capability or the availability of an operational spent fuel pool at the interim 
facility. 

Subcommittee Recommendation #6: The current system of standards and regulations governing 
the transport of spent fuel and other nuclear materials appears to be functioning well, and the 
safety record for past shipments of these types of materials is excellent.  However, planning and 
coordination for the transport of spent fuel and high-level waste is complex and should 
commence at the very start of a project to develop consolidated storage capacity.

Board Comments: The Board strongly concurs with the Subcommittee that transportation 
planning should be considered as early as possible in the development of any waste management 
system in line with the Board’s comment on Subcommittee Recommendation 1.  As the Board 
has noted in its “Extended Storage Report”, there are inconsistencies in NRC’s storage and 
transportation regulations that need to be addressed.  Based on prior experience with the U.S. 
repository program, the Board notes the existence of transportation logistics challenges that can 
affect safety and operational efficiency with respect to loading/unloading, access/egress, and 
line-haul operations.  The Board also notes that, although the safety record for past shipments of 
these types of materials may be excellent, the scale of the transportation campaign involved in 
transferring SNF and HLW to one or more interim storage facilities could dwarf those of
previous shipments. 

Finally, the Board notes that during the next year, a significant amount of new technical
information may be available from the Extended Storage Collaboration Program (ESCP), with 
which the Board interacts, which is focusing on research and information needs related to 
extended dry storage.  The ESCP effort and other analysis and planning work being carried out 
by the Department of Energy, the Nuclear Regulatory Commission, and the nuclear industry, 
may provide useful technical information on aspects of the system for managing and disposing of
SNF and HLW.  The Board suggests that to the extent new technical findings become available 
in the next few months, the Commission consider such information, if possible, in drafting its 
final report.

The Board appreciates the interest and courtesy the Commission has extended to the 
Board during the Commission’s deliberations.  We hope that the Commission will continue to 
call on the Board when it requires technical information related to the management or disposal of 
SNF and HLW. 

Sincerely,

{Signed by} 

B. John Garrick 
Chairman
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UNITED STATES  
NUCLEAR WASTE TECHNICAL REVIEW BOARD

2300 Clarendon Boulevard, Suite 1300  
Arlington, VA 22201  

July 14, 2011

The Honorable Pete Domenici 
The Honorable Per F. Peterson 
Co-Chairs
Reactor and Fuel Cycle Technology Subcommittee
Blue Ribbon Commission on the Nation’s Nuclear Future 
U.S. Department of Energy
1000 Independence Avenue, SW 
Washington, DC 20585 

Dear Commissioner Domenici and Commissioner Peterson: 

On behalf of the U.S. Nuclear Waste Technical Review Board, I submit these Board 
comments on the Reactor and Fuel Cycle Technology Subcommittee draft report, dated June 
2011.

As you know, the Board has followed closely the Commission’s activities since the 
Commission was established.  Board members and staff have testified on several occasions, 
either before Commission subcommittees or the full Commission.  Given the Board’s technical 
mandate, it would not be appropriate for the Board to make comments on non-technical aspects 
of the Subcommittee’s recommendations.  However, the Board is pleased to provide the 
following technical comments.

The Board notes the Subcommittee’s discussions on the need to provide “near-term 
improvements in the safety and performance of existing light-water reactor technology as 
currently deployed in the United States” and the need for “longer-term efforts to advance 
potential ‘game-changing’ nuclear technologies and systems that could achieve very large 
benefits across multiple evaluation criteria compared to current technologies and systems.” 
The Board believes that consideration of improvements in existing technologies and 
development of new nuclear technologies should include the waste-stream consequences of the 
adoption of the changes as part of the decision-making process.  For example, changes in fuel 
burnup levels achieved in reactors, together with changes in other performance parameters and 
the introduction of “game-changing” technologies, such as advanced reprocessing flowsheets, 
may have a significant impact on both waste streams requiring disposal and the final waste forms
best suited to their disposal.  The Board thus recommends that any evaluation of the benefits of 
such changes also take into account the impact on the waste management requirements that will 
result from the adoption of the changes. 

Evaluation of various potential fuel cycles is extremely difficult due to the highly 
technical aspects of these fuel cycles and the lack of mature development of the technologies. 
The Board agrees with your conclusion that “No currently available or reasonably foreseeable 
reactor and fuel cycle technologies—including current or potential reprocess and recycle

bjg158vf 

Report to Congress and the Secretary of Energy            147



 Report to Congress and the Secretary of Energy: Appendix E 141

UNITED STATES  
NUCLEAR WASTE TECHNICAL REVIEW BOARD

2300 Clarendon Boulevard, Suite 1300  
Arlington, VA 22201  

July 14, 2011

The Honorable Pete Domenici 
The Honorable Per F. Peterson 
Co-Chairs
Reactor and Fuel Cycle Technology Subcommittee
Blue Ribbon Commission on the Nation’s Nuclear Future 
U.S. Department of Energy
1000 Independence Avenue, SW 
Washington, DC 20585 

Dear Commissioner Domenici and Commissioner Peterson: 

On behalf of the U.S. Nuclear Waste Technical Review Board, I submit these Board 
comments on the Reactor and Fuel Cycle Technology Subcommittee draft report, dated June 
2011.

As you know, the Board has followed closely the Commission’s activities since the 
Commission was established.  Board members and staff have testified on several occasions, 
either before Commission subcommittees or the full Commission.  Given the Board’s technical 
mandate, it would not be appropriate for the Board to make comments on non-technical aspects 
of the Subcommittee’s recommendations.  However, the Board is pleased to provide the 
following technical comments.

The Board notes the Subcommittee’s discussions on the need to provide “near-term 
improvements in the safety and performance of existing light-water reactor technology as 
currently deployed in the United States” and the need for “longer-term efforts to advance 
potential ‘game-changing’ nuclear technologies and systems that could achieve very large 
benefits across multiple evaluation criteria compared to current technologies and systems.” 
The Board believes that consideration of improvements in existing technologies and 
development of new nuclear technologies should include the waste-stream consequences of the 
adoption of the changes as part of the decision-making process.  For example, changes in fuel 
burnup levels achieved in reactors, together with changes in other performance parameters and 
the introduction of “game-changing” technologies, such as advanced reprocessing flowsheets, 
may have a significant impact on both waste streams requiring disposal and the final waste forms
best suited to their disposal.  The Board thus recommends that any evaluation of the benefits of 
such changes also take into account the impact on the waste management requirements that will 
result from the adoption of the changes. 

Evaluation of various potential fuel cycles is extremely difficult due to the highly 
technical aspects of these fuel cycles and the lack of mature development of the technologies. 
The Board agrees with your conclusion that “No currently available or reasonably foreseeable 
reactor and fuel cycle technologies—including current or potential reprocess and recycle
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technologies—have the potential to fundamentally alter the waste management challenge this 
nation confronts over at least the next several decades, if not longer.”  This conclusion should 
be integrated into the nation’s near-term planning for what needs to be done to deal with the 
continuing build up of nuclear waste from commercial nuclear plants and the existing stockpile 
of defense and DOE wastes stored across the country.  While RD&D is important, it also is 
important to move on a disposal solution which will ultimately be required regardless of waste 
form(s).  Efforts at siting such a facility should not be delayed by RD&D on fuel-cycle 
alternatives.

The Board thanks the Commission for the opportunity to comment on the draft report 
prepared by the Reactor and Fuel Cycle Technology Subcommittee.  The Board looks forward to 
interacting with the Commission as it moves forward in preparing its final report.

Sincerely,

{Signed by} 

B. John Garrick 
Chairman
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

October 31, 2011

The Honorable Lee H. Hamilton
The Honorable Brent Scowcroft
Co-Chairs 
Blue Ribbon Commission on America’s Nuclear Future 
U.S. Department of Energy 
1000 Independence Avenue, SW
Washington, DC  20585 

Dear Representative Hamilton and General Scowcroft:

On behalf of the U.S. Nuclear Waste Technical Review Board, I am submitting 
comments to the Blue Ribbon Commission on America’s Nuclear Future on the Commission’s
Draft Report to the Secretary of Energy, dated July 29, 2011. 

As you know, the Board has followed closely the work of the Commission since the 
Commission was established in January 2010, and Board members and staff have testified on 
several occasions before the Commission and its subcommittees.  In addition, we provided 
comments on June 30, 2011, on the draft reports issued by the Commission’s Subcommittee on 
Disposal and Subcommittee on Transportation and Storage, and on July 14, 2011, on the draft
report of the Commission’s Subcommittee on Reactor and Fuel Cycle Technology.  Those 
comments are available on the Board’s website, www.nwtrb.gov, as well as on the BRC website. 
The comments in this letter are in addition to our comments on the subcommittee drafts.

The Board believes that the Commission’s Draft Report reflects the substantial time and 
effort the Commission has invested in gathering information and in sorting through a diversity of 
views on policies that are needed to effectively manage the country’s high-activity nuclear waste. 
The Board strongly concurs with the Commission’s findings that deep geologic disposal is the 
most promising and accepted method currently available for safely isolating spent nuclear fuel 
(SNF) and high-level radioactive waste (HLW) for very long periods and that a permanent 
repository will be needed for any fuel cycle option that might be implemented in the reasonably
foreseeable future.  We also believe that as decisions are made on how to accomplish deep
geologic disposal, it is very important that ongoing technical work should continue. 

The Board’s statutory mission is to evaluate the technical and scientific validity of
Department of Energy (DOE) activities related to managing and disposing of SNF and HLW and 
to report Board findings, conclusions, and recommendations to Congress and the Secretary of 
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

October 31, 2011

The Honorable Lee H. Hamilton
The Honorable Brent Scowcroft
Co-Chairs 
Blue Ribbon Commission on America’s Nuclear Future 
U.S. Department of Energy 
1000 Independence Avenue, SW
Washington, DC  20585 

Dear Representative Hamilton and General Scowcroft:

On behalf of the U.S. Nuclear Waste Technical Review Board, I am submitting 
comments to the Blue Ribbon Commission on America’s Nuclear Future on the Commission’s
Draft Report to the Secretary of Energy, dated July 29, 2011. 

As you know, the Board has followed closely the work of the Commission since the 
Commission was established in January 2010, and Board members and staff have testified on 
several occasions before the Commission and its subcommittees.  In addition, we provided 
comments on June 30, 2011, on the draft reports issued by the Commission’s Subcommittee on 
Disposal and Subcommittee on Transportation and Storage, and on July 14, 2011, on the draft
report of the Commission’s Subcommittee on Reactor and Fuel Cycle Technology.  Those 
comments are available on the Board’s website, www.nwtrb.gov, as well as on the BRC website. 
The comments in this letter are in addition to our comments on the subcommittee drafts.

The Board believes that the Commission’s Draft Report reflects the substantial time and 
effort the Commission has invested in gathering information and in sorting through a diversity of 
views on policies that are needed to effectively manage the country’s high-activity nuclear waste. 
The Board strongly concurs with the Commission’s findings that deep geologic disposal is the 
most promising and accepted method currently available for safely isolating spent nuclear fuel 
(SNF) and high-level radioactive waste (HLW) for very long periods and that a permanent 
repository will be needed for any fuel cycle option that might be implemented in the reasonably
foreseeable future.  We also believe that as decisions are made on how to accomplish deep
geologic disposal, it is very important that ongoing technical work should continue. 

The Board’s statutory mission is to evaluate the technical and scientific validity of
Department of Energy (DOE) activities related to managing and disposing of SNF and HLW and 
to report Board findings, conclusions, and recommendations to Congress and the Secretary of 
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Energy.  In the following paragraphs, the Board comments on technical topics discussed in the 
Commission’s Draft Report.

Developing Generic Siting Criteria – The Board concurs with the Commission that
development of generic repository siting criteria should proceed without delay.  The Office of 
Used Nuclear Fuel Disposition Research and Development, which reports to the Deputy
Assistant Secretary for Fuel Cycle Technologies within DOE’s Office of Nuclear Energy, is 
commencing research on generic siting criteria.  As a starting point for this work, it is very
important that DOE take into account its past efforts related to developing siting criteria along
with similar work that has been undertaken by nuclear waste repository programs in other
countries.  The Board notes that from a technical perspective, generic studies do not replace the
need to focus on specific geologies and potentially available sites in the United States that may
meet the criteria.  The Board suggests that the Commission consider encouraging DOE’s
ongoing generic siting work in the Commission’s final report.

Generic Research on Geologic Media – The Board concurs with the Commission’s finding that
experience in the United States and other countries has shown that from a technical perspective 
suitable sites for deep geologic repositories for the disposal of SNF and HLW can be identified 
and developed.  This experience can be applied to geologies in the United States to identify
potentially viable locations for detailed site characterization.  DOE currently is planning research 
that will provide generic information on geologic media. 

Methods of Deep Geologic Disposal, including Deep Borehole Disposal – The Commission’s
Draft Report discusses disposal in mined geologic repositories and in deep boreholes.  In the
Board’s report on Technical Advancements and Issues Associated with the Permanent Disposal 
of High-Activity Wastes: Lessons Learned from Yucca Mountain issued earlier this year, the 
Board recommends that consideration be given to using different methods of geologic disposal
for different kinds of wastes depending on their potential for reuse.  While deep boreholes are
suggested in the Commission’s Draft Report as a substitute for mined geologic disposal, the 
Board recommends additional R&D on deep borehole disposal to help resolve uncertainties 
about this approach and to allow for a more conclusive evaluation of its feasibility.  Deep
boreholes may play a role in disposal of small quantities of long-lived separated actinide wastes, 
but further study is needed on the effects of implementing this approach on the overall nuclear
waste management system.

Radiation Source Term – The Commission’s Draft Report discusses approaches to determining 
compliance with repository requirements.  The Board believes that determining the radiation 
source term realistically, particularly with respect to the processes involved in mobilizing the 
waste, is critical to obtaining a fundamental understanding of the disposition of dose-contributing
radionuclides.  Such analyses can potentially help support a repository compliance case and can
provide a much more credible understanding of how natural and engineered barriers would work 
together in a repository to contain and delay the release of radionuclides from the waste into the 
accessible environment.

Fuel-Degradation Mechanisms Related to Extended Dry Storage of SNF – The Board
concurs strongly with the Commission that research is needed on fuel degradation mechanisms
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and other factors that may affect the ability to store SNF for long periods.  As discussed in the 
Board’s report on Extended Dry Storage and Transportation of Used Fuel, issued in late 2010, 
the Board recommends that the ability to handle and transport such waste after extended storage 
also should be studied. DOE recently issued a draft “Gap Analysis” report on its research plans 
in this area and is collaborating closely with industry and with other government agencies, 
including the Nuclear Regulatory Commission and the Board, to develop its research program. 
The Board expects that this collaboration will result in a better understanding of the implications 
of extended dry storage. 

Management of Federally Owned SNF and HLW – As noted in the Commission’s Draft 
Report, DOE manages its own radioactive wastes from defense and research activities.  Most of 
this waste is stored at three federal facilities: Hanford in Washington, Idaho National Laboratory
(INL) in Idaho, and the Savannah River Site in South Carolina.  DOE’s Office of Environmental
Management also participates with the state of New York in managing radioactive wastes from 
the country’s only commercial reprocessing facility, which was located in West Valley, New 
York, and ceased operation in 1972.  In addition, a joint DOE-Navy program manages spent 
naval reactor fuel at INL. The discussion of the wastes stored at these facilities in the 
Commission’s Draft Report correctly reflects the importance of considering how these wastes
should be managed and disposed of when evaluating options for permanent disposal of high- 
activity waste.  The Board believes that a full discussion of the issues related to the need to 
permanently dispose of these wastes should be included in the Commission’s final report.

The Board has visited the SNF and HLW management facilities at all four of these locations over
the past two years and is preparing a report characterizing the amounts and types of wastes stored
at each of them along with technical issues related to the management of the waste.  The report
will provide technical information for decision-makers as they discuss the Commission’s
recommendations on managing these wastes.

Effects of Various Fuel Cycle Technologies on SNF and HLW Management – The Board has
consistently urged DOE to adopt a “systems” approach to radioactive waste management and 
strongly supports the Commission’s finding that studies of alternative fuel-cycle technologies
should account for linkages among all elements of the fuel cycle, including reactor technologies, 
fuel processing, transportation, storage, and disposal of SNF and HLW. 

Transport of High Burnup Fuel –The Commission's Draft Report refers to the potential need
to update regulations to allow for efficient transport of high burnup SNF.  As mentioned above, 
the Board believes that research into technical factors associated with transporting such fuels 
also should be undertaken.  As part of this exercise, the Board also advocates developing a
technical basis for taking full credit for the loss of fuel reactivity as a result of burnup.  The 
Board believes such work should have high priority because taking burnup credit potentially
offers significant economies in developing a transportation system and cost savings at other
stages of a spent fuel management program.  The Board suggests that discussion of these issues
be included in the Commission’s final report.

International Cooperation – Over the last 20 years, the Board has engaged extensively with its 
counterparts in other countries that have nuclear waste programs and with the senior technical
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personnel and managers of those programs to gain technical insights and perspectives that are 
useful in reviewing DOE activities.  Information and analysis resulting from those interactions 
are included in two Board reports, Survey of National Programs for Managing High-Level 
Radioactive Waste and Spent Nuclear Fuel (October 2009) and Experience Gained From
Programs to Manage High-Level Radioactive Waste and Spent Nuclear Fuel in the United States
and Other Countries (April 2011).  The Board has found its interactions with programs in other
countries to be extremely valuable and joins the Commission in urging that U.S. program
managers take full advantage of the experiences gained. 

Retaining Technical Capability and Preservation of Technical Experience – The Board
believes that it is imperative that information and data generated previously by the Office of 
Civilian Radioactive Waste Management be preserved in a reasonably accessible (electronic)
form and recommends that the final Commission report address this important issue.  Much of 
this information has generic attributes relevant to any geologic media.  If the information and 
data are not retained, attempting to recover them after decisions are made on future waste 
management policies will be time-consuming and expensive.  DOE’s Office of Legacy
Management has developed a plan for transferring and preserving this information.  The Board
is reviewing DOE’s legacy management activities as part of its ongoing technical evaluation. 

Many of these issues were discussed at a public meeting held by the Board in Salt Lake
City, Utah, on September 13 and 14, which included a panel on the Commission's Draft Report. 
We were very pleased that John Kotek, the Commission’s Executive Director, was able to 
participate in that panel. We would like to thank him for providing an excellent and very useful 
overview of the Commission's Draft Report.  The panel also included Mr. Ward Sproat, former
director of DOE’s Office of Civilian Radioactive Waste Management, who presented his views 
on the Draft Report.  The presentation by Mr. Sproat and the transcript from the meeting are 
available on the Board’s website. 

We appreciate this opportunity to provide comments on the Commission’s Draft Report.
We look forward to continuing our interactions and would be pleased to provide any additional
technical information you might find useful as you prepare your final report.

Sincerely, 

{Signed by} 

B. John Garrick
Chairman
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

April 18, 2012

The Honorable Steven Chu 
Secretary of Energy 
U.S. Department of Energy 
1000 Independence Avenue, S.W. 
Washington, DC 20585 

Dear Secretary Chu:

The Nuclear Waste Technical Review Board (the Board) has read with considerable interest the 
final report of the Blue Ribbon Commission on America’s Nuclear Future (the Commission). The report
addresses a number of major issues that are important for our nation to succeed in answering the question 
of what we are going to do with our nuclear waste. The Commission conducted a comprehensive review 
of the problem and produced a frank and informative report on the many dimensions of a workable
solution. The Board endorses the Commission’s commitment to independent technical review, and 
believes that public trust in the storage and repository siting process can be enhanced by demonstrating 
that policy decisions have a firm and independently reviewed technical basis.

We understand that you have now appointed a Working Group to advise you on how DOE should 
respond to the recommendations in the report.  Policies regarding nuclear waste must inherently involve
questions of a technical nature.  For the consideration of the DOE Working Group, we offer comments
here on some of the more salient technical issues that we believe can affect the implementation of policies
and the realization of plans to manage the nation’s nuclear waste. 

A New Consent-Based Approach to Siting Nuclear Waste Management Facilities
The Board has for some time had a keen interest in the domestic and international experience with

consent-based siting approaches for nuclear waste storage and disposal facilities. We have also lamented, 
in the Commission’s words, “the erosion of trust in the federal government’s nuclear waste management 
program,” which has certainly complicated finding technical solutions to the nuclear waste problem in our 
country.  One aspect of establishing trust is to ensure a thorough consideration of technical issues that can 
guide the site-selection process. The establishment of site-independent safety criteria must be based on 
informed technical considerations, including technical lessons learned from both successful and failed 
projects in the U.S. and abroad. 

Lessons learned from U.S. and international experience should be taken into account in 
developing guidelines, for siting, for the solicitation of volunteer sites, and for integrating the overall
process. In particular, lessons learned from the failure of the nuclear waste negotiator approach should 
inform any consent-based volunteer-siting process.
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

April 18, 2012

The Honorable Steven Chu 
Secretary of Energy 
U.S. Department of Energy 
1000 Independence Avenue, S.W. 
Washington, DC 20585 

Dear Secretary Chu:

The Nuclear Waste Technical Review Board (the Board) has read with considerable interest the 
final report of the Blue Ribbon Commission on America’s Nuclear Future (the Commission). The report
addresses a number of major issues that are important for our nation to succeed in answering the question 
of what we are going to do with our nuclear waste. The Commission conducted a comprehensive review 
of the problem and produced a frank and informative report on the many dimensions of a workable
solution. The Board endorses the Commission’s commitment to independent technical review, and 
believes that public trust in the storage and repository siting process can be enhanced by demonstrating 
that policy decisions have a firm and independently reviewed technical basis.

We understand that you have now appointed a Working Group to advise you on how DOE should 
respond to the recommendations in the report.  Policies regarding nuclear waste must inherently involve
questions of a technical nature.  For the consideration of the DOE Working Group, we offer comments
here on some of the more salient technical issues that we believe can affect the implementation of policies
and the realization of plans to manage the nation’s nuclear waste. 

A New Consent-Based Approach to Siting Nuclear Waste Management Facilities
The Board has for some time had a keen interest in the domestic and international experience with

consent-based siting approaches for nuclear waste storage and disposal facilities. We have also lamented, 
in the Commission’s words, “the erosion of trust in the federal government’s nuclear waste management 
program,” which has certainly complicated finding technical solutions to the nuclear waste problem in our 
country.  One aspect of establishing trust is to ensure a thorough consideration of technical issues that can 
guide the site-selection process. The establishment of site-independent safety criteria must be based on 
informed technical considerations, including technical lessons learned from both successful and failed 
projects in the U.S. and abroad. 

Lessons learned from U.S. and international experience should be taken into account in 
developing guidelines, for siting, for the solicitation of volunteer sites, and for integrating the overall
process. In particular, lessons learned from the failure of the nuclear waste negotiator approach should 
inform any consent-based volunteer-siting process.
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A New Organization to Implement the Waste Management Program
The Board encourages the pursuit of the idea of “a new, single-purpose organization to provide 

stability, focus, and credibility.” The Board has been concerned for some time with the lack of stability
and, hence, of technical focus that results from management changes that accompany inevitable changes
in the federal administration. This seemingly non-technical aspect of the program can in fact have severe
implications for the technical direction and emphasis of a developing waste management program, which 
we see as being fundamentally one of science and engineering.  We agree that the issues that the
Commission defines regarding organizational structure require attention. We would add that rigorous
peer review of technical aspects of the project must be part of the structure as is clear from the broad 
international experience to date.

The Commission declined to comment on the issue of comingling of waste from defense
programs with the spent nuclear fuel from commercial power reactors at a single repository site. 
Nevertheless, we think that this is a technical issue that deserves consideration as a new organizational
structure is considered. Because spent-fuel and high-level wastes are quite different in volume and 
activity, we think that a technical study to determine whether to separate commercial spent-fuel from 
defense and DOE wastes should be expeditiously completed in order to help establish a clear vision and 
mission for the organization charged with implementing the waste storage and disposal program.

Prompt Efforts to Develop a New Geologic Disposal Facility
The Board agrees with the Commission’s position that disposal must be pursued with the same

vigor as interim storage, because both need to be done in order to provide confidence that there is a solid
integrated technical solution to the problem of the disposition of nuclear waste. One item that should be 
addressed expeditiously is the establishment of clear guidelines for identifying, and also potentially 
disqualifying, possible locations for one or more repositories. This work can draw on information from a
variety of sources including geological information, census data, transportation networks, and so forth. In 
addition, the experience gained in other national programs should be carefully considered. 

However, we are not particularly convinced that a demonstration of bore-hole disposal should be 
given the same priority as identifying, characterizing, designing, and developing a mined disposal site (to 
the point of a licensed demonstration project). The bore-hole concept has simply not yet been vetted 
technically to the extent that deep-mined geological disposal has. Furthermore, the need to disassemble
fuel assemblies to implement bore-hole disposal would result in unnecessary worker exposure, and a
decision to use bore holes might preempt retrievability options at a later time.

Another issue that the Commission recognized was the need to establish a new standard for 
repositories, because 10 CFR 63 is specific to Yucca Mountain.  Specific choices related to the time
period(s) chosen for demonstrating compliance with a standard are policy decisions, but we think 
scientific insights can be instructive and should be included in consideration of new standards and 
regulations.1 Although one can greatly benefit from the use of probabilistic risk assessment 
methodologies in developing strategies for the safe disposal of highly radioactive waste, the length of the 
compliance period may well modify how these methods are applied.  As an example, surface facilities

1 For example, the Advisory Committee on Nuclear Waste issued a letter on the time of compliance (TOC) following a workshop that involved 
multiple parties (Letter of November 14 1996 to Chairman Shirley Jackson), in which it was stated that, “The dilemma in developing a TOC is
that the time span must be sufficiently long to permit evaluation of potential processes and events leading to the loss of integrity of the repository
and transport of radionuclides to the critical population. Yet the period must be short enough that inherent uncertainties in processes and events
and in the biosphere and critical population group, which will increase with time, will not invalidate the results of the evaluation.” 
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that operate for 100 years can use methods of analysis presently applied to conventional reactor-type 
standards, while a geologic repository, for which compliance periods stretch to hundreds of thousands of 
years, may require additional considerations.

Support for Underground Test Facilities
From a technical point of view, the Board generally supports the development of underground 

research laboratories as a preliminary step in designing and constructing a full-scale geologic repository. 
International experience has demonstrated the scientific and public acceptance benefits of the concept of
geologic disposal. The ideal scenario from the point of view of economics and timing is a laboratory at a
site that has been selected on the basis of a comprehensive siting process, the suitability of which is
confirmed with strong scientific evidence from a variety of sources, including the underground research 
laboratory. To be sure there are circumstances where it may be expedient to use a surrogate site for an 
underground research laboratory that is an analog to the actual site or sites selected.  There is the
possibility that social or other reasons may exist for not locating an underground laboratory at a potential 
repository site. There is also the possibility that by the time a site is selected in the U.S. sufficient
underground research exists in different geological media that a convincing scientific and technical basis
can be developed to support a site without the need for a site-specific laboratory.  The key point is that the 
siting process, whether it is for a repository, a laboratory, a pilot repository with a laboratory, or the 
combination of a laboratory and a full-scale repository, must make the intentions explicitly clear and 
acceptable to all stakeholders prior to project initiation.

Prompt Efforts to Develop One or More Consolidated Interim Storage Sites
Spent fuel is presently being stored at reactor sites.  The BRC recommended, for several reasons, 

that this spent fuel be moved to one or more centralized interim storage sites.  With the curtailment of the
Yucca Mountain Project, the appeal for this interim step increases since it is not clear when a disposal site 
might be available. This is particularly true for decommissioned sites where the only remaining vestige 
of nuclear power operation is the spent fuel casks on secure pads. In the spirit of a pilot-scale approach, 
the Board recommends that an interim site be used for the early demonstration of the safe shipment of 
spent fuel to a centralized interim storage site. This would provide early technical input regarding the 
implementation of a much larger transportation program described below.  Logical site choices with the
consent of the states and local population would include national laboratories, DOE facilities, and former 
military sites where security and infrastructure would already be present. The interim nature of this
storage would be evidenced by moving this spent fuel to the centralized storage facility when it becomes
operational in the future.

Early Preparation for the Eventual Large-Scale Transport of Spent Nuclear Fuel and High-Level
Waste to Consolidated Storage and Disposal Facilities

Regarding transportation, which is a near-term need for centralized interim storage and a mid- 
term need for repository disposal, the Board does not believe that the Commission report goes far enough. 
In order to handle the massive shipments of spent fuel that will be involved and to implement the needed 
infrastructure in terms of rail cars and handling systems, work needs to be started now. The technical 
challenges of upgrading existing rail lines have been evident in just the maintenance of the infamous 
Northeast Corridor to carry high-speed rail traffic.  Different but analogous technical challenges can be 
expected to accompany the adaptation of existing rights-of-way to accommodate nuclear waste 
shipments, even if they will not travel at commuter speeds. The construction of new rail lines where none
at all currently exist might present even greater technical challenges. The early selection of a centralized 
interim storage site could be the starting point for developing strategies and methods for the transport of 
highly radioactive waste to a geologic repository.  The Private Fuel Storage Project has done much of this
work already and that should be used as a basis.  A solid technical understanding of the capacities and
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limitations of the existing rail network and the possibilities for expanding it may have profound effects on 
where candidate sites can reasonably be located.

We support the recommendation that DOE should make public its suite of preferred routes for 
shipment of nuclear waste, because independent of site location this can reveal technical challenges
involved (such as possible pinch points) and encourage open discussion of innovative technical solutions. 
We also support strongly the development of a technical basis for burn-up credit, i.e., the taking into 
account the reduction in reactivity that results from nuclear fuel having been used in a reactor, because 
this will greatly simplify all aspects of storage, transportation, and disposal. Finally, while the
Commission has addressed transportation in its report, it does not address the difficult process of dealing 
with multiple state agencies for the transportation of spent fuel across states. The merits of having initial 
and daily inspections designed to insure the safety of the shipments augmented by detailed inspections at 
each state border deserve discussion that includes technical issues that may help shape risk-informed 
regulations.

Updating the Waste Classification System
Lastly, we support the need to review the outdated waste classification system and make it based 

on the form and activity of the waste rather than its source.  Currently there is some waste generated at 
DOE sites that is orphaned in that there is no regulatory path for disposal.  Rationalization of the waste
classification system is needed to resolve this problem. 

In summary, the Board believes that there are many technical issues that should be part of the 
discussions of the Working Group.  Our aim in this letter is to convey what the Board considers to be 
some of the most important issues. Thank you for considering our thoughts on these important matters.

Sincerely, 

{Signed by} 

B. John Garrick
Chairman

cc:
Subcommittee on Energy and Water Development, Committee on Appropriations, U.S. Senate 
Committee on Energy and Natural Resources, U.S. Senate 
Subcommittee on Clean Air and Nuclear Safety, Committee on Environment and Public Works, 

U.S. Senate 
Subcommittee on Energy and Water Development, Committee on Appropriations, 

U.S. House of Representatives
Subcommittee on Environment and the Economy, Committee on Energy and Commerce, 

U.S. House of Representatives
Committee on Science, Space, and Technology, U.S. House of Representatives
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limitations of the existing rail network and the possibilities for expanding it may have profound effects on 
where candidate sites can reasonably be located.

We support the recommendation that DOE should make public its suite of preferred routes for 
shipment of nuclear waste, because independent of site location this can reveal technical challenges
involved (such as possible pinch points) and encourage open discussion of innovative technical solutions. 
We also support strongly the development of a technical basis for burn-up credit, i.e., the taking into 
account the reduction in reactivity that results from nuclear fuel having been used in a reactor, because 
this will greatly simplify all aspects of storage, transportation, and disposal. Finally, while the
Commission has addressed transportation in its report, it does not address the difficult process of dealing 
with multiple state agencies for the transportation of spent fuel across states. The merits of having initial 
and daily inspections designed to insure the safety of the shipments augmented by detailed inspections at 
each state border deserve discussion that includes technical issues that may help shape risk-informed 
regulations.

Updating the Waste Classification System
Lastly, we support the need to review the outdated waste classification system and make it based 

on the form and activity of the waste rather than its source.  Currently there is some waste generated at 
DOE sites that is orphaned in that there is no regulatory path for disposal.  Rationalization of the waste
classification system is needed to resolve this problem. 

In summary, the Board believes that there are many technical issues that should be part of the 
discussions of the Working Group.  Our aim in this letter is to convey what the Board considers to be 
some of the most important issues. Thank you for considering our thoughts on these important matters.

Sincerely, 

{Signed by} 

B. John Garrick
Chairman

cc:
Subcommittee on Energy and Water Development, Committee on Appropriations, U.S. Senate 
Committee on Energy and Natural Resources, U.S. Senate 
Subcommittee on Clean Air and Nuclear Safety, Committee on Environment and Public Works, 

U.S. Senate 
Subcommittee on Energy and Water Development, Committee on Appropriations, 

U.S. House of Representatives
Subcommittee on Environment and the Economy, Committee on Energy and Commerce, 

U.S. House of Representatives
Committee on Science, Space, and Technology, U.S. House of Representatives
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APPENDIX F 
MEETINGS OF THE U.S. NUCLEAR WASTE
TECHNICAL REVIEW BOARD

JANUARY 1, 2008, THROUGH DECEMBER 31, 
2012 
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Nuclear Waste Technical Review Board Meetings
2008 – 2012

January 16, 2008 Winter Board Meeting
Las Vegas, NV
Topics: Transportation of the Wastes
Potential Tunnel Environments after Repository Closure 
Waste-Package Corrosion Issues 

May 29, 2008 Spring Board Meeting
Las Vegas, NV
Topics: Total System Performance Assessment 

September 24, 2008 Fall Board Meeting
Las Vegas, NV
Topics: Waste Management System Operations 

January 28, 2009 Winter Board Meeting
Las Vegas, NV
Topics: Repository Tunnel Stability 
Issues Related to “Burnup” Credit 

June 11, 2009 Summer Board Meeting
Las Vegas, NV
Topics: Nuclear Waste Inventories
Waste Management Options 
Long-Term Storage 

September 23, 2009 Fall Board Meeting
National Harbor, MD 
Topics: Implications of Fuel-Cycle Technologies for Nuclear 
Waste Management and Disposal

June 29, 2010 Full Board Meeting
Idaho Falls, ID 
Topics: DOE Plans for Managing Spent Nuclear Fuel and High- 
Level Waste

October 26, 2010 Fall Board Meeting
Dulles, VA
Topics: Technical Experience Gained During Development of the 
Yucca Mountain Repository Program 
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February 16, 2011 Winter Board Meeting
Las Vegas, NV
Topics: Discussions of Technical Issues Related to High-Level 
Nuclear Waste Management Efforts

April 27, 2011 Spring Board Meeting
Amherst, NY
Topics: West Valley Demonstration Project 

June 6-7, 2011 Workshop on Evaluation of Waste Streams Associated with
LWR Fuel Cycle Options
Arlington, VA 
Topics: Evaluating Waste Streams

September 13-14, 2011 Fall Board Meeting
Salt Lake City, UT
Topics:  DOE Plans for Research and Development related to 
Used-Fuel Disposition

January 9, 2012 Winter Board Meeting
Arlington, VA 
Topics: DOE Integration Issues 

March 7, 2012 Spring Board Meeting
Albuquerque, NM
Topics: Geologic Disposal of Nuclear Waste

October 17, 2012 Fall Board Meeting
Idaho Falls, ID 
Topics: Transportation of High Activity Nuclear Waste
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APPENDIX G 

U.S. NUCLEAR WASTE TECHNICAL REVIEW BOARD

CORRESPONDENCE TO AND FROM
THE U.S. DEPARTMENT OF ENERGY
JANUARY 1, 2008 – DECEMBER 31, 2012 
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Nuclear Waste Technical Review Board
Correspondence with the Department of Energy

• Letter from B. John Garrick to Edward F. Sprout, III, Director, OCRWM;
January 16, 2008

Subject: DOE’s participation at the September 2007 Board Meeting

• Letter from Edward F. Sproat, III, Director, OCRWM to B. John Garrick
April 11, 2008

Subject: DOE’s response to the Board’s comments in the January 16, 2008, letter

• Letter from B. John Garrick to Edward F. Sprout, III, Director, OCRWM;
April 22, 2008

Subject: DOE’s participation at the January 2008 Board Meeting

• Letter from B. John Garrick to Edward F. Sprout, III, Director, OCRWM;
September 4, 2008

Subject: DOE’s participation at the May 2008 Board Meeting

• Letter from Edward F. Sproat, III, Director, OCRWM to B. John Garrick
September 18, 2008

Subject: DOE’s response to Board comments in the September 18, 2008, letter

• Letter from B. John Garrick to Edward F. Sprout, III, Director, OCRWM;
October 1, 2008

Subject: Board’s response to the DOE’s September 18, 2008, letter
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• Letter from B. John Garrick to Edward F. Sprout, III, Director, OCRWM;
November 5, 2008

Subject: DOE’s participation at the September 2008 Board Meeting

• Letter from Christopher Kouts, Acting Director, OCRWM to B. John Garrick
February 17, 2009

Subject: DOE’s responses to the Board comments in the November 5, 2008, letter

• Letter from B. John Garrick to Christopher A. Kouts, Acting Director, OCRWM;
April 6, 2009

Subject: DOE’s participation at the January 2009 Board Meeting

• Letter from Christopher A. Kouts, Acting Director, OCRWM to B. John Garrick
June 1, 2009

Subject: DOE’s responses to the Boards comments in the April 6, 2009, letter

• Letter from B. John Garrick to The Honorable Steven Chu, Secretary, U.S. Department of
Energy
August 13, 2009

Subject: Board comments from the June 11, 2009, meeting

• Letter from B. John Garrick to The Honorable Warren F. Miller, Jr, Assistant Secretary,
U.S. Department of Energy
October 16, 2010

Subject: Board comments from the June 29, 2010, meeting

• Letter from B. John Garrick to The Honorable Inés R. Triay, Assistant Secretary, U.S.
Department of Energy
October 21, 2010

Subject: Board comments from the June 29, 2010, meeting

• Letter from B. John Garrick to David G. Huizenga, Acting Assistant Secretary, U.S.
Department of Energy
July 26, 2011

Subject: Relevant issue from the Board’s second public meeting
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• Letter from B. John Garrick to The Honorable Peter B. Lyons, Assistant Secretary for
Nuclear Energy, U.S. Department of Energy
July 26, 2011

Subject: Important Issues from Board meetings for the first half of 2011

• Letter from B. John Garrick to Monica Regalbuto, Deputy Assistant Secretary, U.S.
Department of Energy
December 8, 2011

Subject: Comments on draft report, Gap Analysis to Support Extended Storage of Used
Nuclear Fuel

• Letter from B. John Garrick to The Honorable Peter Lyons, Assistant Secretary for
Nuclear Energy, U.S. Department of Energy
December 30, 2011

Subject: Board comments on the September 13-14, 2011, meeting

• Letter from B. John Garrick to Monica Regalbuto, Deputy Assistant Secretary, U.S.
Department of Energy
January 6, 2012

Subject: Board comments on report, A Management Proposal for Salt Disposal
Investigations with a Field Scale Heater Test at WIPP

• Letter from B. John Garrick to The Honorable Peter Lyons, Assistant Secretary for
Nuclear Energy, U.S. Department of Energy
March 28, 2012

Subject: Board’s comments on January 9, 2012, meeting

• Letter from Rodney C. Ewing to Dr. Peter Lyons, Assistant Secretary for Nuclear Energy
U.S. Department of Energy
December 11, 2012

Subject: Board comments from October 16-17, 2012, meeting
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

January 16, 2008 

Mr. Edward F. Sproat III 
Director  
Office of Civilian Radioactive Waste Management  
U.S. Department of Energy  
1000 Independence Avenue, SW  
Washington, DC 20585

Dear Mr. Sproat:  
Thank you very much for participating in the U.S. Nuclear Waste Technical Review 

Board’s meeting in Las Vegas, Nevada, on September 19, 2007.  The Board appreciated your 
overview of the Yucca Mountain Program and realizes that the Project is making an effort to 
complete numerous major milestones in the next few months.  The meeting gave the Board an 
opportunity to look at program activities broadly and to ask whether the systems that are being 
proposed will work safely and efficiently, given current plans.  The following paragraphs contain 
Board comments on information presented by DOE at the meeting and on the Board’s 
assessment of how the designs for surface facilities and a transportation, aging, and disposal 
(TAD) canister-based repository might evolve in the future. 

TAD Canister Concept 

The Board considers TAD a promising concept that could result in a safer, simpler, and 
more efficient means of directly disposing of spent nuclear fuel.  However, the success of TAD 
will depend on its being effectively integrated by DOE into the overall waste management
system.   

DOE has established requirements for a TAD-based repository design on the basis of the 
assumption that 90 percent of commercial spent nuclear fuel (CSNF) will arrive at the repository 
in TAD canisters.  The Board understands that to help achieve that objective, DOE is negotiating 
with nuclear utilities on incentives that would make using TAD canisters more economically 
attractive.  However, some nuclear power plants appear to lack the necessary infrastructure for 
using TAD canisters.  This and other possible constraints (e.g., delays in TAD availability) make 
unclear whether a TAD utilization rate as high as 90 percent can be achieved.  Because of this, 
the Board recommends that DOE carry out comprehensive analyses to understand better the 
implications of not achieving the 90 percent TAD utilization rate.  Furthermore, the Board 
continues to encourage DOE to study actively all possible options for dealing with spent nuclear 
fuel in dual purpose canisters (DPC’s) — including direct disposal. 

Surface-Facility Throughput 

The information presented by DOE on throughput rates for the surface facilities appears 
to be overly optimistic — that is, actual processing rates achieved by the surface facility complex 
as a whole may be lower than assumed.  In some cases, operational activities do not appear to 
have been fully accounted for (e.g., upset conditions), which may further increase operational 
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times.  In addition, if TAD utilization is reduced, the lower utilization rate could adversely affect 
surface facility throughput and could require construction of additional waste handling facilities.  
The Board recommends that DOE consider operational and design contingencies that could be 
implemented if TAD utilization rates turn out to be significantly lower than the 90 percent TAD 
utilization currently assumed.   

The Board believes that DOE should consider adding supplemental operational features 
to current facility layouts as a means of addressing operational risk and mitigating constraints on 
facility throughput.  Examples of measures that could improve throughput are increasing the 
capacity of the Wet Handling Facility (WHF) pool to allow parallel removal and transfer of fuel 
contained in DPC’s, adding a welding station to the WHF to increase the capacity of the waste 
package welding stations, and increasing the number of welding stations in the Canister Receipt 
and Closure Facility (CRCF).  

To assess operational risk and the viability of the waste management system, the Board 
recommends that DOE develop a series of realistic and detailed throughput analyses that go 
beyond a deterministic, steady-state approach. Such analyses should consider potential off-
normal operational scenarios and should specifically address the throughput achieved by 
individual surface facilities, the integrated surface facility complex, and the waste management 
system as a whole. 

Transportation System

Given the current configuration of the waste management system, the Nevada rail line is 
a critical factor that potentially will affect the viability of the entire waste management system.  
At this time, DOE does not consider alternative transportation modes to rail, such as a truck-
based TAD transport system, realistic options because of their adverse effect on the throughput 
capacity and efficiency of the waste management system.  The Board notes that technical, 
economic, political, and legal circumstances could create significant programmatic risks for the 
transportation system that DOE proposes to implement.  

Preclosure Safety Analysis (PCSA) 

At this time, the level of detail provided by DOE does not facilitate an in-depth 
assessment of the preclosure safety of surface facility design and concept of operations.  The 
Board is concerned that the approach outlined for the development of the PCSA is a combination 
of deterministic and risk-informed, probabilistic methodologies.  How DOE intends to address 
the uncertainties associated with the aggregation of risk is not clear to the Board.  The Board 
would like DOE to explain in greater detail how the PCSA will address the remaining design 
uncertainties.  

Thank you again for participating in the Board’s September meeting.  We look forward to 
your comments on the issues raised in this letter.

Sincerely,

{Signed by} 
B. John Garrick 

Chairman 
bjg085vf 
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

January 16, 2008 

Mr. Edward F. Sproat III 
Director  
Office of Civilian Radioactive Waste Management  
U.S. Department of Energy  
1000 Independence Avenue, SW  
Washington, DC 20585

Dear Mr. Sproat:  
Thank you very much for participating in the U.S. Nuclear Waste Technical Review 

Board’s meeting in Las Vegas, Nevada, on September 19, 2007.  The Board appreciated your 
overview of the Yucca Mountain Program and realizes that the Project is making an effort to 
complete numerous major milestones in the next few months.  The meeting gave the Board an 
opportunity to look at program activities broadly and to ask whether the systems that are being 
proposed will work safely and efficiently, given current plans.  The following paragraphs contain 
Board comments on information presented by DOE at the meeting and on the Board’s 
assessment of how the designs for surface facilities and a transportation, aging, and disposal 
(TAD) canister-based repository might evolve in the future. 

TAD Canister Concept 

The Board considers TAD a promising concept that could result in a safer, simpler, and 
more efficient means of directly disposing of spent nuclear fuel.  However, the success of TAD 
will depend on its being effectively integrated by DOE into the overall waste management
system.   

DOE has established requirements for a TAD-based repository design on the basis of the 
assumption that 90 percent of commercial spent nuclear fuel (CSNF) will arrive at the repository 
in TAD canisters.  The Board understands that to help achieve that objective, DOE is negotiating 
with nuclear utilities on incentives that would make using TAD canisters more economically 
attractive.  However, some nuclear power plants appear to lack the necessary infrastructure for 
using TAD canisters.  This and other possible constraints (e.g., delays in TAD availability) make 
unclear whether a TAD utilization rate as high as 90 percent can be achieved.  Because of this, 
the Board recommends that DOE carry out comprehensive analyses to understand better the 
implications of not achieving the 90 percent TAD utilization rate.  Furthermore, the Board 
continues to encourage DOE to study actively all possible options for dealing with spent nuclear 
fuel in dual purpose canisters (DPC’s) — including direct disposal. 

Surface-Facility Throughput 

The information presented by DOE on throughput rates for the surface facilities appears 
to be overly optimistic — that is, actual processing rates achieved by the surface facility complex 
as a whole may be lower than assumed.  In some cases, operational activities do not appear to 
have been fully accounted for (e.g., upset conditions), which may further increase operational 
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UNITED STATES 
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

 April 22, 2008 

Mr. Edward F. Sproat III 
Director
Office of Civilian Radioactive Waste Management 
U.S. Department of Energy 
1000 Independence Avenue, SW 
Washington, DC  20585 

Dear Mr. Sproat: 

Thank you very much for participating in the U.S. Nuclear Waste Technical Review Board’s 
meeting in Las Vegas, Nevada, on January 16, 2008.  The Board appreciates your comments about 
issues related to the schedule for submitting a Yucca Mountain license application (LA) to the 
Nuclear Regulatory Commission (NRC).  We understand from remarks you made on March 13, 
2008, at an NRC conference that the Department of Energy (DOE) plans to submit a high-quality LA 
by late June of this year.  The Board looks forward to updates on this and other program milestones.  
The Board also thanks the other DOE and DOE-contractor personnel who participated in the 
meeting.  We believe that the technical content of the meeting was good and that the discussions 
were open and productive.  The Board’s comments on the discussions follow. 

Deliquescence-Induced Localized Corrosion 
 At the meeting, DOE representatives described corrosion research that is planned for the 

next several years.  The plans do not appear to address issues that the Board has raised regarding 
deliquescence-induced localized corrosion.  The Board continues to have questions about the 
technical basis for DOE’s decision to exclude deliquescence-induced localized corrosion of waste 
packages from the total system performance assessment, as discussed in the Board’s January 2007 
and July 2007 letters to DOE.   

Among other things, the Board noted in its January 2007 letter that DOE could strengthen the 
technical basis for screening out deliquescence-induced localized corrosion by  
(1) determining nitrate-to-chloride ratios inhibitive of localized corrosion over the entire range of 
temperatures at which brines could form on waste package surfaces due to deliquescence, and (2) 
showing that nitrate ions sufficient to maintain inhibitive nitrate-to-chloride ratios would 
preferentially migrate into crevices.  DOE’s November 20, 2007, letter to the Board discussed issues 
raised in the Board’s January 2007 letter, but resolving most of the issues will require additional 
laboratory work.  It appears that the national laboratories supporting DOE’s work have the equipment 
and staff capabilities to perform the tests needed to resolve these two issues. 

In its July 2007 letter, the Board stated that DOE should analyze the full range of factors that 
would affect nitrate-to-chloride ratios (e.g., organics in dust, acid-gas devolatilization, radiolysis).
DOE’s November 20, 2007, letter did not respond to that Board recommendation.   How the waste 
package environment will evolve because of factors such as the passage of time, thermal conditions, 
radiolysis, or chemical reactions (e.g., reactions between nitrate salts and organic materials in the 
bjg087vF  
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dust that is deposited on waste packages) is important.  The Board believes that a basic understanding 
of the evolution of the waste package environment due to all factors is needed. 

Providing the evidence and analysis asked for in the Board letters is important because 
DOE’s repository design will result in some waste-package surface temperatures that far exceed the 
boiling point of water during the first 2,000 years after repository closure.  The results of laboratory 
studies performed by the U.S. Geological Survey (USGS) and presented at the Board meeting show 
that heating of dust on waste package surfaces in a Yucca Mountain repository may diminish nitrate 
concentration.  Consequently, the Board strongly encourages DOE to make use of the USGS dust 
data as the program endeavors to characterize the evolution of likely waste package environments 
after repository closure. 

Thermal-Loading Strategy 
At the Board meeting, DOE clarified its thermal-loading strategy for meeting the following 

four upper thermal limits related to repository performance and operations:   
• mid-pillar temperature of 96°C
• drift-wall temperature of 200°C
• waste package outer-barrier temperature of 300°C
• commercial spent nuclear fuel cladding temperature of 350°C

DOE’s analysis indicates that the 96°C mid-pillar thermal limit is controlling (i.e., if it is not 
exceeded, the other limits also will not be exceeded).  However, the Board has questions about the 
technical basis for the 96°C mid-pillar temperature limit.  The Board would like to see a better 
justification for this thermal limit and its relationship to the water movement and the assumed 
drainage of water in the mid-pillar area during the thermal pulse.  If the 96°C mid-pillar temperature 
limit were eliminated, the 200°C drift-wall temperature would be the controlling thermal limit; this 
could increase flexibility in thermal loading of the repository and waste package sequencing.  The 
Board also recommends that DOE investigate the feasibility and technical advantages of determining 
the thermal conditions at repository closure and varying the duration of the ventilation as needed to 
achieve thermal limits.  Because DOE’s current thermal limits will produce waste package surface 
temperatures that exceed 150°C, the potential for deliquescence-induced localized corrosion should 
be analyzed. 

Surface-Facility Throughput 
In reviewing DOE’s analysis of surface-facility throughput, the Board notes that DOE 

addresses each facility independently and assumes that all transportation system input (e.g., loaded 
transportation casks and empty waste packages) will be available on demand and that output (e.g., 
empty transportation casks and loaded waste packages) can be moved efficiently  through the system.  
However, it seems highly likely that the amount of waste arriving at repository surface facilities will 
fluctuate, depending on factors such as the availability of transportation casks and transportation, 
aging, and disposal (TAD) containers.  Fluctuations also may be caused by the ability of different 
utilities to load TADs and transportation casks and the timing of the loadings.  More realistic 
modeling assumptions and a more integrated analytical approach may show, among other things, that 
additional transportation equipment and surface facilities will be required to achieve the desired 
throughput or that more waste will have to be stored on aging pads.  These changes could 
significantly affect facility-design and operating costs as well as throughput.  The changes also could 
affect safety because of the need for additional handling of the waste.  
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In DOE’s letter to the Board dated April 11, 2008, DOE maintains that the design basis for 
the TAD-based repository includes “a certain amount of operational and design contingencies to 
account for uncertainties in the mix of TAD canistered to non-TAD canistered CSNF.”  DOE also 
states that the TAD concept is fully integrated into the waste management system and that the 
primary focus should be on evaluating potential event sequences and consequences associated with 
operation of the surface facilities at the maximum capacity and maximum rate of receipt, as required 
by regulation.  At this point, the Board has not seen studies performed by DOE that demonstrate 
sufficient flexibility in the incoming waste stream, nor has the Board seen an integrated analysis of 
surface-facility systems that evaluates operational and safety risk.  Moreover, confidence in the 
performance of surface facilities can be enhanced by analyzing surface facility operations under 
conditions of minimum capacity and a maximum rate of receipt, because the system will be most 
severely tested under these conditions.  Accordingly, the Board recommends that an integrated 
throughput analysis be performed that includes all the surface facilities as a single, holistic system, 
uses realistic assumptions about transportation input and output, and demonstrates the robustness of 
the surface facility design to handle variations in the timing and characterization of the arriving waste 
shipments. 

Transportation
DOE representatives confirmed at the meeting that developing a waste management system 

using TADs makes the Nevada rail line necessary.  As acknowledged in DOE’s April 2008 letter to 
the Board, constructing a Nevada rail line will present significant institutional challenges.  The 
Board, therefore, reiterates its recommendation that DOE initiate contingency planning to identify 
alternatives to rail that can be implemented if significant delays are encountered during construction 
of the rail spur.  In addition, the Board understands that DOE has initiated a review of the capability 
of short-line railroads to move loaded TADs from utility sites to mainline connections.  The Board 
looks forward to reviewing this evaluation. 

In accordance with its congressional mandate, the Board will continue its ongoing review of 
the technical validity of DOE’s activities related to DOE’s implementation of the Nuclear Waste 
Policy Act.  The Board remains especially interested in DOE’s work that is related to localized 
corrosion and the in-drift environment and how these two issues could affect DOE’s thermal strategy 
for emplacing waste in a Yucca Mountain repository. 

Thank you again for your participation in the Board’s January meeting.  

Sincerely, 

B. John Garrick 
Chairman

bjg087vF   
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UNITED STATES 
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

September 4, 2008 

Mr. Edward F. Sproat III 
Director 
Office of Civilian Radioactive Waste Management 
U.S. Department of Energy 
1000 Independence Avenue SW 
Washington, DC 20585 

Dear Mr. Sproat: 
The U.S. Nuclear Waste Technical Review Board appreciates the participation of the U.S. 
Department of Energy (DOE) in the Board’s meeting in Las Vegas, Nevada, on May 29, 2008. 
The central focus of the meeting was the Total System Performance Assessment for the License 
Application (TSPA-LA).  Consistent with its statutory mandate, the Board has continuously 
evaluated the technical validity of DOE activities related to developing TSPA-LA and related 
analyses, which are the basis for DOE estimates of repository performance at Yucca Mountain. 
The Board considered this an excellent meeting.  The presentations conveyed the expertise of the 
analysts and the challenges of estimating repository performance for one million years after 
waste emplacement and repository closure.  The Board’s observations and comments on the 
material presented at the meeting are summarized below. 

TSPA-LA Assumptions, Methods, and Results 
TSPA-LA may be the most complex and ambitious probabilistic risk assessment ever 
undertaken.  Clear from presentations at the meeting is that the dedicated work of numerous 
highly capable scientists and engineers over many years has significantly advanced the 
understanding and representation of the natural and engineered systems at Yucca Mountain.  As 
discussed below, however, there are notable uncertainties related to TSPA-LA calculations. 

DOE analyses show that the engineered barrier system (EBS) contributes very significantly to 
overall repository performance.  The drip shield is intended to prevent water and rocks from 
falling on the waste package, thus extending waste package lifetime.  The drip shield therefore 
plays a significant role in predictions of repository performance.  According to DOE analyses, in 
the nominal scenario, none of the drip shields fail before 265,000 years and, on average, more 
than 99 percent of waste packages containing civilian spent nuclear fuel remain sealed at least 
500,000 years after repository closure.  The extent to which the drip shield reduces calculated 
doses by extending waste package lifetime is uncertain because it has not been analyzed. 
DOE sometimes uses what it considers conservative assumptions about the features or processes 
being modeled while taking an opposite approach in other instances.  Because the system 
modeled by TSPA-LA is highly complex, simplification and abstraction of features, events, and 
processes are necessary.  As a result, some of the simplifications and underlying assumptions in 
TSPA-LA may overestimate radioactive dose.  For example, rather than trying to predict the 
location and extent of an igneous intrusion, DOE assumes that such an intrusion will damage all 
11,629 waste packages in the repository.  This seems to be a very (unrealistically) conservative 
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assumption.  On the other hand, an important waste package failure mechanism that does not 
seem to be treated conservatively in TSPA-LA is the potential for damage of the Alloy-22 waste 
package by deliquescence-induced localized corrosion, which has been eliminated from 
performance estimates through a screening process.  Deliquescence-induced localized corrosion, 
if it were to cause penetration of the waste packages, would have potentially significant 
performance implications.  The Board reiterates its view that DOE should strengthen the 
technical basis for screening out deliquescence-induced localized corrosion.  Because DOE’s 
assumptions are not always conservative, the overall degree of conservatism of the assumptions 
in TSPA-LA is difficult to assess. 
Assumptions and methods in TSPA-LA are not consistently well-supported.  For example, 
estimates of the character of mountain-scale water flow in the unsaturated zone are consistent 
with scientific understanding.  On the other hand, results of infiltration model calculations were 
adjusted to make them more consistent with field measurements.  The Board has stated that the 
statistical modification of infiltration model results does not have a strong technical basis. 

Enhancing Confidence in TSPA-LA Assumptions, Methods, and Results 
The Board believes that some of the aforementioned uncertainties can be addressed by 
undertaking some or all of the specific actions described below.  Addressing the uncertainties 
could enhance confidence in TSPA-LA methods and results. 
Improve the technical basis for screening out deliquescence-induced localized corrosion.  The 
Board believes that an appropriate experimental program could be performed to address the 
potential occurrence of this phenomenon and has recommended such a program in previous 
letters to DOE.  Alternatively, the Board’s opinion is that maintaining surface temperatures of 
the waste packages below approximately 150°C could eliminate the possibility that 
deliquescence-induced localized corrosion would initiate.  If the technical basis for screening out 
deliquescence-induced localized corrosion cannot be improved, then that could have significant 
implications for repository design and loading. 
Develop prototypes of novel engineered systems.  You and I testified on July 15 at a hearing 
before the House Subcommittee on Energy and Air Quality, Committee on Energy and 
Commerce.  In my testimony, I stated that in the Board’s view, DOE’s assumptions about drift
degradation and repository tunnel tolerances may make installation of the drip shields, as 
currently designed, problematic.  Prototyping of drip-shield fabrication and emplacement can 
help reduce uncertainties associated with this critical engineered component of the repository. 
Continue to enhance fundamental understanding of the geologic environment.  A sound 
fundamental understanding of the geologic environment is important for predicting both the 
environmental controls on EBS degradation and subsequent radionuclide transport.  The Board 
believes that DOE should continue to develop such understanding.  Although the possibility of 
very-long-term sequestration of radionuclides in secondary mineral phases suggested by 
analogue observations has not been supported so far by laboratory investigations, this process 
and others investigated in the Science and Technology Program of OCRWM’s Office of Science 
and Technology and International (OSTI) are likely to be important for increasing confidence in 
the plan for the proposed Yucca Mountain repository.  Consequently, in the Board’s view many 
of the study areas previously supported by OSTI merit renewed support. 

bjg089vf  

Report to Congress and the Secretary of Energy            177



 Report to Congress and the Secretary of Energy: Appendix G 175

Thank you again for DOE’s participation in the Board’s May meeting.  The Board looks forward 
to continuing its technical review of DOE activities. 

Sincerely,
{Signed By}
B. John Garrick 

            Chairman 
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

October 1, 2008 

Mr. Edward F. Sproat III 
Director 
Office of Civilian Radioactive Waste Management 
U.S. Department of Energy 
1000 Independence Avenue, SW 
Washington, DC  20585 

Dear Mr. Sproat: 

The Nuclear Waste Technical Review Board has received your September 18, 2008, 
letter concerning the Board’s observations and comments on the May 29, 2008, Board meeting.  
It is unfortunate that the Department of Energy (DOE) feels that it is so constrained by its 
involvement in an adjudicatory regulatory proceeding that it “does not intend to formally 
respond to issues regarding the [license application] LA raised by the NWTRB or others outside 
the context of the NRC licensing proceeding.” 

In establishing the Board, Congress directed it to provide ongoing peer review of the 
technical and scientific validity of DOE decisions and to provide advice to Congress on whether 
DOE activities have a solid technical and scientific foundation.  In particular, Section 503 of the 
Nuclear Waste Policy Amendments Act (NWPAA) instructs the Board to “evaluate the technical 
and scientific validity of activities undertaken by the Secretary of Energy” after the passage of 
that Act.1   The legislative history related to the NWPAA speaks to the scope of the Board’s 
mandate.  The House Report on the bill, for example, states that the NWPAA gives “the Board 
broad latitude to examine activities undertaken by the Secretary of Energy to implement the 
Nuclear Waste Policy Act.”2  In floor debate, Representative Philip Sharp, who introduced 
language creating the Board, observed that the Board “will have full authority to review the 
technical and scientific validity of all [the Secretary’s] activities.”3  By authorizing the Board to 
remain in existence “no later than one year after the date” when disposal of radioactive waste in 
a repository begins, it can be inferred that Congress intended that the Board should continue its 
broad technical and scientific peer review throughout the licensing period.4

Although there may be issues that overlap with those raised in the Nuclear Regulatory 
Commission’s adjudicatory proceeding, the two agencies, as you know, have very different 
responsibilities.  Given its broader mandate, the Board provides oversight on numerous issues 

1 42 USC 10263. 
2 House Report on 100-425, page 27. 
3 133 Congressional Record H11975. 
4 42 USC 10270. 
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not part of the regulatory process.  Importantly, DOE’s obligations to the Board do not change as 
a result of DOE’s submission of a License Application to the NRC. 

The Board’s responsibilities under the law require it to continue its evaluation of the 
technical and scientific validity of the full range of activities undertaken by the Secretary of 
Energy to implement the Nuclear Waste Policy Act and its Amendments.  The Board intends to 
continue to hold public meetings and fact-finding inquiries to gather information from DOE and 
others that will enable the Board to meet its obligations to Congress and to the Secretary.  The 
Board expects DOE to engage candidly and productively with the Board on technical issues so 
that both our agencies can fulfill our responsibilities under the law. 

Sincerely,

B. John Garrick 
Chairman 
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UNITED STATES 
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

November 5, 2008 

Mr. Edward F. Sproat III 
Director 
Office of Civilian Radioactive Waste Management 
U.S. Department of Energy 
1000 Independence Avenue SW
Washington, DC 20585 

Dear Mr. Sproat: 

The U.S. Nuclear Waste Technical Review Board appreciates the participation of the 
U.S. Department of Energy (DOE) in the Board’s meeting in Las Vegas, Nevada, on September 
24, 2008.  The central focus of the meeting was the integration of waste acceptance, 
transportation, and repository operations to determine the feasibility of the system for operating 
as planned.  Participation in the meeting by individuals from DOE, the nuclear industry, and the 
State of Nevada provided the Board with a broader perspective of how the system will operate 
and the challenges that DOE will face during implementation.  The Board’s observations and 
comments on the material presented at the meeting are summarized below. 

Program and Project Overview  
In his presentation on the project’s status and the licensing process, Dr. William Boyle, 

Director of the Regulatory Authority Office in DOE’s Office of Civilian Radioactive Waste 
Management, indicated that the relationship between DOE and the Board would not change as a 
result of the Nuclear Regulatory Commission’s (NRC) docketing of DOE’s license application 
(LA) in early September.  

Integrated System Operations 
Panel discussions were held on waste acceptance and transportation and on the 

integration of these functions with repository operations.  The discussions included 
representatives from DOE, the State of Nevada, and the nuclear industry.  Apparent from these 
discussions is that DOE has analyzed a single scenario based on certain optimistic assumptions, 
such as receiving 90 percent of commercial spent nuclear fuel (CSNF) in transportation-aging-
disposal (TAD) canisters, an optimal waste receipt schedule (both CSNF and DOE canisters), 
and the absence of any upset conditions.  The Board understands that actual operations will begin 
many years from now but believes that DOE should perform additional analyses to determine the 
effects on the system if conditions differ from those presently assumed.  In particular, the 
following scenarios should be addressed: 

1. Delay in construction or inability to construct the Nevada rail line.
2. Delay in deployment of TADs beyond 2013.
3. Less than 90 percent of CSNF arriving in TADs.
4. Seasonal variation in the receipt rate of CSNF.
5. Delay in receipt of DOE waste, or DOE waste not received in the order needed.
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6. Less than 75 percent availability of the surface facilities.
7. Occurrence of upset conditions in any part of the system.
8. Some utility sites without usable short-line rail connection to a main rail line.
9. Provisions DOE is making to ship spent fuel that is in storage casks at utility sites.
10. Provisions DOE is making regarding dual-purpose spent fuel storage systems to avoid

repackaging into TADs at Yucca Mountain.
Performing such analyses now would give DOE a better understanding of system robustness and 
flexibility and would allow modifications, if necessary, early in the design process. 

Surface Facility Design 
The nature of the presentations on surface facility design seemed to reflect a lack of 

understanding of the design’s technical basis. The presentations did not illustrate how the 
facilities would work and showed only the potential flow of material through buildings.  For 
example, there were no clear explanations for (1) why the building walls need to be 4 feet thick, 
(2) the percentage of design completeness, and (3) how the fuel pool cooling and cleanup system 
operates.  Moreover, many of the design elements of the wet handling facility appear to be 
nonstandard, suggesting that few lessons learned or industry input were incorporated into the 
design.

The entire issue of seismic design basis needs to be reevaluated for consistency with 
commercial nuclear facilities built for the same purpose.  Clarity of the design requirements for 
surface facilities needs to be addressed to avoid what appears to be excessive design for meeting 
seismic effects of the surface facilities that will not need to last for hundreds of thousands of 
years.

Repository Site Operations 
The Board continues to believe that DOE needs a comprehensive integrated throughput 

model for the surface facilities with time steps compatible with the task durations.  The 
assumption that input for each facility will be available when needed and that output will be 
removed when processing is complete do not represent a realistic situation, nor was any 
justification for the 75 percent availability provided.  The Board is looking forward to DOE’s 
providing a plan for implementing a realistic surface facility throughput model that can be used 
to evaluate the design and determine the effects of off-normal events, including safety 
implications. 

Equipment and Facility Testing Program 
             The equipment and facility testing program described by DOE reflected a broad 
understanding of program components.  However, the Board is concerned that the feasibility of 
several unique components or operations (drip shield fabrication and installation, waste package 
fabrication, emplacement vehicle operation, etc.) has not been confirmed, yet the items have 
been included already in the design.  The Board seeks assurance that these unique components 
will function as designed and requests a schedule for implementing the prototyping and testing 
program.  
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Thank you again for DOE’s participation in the Board’s September meeting.  The Board 
looks forward to continuing its technical review of DOE’s activities in accordance with its 
congressional mandate. 

Sincerely,

{Signed by} 

B. John Garrick 
Chairman 
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2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201 

April 6, 2009 

Mr. Christopher A. Kouts 
Acting Director 
Office of Civilian Radioactive Waste Management
U.S. Department of Energy 
1000 Independence Avenue SW 
Washington, DC 20585 

Dear Mr. Kouts: 

The U.S. Nuclear Waste Technical Review Board held its winter meeting on January 28, 
2009, in Las Vegas.  The participation of management and technical personnel from the Office 
of Civilian Radioactive Waste Management (OCRWM), OCRWM’s lead laboratory, and the 
U.S. Geological Survey (USGS) at the meeting contributed significantly to the meeting’s 
success.

In keeping with the Board’s long-standing practice, we offer feedback that is based on the 
meeting’s presentations and discussion.  The Board realizes that implementation of the 
recommendations presented in this letter is subject to funding and to Administration and 
Congressional direction.

Yucca Mountain Program Status Update 
The Board appreciated the discussion of contentions recently submitted by potential 

parties to the Nuclear Regulatory Commission’s (NRC) licensing proceedings for Yucca 
Mountain and of the NRC’s “Requests for Additional Information” (RAI) submitted to 
OCRWM.  The Board is not a party to the licensing proceedings and does not intend to become 
one.  Nevertheless, most of the contentions and RAIs deal with technical matters and therefore 
are of interest to the Board. 

Emplacement Drift Stability

Approximately 85 percent of emplacement drifts would be located in lithophysal tuff, 
which contains a highly heterogeneous size and spatial distribution of cavities.  The Board has 
greater concern about the behavior of this rock than about the behavior of the nonlithophysal 
tuff, which constitutes the other 15 percent and is stronger, much more uniform, better 
characterized, and much better understood. The Board has no doubt that sufficient data exist for 
confidently designing a ground support system for repository tunnels in the preclosure period, 
although questions remain about how drift inspection and maintenance would be carried out.  
However, behavior of the lithophysal rock during the thermal period immediately following 
repository closure still presents uncertainties.  No direct or indirect tensile-strength tests have 
been done on rock of sufficient size to be representative of lithophysal rock.  Furthermore, 
laboratory testing and numerical simulations of basic rock behavior have focused on intact 
lithophysal rock, not on tuff with abundant preexisting interlithophysal fracturing, typical of the 
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Tptpll zone and representing 81 percent of all drift emplacement rock.  OCRWM should conduct 
full-scale or near-full-scale thermomechanical testing of fractured lithophysal tuff to help 
validate the novel project models and estimates.

Criticality 

Burnup credit for actinide depletion and for the presence of fission products is necessary 
for repository disposal of most commercial spent fuel in waste packages containing many spent-
fuel assemblies.  OCRWM should continue following its comprehensive technical work plan to 
obtain the additional data and to perform the additional analyses needed for obtaining full burnup 
credit.  OCRWM also should continue working with NRC to reduce or eliminate the requirement 
for burnup measurements to obtain burnup credit.  

A representative of the Electric Power Research Institute (EPRI) discussed a recent EPRI 
report on the direct disposal of dual purpose canisters (DPCs) that have been loaded with 
commercial spent nuclear fuel.  A conclusion that can be reached from the report is that some or 
many of the several hundred already loaded DPCs may have sufficiently low potential for 
criticality to permit direct disposal in a repository.  The EPRI report also demonstrates that the 
potential for criticality of a loaded DPC can be affected by the pattern of placement of spent fuel 
assemblies in the DPC.  In particular, loading more-reactive assemblies toward the periphery of a 
DPC reduces the potential for criticality.  Such loading involves tradeoffs, however, because 
shielding also could be improved but temperatures at the DPC centerline could increase.  The 
operational practicality of making individual calculations for each DPC rather than using the 
more conservative “loading-curve” approach for criticality control also should be reevaluated. 

The license application does not include direct disposal of DPCs, and current OCRWM 
funding constraints preclude the development of license innovations.  Nonetheless, when budgets 
permit, the direct disposal of DPCs warrants OCRWM’s investigation because of the significant 
safety and cost advantages it offers.  DOE’s current plans are to cut open loaded DPCs and 
repackage their contents into TAD (transportation, aging, disposal) canisters — a process that 
would involve possibly needless fuel-handling risks as well as costs of the TAD canisters and 
disposal of the emptied DPCs, which are likely to be contaminated and not reusable.  In addition, 
if DOE were to provide guidance to the utilities about recommended loading strategies for DPCs, 
the direct disposal option could be achieved more easily. 

The Board recommends that DOE aggressively pursue burnup credit and guidelines for 
loading DPCs. 

Welding – Waste Package Closure System Prototype 

The Board was interested in hearing about the welding and other work that is nearing the 
point of a full-scale continuous demonstration of all of the steps necessary for closure of a loaded 
waste package.  Development of this complex prototype system, which has been underway at 
Idaho National Laboratory (INL) for approximately seven years, is a signal accomplishment for 
which the personnel involved at INL, BSC, and OCRWM deserve credit.   The time, money, and 
technical effort necessary to integrate all the steps in a higher-than-ambient-temperature, 
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2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201 

April 6, 2009 

Mr. Christopher A. Kouts 
Acting Director 
Office of Civilian Radioactive Waste Management
U.S. Department of Energy 
1000 Independence Avenue SW 
Washington, DC 20585 

Dear Mr. Kouts: 

The U.S. Nuclear Waste Technical Review Board held its winter meeting on January 28, 
2009, in Las Vegas.  The participation of management and technical personnel from the Office 
of Civilian Radioactive Waste Management (OCRWM), OCRWM’s lead laboratory, and the 
U.S. Geological Survey (USGS) at the meeting contributed significantly to the meeting’s 
success.

In keeping with the Board’s long-standing practice, we offer feedback that is based on the 
meeting’s presentations and discussion.  The Board realizes that implementation of the 
recommendations presented in this letter is subject to funding and to Administration and 
Congressional direction.

Yucca Mountain Program Status Update 
The Board appreciated the discussion of contentions recently submitted by potential 

parties to the Nuclear Regulatory Commission’s (NRC) licensing proceedings for Yucca 
Mountain and of the NRC’s “Requests for Additional Information” (RAI) submitted to 
OCRWM.  The Board is not a party to the licensing proceedings and does not intend to become 
one.  Nevertheless, most of the contentions and RAIs deal with technical matters and therefore 
are of interest to the Board. 

Emplacement Drift Stability

Approximately 85 percent of emplacement drifts would be located in lithophysal tuff, 
which contains a highly heterogeneous size and spatial distribution of cavities.  The Board has 
greater concern about the behavior of this rock than about the behavior of the nonlithophysal 
tuff, which constitutes the other 15 percent and is stronger, much more uniform, better 
characterized, and much better understood. The Board has no doubt that sufficient data exist for 
confidently designing a ground support system for repository tunnels in the preclosure period, 
although questions remain about how drift inspection and maintenance would be carried out.  
However, behavior of the lithophysal rock during the thermal period immediately following 
repository closure still presents uncertainties.  No direct or indirect tensile-strength tests have 
been done on rock of sufficient size to be representative of lithophysal rock.  Furthermore, 
laboratory testing and numerical simulations of basic rock behavior have focused on intact 
lithophysal rock, not on tuff with abundant preexisting interlithophysal fracturing, typical of the 
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radiation environment have been substantial.  This is true despite the fact that the technology for 
each individual step except low-plasticity burnishing is backed by years of commercial 
experience in less hostile environments.  The Board notes that the prototype system includes 
steps for evacuating the inner, stainless-steel waste package and filling that space with inert gas 
(helium).  Because the inner waste package will contain a sealed and inerted canister, the Board 
would like to understand better the need for or advantages of evacuating and inerting the inner 
waste package.  In addition, the tolerances for the dimensions of the narrow groove between the 
Alloy-22 lid and the Alloy-22 waste package seem very tight, which may cause problems during 
the remote placement of the lid on the waste package.  

Science

The Board was pleased to have a science update again after a hiatus of two years.    
Although the performance-confirmation scientific activities discussed at the January meeting are 
necessary, they are not a substitute for scientific investigations that can lead to better 
understanding, alternate lines of evidence related to repository behavior, and increased 
confidence, or suggest safety or cost improvements.   OCRWM’s long-term corrosion testing 
program presented at the Board’s meeting in January of 2008 is an example of such scientific 
activities.  Another example — presented at the meeting — is the scientific investigation of 
precarious rocks and surface rocks at and near the Yucca Mountain site to help date and 
corroborate predictions of seismic activity in the repository area.  The results of this investigation 
by USGS scientists also may be used to constrain the maximum ground motions that Yucca 
Mountain has experienced in its 12-million-year history.  In addition, the geotechnical work in 
and around the area where the repository surface facilities are planned to be located enhances 
confidence and understanding.   Because of the value of such scientific investigations, the Board 
is hopeful that conditions will permit resumption of OCRWM’s  Science and Technology 
Program in the near future.  When possible, significant further enhancements to scientific 
understanding and confidence in predictions of repository performance can be gained through 
monitoring of fundamental physical conditions in the Exploratory Studies Facility and the 
Enhanced Characterization of the Repository Block tunnels.   

Corrosion

The Board is particularly interested in the experiments conducted by USGS that show 
that nitrate can be lost and chloride retained upon heating of atmospheric dust.  The implications 
of these results have not been integrated with respect to the laboratory work completed on the 
corrosion of Alloy 22 in nitrate-chloride brines.  The discussion that ensued at the Board meeting 
appears to indicate that DOE is no longer relying on the presence of nitrate and loss of chloride 
through acid-gas devolatilization as a localized-corrosion exclusion argument, but is now 
emphasizing an argument based on a prediction that the volume of any brine formed will be too 
small to have any effect on corrosion.  DOE’s prediction of the volume of brine apparently does 
not take into account that the volume of brine that forms shortly after closure will be greater than 
that which will exist at the time of peak postclosure temperature and can spread on the metal 
surface.  In addition, DOE’s concept of the statistical rarity of mutual deliquescence salts 
occurring on adjacent particles that supports the prediction of a very small brine volume has not 
been substantiated.   A brine-volume analysis that follows the temperature-time trajectory and 
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takes into account chemical composition should be conducted that is directed at predicting the 
potential for localized corrosion of Alloy 22.  Many facets of the prediction of the physical and 
chemical environment appear to be evolving that DOE does not recognize.  The Board would 
like to hear a comprehensive and encompassing discussion of the status of dust-deliquescence-
induced localized corrosion of Alloy 22.

The Board places high value on OCRWM’s participation in our meetings.  Thank you 
again for the participation of OCRWM and its contractors in the Board’s winter meeting.

Sincerely,

{Signed by} 

B. John Garrick 
Chairman 
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2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201 

August 13, 2009 

The Honorable Steven Chu 
Secretary 
U. S. Department of Energy 
1000 Independence Avenue, SW 
Washington, DC 20585 

Dear Secretary Chu: 

The Nuclear Waste Policy Amendments Act of 1987 established the Nuclear Waste 
Technical Review Board as an independent agency in the executive branch.  The Act charged the 
Board with evaluating the technical validity of U. S. Department of Energy (DOE) activities 
regarding the management and disposal of high-level radioactive waste and spent nuclear fuel.  
The Board held a public meeting on June 11, 2009, in Las Vegas, Nevada.  The purpose of this 
letter is to provide feedback from that meeting.   

The Administration has proposed a significant change in national policy for managing 
and disposing of high-level radioactive waste and spent nuclear fuel.  I acknowledged that 
change in my opening remarks at the June meeting and articulated plans for the Board to 
continue providing independent and objective technical advice to Congress and the Secretary of 
Energy in accordance with the Board’s mandate.  The Board anticipates that its technical 
evaluations will be useful not only to Congress and the Secretary but also to a “blue ribbon” 
commission that may study options for managing nuclear waste.   

The Board has established the following objectives to facilitate its evaluations:   

1. To the extent that DOE engages in technical work related to the management and
disposal of high-level radioactive waste and spent nuclear fuel, the Board will continue to 
monitor and evaluate that work and report on the technical validity of the work to 
Congress and the Secretary.   

2. The Board will continue developing and compiling objective technical information to
inform Congress, the Secretary, and a blue-ribbon commission.  In developing such 
information, the Board will look broadly at an integrated waste management system and 
potential waste management alternatives and will provide its objective view of technical 
questions and issues that need to be addressed.   

3. The Board will draw on its extensive experience, including knowledge gained from
observing efforts in other countries, to develop and provide technical information and 
technical “lessons learned” about the U. S. nuclear waste management program, 
including the operational and safety risks of alternatives for managing high-level 
radioactive waste. 
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The following findings, conclusions, and recommendations reflect information conveyed 
at the Board’s June meeting and are within the context of the three objectives noted above. 

Very-Long-Term Dry Storage:  Technical Issues 
The Administration has announced that it intends to terminate the Yucca Mountain 

project and convene a blue-ribbon commission to develop and examine alternatives for the 
management and disposal of spent nuclear fuel and high-level radioactive waste.  Any alternative 
is likely to require dry storage of spent nuclear fuel and high-level radioactive waste for extended 
periods.  There appear to be no technical factors that would prevent designing and safely 
operating dry-storage systems for at least several decades ― providing that there is regular 
monitoring.  However, whether the current technical basis is adequate for designing and 
operating dry-storage facilities for very long periods is not clear.  

At its meeting, the Board convened a panel of experts to discuss research and data needs 
for very-long-term dry storage (“very long term” was defined for purposes of discussion as 120 
years or more).  The panel included a representative of nuclear utilities, a representative of a firm 
that designs and manufactures dry storage systems, and a representative of the Electric Power 
Research Institute.  The purpose of the panel was to brainstorm potential technical issues that 
might be associated with the storage of waste for a very long period. 

On the basis of discussions among panelists and Board members, the technical basis for 
designing and operating dry-storage systems for a very long term warrants improvement.  
Potential issues and the need for technical data may differ, depending on the location of the 
storage facility (e.g., coastal or desert), the environment (e.g., humid or arid), and the materials 
of construction (e.g., carbon steel, stainless steel, concrete).  What is most important is the 
condition of the spent fuel in the canisters because it must be shipped, possibly repackaged, and 
eventually disposed of (or reprocessed) after a long period of dry storage.  The U.S. experience 
in examining the behavior of spent fuel in dry storage is limited to very few spent fuels having 
burnups significantly lower than current practice.  The Board is preparing a white paper on 
technical needs for very-long-term dry storage.   

Future Dry Cask Storage Systems 
DOE has contracted with manufacturers of dry-storage systems to develop designs for 

transportation, aging, and disposal (TAD) canisters for transporting commercial spent fuel, 
storing commercial spent fuel at reactor sites or other sites, or disposing of commercial spent fuel 
in a Yucca Mountain repository.  Dry-storage and transportation canister-based systems that are 
already widely used by nuclear utilities have significantly higher capacity in terms of numbers of 
assemblies and heat load than DOE’s TAD canisters do, and the trend is for even higher future 
capacities.  A decision to terminate the Yucca Mountain project and the low capacity of TAD 
canisters are likely to hinder significantly the acceptance of TAD canisters by nuclear utilities.  
The Board has recommended in the past that DOE modify its waste package system to allow 
direct disposal of loaded dual-purpose canisters without repackaging the spent fuel.  This would 
require full burnup credit and a slight increase in the diameter of waste packages. 
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Drip Shield 
In June 2008, DOE submitted to the U. S. Nuclear Regulatory Commission a license 

application for constructing a repository at Yucca Mountain.  At the Board’s June 11 meeting, a 
State of Nevada representative stated that, on the basis of the “drip shield early failure” case in 
the license application, the U. S. Environmental Protection Agency dose standard would be 
exceeded if drip shields were omitted from the repository.   

The license application contains many modeling assumptions.  Some of them include the 
composition of water seeping onto drip shields from the roofs of emplacement drifts, the 
initiation and propagation rate of waste-package localized corrosion due to seepage, the size and 
shape of any penetrations due to seepage-based localized corrosion, the degradation of the waste 
form once it is contacted by water, and the mobilization and transport of radionuclides from the 
degraded waste form.  The cumulative effects of these modeling assumptions may result in a lack 
of realism about how barriers and waste would behave in a repository.  In other words, 
depending on the assumptions and the model chosen to represent the degradation mechanisms, 
the performance of the drip shield may or may not be as represented in the current model.   

The Board continues to urge DOE to develop more-realistic models.  In addition, as the 
Board has pointed out in past letters and reports, DOE has not developed prototypes, or even 
scale models, for the drip shield.  Just as important, if not more so, is that prototypes have not 
been developed for the equipment that would emplace, monitor, inspect, adjust, or, if necessary, 
retrieve the drip shields.  Both the drip shields and the equipment for emplacing them are simple 
in concept, but they are unprecedented and, in our view, require prototypes.  DOE has had a 
program for drip shield and related equipment prototypes on its books for years but has never 
implemented it.  

Fuel-Cycle Research 
One speaker at the June 11 meeting raised the subject of DOE’s proposed fuel-cycle 

research and development program for fiscal year 2010.  We note that the justification for the 
proposed program is almost entirely related to waste management and that the program would 
be undertaken largely to improve options for waste storage and disposal, reduce the amount or 
longevity of waste, or promote safe and secure management of waste.  In accordance with its 
enabling legislation, the Board will evaluate the technical validity of activities undertaken 
within the fuel-cycle research and development program to the extent that they relate to the 
management and ultimate disposal of spent nuclear fuel and high-level radioactive waste.  In 
particular, the Board will be holding a public meeting in the Washington, D. C., area on 
September 23, where this issue will be an important topic of discussion. 
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DOE-Owned Spent Nuclear Fuel and High-Level Radioactive Waste 
DOE owns more than 2,000 metric tons of spent nuclear fuel and the equivalent of more 

than 7,000 metric tons of high-level radioactive waste.  Almost all of this waste has accumulated 
as a byproduct of the nation’s defense activities.  These waste materials are stored primarily at 
Hanford, the Savannah River Site, and Idaho National Laboratory.  Although much of the spent 
fuel already is in solid form in dry storage, most of the high-level waste is stored as liquid or 
sludge in large tanks.  With only a few possible exceptions, these wastes appear to have no 
current or future value; they must be disposed of eventually. 

A representative of DOE’s Office of Environmental Management presented an overview 
of the inventory of DOE-owned spent fuel and high-level radioactive waste at the June 11 
meeting.  The Board visited the Hanford site last month and plans to visit the Savannah River 
Site in January 2010 and Idaho National Laboratory in June 2010 to observe and discuss first-
hand the management of spent fuel and high-level radioactive waste at each site.  We expect to 
issue a report shortly after visiting the last site and hope that the technical information in that 
report will be useful to Congress, the Secretary of Energy, the public, and the blue-ribbon 
commission. 

Sincerely, 

{Signed by} 

B. John Garrick 
Chairman 
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2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201         

October 16, 2010 

The Honorable Warren F. Miller, Jr. 
Assistant Secretary for Nuclear Energy 
U.S. Department of Energy 
1000 Independence Ave., SW 
Washington, DC  20585 

Dear Dr. Miller: 

The U.S. Nuclear Waste Technical Review Board held a public meeting in Idaho 
Falls, Idaho, on June 29, 2010.  The principal topics were (1) management and ultimate 
disposition of the spent nuclear fuels (SNF) and high-level radioactive wastes (HLW) that are 
the responsibility of the U.S. Department of Energy’s Idaho Operations Office (DOE-ID) and 
the Naval Nuclear Propulsion Program and (2) future technologies and activities that could 
affect the amounts and forms of SNF and HLW that will require management and disposal or 
could affect the radioactive hazard levels of the SNF and HLW over time. 

Several of the 11 people who made presentations at the meeting were employees of 
DOE’s Office of Nuclear Energy (DOE-NE).  We greatly appreciate their participation and 
the quality of their presentations. 

The Board was established as an independent federal agency in the 1987 amendments 
to the Nuclear Waste Policy Act.  The Board’s statutory role is to review the technical validity 
of activities undertaken by the Secretary of Energy related to implementation of the Nuclear 
Waste Policy Act.  The Board reports its findings and recommendations to Congress and the 
Secretary of Energy at least twice a year.  According to the legislative history, the Board is 
expected to make its recommendations before decisions are made, not after the fact.  Thus, the 
Board established a practice many years ago of sending a follow-up letter after each of its 
public meetings to the appropriate DOE program managers.  This letter continues that 
practice.

Extended Storage and Subsequent Transportation of SNF 
When a repository or storage location for SNF will be available is not known at this 

point, and that uncertainty may continue well into the future.  The Board believes that studies 
should be undertaken to identify and plan for actions that are needed for preventing problems 
from occurring during the transportation, repackaging, or disposal of SNF following extended
periods of dry storage.  Studies of the safety, cost, and technical issues associated with various 
alternatives for managing, packaging, and transporting the SNF also would be invaluable to 
the Blue Ribbon Commission for America’s Nuclear Future, to the Office of Environmental 
Management for its long-term planning, and to the Board in setting priorities for its technical 
peer review. 
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DOE-NE’s Used Nuclear Fuel Disposition Program 
The Board realizes that the Used Nuclear Fuel Disposition Program is still in its 

formative phase and may be affected by congressional direction and funding for fiscal year 
2011.  A program that identifies alternatives and conducts scientific research and technology 
development to enable and optimize storage, transportation, and disposal of SNF and HLW 
generated by existing and future nuclear-fuel cycles would be helpful to decision-makers and 
technology-implementers.  Each element of the program should have clear objectives and be 
integrated with other DOE-NE programs, particularly those of the Office of Fuel Cycle 
Research and Development.

Some aspects of DOE-NE’s Used Nuclear Fuel Disposition Program proposed for 
fiscal year 2011 appear similar to the Science & Technology (S&T) Program that DOE’s 
Office of Civilian Radioactive Waste Management (DOE-RW) established in 2003.  The S&T 
Program was explicitly distinct from the mainline DOE-RW activity of developing an 
application for a license to construct a repository at Yucca Mountain.  The goals of the S&T 
Program were to (1) improve existing technologies and develop new technologies for 
achieving efficiencies and savings in the waste management system and (2) increase 
fundamental understanding of repository performance.  Although intended to be permanent, 
the program was suspended in 2008, just when it had assembled several teams of highly 
qualified engineers and scientists who were producing significant results.  The Board strongly 
endorsed the S&T program.  In the Board’s view, the need for a similar effort, such as the one 
being defined by the Used Nuclear Fuel Disposition Program, is even greater now because the 
scope of scientific and technical options has grown substantially.  However, the experience of 
the S&T program demonstrates that a fully successful program requires continuity. 

According to the proposed fiscal year 2011 budget for the Used Nuclear Fuel 
Disposition Program presented at the meeting, $12 million is allocated to “science programs 
transferred from RW to NE.”  Because the level of science activity in the fiscal year 2010 
DOE-RW program appears much smaller, the Board would appreciate receiving more 
information about the science programs that will be transferred from DOE-RW to DOE-NE. 

Thank you for helping make the Board’s meeting in Idaho Falls a success.   

Sincerely,

B. John Garrick 
Chairman 

bjg145vF  
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2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201         

October 21, 2010 

The Honorable Inés R.Triay 
Assistant Secretary for Environmental Management 
U.S. Department of Energy 
1000 Independence Ave., SW 
Washington, DC  20585 

Dear Dr. Triay: 

The U.S. Nuclear Waste Technical Review Board held a public meeting in Idaho 
Falls, Idaho, on June 29, 2010.  The principal topics were (1) management and ultimate 
disposition of the spent nuclear fuels (SNF) and high-level radioactive wastes (HLW) that are 
the responsibility of the U.S. Department of Energy’s Idaho Operations Office (DOE-ID) and 
the Naval Nuclear Propulsion Program and (2) future technologies and activities that could 
affect the amounts and forms of SNF and HLW that will require management and disposal or 
could affect the radioactive hazard levels of the SNF and HLW over time. 

Several of the 11 people who made presentations at the meeting were employees of 
DOE-ID.  We greatly appreciate their participation and the quality of their presentations. 

The Board was established as an independent federal agency in the 1987 amendments 
to the Nuclear Waste Policy Act.  The Board’s statutory role is to review the technical validity 
of activities undertaken by the Secretary of Energy related to implementation of the Nuclear 
Waste Policy Act.  The Board reports its findings and recommendations to Congress and the 
Secretary of Energy at least twice a year.  According to the legislative history, the Board is 
expected to make its recommendations before decisions are made, not after the fact.  Thus, the 
Board established a practice many years ago of sending a follow-up letter after each of its 
public meetings to the appropriate DOE program managers.  This letter continues that 
practice.

DOE-ID Spent Nuclear Fuel 
Much of the SNF under the jurisdiction of DOE-ID already is in dry storage, and plans 

are under way to move the remaining SNF to dry storage.  The Board has not identified any 
immediate technical issues with dry storage of this SNF.  However, the Board recommends 
that the as-built lifetimes (as opposed to the design lifetimes) of all SNF dry-storage systems 
under DOE-ID’s responsibility be assessed because it is not known at this point when a 
repository or storage location outside Idaho will be available, and that uncertainty may 
continue well into the future.  In addition, the Board believes that studies should be 
undertaken to identify and plan for actions that are needed for preventing problems from 
occurring during the transportation, repackaging, or disposal of SNF following extended 
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periods of dry storage.  Studies of the safety, cost, and technical issues associated with various 
alternatives for managing, packaging, and transporting the SNF also would be invaluable to 
the Blue Ribbon Commission for America’s Nuclear Future, to the Office of Environmental 
Management for its long-term planning, and to the Board in setting priorities for its technical 
peer review. 

DOE’s National Spent Nuclear Fuel Program carried out extensive work in developing 
packaging systems that would be acceptable for disposal in a repository at Yucca Mountain.
Whether the size, materials of construction, or other attributes of packaging developed for the 
Yucca Mountain repository would be suitable for other geologic disposal media is not known.  
Consequently, analysis of the issues associated with disposing of DOE-ID and other DOE-
owned SNF in geologic settings other than unsaturated tuff would be appropriate.  The Board 
recommends that DOE undertake such studies.  This would include reexamination of studies 
performed more than 25 years ago in the United States as well as examining more-recent 
geologic disposal efforts of other countries.

DOE-ID Calcine
Virtually all of the liquid HLW at Idaho National Laboratory was calcined years ago 

into a solid granular form and is being stored in shielded bins.  The design lifetime of the bin 
storage system is asserted to be 500 years.  Designing a civil system made from ferrous alloys 
and concrete for such a period is unprecedented.  The technical basis for the design lifetime 
estimate should be examined in detail, and the results of the examination — including any 
assumptions regarding inspection and maintenance frequencies — should be conveyed to the 
programs within DOE carrying out research on very-long-term dry storage.  The results also 
should be transmitted to outside entities now carrying out such research, including the Electric 
Power Research Institute and the U.S. Nuclear Regulatory Commission.  

In December 2009, DOE decided to treat the calcine by hot isostatic pressing before 
transporting it off the site.  The decision was based in part on a cost estimate comparing 
various treatment alternatives.  A key technical assumption affecting this decision was that 
treated calcine would be loaded into “standardized canisters” (2 feet in diameter by 10 feet or 
15 feet long) that would subsequently be loaded into larger outer containers for storage, 
transportation, and disposal.  This assumption may not be necessary for some treatment 
methods yet may increase the number of containers requiring storage, transportation, and 
disposal.  In addition, it is not clear whether the operational risk of various treatment options 
was taken into account or whether probabilistic risk assessments (PRAs) were performed on 
the safety of the various alternatives after disposal in a repository.  The Board believes that 
another cost comparison should be conducted that takes into consideration appropriate 
technical assumptions and the aforementioned risks.

DOE-ID Sodium-Bearing Waste
Whether sodium-bearing waste (SBW) is a high-level waste remains an open matter 

that appears to be more of a regulatory issue than a technical one.  Perhaps a risk assessment 
could help in the determination.  In any case, we agree that changing the SBW from its 
current liquid form to a solid form is necessary. 
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More technical detail would be helpful in understanding and evaluating the basis for 
the selection of steam reforming for treating SBW.  Although steam reforming is not a new 
technology, using it to treat SBW is a novel application.  If SBW is classified as a high-level 
waste, the characteristics of the final waste form resulting from treating SBW with steam 
reforming and the final disposition of the resulting solid would be of particular interest to the 
Board.

Thank you for helping make the Board’s meeting in Idaho Falls a success.   

Sincerely,

B. John Garrick 
Chairman 
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2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

July 26, 2011 

Mr. David G. Huizenga 
Acting Assistant Secretary for Environmental Management 
U.S. Department of Energy 
1000 Independence Ave., SW 
Washington, DC  20585 

Dear Mr. Huizenga: 

The Amendments to the Nuclear Waste Policy Act (NWPA) charge the U.S. Nuclear 
Waste Technical Review Board with evaluating the technical and scientific validity of 
activities undertaken by the U.S. Department of Energy (DOE) in implementing the NWPA.  
The Board also is charged with reporting the findings, conclusions, and recommendations 
from its evaluations to Congress and the Secretary of Energy. 

In discharging these responsibilities, the Board holds several public meetings each 
year, and it is customary for the Board to provide feedback to DOE from the presentations and 
discussions at the meetings, together with other points that arise from them.  In the first half of 
this year, we held two public meetings and a workshop.  The first public meeting was focused 
on issues related to the work of the DOE Office of Nuclear Energy, so in this letter, I am 
reporting to you on relevant issues from the second public meeting and the workshop. 

Comments from April Meeting 

The Board’s second public meeting this year was held in Amherst, New York, on 
April 27.  The meeting dealt exclusively with past, current, and planned activities at the 
Western New York Nuclear Service Center (referred to below as West Valley) and focused on 
the West Valley Demonstration Project (WVDP), which is being conducted by your office. 
The WVDP includes decommissioning and waste management activities at West Valley, 
following the permanent closure of the only U.S. commercial reprocessing facility that 
operated on the site between 1966 and 1972.  The Board’s findings and observations from that 
meeting are presented below.    

 In March 2011, DOE issued a draft determination* that contained a preliminary
determination that the melter from the vitrification plant at West Valley can be managed
and disposed of as low-level waste.  That conclusion was based on criteria in DOE
Manual 435.1-1, Radioactive Waste Management Manual.  Because this appears to be the
first time that these procedures have been applied to a melter, the experience and outcome
in the West Valley case will set an important precedent for the many melters at Hanford

* Draft Waste Incidental to Reprocessing Evaluation for the Vitrification Melter, U.S. Department of Energy,
West Valley, New York, March 2011. 
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and Savannah River that will require disposal.  The Board therefore recommends that 
DOE take this into account in finalizing the determination of the appropriate method of 
disposing of the melter from West Valley. 

 The Board understands that a key element of the planning basis for the project for
relocating the canisters of vitrified waste at West Valley was the assumption, at that time,
that a repository at Yucca Mountain would be available to receive the waste within the
planning horizon.  Currently, however, there is uncertainty about when a U.S. repository
will be available and about whether a repository other than the one planned for Yucca
Mountain would be able to accept waste packages as large as those necessary to contain
the 5-canister or 7-canister MPCs, which are planned for use at West Valley.  Because of
these uncertainties, the Board recommends that plans for the relocation project should be
flexible enough to adapt to future changes in repository design and schedule.

 The Board believes that it is important to preserve, and share on an ongoing basis,
program data and experiences among entities involved in waste management and is
concerned about the apparent lack of attention currently being paid to this matter at West
Valley.  We would like to invite representatives of your office to participate in a future
Board meeting to discuss the procedures in place within DOE-EM for sharing
decommissioning experiences among facilities and preserving decommissioning
information.  The Board is particularly interested in discussing plans for the preservation
of information from decommissioning activities that will assist in minimizing future
generation of high-level radioactive waste.  The Board also has made a recommendation
to DOE-NE that it should ensure that the necessary level of contact exists between its staff
and DOE-EM staff to maximize the benefit to future DOE fuel-cycle programs of
information available from the WVDP.

 Two members of the Board staff attended the regular monthly meeting of the West Valley
Citizen Task Force during the evening of April 27.  It is clear that this long-standing
organization is involved, interested, and informed and that it is well-supported by DOE,
the New York State Energy Research and Development Authority, and their contractors.
We commend and encourage DOE’s ongoing interaction with this well-informed group
and other members of the interested public.  In that regard, the Board recommends that
DOE consider the use of all available information platforms, including electronic social
media, to maintain and enhance the level of transparency in its operations at West Valley
and other DOE sites.

Workshop on Benchmarking Analytical Results
The workshop organized by the Board was the Workshop on Evaluation of Waste 

Streams Associated with LWR Fuel Cycle Options.  It was held in Arlington, Virginia, on 
June 6 and 7, 2011, and was arranged to provide a forum for developers and users of 
computer models, codes, and analytical tools to benchmark their results from analyzing and 
comparing a set of standard fuel-cycle scenarios.  The Board has developed an analytical tool 
called the Nuclear Waste Assessment System for Technical Evaluation (NUWASTE) to 
assess the effects of different nuclear power program assumptions and fuel-cycle options on 
programs in the United States for managing spent nuclear fuel and high-level radioactive 
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waste.  Although DOE-EM does not have the need for a computer model to analyze fuel-cycle 
scenarios, the presentation on the systems dynamic model that DOE-EM has developed to 
show the waste management operations at the Savannah River Site was a significant addition 
to the workshop.  As we continue to develop the capabilities of NUWASTE, we may request 
the support of your staff in determining how to best represent the characteristics and 
quantities of DOE-generated high-level waste to give a complete representation in 
NUWASTE of the wastes to be managed under the Nuclear Waste Policy Act. 

Finally, the Board appreciates very much the participation of DOE-EM staff and other 
representatives at the meetings we have held so far this year.  We particularly thank Mr. 
Bryan Bower, who managed the arrangements for the Board’s visit to West Valley in April, 
and Ms. Terry Tyborowski, who presented the DOE-EM waste management model at the 
workshop in June.

Sincerely,

{Signed by} 

B. John Garrick 
Chairman 

cc:
Dr. S. Chu, Secretary of Energy 
Dr. P. Lyons, Assistant Secretary, DOE-NE 
Mr. B. Bower, DOE-EM, West Valley 
Mr. P. Bembia, NYSERDA, West Valley 
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2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

July 26, 2011 

The Honorable Peter B. Lyons 
Assistant Secretary for Nuclear Energy 
U.S. Department of Energy 
1000 Independence Ave., SW 
Washington, DC 20585-1290 

Dear Dr. Lyons: 

As you know, the U.S. Nuclear Waste Technical Review Board is charged with 
evaluating the technical and scientific validity of activities undertaken by the U.S. Department of 
Energy (DOE) in implementing the Nuclear Waste Policy Act and with reporting its findings and 
recommendations related to the management and disposition of spent nuclear fuel (SNF) and 
high-level radioactive waste (HLW) to Congress and the Secretary of Energy. 

In discharging these responsibilities, the Board holds public meetings each year.  It is 
customary for us to provide feedback to DOE from the presentations and discussions at these 
meetings, together with other points that arise from them.  In the first half of this year, we held 
two public meetings and a workshop.  In this letter, I am conveying to you important issues 
identified by the Board from each meeting.  

Comments from February 2011 Board Meeting  
The first public meeting this year was held on February 16 in Las Vegas, Nevada.  The 

presentations and discussions focused on three main areas:  DOE’s activities related to the back 
end of the nuclear fuel cycle, technical experience gained from DOE’s past SNF and HLW 
management efforts, and work currently being undertaken by Sandia National Laboratories 
related to geologic disposal options in the United States.

DOE Activities Related to the Back End of the Nuclear Fuel Cycle 

Dr. Monica Regalbuto, Deputy Assistant Secretary for Fuel Cycle Technologies, and  
Dr. William Boyle, Director of the Office of Used Nuclear Fuel Disposition Research and 
Development, opened the meeting with presentations on DOE’s Nuclear Energy Research and 
Development Roadmap, which was published in April 2010. The presentations covered fuel-
cycle technology research and development (R&D) being undertaken by DOE’s Office of 
Nuclear Energy (DOE-NE).  The Board has a particular interest in the implications for waste 
management of the fuel-cycle options being studied by DOE, including the effects on the 
quantities and the volumes of waste that would be generated.  Of primary interest to the Board in 
this area is work that DOE is planning related to the once-through fuel cycle and limited 
recycling because other options do not appear to have the potential to be deployed in the next 
few decades.
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Dr. Boyle’s presentation included work that DOE is undertaking related to SNF storage, 
transportation, and disposal, all of which fall under the Board’s statutory mandate.  From his 
presentation, we understand that DOE’s near-term objectives in these areas are providing 
expertise to decision-makers on issues related to managing SNF; developing a comprehensive 
understanding of the technical conditions necessary for long-term storage, transportation, and 
disposal of SNF and HLW; and developing computer models for evaluating disposal-system 
performance for a variety of repository concepts. 

The time available for the presentations by Dr. Regalbuto and Dr. Boyle was limited.  As 
a consequence, the information presented was not very detailed.  However, it appeared that, 
although the R&D program was directed at appropriate fields of activity, it was not focused on 
specific goals and defined objectives related to helping DOE develop a program for managing 
SNF and HLW.  The Board believes that every aspect of the R&D program should have defined 
goals and should be coordinated to ensure that the overall program is integrated, focused, and 
managed effectively.  

Since the February meeting, the Board has requested and has been provided with more-
detailed information on the program, including implementation plans and funding levels for 
activities included in the Roadmap.  We have invited Dr. Regalbuto and her staff to make more-
detailed presentations on DOE’s R&D program related to management of SNF and HLW at the 
next Board meeting, which will be held on September 13 and 14, 2011, in Salt Lake City, Utah.  
I am pleased that Dr. Regalbuto and her staff have agreed to attend, and we look forward to a full 
discussion of the program at that meeting. 

An issue that will likely come up at the meeting is the extent to which burnup credit is 
being taken into account in planning the development of handling, storage, and disposal facilities 
for SNF.   This is an important issue for SNF management, and we commend the efforts we 
understand that DOE has made recently to develop a technical basis for taking burnup credit in 
the design of equipment and facilities.  

Technical Experience Gained to Date from Repository Programs

The Board held a meeting at Dulles, Virginia, on October 26, 2010, at which we started a 
discussion of technical experience gained during DOE’s efforts over the last two decades related 
to developing a program for managing and disposing of SNF and HLW.  That meeting included 
panel discussions involving former Yucca Mountain program managers, representatives of local 
governments that would be affected by a repository at Yucca Mountain, and representatives of 
international waste management programs.   

We continued this theme at the February meeting in Las Vegas with a panel of three 
former managers from the Yucca Mountain Project:  Lake H. Barrett, former Acting Director of 
the Office of Civilian Radioactive Waste Management (OCRWM); Christopher Kouts, former 
Acting Director of OCRWM; and George E. Dials, former General Manager of TRW 
Environment Systems, the management and operating contractor for the Yucca Mountain 
Project, and former manager of the DOE office in Carlsbad, New Mexico.  Information and 
technical insights from both meetings and all the panels proved very useful as the Board 
prepared its report on technical advancements and issues that is discussed in the last section of 
this letter. 
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Geologic Disposal Options in the United States

The third topic covered during the February meeting was work related to options for 
geologic disposal in the United States.  Technical presentations were made by Dr. Patrick Brady, 
Dr. Ernest Harding, and Mr. Andrew Orrell, all of Sandia National Laboratories.  Professor Hank 
Jenkins-Smith, professor of political science at the University of Oklahoma, presented by 
telephone the results of recent surveys of how technical information related to the management 
of SNF and HLW is perceived by the broader U.S. population.

Dr. Hardin’s presentation made clear that many geologic media in the United States 
would be suitable for geologic disposal.  He indicated that considerable academic study has been 
completed on deep borehole disposal, and the information that he and Dr. Brady presented 
indicates that it may be appropriate to begin field investigations, including a test drilling program 
and emplacing surrogate SNF and HLW in a borehole.  If such a program is to be developed, 
however, the Board believes that it is essential that it is coupled with a program for developing 
the appropriate facility designs and for evaluating the necessary operational requirements for a 
borehole disposal program.

To follow-up on the presentations at the February meeting, the Board would like to know 
more about the progress being made regarding borehole disposal and other geologic-specific 
disposal programs that are under consideration.  We are planning to make this a central part of 
the Board meeting we are planning for the spring of 2012 and will be contacting you or your 
staff regarding this in the near future.  In this regard, we are particularly interested in work 
directed at optimizing the characteristics of the waste forms intended for disposal in specific 
geologic media.   

From the technical presentations made at the meeting, it appears that at this point DOE 
has not developed a siting strategy or a plan for defining the siting criteria for a future repository 
for SNF and HLW.  The Board understands that to some extent this results from an expectation 
that recommendations to be made by the Blue Ribbon Commission on America’s Nuclear Future 
may affect the basis for developing such a siting strategy or criteria.  Despite this possibility, 
however, the Board believes that there is technical merit in preparing for disposal of SNF and 
HLW on an early timeframe, and it encourages DOE to begin these activities. 

Comments from April 2011 Board Meeting 
The Board’s second public meeting this year was held on April 27 in Amherst, New 

York, and followed a site visit to the West Valley site the previous day.  The primary focus of 
the meeting was the management of HLW from the West Valley Demonstration Project 
(WVDP), and most of the issues from that meeting related to the DOE Office of Environmental 
Management (DOE-EM), rather than to DOE-NE.  However, one item from the discussion at 
that meeting also is relevant to the fuel-cycle R&D program being developed by DOE-NE.  
During the meeting, the Board was not able to establish the extent to which “lessons learned” 
information from the decommissioning project is being made available to DOE-NE staff and 
support contractors so that it can be taken into account in developing plans for potential fuel-
cycle options that include reprocessing and recycle operations.  The Board recommends that 
DOE-NE ensure that the necessary level of contact exists between its staff and the staff of DOE-
EM to maximize the benefit of this information to future DOE fuel-cycle programs.  
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Following the meeting in Amherst, two members of the Board staff attended the regular 
monthly meeting of the West Valley Citizen Task Force during the evening of April 27.  I have 
passed on to Mr. David Huizenga, Acting Assistant Secretary for the Office of Environmental 
Management, the Board’s commendation regarding DOE’s ongoing interaction with this well-
informed group and other members of the interested public.  In that regard, the Board has 
recommended to Mr. Huizenga, and also recommends to you, that DOE consider using all 
available information platforms, including electronic social media, to maintain and enhance the 
level of transparency in its operations. 

Comments from Workshop on Benchmarking Analytical Results 
The third event organized by the Board this year was the Workshop on Evaluation of 

Waste Streams Associated with LWR Fuel Cycle Options, which was held in Arlington, 
Virginia, on June 6 and 7.  The workshop was arranged to provide a forum for developers and 
users of computer models, codes, and analytical tools to benchmark their results by analyzing 
and comparing a set of fuel cycle scenarios.  The scenarios defined for this workshop were only 
for benchmarking purposes and were not intended to be realistic scenarios that would necessarily 
be implemented in the United States.  The Board has developed an analytical tool called the 
Nuclear Waste Assessment System for Technical Evaluation (NUWASTE) to assess the effects 
of different nuclear power program assumptions and fuel-cycle options on the U.S. programs for 
managing SNF and HLW.  Dr. Steven Piet from Idaho National Laboratory (INL) presented the 
results of INL’s assessments of the standard scenarios performed using the VISION code that 
was developed by INL.  The other participants who presented the results of their analyses were 
from MIT, AREVA, and the National Nuclear Laboratory in the United Kingdom.  The 
transcript from the workshop is available on the Board’s Web site (www.nwtrb.gov).  The final 
results of the analyses of the standard scenarios by the participants will be posted to the Board’s 
Web site soon.

Preserving Technical Experience, Data, and Documents from Repository Efforts 
The Board has finalized and issued a report titled Technical Advancements and Issues 

Associated with the Permanent Disposal of High-Activity Wastes:  Lessons Learned from Yucca 
Mountain and Other Programs.  Copies have been sent to you and to other key DOE officials.  It 
also is available at www.nwtrb.gov.  Our objective in preparing this report was to ensure that the 
information it contains will be available to Congress and the Secretary; DOE management, staff, 
and contractors; and stakeholders with roles in managing the nation’s SNF and HLW, now and in 
the future.  We believe that a substantial body of knowledge and experience exists among DOE 
and contractor staffs who have worked on the Yucca Mountain repository program that remains 
to be recorded.  We encourage DOE to capture as far as possible this additional information that 
may be useful in developing SNF and HLW management and disposal programs in the United 
States in the future.  We believe that this would represent an invaluable technical resource. 

Toward that end, I also am pleased to report that the Board is close to agreement with 
DOE’s Office of Legacy Management (DOE-LM) regarding the Board’s role in providing 
independent review of DOE-LM’s plans and implementation of the plans to preserve the 
documentation and electronic information generated from the Yucca Mountain Project.  As 
mentioned above, we believe that this information will be of significant value in the future, and 
ensuring that it is available is extremely important. 
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The Board appreciates very much the participation of DOE-NE staff and other 
representatives at these Board meetings.  We look forward to continued DOE-NE participation in 
our meetings and to following up on the issues raised above.

Sincerely,

{Signed by} 

B. John Garrick 
Chairman 

cc:
Dr. S. Chu, Secretary of Energy 
Mr. D. Huizenga, Acting Assistant Secretary, DOE-EM 
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December 8, 2011

Dr. Monica Regalbuto 
Deputy Assistant Secretary
Fuel Cycle Technologies
Office of Nuclear Energy
U.S. Department of Energy 
1000 Independence Ave., SW
Washington, DC  20585-0620 

Dear Dr. Regalbuto: 

On behalf of the U.S. Nuclear Waste Technical Review Board, I am pleased to provide 
comments on the draft report, Gap Analysis to Support Extended Storage of Used Nuclear Fuel, 
which was prepared by National Laboratory staff for the Used Fuel Disposition Campaign of the 
U.S. Department of Energy (DOE) Office of Nuclear Energy and issued on June 30, 2011.   

As you know, the Board issued its report, Evaluation of the Technical Basis for Extended 
Dry Storage and Transportation of Used Nuclear Fuel, in December 2010.  In it, the Board 
recommended that a number of topics related to the safety of spent nuclear fuel (SNF) after 
extended dry-cask storage and subsequent transportation of the SNF be addressed in future 
research. The lack of data related to the storage and transportation of high-burnup SNF was 
noted in particular.  The Board believes that the draft Gap Analysis report identifies issues that 
should be addressed in establishing a technical basis for safe extended dry-cask storage and 
retrieval of SNF and, in general, sets appropriate research priorities for resolving the issues.  
More-detailed comments and Board recommendations are presented in the following paragraphs. 

The Board understands the utility of the approach used in the draft Gap Analysis report 
for assigning research-priority designations of low, medium, or high to identify the essential and 
urgent data gaps.  However, the Board considers it important that the methodology, including the 
priority-setting process, be applied to the important technical questions.  The Board notes that the 
transportation element of SNF management was not included in this gap analysis; thus we look 
forward to a similar assessment of research needs for transportation of SNF in an integrated 
research program covering both storage and transportation. 

Our review of the draft Gap Analysis report indicates that the significant research 
priorities identified in the Board report relating to degradation mechanisms and “cross-cutting” 
research needs1 were designated in the draft Gap Analysis report as medium or high research 

1 For example, the “cross-cutting” needs for determining fuel-temperature profiles over time, better quantifying the 
amount of residual water present after drying, carrying out additional cask-demonstration and fuel-inspection 
projects with representative dry-stored fuel, developing concepts for fuel-transfer options, and developing advanced 
monitoring and instrumentation of casks.

216 Board Activities for the Period January 1, 2008 - December 31, 2012



214 Board Activities for the Period January 1, 2008 - December 31, 2012 

priorities. The Board is interested in learning more about why the delayed hydride cracking 
degradation mechanism was set as a medium and not a high research priority.   

The Board agrees with the high priority assigned in the draft Gap Analysis report to 
developing the technical basis for taking burnup credit.2  This crosscutting issue plays a very 
important role in all aspects of SNF management, including storage, transportation, and disposal.  

The U.S. Nuclear Regulatory Commission and cask vendors currently depend on results 
from the CASTOR V/21 Dry Cask Storage Characterization Project3 at Idaho National 
Laboratory for technical support in considering license extensions for dry-cask storage.  The
draft Gap Analysis report states that the CASTOR V/21 cask and fuel conditions differ in 
significant ways from those typical for fuel in dry storage.  In particular: the fuel was loaded 
into the demonstration cask dry (and not in a SNF pool as is typical).  Consequently, the cask did 
not require drying and did not have the large temperature swings that occur during vacuum 
drying; the retention of residual water after drying; and the loaded SNF had assembly average 
burnups of approximately 36 GWd/MTU, which is lower than is typical.  The Board thus 
supports the caution stated in the draft Gap Analysis report that the CASTOR V/21 
demonstration results may not represent the cask and fuel conditions of all the commercial fuel 
currently in dry-cask storage in the United States.   

This situation underscores the need to carry out additional cask-demonstration and fuel-
inspection projects.  The Board supports the recommendation to reexamine the CASTOR V/21 
cask and contents along with the REA-2023 cask system stored at Idaho National Laboratory.
The Board also recommends examining other representative dry-storage cask systems or 
developing a cask-demonstration project where a number of representative fuel assemblies of 
interest (including various burnups) are placed in dry storage under typical storage conditions, 
followed by periodic inspection to monitor changes in the state of the fuel and the storage 
system’s components.   

The Board would like to make several related recommendations.  The Board report points 
out the importance of characterizing SNF before dry storage to establish a baseline against which 
to monitor changes in fuel condition during drying and extended storage.  The Board 
recommends that a sample of representative fuel assemblies of various burnups be characterized 
to the extent possible before they are loaded in different casks.  The casks then should be opened 
and inspected periodically during the storage period at a facility capable of such inspections to 
identify changes from the baseline conditions.   

The Board report also discusses the possibility of degradation mechanisms that interact or 
mechanisms that may occur simultaneously.  Because coupled effects are difficult to model or 
fully anticipate this is another reason for opening and examining representative dry-storage 
systems periodically.  In addition to investigating the work on storage gap analysis being done in 
other countries, the Board encourages DOE to collect international data on SNF that has been 
stored in casks or canisters and examined after periods of storage to develop a more complete 

2 Burnup credit was beyond the scope of the Board Report.
3 After more than 14 years of dry storage, when the CASTOR V/21 cask was opened, almost no degradation of 
PWR fuel rods, cask, or internal cask parts was observed.
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centralized database of the condition of stored SNF and storage systems.  The collection of the 
international database might affect the research needs and priorities.

The Board notes that the draft Gap Analysis report identifies a degradation mechanism 
involving cladding oxidation that occurs during high-humidity conditions in the cask.  The draft
Gap Analysis report indicates that a high-humidity condition could be caused by insufficient 
drying before cask sealing, the loss of helium cover gas and subsequent replacement with humid 
air, or mistaken filling with humid air.  Not clear from the discussion in the draft Gap Analysis
report is which scenarios are considered likely to lead to the potential fuel-side cladding 
degradation in storage systems.  In its report, the Board emphasizes the importance of ensuring 
the presence of the helium cover gas to limit degradation mechanisms and recommends the 
development of technologies for monitoring the presence of helium in the canisters or casks over 
time.  Accordingly, the Board supports research by DOE to quantify the amount of residual 
water that remains in casks after drying and to develop and implement new monitoring 
instrumentation.  When monitoring instruments become available, they could be installed and 
tested as a part of the new characterization program for dry-cask storage. 

The draft Gap Analysis report cites a number of references to the Board report and 
indicates that the Board report does not discuss degradation mechanisms for several named 
components located within welded casks or bolted containers.  Although the Board report does 
not specifically address these mechanisms as individually applied to specific components, it does 
consider them in the discussion of general categories of metal and nonmetal internal components 
of a dry-storage system.  The Board notes and endorses the need to investigate these degradation 
mechanisms separately for distinct types of internal cask components as is done in the draft Gap 
Analysis report.

Finally, the Board understands that a revision of the draft Gap Analysis report is planned 
for FY 2012 that will include identification of research priorities related to transportation of SNF 
following extended storage.  The FY 2012 revision also will include a more comprehensive 
evaluation of technical issues raised in gap-analysis reports issued by the NRC, EPRI, the Board, 
and other organizations.  The Board looks forward to the opportunity to review those future 
revisions to the draft Gap Analysis report and supports DOE in identifying the research and 
priorities necessary to develop an improved safety case for extended dry-cask storage, retrieval,
and transportation of SNF. 

Sincerely,

{Signed by} 

B. John Garrick 
Chairman

cc: 
Dr. Peter Lyons, Acting Assistant Secretary for Nuclear Energy
Dr. William Boyle, Director, Office of Used Nuclear Fuel Disposition, Research and Development
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December 30, 2011 

The Honorable Peter B. Lyons 
Assistant Secretary for Nuclear Energy
U.S. Department of Energy 
1000 Independence Ave., SW 
Washington, DC 20585-1290 

Dear Dr. Lyons: 

On September 13 and 14, 2011, the U.S. Nuclear Waste Technical Review Board held a 
public meeting in Salt Lake City, Utah.  The majority of the meeting was devoted to presentations by 
U.S. Department of Energy (DOE) officials and technical experts from six DOE National 
Laboratories.  Those talks provided the Board with a solid overview of the activities being funded by 
the Office of Used Nuclear Fuel Disposition Research and Development (NE-53).   

In addition, the Board heard from an official of DOE’s Office of Legacy Management (LM) 
and from three panels.  The first panel discussed the draft Report to the Secretary by the Blue 
Ribbon Commission on America’s Nuclear Future (BRC), the second described work undertaken by 
the Extended Storage Collaboration Program (ESCP), and the third explored some of the waste-
management implications of using mixed-oxide fuel (MOX).   

This letter conveys Board comments and recommendations related to work being sponsored 
by NE-53 within the Office of Nuclear Energy and other DOE activities discussed at the meeting. 

Activities Sponsored by the Office of Used Nuclear Fuel Disposition Research and 
Development

Three topics were addressed by DOE officials and technical experts:
• Exploration of generic disposition options
• Studies of specific technical issues associated with developing a repository either in

crystalline rock (granite) or clay/shale
• Research directed toward understanding the issues associated with extended storage

and subsequent transport of spent nuclear fuel (SNF)

Generic Research on Options for the Disposition of High-Level Radioactive Waste (HLW) 
and SNF.   Representatives from the NE-53 team, Dr. William Boyle, Dr. Peter Swift, and Dr. Mark 
Nutt, detailed efforts to develop that organization’s strategic direction.  Dr. Boyle provided an 
overview of his unit’s administrative structure and budget, spoke about the major accomplishments 
to date, and set forth both short-term milestones and long-terms goals.  Dr. Swift described the 
technical basis for selecting four disposition options that NE-53 will focus on in the near term:  deep-
mined geologic repositories embedded in salt, granite, and clay/shale formations as well as deep 
borehole disposal.  He also briefly identified several areas of research and development (R&D) that 
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NE-53 supported during the 2011 fiscal year.  Dr. Nutt described the elaborate process, grounded in 
systems engineering techniques, used to construct the NE-53 “Research and Development Roadmap” 
to identify knowledge gaps and opportunities that offer the greatest potential contribution to 
achieving the national goal of disposing of high-activity nuclear waste in a deep geologic repository. 

The Board understands and appreciates the rationale that motivated NE-53 to undertake these 
planning exercises.  The results reported by Dr. Swift are consistent with work being undertaken by 
national waste management programs abroad that has already identified salt, granite, and clay/shale 
as the most promising host rocks in which to place a mined deep geologic repository.  Given the 
wealth of relevant experience that has been gained in other countries, the Board strongly urges  
NE-53 to strengthen its technical interactions with the organizations that are responsible for waste 
management programs in those countries.  This might enable DOE to learn from those programs and 
avoid duplicating their research.  DOE also may be able to share costs with other programs on future 
work, which could free up funds that could be reallocated to other elements of the R&D program, 
such as research supporting development of the technical basis for extended dry storage of SNF.   

In establishing research priorities, the Board believes that when compared with mined deep 
geologic disposal, the development of deep borehole disposition as a potential waste management 
option should be given a lower priority.  The Board will address issues related to geologic disposal at 
its meeting planned for March 7, 2012, in Albuquerque, New Mexico, and the potential for deep 
borehole disposal will be discussed in more detail at that time.  

Dr. Nutt’s explanation of the “roadmap” was clear and detailed; however, the rankings were 
not truly quantitatively derived.  They were, as Dr. Nutt acknowledged, based essentially on 
qualitative expert judgments.  Learning more specifically on what basis this “living document” might 
evolve would have been valuable. 

Studies of specific scientific and technical issues.   Dr. Scott Painter from Los Alamos 
National Laboratory presented early results on discrete fracture network modeling undertaken in 
collaboration with the Swedish implementer, SKB.  Dr. Jens Birkholzer from Lawrence Berkeley 
National Laboratory discussed investigations for supporting disposal of HLW and SNF in clay or 
shale host rocks.  He focused on a key technical issue:  the evolution of the thermal-hydraulic-
mechanical-chemical disturbed zone surrounding the waste package following emplacement.  He 
also described the possibility of validating the results of these studies against field data from studies 
that might be conducted in Switzerland or Belgium.  The Board believes that both these efforts 
represent cutting-edge R&D.  Moreover, both areas of work underscore the Board’s view that NE-53 
should intensify its technical interactions with other national programs. 

Extended storage and subsequent transportation of spent nuclear fuel.   Dr. Brady Hanson from 
Pacific Northwest National Laboratory presented the results of DOE’s analysis of knowledge gaps 
related to extended storage of SNF from the current US fleet of light-water reactors before 
transportation to a centralized storage or reprocessing facility or a repository site.  The Board’s 
comments on this analysis, together with observations and recommendations concerning the R&D
program that DOE proposes to support a program of extended dry storage, are recorded in the 
Board’s December 8, 2011, letter to Dr. Monica Regalbuto concerning DOE’s draft gap analysis 
report.1

1 Gap Analysis to Support Extended Storage of Used Nuclear Fuel, prepared by National Laboratory staff for the 
Used Fuel Disposition Campaign of the U.S. Department of Energy (DOE) Office of Nuclear Energy, June 30, 2011.

220 Board Activities for the Period January 1, 2008 - December 31, 2012



218 Board Activities for the Period January 1, 2008 - December 31, 2012 

Mr. Paul McConnell from Sandia National Laboratories discussed the R&D priorities 
identified in the draft gap analysis report as being required in the near term, medium term, and very 
long term to support transportation of SNF following extended storage.  He also identified the lead 
National Laboratories for the main program components.  Dr. John Wagner from Oak Ridge 
National Laboratory outlined the engineering analysis required to support extended storage and 
subsequent transportation of SNF, including an integrated approach to addressing safety issues.  

Our December 8 letter to Dr. Regalbuto notes that the Board’s report2 on extended storage of 
SNF identifies R&D requirements similar to those included in DOE’s draft gap analysis report.  
However, the Board believes that there are other issues associated with extended storage of SNF that 
also should be addressed by DOE in developing an integrated approach to the management of SNF 
under the Nuclear Waste Policy Act.  Three such issues are described below. 

• The potential for operations being undertaken today that limit future options in managing
SNF and HLW.  One example of this is the continued use of a wide range of SNF container
designs for dry-storage systems.  As was the case in the design of the fuel-handling facilities
for the Yucca Mountain repository, the lack of a standardized container design, or at most a
small range of designs, can result in additional complexity at later stages of the waste
management system.

• The dose and cost implications of the need to repackage SNF.  An initial assessment by the
Board indicates that there necessarily would be a significant additional dose to operators
from the need to repackage fuel after storage and before repository disposal.  Reducing the
need to repackage SNF before disposal would unquestionably reduce the dose to plant
operations staff.  Estimating the dollar cost of repackaging is beyond the Board’s mandate,
but an appropriate observation is that there inevitably are significant costs associated with
repackaging SNF, and to the extent this can be avoided those costs can be reduced.

• The implications of a requirement for early removal of SNF from reactor storage pools, in
response to the events at the Fukushima site in Japan in March 2011.  The Board believes
that a careful review of the implications of such a change for the nation’s long-term SNF
management system should be undertaken.  Among the factors that should be considered are
the current trend toward larger dry-storage containers and higher fuel burnups that will
require longer onsite storage before transportation to a reprocessing or disposal facility and
the practicality of establishing the industrial capacity needed to manufacture the large
number of additional dry-storage systems that would be required.  The Board estimates that
moving all SNF that has been discharged for more than 10 years into dry storage, for
example by 2020, would require a significant increase in fabrication capacity for dry-storage
systems.  Once the backlog has been dealt with, however, demand would fall again to a level
that matches the actual rate of discharge of SNF.  It may be difficult for vendors to respond
to this relatively short-term increase in demand, both in terms of the fabrication requirements
and in managing the accompanying increase and decrease in the size of the production
workforce, the training requirements, and an increase in the need for quality assurance staff.
As mentioned above, estimating the dollar cost is beyond the Board’s mandate, but an
appropriate observation is that there would inevitably be significant cost implications from
the need for vendors to recover over a period of only 10 years the capital investment for
establishing increased production capacity.

2 Evaluation of the Technical Basis for Extended Dry Storage and Transportation of Used Nuclear Fuel – Executive
Summary, U.S. Nuclear Waste Technical Review Board, December 2010.
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Office of Legacy Management’s Preservation of the Documents from the Yucca Mountain 
Project

In its May 24, 2010, response to the Yucca Mountain licensing board, DOE stated that 
[It] had contacted the Nuclear Waste Technical Review Board about the NWTRB’s 
interest in providing independent oversight of DOE’s actions in preserving the 
scientific information that has been developed by OCRWM [Office of Civilian 
Radioactive Waste Management].  The NWTRB could thus review the planned 
disposition of the relevant scientific information before its disposition in accordance 
with National Archives and Records Administration approved schedules.  NWTRB 
has expressed interest in such an arrangement, and DOE and NWTRB will discuss 
how such oversight could be accomplished.3

Those discussions have been ongoing for more than a year as OCRWM documents have been 
transferred from Las Vegas, Nevada, to Morgantown, West Virginia, for preservation.  Mr. John 
Montgomery, Site Manager of the Legacy Management Business Center, and his staff lead,  
Mr. Edwin Parks, briefed the Board on the status of their efforts.  Members of the Board staff intend 
to visit Morgantown in the coming months to carry out a high-level observation of LM’s activities 
and, subsequently, to issue at least one report containing findings and recommendations. 

Panel on the Draft Report to the Secretary by the Blue Ribbon Commission on America’s 
Nuclear Future

The Board invited Mr. John Kotek, Executive Director of the BRC, to summarize the major 
conclusions and recommendations in the draft Report.  They included the following: 

• A new approach to siting and repository development
• A new, single-purpose organization with the responsibility for transporting, storing, and

disposing of HLW and SNF
• Changes in the way funds from the Nuclear Waste Fund are appropriated so that

management of the program is not affected by limited access to funding
• Expeditious development of a deep geological repository for HLW and SNF
• Expeditious development of a centralized interim storage facility

In addition, the Board asked Mr. Ward Sproat, former Director of OCRWM, to reflect upon 
those key conclusions and recommendations.  Mr. Sproat noted that the process used by the BRC 
was thorough, the draft Report generally addressed the major issues, and a number of the 
recommendations were specific and appropriate.  He did observe, however, that the draft Report
ignored some lessons learned from the Yucca Mountain experience as well as important political 
realities associated with the siting process.  At the end of his presentation, Mr. Sproat urged the BRC 
to recommend that the Yucca Mountain licensing process be completed and to provide more-specific 
guidance on how to structure efforts for identifying candidate locations for a repository or a 
centralized interim storage facility.

3U.S. Department of Energy Answers to ASLB Questions from Order Dated April 21, 2010, May 24, 2010, pg. 37.
In House Report 112-118, Energy and Water Development Appropriations Bill, 2012, the Board was directed to 
“provide support to the Department of Energy … to archive and preserve all Yucca Mountain-related documents and 
physical materials of scientific value.”
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The Board subsequently provided the BRC with comments on the draft Report.  The Board’s 
comments are available on the Board’s Web site, www.nwtrb.gov.

Extended Storage Collaboration Program  
Because of the uncertainty surrounding the future of the Yucca Mountain Project, SNF is 

now likely to remain in storage for a longer time than previously anticipated.  Several groups, 
including the Board, have begun to explore the implications of this situation.  (As mentioned above, 
the Board released a report, Evaluation of the Technical Basis for Extended Dry Storage and 
Transportation of Used Nuclear Fuel, in late 2010.) 

The Electric Power Research Institute (EPRI) has organized an international effort, Extended 
Storage Collaboration Program (ESCP), to establish the technical bases for continued safe, long-term 
SNF storage and future transport.  The Board is, along with DOE, the Nuclear Regulatory 
Commission (NRC), the Nuclear Energy Institute, nuclear utilities in the United States and abroad, 
and nuclear vendors, closely following the work of this collaboration, whose objectives include: 

• Reviewing current technical bases and conducting gap analyses for SNF storage  and
transportation systems  

• Conducting experiments, field studies, and additional analyses to address gaps
• Coordinating research that results in a program documenting the performance of a dry-

storage system loaded with high-burnup (greater than 45 GWd/MTU) fuel.

During the panel discussion on these issues, Dr. John Kessler from EPRI observed that there 
appears to be an emerging consensus that more attention needs to be focused on corrosion of the 
stainless steel canister, especially in marine environments, on the bolted-cask metallic seals, and on 
delayed hydride cracking of the cladding.  Mr. Adam Levin from Exelon Generation Company stated 
that the demands for R&D could be simplified significantly if changes were made to the established 
regulatory framework so that the storage canister is considered the waste form for storage, 
transportation, and disposal rather than just for storage.  He also noted that there would be significant 
benefit from taking full credit for burn-up and encouraged that this be pursued.  Finally, Dr. James 
Rubenstone from the NRC described two on-going activities:  (1) establishing a firm technical basis 
for regulations related to extended storage of SNF and (2) providing support for a potential extension 
of the waste-confidence decision to more than 60 years beyond the life of a commercial nuclear 
reactor.  Although these activities are complementary, they are not identical. 

The Board believes that ESCP is an extremely valuable undertaking and strongly endorses 
DOE’s continued active participation in the collaboration.  As noted above, the Board recommends 
that DOE provide adequate resources to support ESCP’s objectives.  In that regard, the Board 
understands that with the decommissioning of the Test Area North Hot Cell at Idaho National 
Laboratory, opportunities for conducting potentially important investigations on SNF at a National 
Laboratory may have been foreclosed.  If this is so, the Board urges DOE to evaluate other options 
that might allow those experiments to be conducted. 

Implications for Waste Management of Using MOX 
Over the last few years, increased attention has been paid to the possibility that the United 

States might adopt a closed fuel cycle involving reprocessing of light-water reactor SNF and 
recycling the extracted plutonium in the form of MOX fuel assemblies and perhaps recycling the 
reprocessed uranium as well.  DOE originally investigated this possibility as part of its now-defunct 
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Global Nuclear Energy Partnership.  DOE’s Office of Fuel Cycle Technologies continues some of 
the same work today.  To understand better the waste-management implications of using MOX, the 
Board invited three practitioners to report on lessons learned by their organizations. 

Mr. Daniel Stout from the Tennessee Valley Authority described the process that his utility is 
employing to determine the implications of using MOX fabricated surplus-weapons plutonium at one 
or more of its reactors.  He noted that the decay heat of a spent MOX fuel assembly would be 
between 1.3 and 1.7 times higher than that for an equivalent spent-uranium fuel assembly.  
Consequently, the used MOX would need to be kept in dry cask storage for an additional 56 years to 
have the same thermal impact on a repository at the time of emplacement.  For certain repository 
designs, that difference could be consequential. 

Mr. Patrice Fortier from Transnuclear International, a division of AREVA, indicated that 
casks have been approved in France for transport of spent MOX and for HLW generated during 
commercial reprocessing of SNF. 

The most detailed technical discussion was provided by Dr. Wolfgang Faber from the 
German utility EON, which operates eight reactors that have burned MOX.  He noted that the use of 
MOX complicates the on-site management of both unirradiated and irradiated fuel, in part because of 
the increased security burdens.  MOX fuel also requires longer post-discharge cooling time before 
removal from the spent-fuel pool, and there are other difficulties associated with the intermediate 
storage period after discharge.  In investigating the potential consequences for U.S. utilities of 
introducing reprocessing and recycling of plutonium and possibly uranium, the Board recommends 
that DOE take account of the full range of implications for utilities and not just the perceived value 
of extracting the energy remaining in the spent fuel. 

The Board appreciates the effort that NE-53 made to prepare lucid and candid presentations 
for the September meeting, and we look forward to continued interactions with DOE in future.  We 
would be pleased to meet with you to discuss any of the issues raised in this letter.  

Sincerely,

B. John Garrick 
Chairman 
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January 6, 2012 

Dr. Monica Regalbuto 
Deputy Assistant Secretary, Fuel Cycle Technologies
Office of Nuclear Energy
U.S. Department of Energy 
1000 Independence Ave., SW
Washington, DC  20585-0620 

Dear Dr. Regalbuto: 

On behalf of the U.S. Nuclear Waste Technical Review Board, I am pleased to respond to 
your request to the Board for comments on A Management Proposal for Salt Disposal 
Investigations with a Field Scale Heater Test at WIPP (SDI proposal), which was prepared by the 
U.S. Department of Energy (DOE) Carlsbad Field Office and issued in June 2011.   

As you know, Dr. Mark Nutt recently presented to the Board1 a rationale for using features, 
events, and processes (FEPs) to identify research and development (R&D) issues that are linked to a 
generic safety assessment, and setting R&D priorities based on the importance of the issues to the 
generic safety case.  The Board supports such “generic” R&D tasks in the context of geologic 
repository program development, as long as they: (1) are based on realistic concepts of host rock 
geology, (2) identify and evaluate significant FEPs and constitutive relationships, and (3) can be 
demonstrated to reduce uncertainties and adverse risk related to technical and scientific generic 
repository objectives. 

The SDI proposal cites an approach similar to one presented by Dr. Nutt for evaluating
knowledge gaps and data needs, and setting R&D priorities to support development of a generic 
repository safety case:  

The core concept is the systematic reduction of uncertainty in models through the iterative 
process of model development, experimental studies, and repository modeling to assess 
geologic disposal viability… Therefore, residual uncertainties propagated through a generic 
model of a repository must be quantified, bringing in other relevant considerations and 
processes (e.g., scenario development, regulatory criteria, subsystem models) in order to 
fully define a Performance Assessment analysis. These results, vetted at regular intervals 
with stakeholders, are used to inform modification of the science program2… 

However, the Board notes that the SDI proposal does not adhere to such an approach, nor does it 
specify the basis for the proposed work.  Instead the proposal identifies gaps in experimental work 
and modeling and proposes R&D activities that do not appear to be ranked by their importance in 
meeting generic repository objectives.  The Board believes that not presenting an explicit evaluation 
1 Mark Nutt, “Used Fuel Disposition Campaign Disposal R&D Roadmap Overview,” NWTRB Fall 2011 Board 
Meeting, Salt Lake City, Utah, September 13, 2011.
2 SDI proposal, p. 13.
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of generic salt information needs in the context of a relevant uncertainty and risk assessment is a 
significant shortcoming of the proposal.  Two additional specific comments on the content of the 
proposal are discussed in the following paragraphs.  

First, it is difficult to assess the importance of work in salt relative to other possible host 
rocks without knowing the basis for the selection of salt. Field tests are expensive, and a decision to 
proceed hastily with salt R&D might constrain resources for equally important, or more important, 
work in other geologic media.  The Board cannot make a proper evaluation of the proposed work 
without knowing what alternatives are under consideration.   

Second, the proposal includes references to salt formations and salt domes, but it is unclear 
whether the proposed tests at WIPP are intended to investigate the suitability of generic salt as a 
medium for disposing of heat-generating radioactive waste or if the tests are focusing only on the 
potential of bedded salt for such a purpose.  In either case, the Board suggests that the proposal also 
should provide the technical basis for performing the proposed testing at WIPP.  

The comments above raise questions about whether decision-makers have sufficient 
information to make the necessary decisions concerning prioritization of work related to R&D on 
salt. The presentation of the SDI proposal makes it appear to be essentially a qualitative list of 
information needs along with the proposed laboratory, field, and modeling tasks identified to supply 
the information.  How important the individual tasks are to the engineering and science objectives is 
not addressed, and whether the work as proposed fits the stated objective of the SDI proposal to be 
“as productive, integrated, and efficient as can be achieved”3 is unclear.   

As you know, the Board is planning a trip to WIPP on March 6, 2012, in conjunction with 
our public meeting in Albuquerque, New Mexico, on March 7, 2012.  If you would find it useful, 
we could use that opportunity to arrange a discussion of the SDI proposal with staff from your 
office and the DOE Carlsbad Field Office. As you also know, the public meeting is focused on 
geological disposal, so a discussion at that time may be particularly appropriate. 

Sincerely,

B. John Garrick 
Chairman

cc: 
Dr. Peter Lyons, Assistant Secretary for Nuclear Energy
Dr. William Boyle, Director, Office of Used Nuclear Fuel Disposition, Research and Development 
Mr. Jeff Williams, Deputy Director, Office of Used Nuclear Fuel Disposition, Research and Development 

3 SDI proposal, p. (v)
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March 28, 2012 

The Honorable Peter Lyons
Assistant Secretary for Nuclear Energy
Office of Nuclear Energy/NE-1 
U.S. Department of Energy 
1000 Independence Avenue, SW
Washington DC 20585 

Dear Dr. Lyons:

It was a pleasure to have you participate in the Board’s January 9, 2012, meeting held in 
Arlington Virginia.  Among the issues discussed at that meeting was integration within the
Department of Energy’s Office of Nuclear Energy (DOE-NE), including the Office of Fuel Cycle 
Technologies. I am writing to provide the Board’s feedback on those discussions and on 
information presented by you and your staff.  This letter also contains Board comments on deep 
borehole disposal based on information presented by representatives of DOE-NE and Sandia 
National Laboratories at the Board meeting held in Albuquerque, New Mexico on  
March 7, 2012. 

The Board found informative your discussion of the mission of your Office and your 
candid response to questions at the January meeting. Clearly the focus of DOE-NE continues to 
be the development of reactor and fuel-cycle technologies. However, the transfer to DOE-NE of
many of DOE’s responsibilities under the Nuclear Waste Policy Act provides real opportunities 
for integrating DOE work across the nuclear fuel-cycle.  Even though this arrangement may 
eventually change as a result of, among other things, the recommendations of the Blue Ribbon 
Commission on America’s Nuclear Future (BRC), the Board recommends that DOE-NE place a 
particular emphasis on integration, both within its own programs and with other DOE programs 
that will have an impact on the management of spent nuclear fuel and high-level radioactive 
waste in the United States.

Fuel Cycle Integration and Evaluation 
The technical and institutional complexities of integrating activities throughout current as 

well as possible future nuclear fuel cycles were well illustrated in Deputy Assistant Secretary Dr. 
Monica Regalbuto’s presentation.  For example, the mix of public organizations and private 
sector firms that may be responsible for various elements of the fuel cycle presents challenges 
for effectively integrating the entire enterprise that are less daunting in countries such as France 
and Sweden.   
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Consequently, the Board strongly encourages DOE to engage the nuclear utilities 
regularly and fully as it maps out approaches for managing the backend of the fuel cycle as 
currently configured and as it investigates and considers other potential strategies for managing 
the backend of the nuclear fuel cycle.  The importance of this engagement was reinforced in talks 
by Dr. Roald Wigeland, Mr. Jeffrey Williams, and Dr. Ernest Hardin. Each of these speakers 
described strong interdependencies among various elements of the nuclear fuel cycle and the 
need to ensure that the “pieces” fit together well. Dr. Wigeland detailed the early stages of a
comprehensive fuel-cycle evaluation project that is not expected to be completed for more than 
two years.  Because of the study’s current status and the time constraints imposed by the meeting
schedule, this talk could not address many key issues that are necessary to evaluate the study’s 
technical validity.  These include (1) criteria used to determine whether a fuel cycle is 
“promising;” (2) metrics developed to operationalize the criteria; and (3) trade-offs made among 
outcomes, some of which will inevitably conflict. 

Based on information published by DOE-NE1 as well as other documents the Board has
reviewed, the Board offers the following words of caution.2

• There seems to be a risk that comprehensiveness will be purchased at the price of relevance.
Many potential nuclear fuel cycles are conceivable in the abstract, but few seem to have been
developed to the extent that their attributes can be evaluated effectively, and even fewer
appear to have the potential to be deployed at commercial scale in the next 50 or so years.
Although the study concluded that approximately 25 percent of the initial number of
groupings were not promising and thus could be eliminated from further consideration, the
Board believes that opportunities exist for additional reductions without serious risk of losing
options that offer significant benefits in comparison with the ones retained.

• Simplifying the analysis would have the added benefit of increasing the timeliness of its
results.  This could be particularly useful to DOE-NE in preparing the administration’s
response to the recommendations of the BRC.

• The methodological challenges to carrying out this type of evaluation are significant.
Developing appropriate metrics for some of the evaluation criteria, such as proliferation risk,
institutional issues, and even waste management considerations, raises serious measurement
and conceptual issues.  These challenges should carefully be considered by DOE-NE as it
moves forward with this analysis.  In addition, the metrics that are developed and how they
are traded off should be exposed to broad stakeholder review.

• Only a very abbreviated description of the study is available publicly. Because the
conclusions developed from this work are dependent to a great extent on the evaluation
criteria adopted, early publication of these criteria and exchanges with interested and affected
parties would be valuable.

1 “A Screening Method for Guiding R&D Decisions:  Pilot Applications to Nuclear Fuel Cycle Options,” 
Department of Energy, Office of Nuclear Energy, August, 2011.
2 These are broadly consistent with the comments presented at the June 15, 2011, meeting of the Nuclear Energy 
Advisory Committee and those prepared by the study’s internal peer review group.
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• The conclusions of this study should not be pushed beyond what can reasonably and
conservatively be inferred. The results of this study should be used as one of many decision-
aiding tools and inputs as DOE-NE makes investments in fuel cycle research and
development.

Effects of Waste Package Sizes
The paired presentations by Mr. Williams and Dr. Hardin on waste package sizes and 

repository thermal analysis, respectively, conveyed an essential message:  Decisions about waste 
packaging and storage that have been or are being taken may have a profound effect on 
repository design.  For, example, disposing of the large waste packages currently being loaded 
by utilities may require substantial operational and engineering interventions3 to avoid exceeding 
repository temperature limits, especially in a geologic repository constructed in clay/shale or 
crystalline rock formations.

As we heard at the meeting, the prospect of having to repackage spent nuclear fuel is not 
a welcome one, especially if the repackaging has to be carried out at reactor sites. The Board 
believes that DOE should consider the existing and expected inventory of spent nuclear fuel in 
storage as a waste form that needs to be accommodated in a geological repository.  By doing so, 
the costs and risks associated with repackaging a substantial amount of spent nuclear fuel could 
be avoided.   

Work to Prepare for Geologic Disposal 
As you know, the Board, along with most other commenters, strongly concurs with the 

finding by the BRC that deep geological disposal is the most promising and accepted method 
currently available for safely isolating high-level radioactive waste and spent nuclear fuel.
Because of this strong consensus, the Board believes that work on the following activities can 
and should begin without delay. 

• Generic repository site-selection criteria are clearly needed.  As a starting point for this work,
it is very important that DOE-NE take into account past efforts to specify siting criteria in
this country and abroad.  The Board is considering publishing its own survey of past siting
initiatives worldwide later this year.

• Regardless of what geological formation will host this country’s repository, it remains
essential that there is a realistic understanding of the radiation source term, particularly with
respect to the processes involved in mobilizing the waste.  Such fundamental understanding
is a prerequisite for evaluating the effects of the release of dose-contributing radionuclides.

• Because of the prospect that spent nuclear fuel will remain in storage for extended periods,
fuel-degradation mechanisms, especially for high-burnup fuel, need to be better understood,
both with respect to the requirement for transportation from reactor sites and as input to
analysis of the radiation source term.

3 These might include extended cooling at the surface, greater spacing between packages in the repository, and 
selection of a mix of hotter and cooler fuel assemblies for loading into containers for repository disposal.
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DOE Activities Related to Deep Borehole Disposal
At the Board’s March 7 meeting in Albuquerque, Dr. Bill Arnold of SNL and Dr. Steven 

Ingebritsen of the United States Geological Service participated in a panel on deep borehole 
disposal.  This was a most interesting panel and resulted in considerable discussion within the 
Board. 

The Board has recommended in recent reports and correspondence that consideration be 
given to using different methods of geologic disposal for different high-activity wastes,
depending on the potential for reuse of materials that can be recovered from the waste.  For 
example, deep borehole disposal could prove to be a suitable option for disposing of long-lived 
minor actinides or vitrified fission products, which have no apparent reuse value.  The Board 
understands, however, that there may be significant complications in using deep borehole 
disposal for other wastes. For example, current technology for borehole construction would 
require spent fuel to be repackaged into smaller diameter containers to fit the borehole and this 
increased handling of spent fuel would be, at best, highly undesirable.  

In the Board's view, research related to deep borehole disposal should not delay higher 
priority research on a mined geologic repository. However, if that condition can be met, the 
Board believes that DOE should continue its research on deep borehole disposal. This should 
include an analysis of the real costs of activities associated with deep borehole disposal, 
including a realistic assessment of the site-characterization effort that would be needed and an 
accounting of potential additional exposures to workers from the increased fuel handling that 
would be required to consolidate and repackage fuel rods.  This information would provide a
realistic basis for comparison with other geologic disposal options. 

Once again, I would like to record the Board’s appreciation for the participation of DOE-
NE and SNL staff at the Board’s meetings in January and March.   

Sincerely,

B. John Garrick 
Chairman
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December 11, 2012 

Dr. Peter Lyons 
Assistant Secretary for Nuclear Energy
Office of Nuclear Energy
U.S. Department of Energy 
1000 Independence Avenue SW
Washington DC 20510 

Dear Dr. Lyons: 

On behalf of the U.S. Nuclear Waste Technical Review Board, I want to express its 
appreciation for your Office’s outstanding support of the Board’s meeting in Idaho Falls, Idaho
on October 16-17, 2012.   

Members’ comments on the site visit to the Idaho National Laboratory were uniformly 
positive.  They were pleased with the presentations and with the efforts that were made to 
prepare informative “poster talks” on research currently being conducted on, among other things, 
the physical properties of spent nuclear fuel (SNF).  Moreover, notwithstanding the inclement 
weather, the tours of the various facilities provided opportunities to understand the scope of 
analytic and computational research activities being carried out at the laboratory.  The 
participation by your team in the public meeting was equally valuable.  The willingness of Dr. 
Monica Regalbuto to answer questions candidly and to interact informally with members of the 
Board and public throughout the meeting was especially appreciated. 

As you may have learned, the meeting began with a valuable free-flowing discussion 
among Jim Williams, from the Western Interstate Energy Board, Earl Easton, from the NRC, and 
Jeff Williams from your Office.  The discussion focused on how State Regional Groups could 
play important roles in working with the Department of Energy when substantial shipping 
campaigns of high-level radioactive waste (HLW) and SNF begin.  The Board strongly 
recommends that your Office continue and strengthen its interactions with those groups. 

As is its usual practice, in the following paragraphs, the Board provides its feedback on 
the information presented at the public meeting by members of your staff. 

Transportation, Storage, and Disposal System Analyses 

As indicated by several comments from the public at the meeting, transportation of HLW 
and SNF remains a major concern.  It is by no means clear to those individuals that transporting 
this material, especially to a consolidated storage facility, will actually reduce risks.  The Board 
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notes below that DOE needs to remain sensitive to this concern and address it in a candid and 
transparent fashion. 

Dr. Mark Nutt discussed ongoing work to develop an integrated system architecture for 
managing commercial SNF from acceptance at reactor sites to disposal in a geologic repository. 
Such an architecture would recognize the realities of the current situation in which the 
disposition pathway for the widely used dual-purpose canisters is highly uncertain and where 
interest in standardized canisters is growing.

In the Board’s view, the modeling results presented appear to be rudimentary accounting 
calculations that as yet do not yield particularly deep insights.  Uncertainties in material flows do 
not seem to be represented.  In addition, potential upsets in the flows are not incorporated into 
the modeling.  The possibility of developing multiple sites, either for consolidated storage 
facilities or for the final repository, also is excluded from the architecture.  The Board expects 
that these issues will be addressed as the system analyses mature.  

Mr. Jeffrey Williams explained the circumstances surrounding stranded SNF at shutdown 
reactor sites.  The information he presented has been available for many years.  Providing 
photographs and “Google Earth” images of the each site, however, highlighted and made clearer 
the context and details of the geography adjacent to the facilities. The Board will be interested to 
hear more on this work as it progresses and will invite presentations on results at future 
meetings.  

Mr. Williams described options for transporting the material once DOE accepts it for 
disposal, although he did not explain how challenges would be overcome to ready the fuel, 
which is today largely held in storage-only casks, for shipping.  Those challenges include, but are 
not limited to, ensuring that the shortline rail spurs leading to some sites have been upgraded 
and, where necessary, loading the SNF into casks that have been certified for transportation.  
There also is some question about whether even the SNF currently stored in dual-purpose casks 
will need to be repackaged prior to shipment. One of the figures in Mr. Williams’ presentation 
indicated that all of the transportation licenses for those casks will expire by May 2014 and that 
several transportation casks have not been fabricated at this time.  These will be needed 
eventually.  Although transportation cask licensing is not DOE’s responsibility, the Board urges 
DOE to put a high priority on developing a comprehensive plan for ensuring that cask licenses 
and the yet-to-be-fabricated casks will be available to support DOE’s transportation requirements 
and schedule.

Finally, an important issue of system integration was raised by the Board at the meeting.  
Many of the dry storage system designs presently in use contain material that may not meet the 
current criticality-control requirements for disposal.  This situation raises the possibility that 
these storage systems may have to be opened and the fuel assemblies transferred into containers 
that conform to criticality-control regulations for disposal.  The Board recommends that DOE 
evaluate the disposal criticality control of the dry storage systems presently being loaded. 
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Evaluations of Canister and Waste-Package Temperatures

Dr. Harold Adkins and Dr. Ernest Hardin made related presentations.  Dr. Atkins’ talk 
included an analysis of the thermal evolution of waste packages placed into dry storage.  He
developed a model for how the fuel cladding temperature would change over time and 
benchmarked it against data from SNF stored at the Calvert Cliffs Nuclear Power Station.  Dr. 
Hardin, following up on his presentation to the Board in January, 2012, explored disposal 
conditions in “open” generic geologic repositories, where the emplacement media was salt, clay, 
and granite.  In an open repository, there is an opportunity to ventilate the drifts (tunnels) 
containing the waste packages to remove some of their heat prior to repository closure.  By 
removing some of the heat, larger sized packages could be disposed, especially if the thermal 
constraints are loosened. 

Both these presentations were technically refined and valuable.  Together they suggest 
that there may be more flexibility in terms of waste-package size than had previously been 
presumed.  The Board believes that this work should be continued.  In particular, the two 
research strands should be coupled to provide temperature predictions of SNF cladding in a 
waste package that has been emplaced in a drift.  Understanding such thermal evolutions could 
be important, if, for example, a package had to be retrieved.   

The Importance of DOE Fully Engaging Stakeholders and Being Clear and Transparent

The Board was pleased to see mention made of communication issues in the presentation 
by Monica Regalbuto.  The consent-based approach recommended by the Blue Ribbon 
Commission will require effective communication. In place of top-down models of 
communication that were common in the past, the Board believes that future efforts would 
benefit from an iterative, collaborative model that fully engages and involves stakeholders from 
start to finish. Having broad, meaningful stakeholder input throughout the process ensures that 
informational materials and communication products are informed by, and responsive to, the 
concerns and information needs of the public.  In developing a plan to engage stakeholders early 
on, the Board urges DOE to draw upon the extensive body of literature on risk communication 
(particularly recent work on radiation risk communication) as well as important exemplars from 
successful health and environmental risk communication programs.  By doing so, DOE would be 
able to ensure that its efforts are consistent with a consent-based approach, clear and transparent, 
and have a sound technical basis.  

Once again, I would like to thank your team for its support of the Board’s meeting.  In the 
Board’s view, it was a productive and, hopefully, a mutually beneficial gathering. 

Sincerely,

Rodney C. Ewing 
Chairman
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