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The Blue Ribbon Commission on America’s Nuclear Future (BRC) was formed by the Secretary
of Energy at the request of the President to conduct a comprehensive review of policies for
managing the back end of the nuclear fuel cycle and recommend a new strategy. It was co-
chaired by Rep. Lee H. Hamilton and Gen. Brent Scowcroft. Other Commissioners are Mr.
Mark H. Ayers, the Hon. Vicky A. Bailey, Dr. Albert Carnesale, Sen. Pete Domenici, Ms. Susan
Eisenhower, Sen. Chuck Hagel, Mr. Jonathan Lash, Dr. Allison M. Macfarlane, Dr. Richard A.
Meserve, Dr. Ernest J. Moniz, Dr. Per Peterson, Mr. John Rowe, and Rep. Phil Sharp.

The Commission and its subcommittees met more than two dozen times between March
2010 and January 2012 to hear testimony from experts and stakeholders, to visit nuclear
waste management facilities in the United States and abroad, and to discuss the issues
identified in its Charter. Additionally, in September and October 2011, the Commission
held five public meetings, in different regions of the country, to hear feedback on its draft
report. A wide variety of organizations, interest groups, and individuals provided input to the
Commission at these meetings and through the submission of written materials. Copies of all
of these submissions, along with records and transcripts of past meetings, are available at

the BRC website (www.brc.gov).

This report highlights the Commission’s findings and conclusions and presents
recommendations for consideration by the Administration and Congress, as well as interested

state, tribal and local governments, other stakeholders, and the public.



BLUE RiBBON COMMISSION
ON AMERICA’S NUCLEAR FUTURE

January 26, 2012

The Honorable Dr. Steven Chu
Secretary of Energy

U.S. Department of Energy
1000 Independence Ave., SW
Washington, DC 20585

Dear Secretary Chu:

At the direction of the President, you charged the Blue Ribbon Commission on America’s Nuclear Future with reviewing
policies for managing the back end of the nuclear fuel cycle and recommending a new plan. We thank you for choosing us to
serve on the Commission.

We approached our task from different perspectives but with a shared sense of urgency. Put simply, this nation’s failure to come
to grips with the nuclear waste issue has already proved damaging and costly. It will be even more damaging and more costly
the longer it continues: damaging to prospects for maintaining a potentially important energy supply option for the future,
damaging to state—federal relations and public confidence in the federal government’s competence, and damaging to America’s
standing in the world—not only as a source of nuclear technology and policy expertise but as a leader on global issues of
nuclear safety, non-proliferation, and security.

We have sought to ensure that our review is comprehensive, open and inclusive. Our Commission has heard from thousands of
individuals and organizations on a wide range of issues through formal hearings, site visits, and written letters and comments
submitted through the Commission web site. We have visited several communities across the country that have a keen interest
in the matters before the Commission and have also visited a number of other countries to gain insights as to how the United
States might proceed. We are indebted to the many people who have offered us their expertise, advice and guidance.

Attached for your consideration is the final report of our Commission. Our report includes recommendations covering topics

such as the approach to siting future nuclear waste management facilities, the transport and storage of spent fuel and high-level
waste, options for waste disposal, institutional arrangements for managing spent nuclear fuel and high-level wastes, reactor and
fuel cycle technologies, and international considerations. We also make recommendations regarding critical changes needed in the
handling of nuclear waste fees and of the Nuclear Waste Fund. The majority of these recommendations require action to be taken
by the Administration and Congtess, and offer what we believe is the best chance of success going forward, based on previous
nuclear waste management experience in the U.S. and abroad. We urge that you promptly designate a senior official with sufficient
authority to coordinate all of the DOE elements involved in the implementation of the Commission’s recommendations.

You directed that the Commission was not to serve as a siting body. Accordingly, we have not evaluated Yucca Mountain or any
other location as a potential site for the storage of spent nuclear fuel or disposal of high level waste, nor have we taken a position on
the Administration’s request to withdraw the Yucca Mountain license application. What we have endeavored to do is recommend

a sound waste management approach that can lead to the resolution of the current impasse; an approach that neither includes nor
excludes Yucca Mountain as an option for a repository and can and should be applied regardless of what site or sites are ultimately
chosen to serve as the permanent disposal facility for America’s spent nuclear fuel and other high-level nuclear wastes.

We are committed to seeing action taken on our recommendations because we believe it is long past time for the government to
make good on its commitments to the American people to provide for the safe disposal of nuclear waste. This generation has an
obligation to avoid burdening future generations with finding a safe permanent solution for nuclear wastes they had no part in
creating, while also preserving their energy options. To that end we commit ourselves to provide whatever assistance you deem
necessary as you consider how to act on the final recommendations of our Commission. Please do not hesitate to call on us at
any time.

Respectfully submitted,

g — :. o
E#M— F R e’----.-;ra.-ﬁ
Lee H. Hamilton Brent Scowcroft
Co-Chairman Co-Chairman

c/o U.S. Department of Energy ¢ 1000 Independence Avenue, SW ¢ Washington, DC 20585 * http://brc.gov
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merica’s nuclear waste management program
is at an impasse.

The Obama Administration’s decision to halt work on a
repository at Yucca Mountain in Nevada is but the latest
indicator of a policy that has been troubled for decades and
has now all but completely broken down. The approach
laid out under the 1987 Amendments to the Nuclear Waste
Policy Act (NWPA)—which tied the entire U.S. high-
level waste management program to the fate of the Yucca
Mountain site—has not worked to produce a timely solution
for dealing with the nation’s most hazardous radioactive
materials. The United States has traveled nearly 25 years
down the current path only to come to a point where
continuing to rely on the same approach seems destined to
bring further controversy, litigation, and protracted delay.
The Blue Ribbon Commission on America’s Nuclear
Future (the Commission) was chartered to recommend a new
strategy for managing the back end of the nuclear fuel cycle.
We approached this task from different perspectives but with
a shared sense of urgency. Put simply, this nation’s failure to
come to grips with the nuclear waste issue has already proved
damaging and costly and it will be more damaging and more
costly the longer it continues: damaging to prospects for
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maintaining a potentially important energy supply option

for the future, damaging to state—federal relations and public
confidence in the federal governments competence, and
damaging to America’s standing in the world—not only as a
source of nuclear technology and policy expertise but as a leader
on global issues of nuclear safety, non-proliferation, and security.
Continued stalemate is also costly—to utility ratepayers, to
communities that have become unwilling hosts of long-term
nuclear waste storage facilities, and to U.S. taxpayers who face
mounting liabilities, already running into billions of dollars, as a
result of the failure by both the executive and legislative branches
to meet federal waste management commitments.

The need for a new strategy is urgent, not just to address
these damages and costs but because this generation has a
fundamental ethical obligation to avoid burdening future
generations with the entire task of finding a safe permanent
solution for managing hazardous nuclear materials they had
no part in creating. At the same time, we owe it to future
generations to avoid foreclosing options wherever possible so
that they can make choices—about the use of nuclear energy
as a low-carbon energy resource and about the management
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of the nuclear fuel cycle—based on emerging technologies

and developments and their own best interests.

Almost exactly one year after the Commission was
chartered and less than five months before our initial draft
report was due, an unforeseen event added yet more urgency
to our charge and brought the problem of nuclear waste
into the public eye as never before. A massive earthquake off
the northeastern coast of Japan and the devastating tsunami
that followed set off a chain of problems at the Fukushima
Daiichi nuclear power station that eventually led to the worst
nuclear accident since Chernobyl. In the weeks of intense
media coverage that followed, many Americans became
newly aware of the presence of tens of thousands of tons of
spent fuel at more than 70 nuclear power plant sites around
this country—and of the fact that the United States currently
has no physical capacity to do anything with this spent fuel
other than to continue to leave it at the sites where it was
first generated.!

The strategy we recommend in this report has eight key
elements:

1. A new, consent-based approach to siting future nuclear

waste management facilities.

A new organization dedicated solely to implementing the

waste management program and empowered with the

authority and resources to succeed.

3. Access to the funds nuclear utility ratepayers are

providing for the purpose of nuclear waste management.

Prompt efforts to develop one or more geologic disposal

facilities.

5. Prompt efforts to develop one or more consolidated
storage facilities.”

6. Prompt efforts to prepare for the eventual large-scale

transport of spent nuclear fuel and high-level waste to

consolidated storage and disposal facilities when such
facilities become available.

Support for continued U.S. innovation in nuclear energy

technology and for workforce development.

8. Active U.S. leadership in international efforts to address
safety, waste management, non-proliferation, and
security concerns.

'The elements of this strategy will not be new to those who have

followed the U.S. nuclear waste program over the years. All

of them are necessary to establish a truly integrated national

nuclear waste management system, to create the institutional

leadership and wherewithal to get the job done, and to ensure

that the United States remains at the forefront of technology
developments and international responses to evolving nuclear
safety, non-proliferation, and security concerns.

A few general points about the Commission’s proposed
strategy are worth emphasizing before we discuss each of the
above elements in greater detail. First is the issue of cost. In this
time of acute concern about the federal budget deficit and high
energy prices, we have been sensitive to the concern that our
recommendations—particularly those that involve launching
a new approach and a new organization for nuclear waste
management—could add to the financial burden on the U.S.
Treasury and on American taxpayers and utility ratepayers.’
Certainly it will cost something to implement a successful U.S.
waste management program; however, trying to implement a
deeply flawed program is even more costly, for all the reasons
already mentioned. In fact, U.S. ratepayers are already paying
for waste disposal (through a fee collected on each kilowatt-
hour of nuclear-generated electricity)—but the program they’re
paying for isn’t working. Taxpayers are paying too—in the form
of damage payments from the taxpayer-funded Judgment Fund
to compensate utilities for the federal government’s failure to
meet its contractual waste acceptance commitments.

Opverall, we are confident that our waste management
recommendations can be implemented using revenue
streams already dedicated for this purpose (in particular
the Nuclear Waste Fund and fee). Other Commission
recommendations—particularly those concerning nuclear
technology programs and international policies—are broadly
consistent with the program plans of the relevant agencies.

Another overarching point concerns timing and
implementation. All of our recommendations are interconnected
and will take time to implement fully, particularly since many
elements of the strategy we propose require legislative action to
amend the NWPA and other relevant laws (see text box).

Nevertheless, prompt action can and should be taken in
several areas, without waiting for legislative action, to get the
waste management program back on track. The last chapter of
this report (chapter 13) identifies a number of concrete next
steps; in addition, the text box on page ix of this Executive
Summary lists several ways to get started on the specific task of
siting new waste disposal and consolidated storage facilities.

Finally, there are several questions the Commission was
not chartered to address. We have not:

* Rendered an opinion on the suitability of the Yucca

Mountain site or on the request to withdraw the license

! “Spent fuel” is sometimes also referred to as “used fuel.” The difference in terminology in fact reflects a profound policy issue as to whether the material should be seen as a
waste or a resource. We use the term “spent fuel” in this report, but, as discussed in chapter 11, we believe it is premature to resolve that policy debate.

% As used in this report, the term “disposal” is understood to mean permanent disposal; the term “storage” is understood to mean storage for an interim period prior to

disposal or other disposition.

? Most ratepayers are, of course, also taxpayers (and vice versa). For clarity, we refer to taxpayers and ratepayers as distinct groups here and in the main body of the report.
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PROPOSED LEGISLATIVE CHANGES

Fully implementing the Commission’s recommendations will
require several changes to the Nuclear Waste Policy Act or
other legislation:

Establishing a new facility siting process — The
NWPA, as amended in 1987, now provides only for the
evaluation and licensing of a single repository site at
Yucca Mountain, Nevada. The Act should be amended
to authorize a new consent-based process to be
used for selecting and evaluating sites and licensing
consolidated storage and disposal facilities in the future,
similar to the process established in the expired Nuclear
Waste Negotiator provisions of the Act (but under new
organizational leadership, as described below).

Authorizing consolidated interim storage facilities —
The NWPA allows the government to construct one
consolidated storage facility with limited capacity, but
only after construction of a nuclear waste repository has
been licensed. One or more consolidated storage facilities
should be established, independent of the schedule for
opening a repository. The Act should be modified to allow
for a consent-based process to site, license, and construct
multiple storage facilities with adequate capacity when
needed and to clarify that nuclear waste fee payments can
be used for this purpose.

Broadening support to jurisdictions affected by
transportation — The NWPA provides funding and technical
assistance for training public safety officials to states and
tribes whose jurisdictions would be traversed by shipments
of spent fuel to a storage or disposal facility. The Act should
be amended to give the waste management organization
the broader authorities given to DOE in the WIPP Land
Withdrawal Act that supported the successful large-scale

application for Yucca Mountain. Instead, we focused on
developing a sound strategy for future storage and disposal

facilities and operations that we believe can and should be

implemented regardless of what happens with Yucca Mountain.

* Proposed any specific site (or sites) for any component of
the waste management system.

* Offered a judgment about the appropriate role of nuclear
power in the nation’s (or the world’s) future energy
supply mix.

These are all important questions that will engage policy-makers
and the public in the years ahead. However, none of them

alters the urgent need to change and improve our strategy for
managing the high-level wastes and spent fuel that already exist
and will continue to accumulate so long as nuclear reactors
operate in this country. That is the focus of the Commission’s
work and of the specific recommendations that follow.

transport of transuranic waste to WIPP (including a public
information program, support for the acquisition of equipment
to respond to transportation incidents, and broad assistance
for other waste-related transportation safety programs).
Establishing a new waste management organization —
Responsibility for implementing the nation’s program for
managing spent nuclear fuel and high-level radioactive
wastes is currently assigned to the U.S. Department
of Energy. Legislation will be needed to (1) move this
responsibility to a new, independent, government-chartered
corporation focused solely on carrying out that program
and (2) establish the appropriate oversight mechanisms.
Ensuring access to dedicated funding — Current
federal budget rules and laws make it impossible for the
nuclear waste program to have assured access to the fees
being collected from nuclear utilities and ratepayers to finance
the commercial share of the waste program’s expenses.
We have recommended a partial remedy that should be
implemented promptly by the Administration, working with
the relevant congressional committees and the Congressional
Budget Office. A long-term remedy requires legislation
to provide access to the Nuclear Waste Fund and fees
independent of the annual appropriations process but subject
to rigorous independent financial and managerial oversight.
Promoting international engagement to support safe
and secure waste management — Congress may need
to provide policy direction and new legislation to implement
some measures aimed at helping other countries manage
radioactive wastes in a safe, secure, and proliferation-
resistant manner, similar to the expired NWPA provisions for
technical assistance to non-nuclear weapons states in the
area of spent nuclear fuel storage and disposal.

1. ANEW CONSENT-BASED
APPROACH TO SITING

Siting storage or disposal facilities has been the most consistent
and most intractable challenge for the U.S. nuclear waste
management program. Of course, the first requirement in
siting any facility centers on the ability to demonstrate adequate
protection of public health and safety and the environment.
Beyond this threshold criterion, finding sites where all affected
units of government, including the host state or tribe, regional
and local authorities, and the host community, are willing to
support or at least accept a facility has proved exceptionally
difficult. The erosion of trust in the federal governments nuclear
waste management program has only made this challenge

more difficult. And whenever one or more units of government

are opposed, the odds of success drop greatly. The crux of the
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challenge derives from a federal/state/tribal/local rights dilemma
that is far from unique to the nuclear waste issue—no simple
formula exists for resolving it. Experience in the United States
and in other nations suggests that any attempt to force a top-
down, federally mandated solution over the objections of a state
or community—far from being more efficient—will take longer,
cost more, and have lower odds of ultimate success.

By contrast, the approach we recommend is explicitly
adaptive, staged, and consent-based. Based on a review of
successful siting processes in the United States and abroad—
including most notably the siting of a disposal facility for
transuranic radioactive waste, the Waste Isolation Pilot Plant
(WIPP) in New Mexico, and recent positive outcomes in
Finland, France, Spain and Sweden—we believe this type of
approach can provide the flexibility and sustain the public
trust and confidence needed to see controversial facilities
through to completion.

In practical terms, this means encouraging communities
to volunteer to be considered to host a new nuclear waste
management facility while also allowing for the waste
management organization to approach communities that it
believes can meet the siting requirements. Siting processes
for waste management facilities should include a flexible and
substantial incentive program.

‘The approach we recommend also recognizes that successful
siting decisions are most likely to result from a complex and
perhaps extended set of negotiations between the implementing
organization and potentially affected state, tribal, and local
governments, and other entities. It would be desirable for these
negotiations to result in a partnership agreement or some other
form of legally enforceable agreement with the organization
to ensure that commitments to and by host states, tribes, and
communities are upheld. All affected levels of government
must have, at a minimum, a meaningful consultative role in
important decisions; additionally, both host states and tribes
should retain—or where appropriate, be delegated—direct
authority over aspects of regulation, permitting, and operations
where oversight below the federal level can be exercised
effectively and in a way that is helpful in protecting the
interests and gaining the confidence of affected communities
and citizens. At the same time, host state, tribal and local
governments have responsibilities to work productively with the
federal government to help advance the national interest.

In this context, any process that is prescribed in detail up
front is unlikely to work. Transparency, flexibility, patience,
responsiveness, and a heavy emphasis on consultation and
cooperation will all be necessary—indeed, these are attributes
that should apply not just to siting but to every aspect of
program implementation.

This discussion raises another issue highlighted in numerous
comments to the BRC: the question of how to define “consent.”
The Commission takes the view that this question ultimately has
to be answered by a potential host jurisdiction, using whatever
means and timing it sees fit. We believe a good gauge of consent
would be the willingness of affected units of government — the
host states, tribes, and local communities — to enter into legally
binding agreements with the facility operator, where these
agreements enable states, tribes, and communities to have
confidence that they can protect the interests of their citizens.

All siting processes take time; however, an adaptive,
staged approach may seem particularly slow and open-ended.
This will be frustrating to stakeholders and to members of
the public who are understandably anxious to know when
they can expect to see results. The Commission shares this
frustration—greater certainty and a quicker resolution
would have been our preference also. Experience, however,
leads us to conclude that there is no short-cut, and that any

SITING NEW NUCLEAR

WASTE MANAGEMENT FACILITIES -
GETTING STARTED

First, the Environmental Protection Agency and the
Nuclear Regulatory Commission should develop a
generic disposal standard and supporting regulatory
requirements early in the siting process. Generally-
applicable regulations are more likely to earn public
confidence than site-specific standards. In addition, having
a generic standard will support the efficient consideration
and examination of multiple sites.

Once the new waste management organization is
established it should:

* Develop a set of basic initial siting criteria — These
criteria will ensure that time is not wasted investigating
sites that are clearly unsuitable or inappropriate.

e Encourage expressions of interest from a large
variety of communities that have potentially suitable
sites — As these communities become engaged in the
process, the implementing organization must be flexible
enough not to force the issue of consent while also
being fully prepared to take advantage of promising
opportunities when they arise.

e Establish initial program milestones — Milestones
should be laid out in a mission plan to allow for review
by Congress, the Administration, and stakeholders,
and to provide verifiable indicators for oversight of the
organization’s performance.
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attempt to short-circuit the process will most likely lead

to more delay. That said, we also believe that attention to
process must not come at the expense of progress and we

are sympathetic to the numerous comments we received
asking us to include a more detailed and specific set of
milestones in our final report. Obviously there is an inherent
tension between recommending an adaptive, consent-based
process and setting out deadlines or progress requirements

in advance. But we agree that it will be important—without
imposing inflexible deadlines—to set reasonable performance
goals and milestones for major phases of program
development and implementation so that Congress can hold
the waste management organization accountable and so that
stakeholders and the public can have confidence the program
is moving forward. Other countries have taken this approach,
in several cases identifying target timeframes, rather than
specific dates for completing stages in their process. For
example the implementing organization might consider a
range of, say, 15 to 20 years to accomplish site identification
and characterization and to conduct the licensing process for
a geologic repository. A notional timeframe for siting and
developing a consolidated storage facility would presumably
be shorter, perhaps on the order of 5 to 10 years.

2. ANEW ORGANIZATION
TO IMPLEMENT THE WASTE

MANAGEMENT PROGRAM

The U.S. Department of Energy (DOE) and its predecessor
agencies have had primary responsibility for implementing
U.S. nuclear waste policy for more than 50 years. In that time,
DOE has achieved some notable successes, as shown by the
WIPP experience and recent improvements in waste cleanup
performance at several DOE sites. The overall record of DOE
and of the federal government as a whole, however, has not
inspired widespread confidence or trust in our nation’s nuclear
waste management program. For this and other reasons, the
Commission concludes that a new, single-purpose organization
is needed to provide the stability, focus, and credibility that are
essential to get the waste program back on track. We believe

a congressionally chartered federal corporation offers the best
model, but whatever the specific form of the new organization
it must possess the attributes, independence, and resources to
effectively carry out its mission.

The central task of the new organization would be to site,
license, build, and operate facilities for the safe consolidated
storage and final disposal of spent fuel and high-level nuclear
waste at a reasonable cost and within a reasonable timeframe.

In addition, the new organization would be responsible for
arranging for the safe transport of waste and spent fuel to or
between storage and disposal facilities, and for undertaking
applied research, development, and demonstration (RD&D)
activities directly relevant to its waste management mission
(e.g., testing the long-term performance of fuel in dry casks
and during subsequent transportation).

For the new organization to succeed, a substantial degree
of implementing authority and assured access to funds must
be paired with rigorous financial, technical, and regulatory
oversight by Congress and the appropriate government
agencies. We recommend that the organization be directed by
a board nominated by the President, confirmed by the Senate,
and selected to represent a range of expertise and perspectives.
Independent scientific and technical oversight of the nuclear
waste management program is essential and should continue
to be provided for out of nuclear waste fee payments. In
addition, the presence of clearly independent, competent
regulators is essential; we recommend the existing roles of
the U.S. Environmental Protection Agency in establishing
standards and the Nuclear Regulatory Commission (NRC)
in licensing and regulating waste management facilities
be preserved but that steps be taken to ensure ongoing
cooperation and coordination between these agencies.

Late in our review we heard from several states that
host DOE defense waste that they agree with the proposal
to establish a new organization to manage civilian wastes,
but believe the government can more effectively meet its
commitments if responsibility for defense waste disposal
remains with DOE. Others argued strongly that the
current U.S. policy of commingling defense and civilian
wastes should be retained. We are not in a position to
comprehensively assess the implications of any actions that
might affect DOE’s compliance with its cleanup agreements,
and we did not have the time or the resources necessary
to thoroughly evaluate the many factors that must be
considered by the Administration and Congress in making
such a determination.* The Commission therefore urges
the Administration to launch an immediate review of the
implications of leaving responsibility for disposal of defense
waste and other DOE-owned waste with DOE versus
moving it to a new waste management organization. The
implementation of other Commission recommendations,
however, should not wait for the commingling issue to
be resolved. Congressional and Administration efforts to
implement our recommendations can and should proceed as
expeditiously as possible.

* These factors should include (but not be limited to) those contained in section 8 of the NWPA; see detailed discussion in section 7.3 of this report.
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3. ACCESS TO UTILITY WASTE
DISPOSAL FEES FOR THEIR

INTENDED PURPOSE

The 1982 N'WPA created a “polluter pays” funding mechanism
to ensure that the full costs of disposing of commercial spent
fuel would be paid by utilities (and their ratepayers), with no
impact on taxpayers or the federal budget. Nuclear utilities

are assessed a fee on every kilowatt-hour of nuclear-generated
electricity as a quid pro quo payment in exchange for the federal
government’s contractual commitment to begin accepting
commercial spent fuel by January 31, 1998. Fee revenues go to
the government’s Nuclear Waste Fund, which was established
for the sole purpose of covering the cost of disposing of civilian
nuclear waste and ensuring that the waste program would not
have to compete with other funding priorities. In contrast, costs
for disposing of defense nuclear wastes are paid by taxpayers
through appropriations from the Treasury.

The Fund does not work as intended. A series of
executive branch and congressional actions has made annual
fee revenues (approximately $750 million per year) and
the unspent $27 billion balance in the Fund effectively
inaccessible to the waste program. Instead, the waste program
must compete for federal funding each year and is therefore
subject to exactly the budget constraints and uncertainties
that the Fund was created to avoid. This situation must be
remedied to allow the program to succeed.

In the near term, the Administration should offer to
amend DOE’s standard contract with nuclear uilities so
that utilities remit only the portion of the annual fee that is
appropriated for waste management each year and place the rest
in a trust account, held by a qualified third-party institution,
to be available when needed. At the same time, the Office of
Management and Budget should work with the congressional
budget committees and the Congressional Budget Office to
change the budgetary treatment of annual fee receipts so that
these receipts can directly offset appropriations for the waste
program. These actions are urgent because they enable key
subsequent actions the Commission recommends. Therefore,
we urge the Administration to act promptly to implement these
changes (preferably in fiscal year 2013). For the longer term,
legislation is needed to transfer the unspent balance in the Fund
to the new waste management organization so that it can carry
out its civilian nuclear waste obligations independent of annual
appropriations (but with congressional oversight)—similar
to the budgeting authority now given to the Tennessee Valley
Authority and Bonneville Power Administration.

We recognize that these actions mean no longer counting
nuclear waste fee receipts against the federal budget deficit

Xi

and that the result will be a modest negative impact on
annual budget calculations. The point here is that the federal
government is contractually bound to use these funds to
manage spent fuel. The bill will come due at some point.
Meanwhile, failure to correct the funding problem does

the federal budget no favors in a context where taxpayers
remain liable for mounting damages, compensated through
the Judgment Fund, for the federal government’s continued
inability to deliver on its waste management obligations.
These liabilities are already in the billions of dollars and
could increase by hundreds of millions of dollars annually for
each additional year of delay.

4. PROMPT EFFORTS TO DEVELOP A
NEW GEOLOGIC DISPOSAL FACILITY

Deep geologic disposal capacity is an essential component
of a comprehensive nuclear waste management system for
the simple reason that very long-term isolation from the
environment is the o7/y responsible way to manage nuclear
materials with a low probability of re-use, including defense
and commercial reprocessing wastes and many forms of
spent fuel currently in government hands. The conclusion
that disposal is needed and that deep geologic disposal is the
scientifically preferred approach has been reached by every
expert panel that has looked at the issue and by every other
country that is pursuing a nuclear waste management program.
Some commenters have urged the prompt adoption of
recycling of spent fuel as a response to the waste disposal
challenge, as well as a means to extend fuel supply. /¢ is the
Commission’s view that it would be premature for the United

THE DIFFERENCE BETWEEN

“STORAGE” AND “DISPOSAL”

Disposal, intended as the final stage of waste
management, is isolation that relies in the long term only
on the passive operation of natural environmental and
man-made barriers, does not permit easy human access
to the waste after final emplacement, and does not require
continued human control and maintenance. Storage,
intended as an intermediate step in waste management,

is isolation that permits managed access to the waste
after its emplacement, with active human control and
maintenance to assure isolation. After a period in storage,
waste is subject to disposal. As used in this report, the
term “disposal” is understood to mean permanent disposal;
the term “storage” is understood to mean storage for an
interim period prior to disposal or other disposition.
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States to commit, as a matter af polz’cy, to “closing” the nuclear
fuel cycle given the large uncertainties that exist about the merits
and commercial viability of different fuel cycles and technology
options. Future evaluations of potential alternative fuel cycles
must account for linkages among all elements of the fuel
cycle (including waste transportation, storage, and disposal)
and for broader safety, security, and non-proliferation
concerns. Moreover, all spent fuel reprocessing or recycle
options generate waste streams that require a permanent
disposal solution. In any event, we believe permanent
disposal will very likely also be needed to safely manage at
least some portion of the commercial spent fuel inventory
even if a closed fuel cycle were adopted.

We recognize that current law establishes Yucca
Mountain in Nevada as the site for the first U.S. repository
for spent fuel and high-level waste, provided the license
application submitted by DOE meets relevant requirements.

The Blue Ribbon Commission was not chartered as
a siting commission. Accordingly we have not evaluated
Yucca Mountain or any other location as a potential site for
the storage or disposal of spent nuclear fuel and high-level
waste, nor have we taken a position on the Administration’s
request to withdraw the license application.” We simply
note that regardless what happens with Yucca Mountain,
the U.S. inventory of spent nuclear fuel will soon exceed
the amount that can be legally emplaced at this site until a
second repository is in operation. So under current law, the
United States will need to find a new disposal site even if
Yucca Mountain goes forward. We believe the approach set
forth here provides the best strategy for assuring continued
progress, regardless of the fate of Yucca Mountain.

5. PROMPT EFFORTS TO DEVELOP
ONE OR MORE CONSOLIDATED
STORAGE FACILITIES

Safe and secure storage is another critical element of an
integrated and flexible national waste management system.
Fortunately, experience shows that storage—either at or
away from the sites where the waste was generated—can be
implemented safely and cost-effectively. Indeed, « longer period
of time in storage offers a number of benefits because it allows the
spent fuel to cool while keeping aptions for future actions open.
Developing consolidated storage capacity would allow
the federal government to begin the orderly transfer of spent
fuel from reactor sites to safe and secure centralized facilities
independent of the schedule for operating a permanent

repository. The arguments in favor of consolidated storage

are strongest for “stranded” spent fuel from shutdown plant
sites. Stranded fuel should be first in line for transfer to a
consolidated facility so that these plant sites can be completely
decommissioned and put to other beneficial uses. Looking
beyond the issue of today’s stranded fuel, the availability

of consolidated storage will provide valuable flexibility in

the nuclear waste management system that could achieve
meaningful cost savings for both ratepayers and taxpayers
when a significant number of plants are shut down in the
future, can provide back-up storage in the event that spent
fuel needs to be moved quickly from a reactor site, and would
provide an excellent platform for ongoing R&D to better
understand how the storage systems currently in use at both
commercial and DOE sites perform over time.

For consolidated storage to be of greatest value to the
waste management system, the current rigid legislative
restriction that prevents a storage facility developed under
the NWPA from operating significantly earlier than a
repository should be eliminated. At the same time, efforts
to develop consolidated storage must not hamper efforts to
move forward with the development of disposal capacity.
To allay the concerns of states and communities that a
consolidated storage facility might become a de facto disposal
site, a program to establish consolidated storage must be
accompanied by a parallel disposal program that is effective,
focused, and making discernible progress in the eyes of
key stakeholders and the public. Progress on both fronts is
needed and must be sought without further delay.

Even with timely development of consolidated storage
facilities, a large quantity of spent fuel will remain at reactor
sites for many decades before it can be accepted by the federal
waste management program. Current at-reactor storage
practices and safeguards are being scrutinized in light of the
lessons that are emerging from Fukushima. In addition, the
Commission recommends that the National Academy of

> At the March 25, 2010 meeting of the Blue Ribbon Commission, Secretary of Energy Steven Chu told Commissioners “This is not a siting commission.” The same point
was reiterated in a February 11, 2011 letter from the Secretary to the BRC Co-Chairmen. Under the Federal Advisory Committee Act, which governs our proceedings, the

Department of Energy sets the Commission’s agenda.
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Sciences (NAS) conduct a thorough assessment of lessons
learned from Fukushima and their implications for conclusions
reached in earlier NAS studies on the safety and security of
current storage arrangements for spent nuclear fuel and high-
level waste in the United States. This effort would complement
investigations already underway by the NRC and other
organizations. More broadly, it will also be vital to continue
vigorous public and private research and regulatory oversight
efforts in areas such as spent fuel and storage system degradation
phenomena, vulnerability to sabotage and terrorism, full-scale
cask testing, and others. As part of this process, it is appropriate
for the NRC to examine the advantages and disadvantages

of options such as “hardened” onsite storage that have been

proposed to enhance security at storage sites.

6. EARLY PREPARATION FOR

THE EVENTUAL LARGE-SCALE
TRANSPORT OF SPENT NUCLEAR
FUEL AND HIGH-LEVEL WASTE TO
CONSOLIDATED STORAGE AND
DISPOSAL FACILITIES

‘The current system of standards and regulations governing the
transport of spent fuel and other nuclear materials appears to
have functioned well, and the safety record for past shipments
of these types of materials is excellent. But the current set

of transport-related regulations will need to be updated to
accommodate changes in fueling practices. Moreover, past
performance does not guarantee that future transport operations
will match the record to date, particularly as the logistics
involved expand to accommodate a much larger number of
shipments. Experiences in the United States and abroad, and
extensive comments to the Commission, indicate that many
people fear the transportation of nuclear materials. Thus greater
transport demands are likely to raise new public concerns.

As with siting fixed facilities, planning for associated
transportation needs has historically drawn intense interest.
Transport operations typically also have the potential to affect
a far larger number of communities. The Commission believes
that state, tribal and local officials should be extensively
involved in transportation planning and should be given the
resources necessary to discharge their roles and obligations in
this arena. Accordingly, DOE should (1) finalize procedures
and regulations for providing technical assistance and funds for
training to local governments and tribes pursuant to Section
180(c) of the NWPA and (2) begin to provide such funding,
independent from progress on facility siting. While it would be

premature to fully fund a technical assistance program before
knowing with some certainty where the destination sites for
spent fuel are going to be, substantial benefits can be gained
from a modest early investment in planning for the transport
of spent fuel from shutdown reactor sites.

Planning and providing for adequate transportation capacity
while simultaneously addressing related stakeholder concerns
will take time and present logistical and technical challenges.
Given that transportation represents a crucial link in the overall
storage and disposal system, it will be important to allow
substantial lead-time to assess and resolve transportation issues
well in advance of when materials would be expected to actually
begin shipping to a new facility. For many years, states have
been working cooperatively with DOE to plan for shipments,
often through agreements with regional groupings of states and
in ways that involve radiological health, law enforcement, and
emergency response personnel. As has been shown with the
WIPP program and other significant waste shipping campaigns,
planning, training and execution involves many different parties
and takes time. In addition, specialized equipment may be
required that will need to be designed, fabricated and tested
before being placed into service. Historically, some programs
have treated transportation planning as an afterthought. No
successful programs have done so.

7. SUPPORT FOR ADVANCES IN
NUCLEAR ENERGY TECHNOLOGY AND
FOR WORKFORCE DEVELOPMENT

Advances in nuclear energy technology have the potential

to deliver an array of benefits across a wide range of energy
policy goals. The Commission believes these benefits—in
light of the environmental and energy security challenges
the United States and the world will confront this century—
justify sustained public- and private-sector support for
RD&D on advanced reactor and fuel cycle technologies.

In the near term, opportunities exist to improve the safety
and performance of existing light-water reactors and spent
fuel and high-level waste storage, transport, and disposal
systems. Longer term, the possibility exists to advance “game-
changing” innovations that offer potentially large advantages
over current technologies and systems.

The Commission believes the general direction of the
current DOE research and development (R&D) program is
appropriate, although we also urge DOE to take advantage
of the Quadrennial Energy Review® process to refine its
nuclear R&D “roadmap.” We are not making a specific
recommendation concerning future DOE funding for

¢ For more information on the Quadrennial Energy Review and Quadrennial Technology Review, see http://energy.gov/articles/department-energy-releases-inaugural-

quadrennial-technology-review-report.
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nuclear energy RD&D; in light of the extraordinary fiscal
pressures the federal government will confront in coming
years, we believe that budget decisions must be made in the
context of a broader discussion about priorities and funding
for energy RD&D more generally.

One area where the Commission recommends increased
effort involves ongoing work by the NRC to develop a
regulatory framework for advanced nuclear energy systems.
Such a framework can help guide the design of new systems
and lower barriers to commercial investment by increasing
confidence that new systems can be successfully licensed.
Specifically, the Commission recommends that adequate
federal funding be provided to the NRC to support a robust
effort in this area. We also support the NRC’s risk-informed,
performance-based approach to developing regulations for
advanced nuclear energy systems, including NRC’s ongoing
review of the current waste classification system. Changes to
the existing system may eventually require a change in law.

Another area where further investment is needed is
nuclear workforce development. Specifically, the Commission
recommends expanded federal, joint labor-management and
university-based support for advanced science, technology,
engineering, and mathematics training to develop the skilled
workforce needed to support an effective waste management
program as well as a viable domestic nuclear industry.

At the same time, DOE and the nuclear energy industry
should work to ensure that valuable existing capabilities

and assets, including critical infrastructure and human
expertise, are maintained. Finally, the jurisdictions of safety
and health agencies should be clarified and aligned. New
site-independent safety standards should be developed by the
safety and health agencies responsible for protecting nuclear
workers through a coordinated joint process that actively
engages and solicits input from all relevant constituencies.
Efforts to support uniform levels of safety and health in the
nuclear industry should be undertaken with federal, industry,
and joint labor—management leadership. Safety and health
practices in the nuclear construction industry should provide
a model for other activities in the nuclear industry.

8. ACTIVE U.S. LEADERSHIP IN
INTERNATIONAL EFFORTS TO
ADDRESS SAFETY, NON-PROLIFER-
ATION AND SECURITY CONCERNS

As more nations consider pursuing nuclear energy or
expanding their nuclear programs, U.S. leadership is urgently

needed on issues of safety, non-proliferation, and security/
counter-terrorism. Many countries, especially those just
embarking on commercial nuclear power development, have
relatively small programs and may lack the regulatory and
oversight resources available to countries with more established
programs. International assistance may be required to ensure
they do not create disproportionate safety, physical security,
and proliferation risks. In many cases, mitigating these risks
will depend less on technological interventions than on the
ability to strengthen international institutions and safeguards
while promoting multilateral cooperation and coordination.
From the U.S. perspective, two further points are particularly
important: First, with so many players in the international
nuclear technology and policy arena, the United States will
increasingly have to lead by engagement and by example.
Second, the United States cannot exercise effective leadership
on issues related to the back end of the nuclear fuel cycle
so long as its own program is in disarray; effective domestic
policies are needed to support America’s international agenda.

‘The Fukushima accident has focused new attention on
nuclear safety worldwide. Globally, some 60 new reactors
are under construction and more than 60 countries that
do not have nuclear power plants have expressed interest
in acquiring them. These nations will have to operate their
facilities safely and plan for safe storage and disposition of
spent nuclear fuel. The United States should help launch
a concerted international safety initiative—encompassing
organizations like the International Atomic Energy Agency
(IAEA) as well as regulators, vendors, operators, and
technical support organizations—to assure the safe use of
nuclear energy and the safe management of nuclear waste in
all countries that pursue nuclear technology.

Nuclear weapons proliferation has been a central concern
of U.S. nuclear policy from the earliest days of the nuclear
era. These concerns are still prominent, especially where the
deployment of uranium enrichment, reprocessing, and recycled
fuel fabrication technology is being contemplated. As countries
with relatively less nuclear experience acquire nuclear energy
systems, the United States should work with the IAEA, nuclear
power states, private industry, and others in the international
community to ensure that all spent fuel remains under effective
and transparent control and does not become “orphaned”
anywhere in the world with inadequate safeguards and security.

Longer term, the United States should support the use
of multi-national fuel-cycle facilities,” under comprehensive
IAEA safeguards, as a way to give more countries reliable

7 The term “multi-national fuel cycle facility” is commonly understood to encompass facilities associated with all aspects of the nuclear fuel cycle. The Commission wishes to
stress that our support for multi-national management of such facilities should not be interpreted as support for additional countries becoming involved in enrichment or
reprocessing facilities, but rather reflects our view that if these capabilities were to spread it would be far preferable—from a security and non-proliferation standpoint—if
they did so under multi-national ownership, management, safeguards, and controls.
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access to the benefits of nuclear power while simultaneously
reducing proliferation risks. U.S. sponsorship of the recently-
created IAEA global nuclear fuel bank is an important step
toward establishing such access while reducing a driver for
some states to engage in uranium enrichment. But more
is needed. The U.S. government should propose that the
IAEA lead a new initiative, with active U.S. participation, to
explore the creation of one or more multi-national spent fuel
storage or disposal facilities.

In addition, the United States should support the
evolution of spent fuel “take-away” arrangements as a way
to allow some countries, particularly those with relatively
small national programs, to avoid the costly and politically
difficult step of providing for spent fuel disposal on their soil
and to reduce associated safety and security risks. An existing
program to accept highly-enriched uranium fuel from research
reactors abroad for storage in the United States has provided a
demonstration—albeit a limited one—of the national security
value of such arrangements. The capability to accept limited
quantities of spent fuel from foreign commercial reactors could
be similarly valuable from a national security perspective. As
the United States moves forward with developing its own
consolidated storage and disposal capacity, it should work with
the IAFA and with existing and emerging nuclear nations
to establish conditions under which one or more nations,
including the United States, can offer to take foreign spent fuel
for ultimate disposition.

'The susceptibility of nuclear materials or facilities to
intentional acts of theft or sabotage for terrorist purposes
is a relatively newer concern but one that has received
considerable attention since 9/11. The United States should
continue to work with countries of the former Soviet Union
and other nations through initiatives such as the Nunn-Lugar
Cooperative Threat Reduction Program and the Global
Initiative to Combat Nuclear Terrorism to prevent, detect, and
respond to nuclear terrorism threats. Domestically, evolving
terrorism threats and security risks must be closely monitored
by the NRC, the Department of Homeland Security, and other
responsible agencies to ensure that any additional security
measures needed to counter those threats are identified and
promptly implemented. The recent events at Fukushima have —
as they should — prompted the NRC and the industry to
re-examine the adequacy of “mitigative strategies” for coping
with large-scale events (like an explosion or fire) or catastrophic
system failures (like a sudden loss of power or cooling); as
noted previously, we also recommend that Congress charter the
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National Academy of Sciences to assess lessons learned from
Fukushima with respect to the storage of spent fuel.

TYING IT TOGETHER

The overall record of the U.S. nuclear waste program has

been one of broken promises and unmet commitments. And
yet the Commission finds reasons for confidence that we can
turn this record around. To be sure, decades of failed efforts to
develop a repository for spent fuel and high-level waste have
produced frustration and a deep erosion of trust in the federal
government. But they have also produced important insights,
a clearer understanding of the technical and social issues to be
resolved, and at least one significant success story — the WIPP
facility in New Mexico. Moreover, many people have looked at
aspects of this record and come to similar conclusions.

The problem of nuclear waste may be unique in the
sense that there is wide agreement about the outlines of the
solution. Simply put, we know what we have to do, we know
we have to do it, and we even know how to do it. Experience
in the United States and abroad has shown that suitable
sites for deep geologic repositories for nuclear waste can be
identified and developed. The knowledge and experience
we need are in hand and the necessary funds have been and
are being collected. Rather the core difficulty remains what
it has always been: finding a way to site these inherently
controversial facilities and to conduct the waste management
program in a manner that allows all stakeholders, but most
especially host states, tribes and communities, to conclude
that their interests have been adequately protected and their
well-being enhanced—not merely sacrificed or overridden by
the interests of the country as a whole.

This is by no means a small difficulty—in fact, many
other countries have not resolved this problem either.
However, we have seen other countries make significant
progress with a flexible approach to siting that puts a high
degree of emphasis on transparency, accountability, and
meaningful consultation. We have had more than a decade
of successful operation of WIPP. And most recently, we have
witnessed an accident that has reminded Americans that we
have little physical capacity at present to do anything with
spent nuclear fuel other than to leave it where it is. Against
this backdrop, the conditions for progress are arguably
more promising than they have been in some time. But
we will only know if we start, which is what we urge the
Administration and Congress to do, without further delay.




XVi

CONTENTS

PREAMB LE. . . iii

EXECUTIVE SUMMARY ..ot e e e e e Vi

LIST OF ACRONYMS AND ABBREVIATIONS . . ..o e XXi

1. INTRODU CTION .. e e e e e e e e e e e e 1

2. FOUNDATIONS OF A NEW STRATEGY ...ttt e e e e 4

2.1  Elements of a Successful Strategy . . ... ... e e e 4

2.2 Core Interests and Objectives for U.S. Waste Management Policy .. .......... ... ... . ... ... ... ... 5

2.2.1 Public and Occupational Healthand Safety ... ...... ... ... ... ... . . . .. . . . 5

2.2.2 Environmental Protection. . . . ... ... . e 5

2.2.3  Cost-Effectiveness. . . . ..o e 5

2.2.4 Non-Proliferation and National Security .. .......... e 6

2.3 Core Values and Principles for a Successful Waste Management Program. . ....................... 6

2.3.1  Ethical Responsibility. . . . ... e 6

2.3.2  FaifNeSS . . . ot i 6

2.3.3  TrANSPArENCY . . . . et ettt e e e e e e e e e 6

234  Values. . . .. e 7

2.3.5 Informed Participation . . .. .. ... e 7

2.3.6 Governance and Leadership . .. ..o e 8

3. TECHNICAL AND HISTORICAL BACKGROUND .. ... e 9

3.1 Overview of the Nuclear Fuel CycCle . ... ... . e 9

3.2 The Nature and Longevity of Hazard Posed by Different Types of Nuclear Waste. . . ................ 12

3.3 Scale of the Waste Management Challenge in the United States. ... ....... ... ... .. . ... ... .. ... 14
3.3.1  Current Inventory of Spent Nuclear Fuel Being Managed by the

U.S. Commercial Nuclear Power Industry. . ... e 14

3.3.2 Current Inventory of Spent Nuclear Fuel and High-Level Waste Being Managed by DOE. . . . .. 16

3.8.3  Navy Spent Fuel. . .. ... 18

3.4 History of Nuclear Waste Management Policy inthe United States. . . ........................... 19

3.4.1 Early U.S. Policy on Nuclear Waste Management (1940s-1982) ......... ... .. ... ..... 19

3.4.2 U.S. Policy under the Nuclear Waste Policy Act (1982—-present). . . .......... ... ... 20

3.4.3 Experience with the Yucca Mountain Repository Program ... .......... ... ... .. 23

3.5 Utility Initiatives . . ..o e 24

3.6 Current Waste Acceptance Commitments and Litigation. .......... ... ... ... ... ... ... .. ... .... 24

3.7 Linkages between the Back-End of the Fuel Cycle and the Future of Nuclear Power. ... ............ 25

3.7.1  State Moratoria . ... ... 25

3.7.2 NRC Waste Confidence Proceeding . . . . ... .ottt e 25

3.7.3 Impact of Waste Management Uncertainty on Nuclear Plant Investment Decisions .......... 26

3.8 International Context/ComPariSON . . . . . ...ttt e e 26

BLUE RIBBON COMMISSION ON AMERICA’S NUCLEAR FUTURE



XVii

4. THE NEED FOR GEOLOGIC DISPOSAL .. ...

7.

4.1 The Rationale for Developing Disposal Capacity . ... ......ouiii e e
4.2 The Case for DISPOSal. . . . ..ot e e e e e
4.3 Options for DISPOSal . . . . ..ot e
4.4 Retrievability and Reversibility. . . . ..o e
4.5 C0oSt Of DISPOSAl . . v vttt e

STORAGE AS PART OF AN INTEGRATED WASTE MANAGEMENT STRATEGY ............
5.1 The Role Of STorage. . . . ..o oot e e e e e

5.2 The Case for Consolidated Storage . . .. ... ..ot e

5.2.1 Consolidated Storage Would Allow for the Removal of ‘Stranded” Spent Fuel
from Shutdown Reactor Sites . . ... .. ..ot

5.2.2 Consolidated Storage Would Enable the Federal Government to Begin Meeting
Waste Acceptance Obligations . .. ... ...

5.2.3 Consolidated Storage Would Provide Flexibility to Respond to Lessons Learned
from Fukushima and Other Events . . ... ... e

5.2.4 Consolidated Storage Would Support the Repository Program . . . ......... ... ... .. .....
5.2.5 Consolidated Storage Offers Technical Opportunities for the Waste Management System. . . ..

5.2.6 Consolidated Storage Would Provide Options for Increased Flexibility and
Efficiency in Storage and Future Waste Handling Functions. . .. ......... ... ... ... .....

5.3 Practical and Strategic Considerations and Next Steps for Proceeding with Consolidated Storage. . . . .

5.4 The Case for a New Approach to Prioritizing the Transfer of Spent Fuel from
U.S. Commercial Reactor Sites. . . . . ...t e

5.5 Safety and Security Considerations for Storage Systems .. .......... .. .
5.5.1 Storage Security Considerations. . .. ... ...
5.5.2 Storage Safety Considerations . .. ... .. i e

A CONSENT-BASED APPROACH TO SITING AND DEVELOPING FUTURE
FACILITIES FOR NUCLEAR WASTE MANAGEMENT AND DISPOSAL....................

6.1 Lessons Learned from U.S. Experience in Siting Nuclear Waste Facilities. .. . .....................
6.2 Experience with Nuclear Waste Facility Siting in Other Countries .. ........ ... ... .. . . ..
6.3 Key Elements of a Phased, Adaptive Approach to Siting and Developing Facilities .................
6.4  Specific Steps in an Adaptive, Staged Facility Siting and Development Process . ..................
6.5 Support for Participation . . . . ... . e
6.6 The Role of States, Tribes, and Communities in an Adaptive, Consent-Based Siting Process ... ......

6.7 Benefits to Host States, Tribes, and Communities . . ... ... e

A NEW ORGANIZATION TO LEAD THE NATION’S WASTE MANAGEMENT PROGRAM .. ..
7.1 The Rationale for a New Waste Management Organization . .. ........... ... ... ...
7.2 Options for Structuring a New Waste Management Organization ............. .. ... . ...,

7.3 Scope of Responsibilities for a New Waste Management Organization. . .........................

REPORT TO THE SECRETARY OF ENERGY



10.

Xviii

7.4  Governance/Oversight Recommendations for a New Organization.................. ... ... ......
7.4.1  Congressional Oversight . ... ... . e
7.4.2 Management Oversight . . ... . e
7.4.3 Independent Regulation. . . . ... ... e
7.4.4 Scientific and Technical Oversight. . . ... ... . e
7.4.5 Financial Oversight . .. ...

7.5 Stakeholder Participation . .. ... . . e e

7.6 Interactions with Affected States, Tribes, and Local Governments .. .............. ... .

7.7  Transfer of Contracts and Liability to a New Organization .. ......... ... ... . . ...

7.8 NI M S DS « o ot e et it et e e e e e e e e e

FUNDING THE WASTE MANAGEMENT PROGRAM . ... ... e

8.1 BacKkground. . . ... . e

8.2  Current Treatment of the Nuclear Waste Fund in the Federal Budget . ........ ... ... ... ... ......
8.2.1 A Case of Unintended Consequences and Constraints .. ................. ... ... ......
8.2.2 Disadvantages of the Appropriations Process .. ... i

8.3 Fixing the Funding Problem . ... ...
8.3.1 Near-Term Non-Legislative Action to Increase Accessto Fee Revenues . ... ...............
8.3.2 Legislative Action to Provide Budgetary Autonomy (Subject to Oversight) .................

8.4 Paying for the Defense Waste Share. . .. ... . e

8.5 Dealing with Ongoing Litigation . ... ... ... e

TRANSPORTATION ISSUES ... e e e

9.1 Background and Context . .. ... ... . e

9.2 Regulatory and Technical ISSUES. . . . . ... . e

9.3 The Role of State, Local, and Tribal Governments and the Importance of Early Planning
for Future Transport NEedS . . . . . oottt e e e e e

0.4 NEXE S OPS. . o ottt e

REGULATORY ISSUES . . . e e e e

10.1 Issues and Challenges in Regulating Storage Facilities and Transport. . ... ...... ... ... ... .. ...,

10.2 Issues and Challenges in Setting Regulatory Standard for Disposal Facilities. . ....................
10.2.1 Timeframe . . ..o
10.2.2 Compliance Methodology . . .. ..ot e
10.2.3 Standard of Proof for Compliance Demonstrations ............. ... . ...
10.2.4 Other Protection Requirements. . . ... ... i e
10.2.5 Division of Regulatory Responsibility between EPAand NRC . ............ ... ... . ......

10.3 Recommendations for Developing Future Disposal Facility Standards . ..........................

10.4 Occupational Safety and Health . . .. .. ... .

10.5 Waste Classification . ... ... .

BLUE RIBBON COMMISSION ON AMERICA’S NUCLEAR FUTURE



Xix

11. ADVANCED REACTOR AND FUEL CYCLE TECHNOLOGIES .......... ..., 99
11.1 Advanced Technologies and the Nature of the Nuclear Waste Management Challenge .. ........... 100
11.2 Results of a High-Level Comparison of Reactor and Fuel Cycle Alternatives .. ................... 102
11.3 The Case for Continued Public and Private Investment in Nuclear Energy RD&D and

the Status of the Current DOE Program . . ... ... ot e e 106
11.4 Workforce Development . .. .. o e 108

12, INTERNATIONAL ISSUES. . ..o e e e 109
12.1 International Nuclear Safety . .. ... ... ... e e e 109
12.2 Non-proliferation Considerations . . ... ... ..t 111

12.2.1 The Treaty on the Non-proliferation of Nuclear Weapons (NPT) ... ...... ... ... ... ... ... 111

12.2.2 Multilateral/Multi-national Fuel Cycle Services Options . ......... ... . i, 112

12.3 Security and Counter-TerroriSM . . ... ..ottt e e e e e 115

13. NEAR-TERM ACTIONS ..o e e 117

REPORT TO THE SECRETARY OF ENERGY



XX

FIGURES
Figure 1. The Nuclear FUEl CyCle . . . . ... e e e e e e e e e e e e e e 10
Figure 2. Fuel AsSembly . . . . .o e e 10
Figure 3. Wet PoOl Storage . .. ... .o e e e 11
Figure 4. Dry Storage System . ... oo e 11
Figure 5. Shipping Container for Spent FUel . . . ... ... e e e 12
Figure 6. Composition of spent nuclear fuel after 10 years of cooling. . . ... ... i 13
Figure 7. Comparison of Radiation DOSES . . . . . .. ..ttt 15
Figure 8. Radioactive Decay of Typical Spent Fuel . . . ... ... e 16
Figure 9. Operating and Shutdown Commercial Nuclear Power Reactors in the United States. . ............... 17
Figure 10. U.S. DOE Spent Nuclear Fuel Inventory in 2010. . .. . ... .ot e s 17
Figure 11. U.S. DOE High-Level Waste Inventory in 2010. . .. .. ..ottt e 18
Figure 12. Mined Geologic Disposal CONCEPL . . . . .ottt e e e et 29
Figure 13. Deep Boreholes Disposal CoNCEPt . . . . ... vttt e e e 31
Figure 14. Dry Cask Storage Facility at the Decommissioned Maine Yankee Reactor Site .................... 33
Figure 15. EPRI Projection of Cumulative Spent Nuclear Fuel from Commercial Nuclear Power Plants
in Pool Storage and Dry Storage, 2010 - 2060. . . . ...ttt it e 34

Figure 16. Operation and Maintenance Costs of Stranded Spent Fuel Storage . . . . ......... .. ... .. ... ..... 43
Figure 17. Nuclear Waste Program: Budget Requests versus Appropriations . ........... ... .. ... 72
Figure 18. Cumulative Nuclear Waste Fees, Budget Requests, and Appropriations. . ............ ... ... ..... 75
Figure 19. Casks Being Transported By Rail . . . .. ... . e 84
Figure 20. Worldwide Distribution of Civil Nuclear Energy Generation Capacity in2010 ..................... 113
TABLES
Table 1. Quantities of Stranded Spent Fuel in Storage at Shutdown Commercial U.S. Reactor Sites . . .. .. ... ... 36
Table 2. Status of DOE-Utility Standard Contract Litigation (as of January 2011). . ... ... ... ... . ot .. 80
Table 3. Recommendations of the NAS Going the Distance Report and their Current Status .................. 82
Table 4. A Comparison of the Existing Once-Through, Conventional Light-Water Reactor

Fuel Cycle with Representative Advanced Nuclear Energy Systems inthe LongTerm................ 104
APPENDIXES
Appendix A — BRC Commissioners, Staff, Senior Consultantsand Charter. .. ............................ 121
Appendix B — Full Commission, Subcommittee and Regional Comment Meetings . ........................ 126
Appendix C — Status of Nuclear Waste Management Programs in Other Countries. .. ...................... 127
Appendix D — BRC Commissioned Papers . . . ... ...t e e 132

BLUE RIBBON COMMISSION ON AMERICA’S NUCLEAR FUTURE



LIST OF ACRONYMS AND ABBREVIATIONS

AEA
AEC
AMFM

BEA
BRC

C&C
CFR
CRA
CSA
CUTGO
DHS
DOE
DOJ
DOT
DRR
EDRAM

EM
EPA
EPRI
ERDA

FERC
FRA
FRR
FY
GAO
GRH
GTCC
HAZMAT
HEU
HLW
HOSS
IAEA
INL
ISFSI
LEU
LLW
LWR
LWT

Atomic Energy Act
Atomic Energy Commission

Alternative Means of Financing and
Managing

Budget Enforcement Act of 1990

Blue Ribbon Commission on America’s
Nuclear Future

consultation and cooperation

Code of Federal Regulations
Congressional Review Act
comprehensive safeguards agreement
cut-as-you-go

Department of Homeland Security
U.S. Department of Energy
Department of Justice

U.S. Department of Transportation
Domestic Research Reactor

Environmentally Safe Disposal of
Radioactive Materials

DOE Office of Environmental Management
Environmental Protection Agency
Electric Power Research Institute

Energy Research and Development
Administration

Federal Energy Regulatory Commission
Federal Railroad Administration

Foreign Research Reactor

fiscal year

Government Accountability Office
Gramm-Rudman-Hollings

Greater than Class C

hazardous material

high-enriched uranium

high-level waste

hardened on-site storage

International Atomic Energy Agency
Idaho National Laboratory

Independent Spent Fuel Storage Installation
low-enriched uranium

low-level waste

light water reactor

legal-weight truck

XXi

MC&A
MOX
MRS
MTHM
MTU
NAS
NEA
NEI
NGO
NNPP
NNWS
NPT
NRC
NRF
NWF
NWMO
NWPA
NWS
NWTRB
o&M
OCRWM

OFF
OMB
OSHA

PAYGO
PFS
PWR
R&D
RCRA
RD&D
SNF
SRG
STGWG
TEC
TRU
TVA
WANO
WINS
WIPP

REPORT TO THE SECRETARY OF ENERGY

material control and accountability
mixed oxide

monitored retrievable storage

metric tons heavy metal

metric tons of uranium

National Academy of Sciences

Nuclear Energy Agency

Nuclear Energy Institute
non-governmental organizations

Naval Nuclear Propulsion Program
non-nuclear weapon states

Nuclear Non-Proliferation Treaty
Nuclear Regulatory Commission

Naval Reactors Facility

Nuclear Waste Fund

Nuclear Waste Management Organization
Nuclear Waste Policy Act

nuclear weapon states

Nuclear Waste Technical Review Board
operations and maintenance

Office of Civilian Radioactive Waste
Management (DOE)

oldest fuel first
Office of Management and Budget

Occupational Safety and Health
Administration

pay-as-you-go

Private Fuel Storage, LLC

Pressurized Water Reactor

research and development

Resource Conservation and Recovery Act
research, development, and demonstration
spent nuclear fuel

state regional group

State and Tribal Government Working Group
Transportation External Coordination
transuranic

Tennessee Valley Authority

World Association of Nuclear Operators
World Institute for Nuclear Security

Waste Isolation Pilot Plant







1. INTRODUCTION

he Blue Ribbon Commission on America’s Nuclear

Future (BRC) was formed by the Secretary of Energy,

at the direction of the President, to conduct a
comprehensive review of policies for managing the back end
of the nuclear fuel cycle and recommend a new plan.

The Commission charter and a list of Commissioners may be
found in appendix A.

As required by our charter, a draft of this final report
was released for public comment on July 29, 2011. This
report reflects comments received on the draft report,
which generated thousands of written submissions to the
Commission, as well as input gathered at five public meetings
that were held in Denver, Boston, Washington D.C.,
Atlanta, and Minneapolis in September and October 2011 to
solicit feedback on the draft report. A comprehensive record
of comments and feedback received on the Commission’s
draft report, along with other materials and work products
generated in the course of the Commission’s work are
available at the Commission web site at www.brc.gov.
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Fulfilling our charter has required the Commission to
investigate a wide range of issues. To aid our investigations,
we sought and obtained the approval of the Secretary of
Energy to form three subcommittees: one to examine
disposal issues, a second to address issues of transportation
and storage, and a third focused on reactor and fuel cycle
technology. We also requested and received DOE approval in
late 2011 to establish an ad hoc subcommittee to investigate
the issue of commingling of defense and civilian wastes.
The ad hoc subcommittee reported its findings at a public
meeting held on December 2, 2011, but did not make a
recommendation to the full Commission. The disposal,
transportation and storage, and reactor and fuel cycle
subcommittees issued draft reports for public comment in
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June 2011. Updated versions of these reports will be issued
shortly after the submission of this final report and will
likewise be available—along with a white paper developed
by the ad hoc committee on commingling— on the
Commission web site.

Throughout, we have sought to ensure that our review
is comprehensive, open and inclusive. To that end, the
Commission and its subcommittees have heard from
thousands of individuals and organizations through formal
hearings, site visits, written letters and comments submitted
to the Commission web site. We have visited several
communities across the country that have a keen interest
in the matters before the Commission. We have also visited
a number of other countries to gain insights as to how the
United States might proceed. A list of Commission meetings
is included in appendix B. We are indebted to the many
people who have given us the benefit of their expertise,
advice, and guidance.

As the Commission prepared its draft report, an
earthquake and tsunami of historic proportions struck the
eastern coast of Japan triggering the worst accident at a
nuclear facility since the 1986 Chernobyl disaster." Various
parts of four reactors at the Fukushima Daiichi nuclear
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power station suffered significant to massive damage when
cooling systems failed due to the loss of primary and back-
up power. Substantial amounts of radiation were released,
contamination has occurred offsite, and people were
evacuated from a large area around the plant.

Commission members and staff were deeply saddened by
these events. We are also acutely aware that the Fukushima
disaster has altered the technical, social, and political context
into which our findings and recommendations are being
released. To the extent possible we have tried to reflect in
this document, if not the lessons of Fukushima (since those
lessons are only beginning to be elucidated and understood)
then at least the recognition that U.S. policy going forward
will have to be responsive to the new knowledge and changed
circumstances brought about by the accident. This report
also reflects an awareness of the changing and far from
certain global outlook for nuclear power and the effects of
America’s diminishing ability to influence where and how
nuclear energy is used.

As more information about the Fukushima accident
has emerged, we have sought to ensure that it is reflected in
this report, recognizing that many of the expert inquiries

now underway have not been completed as this report




goes to press. That said, we are confident the strategy we
are proposing—with its strong emphasis on flexibility,
adaptation, responsiveness, accountability, and continuous
learning—is the right one for a post-Fukushima world
and can help the United States recapture some of its lost
influence over international nuclear developments.

While the scope of our review has been broad, it has not
been without limits:

* The Commission is not a siting body. We have not
made any findings about the Yucca Mountain repository
site or about any alternative sites; in fact, we have not
recommended specific locations for any component or
facility of the U.S. nuclear waste management system.

* The Commission was not asked to make
recommendations regarding the advisability or the
appropriate level of future U.S. reliance on nuclear power.
Some witnesses urged the Commission to recommend
that nuclear power plants be shut down until a disposal
solution for spent nuclear fuel (SNF) is found, while
others urged the Commission to encourage a widespread
expansion in the domestic use of nuclear energy.

These questions fall outside our charter and we have
declined to address them. We have, however, considered
multiple scenarios for the future of nuclear energy in the
United States to ensure that our recommendations can
accommodate a full range of possibilities.
As we have listened to testimony and public comment, we
have been constantly reminded of the lack of trust that exists
today in the federal governments ability to meet its waste
cleanup and management obligations. Past decisions—first
to truncate the siting process for two repositories that was
established in 1982; then to limit all efforts to a single site
at Yucca Mountain, Nevada; and then, after more than 20
years of work on the site, to request to withdraw the license
application for that site—have only increased this deficit
of trust, particularly among nuclear utility ratepayers and
in communities that host nuclear waste storage facilities.
These people and others believe they have been let down
repeatedly by a government that has yet to make good on
its commitment to provide a disposal solution for the most

hazardous nuclear wastes.
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By contrast, we are convinced by our investigations
that such a disposal solution can be found. While there is
no reasonably foreseeable technology that could eliminate
the need for a high-level nuclear waste disposal facility,
progress on deep, mined geologic repositories—particularly
in Sweden and Finland, but in other nations as well —has
dramatically increased confidence in the ability to identify
and license acceptable sites. Here in the United States, more
than 10 years of operating experience at the Waste Isolation
Pilot Plant (WIPP) in New Mexico, which is successfully
accepting and disposing of certain radioactive wastes from
our nation’s nuclear weapons program, show that nuclear
wastes can be transported safely over long distances and
placed securely in a deep, mined repository.

In this report, we focused on developing a sound strategy
for future storage and disposal facilities and operations that
we believe can and should be implemented regardless of what
happens with Yucca Mountain. We are confident this strategy
can dramatically increase the U.S. waste management
program’s chances for success regardless of what site or sites
are chosen to provide for the ultimate disposal of Americas
SNF and other high level nuclear wastes.

This report is organized as follows: Chapters 2 and 3
provide policy context and background information on the
nuclear fuel cycle, the history of U.S. waste management
efforts, and existing waste and spent fuel inventories. Chapters
4 and 5 then describe the underlying rationale for expeditious
action to establish geologic disposal and consolidated
storage capacity for SNF and high-level waste (HLW) in the
United States. The next three chapters (chapters 6 through
8) describe the key institutional and policy changes that we
are recommending in pursuit of those objectives, including
changes in the approach to siting new facilities, the need for
new institutional leadership of the nation’s waste management
program, and the need for fundamental reforms to the way the
waste program is being financed. Chapters 9 and 10 discuss
transportation and regulatory issues. Chapters 11 and 12 take
up the subjects of advanced reactor and fuel cycle technologies
and international issues, respectively. The last chapter discusses
next steps for Congress and the Administration to implement
the new strategy the Commission is reccommending.




2. FOUNDATIONS OF
A NEW STRATEGY

ur charter directs the Commission to focus its
attention on the back end of the nuclear fuel cycle.

Based on the information we gathered and the input

we heard, we are optimistic that a new strategy can (1)
better meet the challenge of managing nuclear waste

and providing for its long-term disposition in a way that
meets this generation’s ethical obligations to current and
future generations; (2) help address the safety, weapons
proliferation, and security concerns that could otherwise
accompany the international spread of nuclear technology;
and (3) allow future generations to rely on nuclear power
if they so choose. Implementing the strategy we propose
will not be quick or easy, but we believe it is doable. This
chapter describes the important program features, policy
objectives, and guiding principles that we believe will be
central to success.

Odur charter also recognizes that the nuclear power
industry is not the only source of spent fuel> and HLW in
need of management and disposal; indeed, it gives equal
attention to the need to consider alternatives for disposing

of wastes from the nation’s defense programs. The first HLW
and spent fuel were produced more than 60 years ago as part
of the U.S. defense program and a large quantity of these
materials is now being stored at U.S. Department of Energy
(DOE) sites with the expectation that they will be sent to a
repository for disposal. While the activities that generated
most of those materials ceased decades ago, the nuclear-
powered vessels of the U.S. Navy continue to be a small

but important source of spent fuel. Safe disposal of these
materials is a national obligation that will exist regardless of

the future use of civilian nuclear power.

2.1 ELEMENTS OF A
SUCCESSFUL STRATEGY

Effectively managing the back end of the nuclear fuel cycle
requires a vision and a strategy. Both have been lacking in
the U.S. waste management program to date. The vision
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must be stable, comprehensive, clear, and compelling. The
strategy must combine durability with flexibility so that it
can endure over the years and decades needed for policies
and programs to unfold while being continually responsive
to new experience and information and changes in values
and circumstances, such as the future use of nuclear power.
Multiple views and interests will need to be balanced and
decision-making processes will need to be designed so as to
not only facilitate, but actually benefit from the participation
of a wide range of stakeholders.

A comprehensive strategy must be attentive to the
scientific, technical, political, and societal dimensions of
nuclear fuel cycle choices and it must account for impacts
and risks from “cradle to grave” (i.e., from the mining of
uranium ore to the disposal of wastes). It must accommodate
a range of perspectives and interests and advance broadly
held policy goals with respect to safety, security, the
environment, economics, non-proliferation, equity, and
public and political acceptance. Importantly, it must
respect the sovereignty, aspirations, and realities of other
nations while preserving America’s own options and her
interest in retaining a position of international leadership in
technology and global efforts to promote safety, security, and
environmental protection. Finally, the U.S. nuclear waste
management program must consistently honor promises and
commitments in order to regain the trust and confidence of
important constituencies.

Obviously the full ramifications of recent events in Japan
have yet to be felt but they warrant a thorough reexamination
of the safety performance and other operational features,
both of the current fleet of nuclear plants and of new designs
that are being constructed or proposed. Indeed, Fukushima
will prompt re-assessments, not only of reactor design and
performance, but of different management strategies for
storing, transporting, and ultimately disposing of spent fuel.
Prudence would dictate that the United States continue to
insist on rigorous efforts by the industry and its regulators
to improve the existing fleet, while also promoting the
development of new plant designs that demonstrably improve
safety, security, economics, and performance. Agencies with
regulatory oversight authority will likewise be scrutinized
for demonstrating independence from short-term political
considerations and an unwavering focus on safety and security.

2.2 CORE INTERESTS AND
OBJECTIVES FOR U.S. WASTE
MANAGEMENT POLICY

Success in the complex, controversial, and long-term endeavor

of implementing a sound strategy for the management and
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disposition of SNF and high-level radioactive waste will
require careful and continuous attention to a number of core
interests and objectives. These are not interests or objectives to
be traded off in a zero sum sense. Rather they are synergistic
interests that can all be served through an approach that
consistently strives to meet high standards of organization,
implementation, governance, and leadership.

2.2.1 PUBLIC AND OCCUPATIONAL
HEALTH AND SAFETY

The first objective in all decision-making regarding nuclear
materials or activities must be to protect public health and
safety and to protect the health and safety of the nuclear
workforce. This must also be the U.S. government’s priority
when engaging the international nuclear community. It
will not be possible to gain public trust at home or exercise
leadership internationally if the U.S. program is seen as
trading off or compromising public health and safety

for other objectives. A commitment to continual safety
improvement is essential to further reduce existing risks and
to address new ones as they arise.

2.2.2 ENVIRONMENTAL PROTECTION

Understanding and awareness of environmental issues
generally—and of the environmental impacts of different
energy technologies in particular—has only grown over the
more than 60-year history of the nuclear power industry. Since
some materials generated by the back end of the nuclear fuel
cycle will be radioactive over many millennia, they must be
properly isolated from the biosphere to avoid posing a long-
term hazard to other living organisms and ecosystems, as well
as to human populations. The Commission’s view and that of
many experts is that these risks can be managed, but the nature
and longevity of the environmental hazard clearly demand

an extra measure of care, rigorous planning, and continued
vigilance. Environmental concerns and trade-offs must also

be viewed in a broader context. All energy supply options

have significant advantages and disadvantages. Nuclear power
today provides two-thirds of the nation’s low-carbon electricity
production. If this generation or future generations see an
imperative to meet rising energy demand while substantially
reducing carbon dioxide emissions, continued access to nuclear
power as an established low-carbon energy option may have
significant environmental, as well as economic and social, value.

2.2.3 COST-EFFECTIVENESS

'The purpose of civilian nuclear energy systems is to provide
safe, reliable, and affordable energy. The nation’s strategy
for managing the back end of the nuclear fuel cycle must




be consistent with that purpose. It must also reflect a
recognition that the money to implement waste storage,
transport, and disposal solutions will ultimately come from
U.S. citizens—primarily from nuclear utility ratepayers in
the case of commercial spent fuel and from U.S. taxpayers in
the case of defense wastes. The federal government therefore
has an obligation to ensure that all funds being collected
from ratepayers (or appropriated from the federal budget

in the case of defense wastes) are being used wisely and
efficiently to achieve the nuclear waste program’s objectives.

2.2.4 NON-PROLIFERATION AND
NATIONAL SECURITY

The growth and (more importantly) the diffusion of nuclear
energy technology and expertise require careful attention

to weapons proliferation and security considerations.

While the vast majority of conventional (predominantly
light-water) nuclear power plants in operation worldwide
and the fresh low-enriched uranium fuel they use do not
present significant proliferation concerns, the uranium
enrichment facilities used to produce this fuel and the

spent fuel that results do pose such risks. Enrichment and
reprocessing facilities, in particular, have the potential to be
misused to develop materials for nuclear weapons. Spent
fuel contains plutonium which, if separated, could be used
to make weapons. The United States has an important stake
in ensuring that strong international norms emerge for
safety, physical security, and non-proliferation. U.S. policies
for managing the back end of the nuclear fuel cycle must
support these goals and must strengthen key elements of
the international non-proliferation and security regimes,
including the Nuclear Non-Proliferation Treaty (NPT) and
the work of the International Atomic Energy Agency (IAEA)
and the World Institute for Nuclear Security (WINS) in this
domain. The U.S. nuclear industry also has an important
role to play in meeting nonproliferation goals—indeed, this
role is recognized in principles of conduct that were recently
announced by nuclear power plant exporters.’

2.3 CORE VALUES AND PRINCIPLES
FOR A SUCCESSFUL WASTE
MANAGEMENT PROGRAM

2.3.1 ETHICAL RESPONSIBILITY

Ethical considerations have been at the heart of many of the
comments and presentations the Commission has heard.
From this standpoint, the case for developing disposal
capacity for the high-level radioactive wastes that have
accumulated over decades of weapons program activity
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and commercial nuclear power production is clear: the
generations who created these wastes and benefited from the
activities that produced them have an obligation to ensure
that the entire burden of providing for their disposal does not
fall to future generations.* That means mustering, without
further delay, the financial, programmatic, institutional,

and political wherewithal to implement a functional system
to manage these materials that provides for their safe
transportation, consolidated storage, and disposal. While the
process should not be rushed, the capability to provide for
disposal must exist and the process of emplacing long-lived
radioactive wastes, including particularly those materials with
no realistic possibility of being re-used, must be underway
within a reasonable timeframe.

Finally, this generation’s responsibility to future
generations includes taking care not to foreclose options that
future generations may see as being in their best interest.

In this context, with the benefit of advances in technology,
future generations may want to use spent fuel as an energy
resource. A well-constructed waste management program,
with the flexibility we recommend, can do both—provide a
solution and leave choices.

2.3.2 FAIRNESS

The ethical argument made in the foregoing section is
grounded in the principle of intergenerational equity. But it
will also be critical to provide a demonstrably fair process to
those who are immediately engaged in and affected by the
waste management program. The program must be—and
must be viewed as being—both fair and inclusive.

‘This is a significant challenge. Different and sometimes
competing interests are at play. Communities with current
and accumulating inventories of waste may see issues of
fairness quite differently than communities being considered
as potential host sites for storage or repository facilities.
Communities near existing DOE sites where spent fuel and
HLW are being stored and udilities that have entered into
legal commitments with the federal government concerning
the timing of spent fuel acceptance and disposition may
have been promised actions that cannot be delivered. While
there will be different perspectives, future decisions must
be reached in a way that makes these fairness and equity

considerations explicit.

2.3.3 TRANSPARENCY

Transparency is an important feature and one that deserves
careful attention in designing a successful program. The
aim should be openness and inclusiveness with respect to
program plans and decisions, the handling of input from




affected parties, and the application of different mechanisms
for demonstrating accountability.

Useful guidance for achieving transparency in practice
can be found in an “Open Government Directive” developed
by the Office of Management and Budget in late 2009.%
According to the directive: “Transparent decisions are
decisions in which the decision maker clearly presents
to others the normative and factual premises behind the
conclusions and explains the reasoning leading from these
premises to the conclusion. Transparency thus involves
uncovering, describing, documenting and communicating
all the argumentative steps in the line of reasoning. It also
involves acknowledging the weighting of any evidence drawn
upon in reaching the final decision. It is recommended
that each decision should be accompanied by an audit trail
describing the premises justifying it. Uncertainties should
be presented in connection with each possible adverse
effect to indicate alternative scenarios to the most likely risk
characterization together with an evaluation of the reliability
of each of the alternative scenarios.”

2.3.4 VALUES

U.S. programs and policies for managing the back end of
the fuel cycle must continually be informed by and reflect

the values of those directly affected by the program and
the values of the broader citizenry. These priorities and
values will change with time, making it essential to design
an adaptable and flexible program. In a context where
conditions, interests, perceptions, and values are constantly
shifting and where different parties hold different views
and values, perfect consensus and solutions that satisfy all
constituencies will be rare. In most cases, decision-makers
will need to balance competing interests, make trade-offs
in the face of uncertainty, and be willing to move forward
without full consensus. In these cases, stakeholders and the
public are entitled to a clear understanding of how decisions
were reached and how different values and interests were

considered and resolved in the process.

2.3.5 INFORMED PARTICIPATION

In a democracy, informed participation is at the heart of
durable solutions to significant policy challenges. Managing
the back end of the nuclear fuel cycle is a technically
complex, institutionally demanding, and inherently long-
term task. This task is made both more challenging and
more important by the fact that many Americans view

the risks associated with radiation and nuclear energy as
fundamentally different in nature from other kinds of risks.

L
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Radiation, in particular, has a number of properties that tend
to heighten people’s fear of being exposed to it: radiation is
invisible, it can be penetrating, its long-term health effects
(which can include cancer and birth defects) can be severe
but may not be immediately detectable, and some materials
that are radioactive can remain so for extremely long periods
of time. Broad public support for a new strategy will depend
on some shared understanding of the nature and extent of
the problem, available options for resolving the problem,
and the consequences and risks associated with different
actions—including the consequences and risks of further
inaction. The job of better communicating information and
effectively engaging different constituencies must be seen as
one of the core missions of a revitalized waste management
program. Likewise, the commitment of technical and
financial support to enable informed participation by a wide
range of stakeholders in key decision-making processes must
be viewed as an appropriate and indeed necessary use of
resources for successful program implementation. This point
features prominently in the chapters that follow because we
believe it is central to our recommendations.
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2.3.6 GOVERNANCE AND LEADERSHIP

'The key insight that permeates this report is that the best hope
for greater success lies not in changing the objectives of the
waste management program, but in changing the approach
taken to reach those objectives. Central to this approach is
establishing the institutional leadership and a governance
framework matched to the challenges at hand. Both must
endure over the very long timeframes involved in managing
and planning for the disposition of nuclear materials. As
discussed in more detail later in this report, the Commission
has heard and considered many options and has concluded that
the situation calls for a new waste management organization
with a clear mission and the independent authority and access
to resources needed to carry out that mission. At the same time,
we recognize that no institutional change or policy reform

can substitute for outstanding, inspired leadership—both at
the level of the new organization itself and within Congress
and the Administration. Whatever new strategy is adopted, it
must encourage such leaders and give them ample opportunity
to succeed, while also holding key policy-makers, oversight

agencies, and the new organization accountable for results.
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3. TECHNICAL AND HISTORICAL

BACKGROUND

N
—

e begin with a review of the nuclear fuel cycle and
a brief history of nuclear waste management policy

in the United States.

This chapter aims to provide basic context for the discussion
and recommendations found in later chapters.

3.1 OVERVIEW OF THE NUCLEAR
FUEL CYCLE

‘The nuclear fuel cycle is the series of industrial processes used
to produce electricity from uranium in a nuclear reactor.
The nuclear fuel cycle can be described as having three
major parts (see figure 1): the “front end” where uranium is
mined and processed into fuel for use in a nuclear reactor;
the use of that fuel in a reactor; and the “back end” where
the spent fuel is first stored and ultimately sent for disposal
or reprocessing (if the spent fuel is reprocessed, remaining
wastes would still require disposal).

* Uranium enrichment — The nuclear fuel cycle begins

with the extraction of uranium from ores or other natural

sources. Uranium provides the basic fissile material or
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“fuel” for nearly all nuclear reactors. Extracted uranium
consists almost entirely of two isotopes or types of uranium
atoms,® mostly uranium-238 (99.3 percent) together with
a much smaller fraction (0.7 percent) of the fissionable
isotope uranium-235 or “U-235.” In its natural state,
mined uranium is only weakly radioactive—meaning

that it can be handled without the need for radiation
shielding. Before it can be used in a commercial reactor,
natural uranium must be purified and enriched to boost
the amount of fissionable U-235 present in the fuel. Most
of the commercial nuclear power plants in operation today
are light-water reactors that require fuel enriched to a
U-235 concentration of anywhere from 3 to 5 percent’—a
typical figure for fuel used in commercial U.S. reactors

is 4 percent. Techniques for enriching uranium are well
developed, with the most prominent methods involving
gascous diffusion or centrifuge technology.
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e Use as reactor fuel — Enriched uranium oxide is cast

into hard pellets and stacked inside long metal tubes or
“cladding” to form fuel rods (figure 2). The fuel rods
are bundled into fuel assemblies (each assembly is about
12 to 14 feet long). The core of a typical light-water
commercial nuclear power reactor in the United States
contains anywhere from 200 to 500 fuel assemblies,
totaling approximately 100 metric tons of uranium
oxide. Inside the reactor, the enriched uranium sustains
a series of controlled nuclear reactions that collectively
liberate substantial quantities of energy. The energy

is converted to steam and used to drive turbines that
generate electricity. Meanwhile, the fission process
inside the reactor creates new elements or “fission
products,” and gives rise to some heavier elements,
collectively known as “transuranics,” which may take
part in further reactions (among the most important is
plutonium-239).

Wet (pool) storage — Nuclear fuel will remain in a
commercial power reactor for about four to six years,
after which it can no longer efficiently produce energy
and is considered used or spent. The spent fuel that has
been removed from a reactor is thermally hot and emits
a great deal of radiation; upon removal from the reactor,
each spent fuel assembly emits enough to deliver a fatal

10

NUCLEAR BACK END
REACTOR OF CYCLE

INTERIM STORAGE

SPENT FUEL
REPROCESSING

FINAL DISPOSITION

N

——
«
»

ol

y ”;.‘.

Source: http://www.nrc.gov/images/reading-rm/photo-gallery/
20071114-045.jpg

BLUE RIBBON COMMISSION ON AMERICA’S NUCLEAR FUTURE



11

radiation dose in minutes to someone in the immediate
vicinity who is not adequately shielded. To keep the fuel
cool and to protect workers from the radiation, the spent
fuel is transferred to a deep, water-filled pool where it is
placed in a metal rack. Typically, spent fuel is kept in the
pool for at least five years, although spent fuel at many
U.S. reactor sites has been in pool storage for several
decades (figure 3). Approximately 50,000 metric tons of
commercial spent fuel are currently stored in pools in the
United States.

Dry (cask) storage — After the fuel has cooled sufficiently
in wet storage, it may be transferred to dry storage. Dry
storage systems take many forms but generally consist of
a fuel storage grid placed within a steel inner container
and a concrete and steel outer container (figure 4). The
amount of commercial spent fuel stored in dry casks in
the United States totals about 15,000 metric tons.
Transportation — Because of the residual hazard it poses,
spent fuel must be shipped in containers or casks (figure
5) that shield and contain the radioactivity and dissipate
the heat. In the United States, spent fuel has typically
been transported via truck or rail; other nations also use
ships for spent fuel transport.®

Reprocessing or recycling — Even after commercial fuel

is considered “spent,” it still contains unused uranium
along with other re-usable elements (primarily plutonium
which is generated within the fuel while it is in the
reactor) and fission products (elements produced by the
fissioning of uranium and plutonium in the reactor core).
Current reprocessing technologies separate the spent

fuel into three components: uranium; plutonium (or a
plutonium-uranium mix); and waste, which contains
fission products and so-called transuranic elements that
are produced within the fuel. The plutonium is mixed
with uranium and fabricated into new fuel while the
fission products and other waste elements are packaged
into a new form for disposal (the uranium can also be
re-used to make new fuel but because recovered uranium
is more difficult to use than freshly mined uranium, this
has only been done to a limited extent). Coupled with
new reactor types, future reprocessing technologies could,
if they can be successfully developed and deployed, allow
for a greater fraction of the material in spent fuel to be
recovered and re-used.

Disposal — Regardless of whether spent fuel is reprocessed
or directly disposed of, every foreseeable approach to the
nuclear fuel cycle still requires a means of disposal that
assures the very long-term isolation of radioactive wastes

from the environment.” Many nations, including those
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engaged in reprocessing, are working to develop disposal
facilities for spent fuel and/or HLW, but no such facility
has yet been put into operation. Every nation that is
developing disposal capacity plans to use a deep, mined
geologic repository for this purpose. Other disposal
options (e.g., deep boreholes) have been considered and
may hold promise in the long-term but are at a much
carlier stage of development.

FIGURE 3. WET POOL STORAGE
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FIGURE 5. SHIPPING CONTAINER FOR SPENT FUEL
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3.2 THE NATURE AND LONGEVITY
OF HAZARD POSED BY DIFFERENT

TYPES OF NUCLEAR WASTE

Spent nuclear fuel and HLW are hazardous if not properly
managed and controlled, primarily as a result of the radiation
emitted by the radioactive decay of unstable elements in

the fuel. Spent fuel emits high levels of radiation and thus
requires shielding to be handled safely. In wet storage,
shielding is provided by a large volume of water in a storage
pool. In dry storage configurations, shielding is primarily
provided by thick layers of steel and concrete.

The other major hazard from spent fuel arises if its
radioactive constituents (see figure 6) are mobilized into air
or water. There is no risk of this occurring as long as fuel
assemblies are intact: the fuel is encased in metal tubes or
cladding; the tubes in turn are configured in bundles that are
designed to withstand four to six years of exposure to very
high temperatures and high levels of radiation in a reactor
core. But during the initial period after fuel is removed from
a reactor core, the rapid decay of short-lived fission products
generates sufficient heat that overheating has the potential
to damage the fuel cladding and release radioactive material
if sufficient cooling is not provided. Over the very long time
periods associated with geologic disposal, by contrast, the
concern is that gradual corrosion processes or disruptive
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events (such as seismic or volcanic activity) may allow for
radioactive material to be mobilized in ground water and
migrate out of an engineered disposal facility.

High-level radioactive wastes arise from the chemical
reprocessing of spent fuel. Modern reprocessing facilities
convert waste streams into solid glass, ceramic, cement, or
metal waste forms that are typically contained in stainless
steel canisters (like SNF). Like spent fuel, HLW emits
high levels of radiation and thus requires similar shielding
and handling methods. Likewise, the concern from a
disposal standpoint centers on the possibility that corrosion
processes or disruptive events may, over a very long period
of time, mobilize radioactive material into groundwater.
Spent fuel and HLW may also contain materials that are
chemically hazardous; uranium is an example. While these
chemical hazards may have to be considered in developing
some regulations and undertaking safety analyses, they are
generally small compared to the radiation hazards associated
with high-level nuclear wastes.

Exposure to radioactive materials—whether natural
or man-made—can be damaging because many forms
of radiation have the ability to change the structure of
molecules, including the structure of molecules found in
the tissues of living organisms. Human beings are exposed
continuously to very low levels of naturally-occurring and
man-made radiation (see text box and figure 7). In most
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FIGURE 6. COMPOSITION OF SPENT NUCLEAR FUEL
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cases the body responds to that exposure'' by repairing or
replacing damaged molecules at the cellular level. In other
cases, however, the harm that can result from radiation
exposure can be very serious. The exposed individual could
develop cancer, for example, or suffer genetic effects (i.e.,
mutations in the reproductive cells that could be damaging
to offspring). Extremely high doses of radiation can cause
burns or acute radiation damage, which can lead to death in
a relatively short period of time (hours to weeks).

For these and other reasons — including the legacy of
nuclear weapons use, testing, and high-profile accidents
at Three Mile Island, Chernobyl and, now, Fukushima,
many people have an understandable fear of radiation and
of radioactive materials. Compounding this fear is the fact
that radiation cannot be detected by any human senses and
effects, if any, often show up long after exposure occurred.
These concerns, combined with an oft-stated lack of
confidence in government’s ability to protect the public from
radiation hazards, play a large role in making it difficult to
site facilities that handle nuclear materials.'

The materials associated with the back end of the
nuclear fuel cycle (including both spent fuel and HLW),
if not managed properly, can deliver much higher levels
of radiation than humans are normally exposed to from
natural background, medical procedures, and the like. Safe
management is required to ensure that these materials don't
deliver elevated radiation doses to humans and other organisms.

Some categories of nuclear waste (generally including
all HLW and virtually all spent fuel) remain radioactive for
thousands of years because of the long half-lives" of some
of the radioisotopes they contain. The radioactive decay of a
typical spent fuel assembly over time is shown in figure 8.

It is worth mentioning, however, that (1) radiation levels
in HLW and spent fuel drop considerably over time and (2)
very long-lived isotopes also tend to pose less of an external
radiation hazard. By comparison the most dangerous isotopes
tend to be those that decay more quickly (the more rapid the
decay, the higher the initial level of radioactivity).

3.3 SCALE OF THE WASTE
MANAGEMENT CHALLENGE IN
THE UNITED STATES

3.3.1 CURRENT INVENTORY OF SPENT
NUCLEAR FUEL BEING MANAGED BY
THE U.S. COMMERCIAL NUCLEAR
POWER INDUSTRY

There are 104 commercial nuclear power reactors
operating in the United States today; together they supply
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approximately 20 percent of the nation’s electricity needs.
Given that each reactor uses about 20 metric tons of uranium
fuel per year, the industry as a whole generates 2,000 to
2,400 metric tons of spent fuel on an annual basis (1 metric
ton equals about 2,200 pounds).'* At present, nearly all of
the nation’s existing inventory of SNF is being stored at the
reactor sites where it was generated—about three-quarters of
it in shielded concrete pools and the remainder in dry casks
above ground. The quantity of commercially-generated spent
reactor fuel currently being stored in this manner totals close
to 65,000 metric tons—roughly speaking, it would cover
one football field to a depth of approximately 20 feet. This
inventory includes approximately 3,000 metric tons of spent
fuel in storage at nine sites where commercial reactors have
been shut down and are no longer operating.

Figure 9 shows the location of operating commercial
nuclear power reactors in the United States today, along with
years of operation for each facility.

How much spent fuel will be added to the existing
inventory in the future, and at what rate, depends on a
number of factors. Market conditions, climate policy,
government support, the evolution of reactor technology,
and nuclear-related regulatory and policy developments
will all influence the nuclear power industry’s prospects
going forward and will play a role in determining what
type and quantity of nuclear waste is produced in the
future. At present, some uncertainty surrounds all of these
factors. Under a no-growth scenario that assumes continued
operation of existing reactors to the end of their current
licenses only, and no further expansion of the industry, the
total inventory of spent fuel that will have accumulated
by 2050 can be expected to remain below 150,000 metric
tons. Under a high-growth scenario that assumes substantial
numbers of new reactors coming on line in the next few
decades, the nation’s accumulated spent fuel inventory
would be predicted to substantially exceed 200,000 metric
tons by mid-century. Even if all commercial reactors in the
United States were shut down tomorrow, about 75,000
metric tons—equal to the current spent fuel inventory plus
the fuel currently in commercial reactor cores —would
require disposal.

These figures illustrate the uncertainty inherent
in making predictions about the future. Obviously
changing any of the input assumptions—including not
only assumptions about future nuclear-based electricity
production, but also assumptions about future reactor
technology and fuel cycle characteristics—would produce
very different results.
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FIGURE 7. COMPARISON OF RADIATION DOSES
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FIGURE 8. RADIOACTIVE DECAY OF TYPICAL
SPENT FUEL
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cooled Fort Saint Vrain reactor in Colorado
(some of that spent fuel has been shipped to
INL for storage, while the rest is currently
being stored on site) as well as damaged
fuel removed from the TMI Unit 2 reactor.
The federal inventory also includes a small
quantity of spent fuel from nuclear reactors
that power the nation’s submarines and
other U.S. Navy ships. Spent naval reactor

100 X —— PWR 50 GWd/tHM
PWR 33 GWd/tHM
€
>
25
2
[}
@
o
a
(0% I A
0.001 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90
Time (Years)

Source: Adapted from International Panel on Fissile Materials, Managing Spent Nuclear Fuel
from Nuclear Power Reactors: Experience and Lessons from Around the World, edited by
Harold Feiveson, Zia Mian, M.V. Ramana and Frank von Hippel, September 2011.

3.3.2 CURRENT INVENTORY OF SPENT
NUCLEAR FUEL AND HIGH-LEVEL
WASTE BEING MANAGED BY DOE

In addition to the spent fuel currently being stored at
commercial nuclear power plant sites around the country,
there are substantial quantities of spent fuel and HLW at a
number of government-owned facilities managed by DOE.
Most but not all of this material derives from national
defense nuclear activities and is therefore often referred
to as “defense waste.” It is important to be clear, however,
that these materials were produced and have always been
managed by DOE and its predecessor agencies, which had
responsibility for nuclear weapons production—not by the
Department of Defense.

DOE’s spent fuel was mainly produced at Hanford,
the Idaho National Laboratory (INL), and the Savannah
River Site and most of it is still being stored there. Smaller
quantities of spent fuel have also been or are being produced
at other facilities, including at Oak Ridge National
Laboratory, Brookhaven National Laboratory, and at various
university and commercial research reactors, but after a short
period of storage this spent fuel is transferred to one of two
sites—INL or the Savannah River Site.

The current inventory of DOE-managed spent fuel
represents a relatively small fraction of the nation’s total
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100 fuel is shipped to INL for evaluation and
subsequent storage.

Figure 10 shows the quantity and
location of SNF at DOE sites. Both wet and
dry methods of storage are in use by DOE,
although at the Hanford site in Washington
State—where by far the largest portion of DOE’s current
SNF inventory is being stored—all spent fuel has been
moved to dry storage.

In addition, DOE accepts relatively small quantities of
spent fuel under the Foreign Research Reactor (FRR) and
Domestic Research Reactor (DRR) programs. The DRR
program accepts spent fuel from U.S. universities and
other government research reactors.'® The FRR program
was established to support U.S. nuclear security and
non-proliferation goals. It accepts spent fuel from research
reactors in other countries that operated on highly enriched
uranium (HEU), which poses particular concerns because
it could potentially be used without further enrichment in
nuclear explosive devices. So far, more than 9,000 spent fuel
assemblies (about 6 metric tons) have been accepted from 29
countries under the FRR program, which is currently slated
to run until 2019. Until recently, DOE had been processing
much of this HEU fuel through the H Canyon facility at
its Savannah River Site, where the HEU was recovered and
blended down for use as fuel in Tennessee Valley Authority
nuclear power reactors.

Along with SNE, DOE’s HLW inventory includes some
90 million gallons of HLW liquids, sludges and solids from
past fuel reprocessing operations for weapons production.
Most of this waste is being stored at DOE’s Hanford,




INL, and Savannah River sites—for the most part in large
underground tanks made of stainless or carbon steel. More
recently, DOE has begun converting most of its inventory
of liquid HLW into glass forms suitable for on-site storage
in canisters. In addition, DOE manages a small quantity
of HLW from the short-lived operation of a commercial
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reprocessing facility at West Valley, New York in the late
1960s and early 1970s. This waste is now stored dry in

the chemical process cell of the main plant and is slated for
dry cask storage pending the availability of a repository.
Figure 11 shows the geographic distribution of DOE’s
HLW inventory.

FIGURE 9. OPERATING AND SHUTDOWN COMMERCIAL

NUCLEAR POWER REACTORS IN THE UNITED STATES
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FIGURE 11. U.S. DOE HIGH-LEVEL WASTE INVENTORY IN 2010
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To address state concerns about the indefinite storage of
spent fuel and HLW at existing federal facilities, DOE has
entered into agreements with Idaho and Colorado to remove
all spent fuel and other HLW by 2035. Failure to meet this
deadline will trigger monetary penalties and restrictions
on further shipments of waste material into these states,
including the shipment of Navy spent fuel into Idaho (see
further discussion of Navy spent fuel in section 3.3.3 below).

Finally, DOE has statutory responsibility for disposing
of greater than Class C (GTCC) low-level radioactive
waste. This category of waste includes activated metals from
decommissioned power plants, some sealed sources, and non-
defense-related transuranic (TRU) waste. The current volume
of GTCC waste totals approximately 1,100 cubic meters;
future decommissioning of existing nuclear power plants is
expected to generate an additional 4,200 cubic meters. GTCC
waste may require deep geologic disposal. A path for the
ultimate disposal of this class of waste has yet to be identified,
although DOE has developed a draft environmental impact
statement that evaluates GTCC disposal alternatives and is
working toward a final environmental impact statement and
record of decision.!” The alternatives being considered include
disposal in a deep geologic repository and disposal in boreholes
at depths up to 1,000 ft.

3.3.3 NAVY SPENT FUEL

The federal inventory currently includes a relatively small
quantity of spent fuel—approximately 27 metric tons—from
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Source: BRC staff using information from DOE and other sources.

naval reactors that power the nation’s fleet of 83 nuclear-
powered submarines and aircraft carriers. The inventory
of naval SNF is growing slowly, at a rate of 1 to 2 metric
tons per year, due to the continued operation and necessary
re-fueling of reactors on these ships. The Navy’s current
projection is that a total of 65 metric tons will be generated
by 2035, all of which would be destined for disposal in a
repository (the Navy does not consider reprocessing as an
option for its SNF).'

'The Naval Nuclear Propulsion Program (NNPP),
an integrated program carried out jointly by the Navy
and DOE, manages spent naval reactor fuel, which for
many years has been shipped to INL for technical studies
and storage pending final disposal. Current practice is
to transport the Navy’s SNF from the shipyards where
refueling occurs by rail, in specially-designed casks, to the
Naval Reactors Facility (NRF) on the INL. At NRE the
spent fuel is placed in a water pool similar to those used for
commercial and other DOE spent fuel, examined to confirm
that its actual condition is consistent with expectations, and
evaluated for other technical studies (e.g., to improve the
efficiency of future nuclear fuel). After an appropriate cooling
period, the SNF is transferred to specifically-designed multi-
purpose canisters suitable for dry storage at INL as well as
subsequent transportation and disposal; the naval SNF will,
under current plans, never be removed from these canisters."
At present, the Navy has about 50 loaded canisters in dry
storage at INL; by 2035, it estimates there will be just over
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350 canisters ready for disposal. For perspective, the Yucca
Mountain license application allocated space for 400
canisters of naval SNF in the total of 11,000 canisters it was
designed to hold.

In 1995, DOE and the Navy entered into a formal
agreement with the State of Idaho (known as the Batt
Agreement). Among numerous other provisions, the Batt
Agreement covers the storage, treatment, and disposal of
DOE and Navy SNF stored at INL.?’ It allows limited
quantities of naval SNF to continue to be shipped to INL
(at an average rate of about 20 casks per year). It also sets
two deadlines: first, that all SNF then at INL be placed in
dry storage by December 31, 2023 and second, that spent
fuel be removed from Idaho by January 1, 2035. If this
last milestone is not met, the Navy will face a significant
financial penalty of $60,000 for each day the waste remains
in Idaho after January 1, 2035.%" (A 2008 addendum to
the Agreement modified its terms to allow for continued
management and technical evaluation of a modest in-
process inventory of naval SNF at NRF beyond 2035.) The
Agreement also allows the State of Idaho to stop further
shipments of Navy fuel to INL at any time if any key parts
of the Agreement are not upheld. In a recent review of how
the suspension of work on Yucca Mountain could impact
SNF storage at DOE sites, the Government Accountability
Office (GAO) reported® that the Navy’s “greater concern”
was not the financial penalties in the Idaho agreement if the
2035 deadline is not met, but instead the possibility that
Idaho would bar further Navy shipments of SNF to the
state. This would dramatically affect the Navy’s ability to
refuel its nuclear fleet.

The Batt Agreement also requires that naval SNF be
included “among the early shipments to a permanent
geologic repository or interim storage site.” However,
at the BRC’s September 13, 2011 meeting in Denver, a
representative of the State of Idaho stated that “It may not
make sense to send DOE spent nuclear fuel to interim
storage as most of that waste is already in dry storage and
some of it (Navy fuel) is ready for final disposal.”” The BRC
Transportation and Storage Subcommittee reached a similar
but more general conclusion, stating in its draft report that
“[t]here appear to be no technical or safety-related reasons
to move defense high-level waste and spent fuel from
temporary storage at the DOE sites where these materials
are now located, before final disposal capacity becomes
available.” The Commission concurs with these conclusions.
Furthermore, in comments on the draft BRC report,*
the Navy has stated that the focus should be on disposing
of naval SNF in a geologic repository when one becomes
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available. The Navy’s comments point out that “naval SNF

as a waste form is well suited for geologic disposal” and that
“the NNPP has invested significant resources in a packaging
and transportation infrastructure based on geologic disposal.”
That said, it is important to stress that under current law,
DOE (not the Navy) is responsible for final disposal of this
federally-owned spent fuel.

‘The importance of providing a path forward for the
disposition of Navy spent fuel is yet another reason why the
Commission recommends that the United States promptly
resume a program leading to the development of one or more
deep geologic repositories.

3.4 HISTORY OF NUCLEAR WASTE
MANAGEMENT POLICY IN THE

UNITED STATES

Spent fuel and HLW have been produced in the United

States since the 1940s, first as a byproduct of nuclear weapons
research and production and later also as a byproduct of the
civilian nuclear power industry. The record of past efforts to
manage and dispose of these materials is long and complicated,
so the overview presented here is necessarily condensed. A
more complete history of nuclear waste policy in the United
States is available from many sources (links to some of these
sources are available at www.brc.gov).

3.4.1 EARLY U.S. POLICY ON NUCLEAR
WASTE MANAGEMENT (1940s-1982)

In the 1940s, during the early days of nuclear weapons
development in the United States, national security
considerations took precedence over concerns about the

safe disposal of nuclear waste. With the emphasis on rapid
production of plutonium for use in weapons, storage in
large, underground steel tanks was deemed adequate as an
interim means of isolating the highly radioactive liquid
waste that remained after acid was used to dissolve irradiated
nuclear fuel as part of the plutonium separation process.
Even at the time, however, the underground tanks were not
considered a long-term solution; in a 1949 report the Atomic
Energy Commission (AEC)* emphasized that “better means
of isolating, concentrating, immobilizing, and controlling
wastes will ultimately be required.”

In 1957, the National Academy of Sciences (NAS)?
issued a report (titled 7he Disposal of Radioactive Waste on
Land?¥) that looked specifically at the question of nuclear
waste disposal. That report reached several conclusions,
among them that “radioactive waste can be disposed of
safely in a variety of ways and at a large number of sites in
the United States” and that geologic disposal in salt deposits
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represents “the most promising method of disposal.” The
NAS further concluded that solidification of liquid waste
for transport and disposal would be “advantageous” and that
transportation issues would need to be considered in the
location of waste disposal facilities.

Prompted by these recommendations, the AEC began
investigating mined geologic disposal options and potential
salt bed repository sites in the late 1950s. Its early efforts
included experiments with solids and liquids in salt mines
and exploratory work on methods for solidifying liquid
wastes. In June 1970, the AEC announced plans to investigate
an abandoned salt mine in Lyons, Kansas as a potential
demonstration site for the disposal of HLW and low-level
waste (LLW). At the time, the AEC anticipated that the Lyons
site could begin accepting LLW as early as 1974 and HLW by
1975. By 1971, however, state opposition to the project was
growing and in 1972, after a number of technical problems
had emerged that called into question the geological integrity
of the Lyons site, the AEC announced that it would seek
alternative sites and also pursue the development of long-term
surface storage facilities for the waste.

During the same time period (i.e., in the early 1970s),
the AEC—at the invitation of the local community—began
exploring an area of deep salt beds near Carlsbad, New
Mexico as a potential repository site for high-level radioactive
waste. Disposal at the site, which became known as the
Waste Isolation Pilot Plant or WIPP, was subsequently
limited to defense-related TRU waste. Congress authorized
WIPP to begin receiving waste as early as 1979 but it took
until 1999, 20 years later, before the first shipments began
arriving at the facility (see text box).

The search for a suitable site for long-term geologic
disposal of spent fuel and HLW continued throughout
the 1970s, first under the AEC and later under its
successor agency, the Energy Research and Development
Administration (ERDA).* Among the sites considered
during this period were bedded salt formations in Michigan,
Texas, and Utah; salt domes in Louisiana and Mississippi;
basalt formations at Hanford; and welded volcanic tuff at
Yucca Mountain in Nevada. Meanwhile, the focus of future
waste management efforts had begun to shift as a result of
policy changes prompted by weapons proliferation concerns.

Responding to these concerns, President Ford in
1976 issued a presidential directive deferring commercial
reprocessing and recycling of plutonium in the United
States. In 1977, President Carter extended this deferral
indefinitely and directed the relevant federal agencies to
focus on alternative fuel cycles and re-assess future spent

fuel storage needs. The Carter policy was later reversed by
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President Reagan but for a variety of reasons, including cost,
commercial reprocessing was never resumed.

Recognizing that the commitment to an open fuel cycle
with no spent fuel reprocessing would have an impact on
the quantity and type of waste produced by the commercial
nuclear power industry in the future, a DOE-led Interagency
Review Group in 1979 recommended that a number of
potential repository sites for spent fuel and HLW be identified
in different geologic environments and in different parts
of the country. Specifically, the Interagency Review Group
recommended “several repositories sited on a regional basis
insofar as technical considerations permit.” The Group saw
multiple regional repositories as a way to respond to several
concerns, including: (1) accommodating uncertainties inherent
in future nuclear waste inventory projections; (2) reducing
system-wide transportation requirements; (3) promoting
regional equity in the siting of high-level radioactive waste
facilities; and (4) providing “redundancy that would hedge
against the possibility of operational difficulties causing
unexpected repository shutdown.” At the same time, the
Interagency Review Group was aware that with a regional
approach “there is a risk that organizational and political
commitments might develop to particular regions or locations
to such an extent that less than full attention would be given
to safety, environmental and security considerations.” For this
reason the Group urged DOE to “be certain that technical
adequacy is a prerequisite for site selection” and to “provide
adequate assurance to the public in this regard.”

3.4.2 U.S. POLICY UNDER THE NUCLEAR
WASTE POLICY ACT (1982-PRESENT)
Passage of the Nuclear Waste Policy Act (NWPA) in 1982
marked the beginning of a new chapter in U.S. efforts to deal
with the nuclear waste issue. The legislation was the product of
four years of Congressional debate marked, on the one hand,
by growing concern about an imminent shortage of spent-fuel
storage pool capacity at operating reactors and, on the other
hand, by an equally urgent concern on the part of individual
states that they not be selected to host a repository site.
Recognizing the need for a Congressional mandate
to overcome opposition to the selection of any given site,
Congress sought through the NWPA to establish a fair
and technically sound process for selecting repository
locations. In fact, to avoid the perception that any one state
or locale would be asked to bear the entire burden of the
nation’s nuclear waste management obligations, the Act
provided for the selection of two repository sites (though
not stipulated in the legislation itself, it was widely assumed
that one of these sites would be located in the West, the
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THE WASTE ISOLATION PILOT PLANT (WIPP)

WIPP is the world’s only operating deep
geological repository for long-lived nuclear waste.
It is located in an ancient 2000-foot deep salt
bed, 26 miles southeast of Carlsbad in Eddy
County, New Mexico. WIPP is a DOE facility

and accepts only defense TRU waste—that is,
nuclear waste from past weapons programs

that is not considered high-level waste, but

that contains long-lived radioactive transuranic
elements such as plutonium.

The Atomic Energy Commission first began
looking at salt beds in southeastern New Mexico
for the disposal of defense wastes in the early
1970s. The current WIPP site was selected for
exploratory work in 1974 after local officials
expressed interest in being considered; five years
later Congress authorized an R&D facility at the site. By this
time, tensions had begun to emerge between the federal
government and New Mexico, which was concerned about
the inclusion of high-level waste and commercial spent
nuclear fuel in some of the early plans for WIPP. Authorizing
legislation adopted by Congress in 1979 stipulated that
WIPP could not be used for the permanent disposal of
spent fuel and high-level waste but it also heightened
tensions by denying the state veto power and removing

the project from the licensing authority of the NRC. Two
years later, when DOE attempted to move forward with
construction, New Mexico filed suit against both DOE and
the U.S. Department of the Interior (which had jurisdiction
over the land at the site).

That suit was eventually settled out of court, but over the
next decade difficulties arose in a number of areas, from
problems with the design of transport casks to concerns
about funding for road improvements, controversies over
health and environmental standards, and plans for an
early test phase during which waste could be stored at
the facility without meeting final disposal standards. In
1987, DOE began withdrawing land around WIPP from
general use and announced that the facility would open
in 1988. This proved unrealistic, as efforts to complete
the land withdrawal failed over the next few years. In
1991, the state again filed suit—this time to prevent the

transfer of land from public uses to use for a WIPP testing
phase. In response, the courts issued an injunction against
proceeding with the facility according to DOE’s plans.

Progress on WIPP resumed when Congress passed the
Land Withdrawal Act in 1992. This legislation required EPA
(not DOE) to certify that WIPP met applicable standards
and gave the state authority to regulate mixed waste at
WIPP under the Resource Conservation and Recovery Act
(RCRA), including issuing a hazardous waste permit for
the facility. Other provisions prohibited high-level waste at
WIPP, even for experiments; provided additional funding
for highways and emergency preparedness; and directed
DOE to prepare plans for retrievability and eventual
decommissioning. DOE later announced that it would move
radioactive waste experiments out of WIPP and into the
national laboratories.

In 1998, EPA certified that WIPP met all applicable federal
regulations for the disposal of TRU waste. Soon after,

the 1992 court injunction was lifted and in 1999 WIPP
received its first shipment of waste. As of mid-November
2011, WIPP had received 10,181 shipments for a total
waste volume of approximate 68,200 cubic meters. DOE
currently estimates that work to begin closing WIPP could
commence as early as 2030. In contrast to the years of
controversy and delay that surrounded the development
of the facility, WIPP now enjoys considerable support at
the state and local level.
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other in the East). And to further ensure that the end

result would not be a single, national repository, Congress

included provisions explicitly limiting the capacity of

the first repository to 70,000 metric tons until a second

repository was opened.

Beyond establishing a process for the selection of two
permanent geologic spent fuel and HLW repositories, the
NWPA included a number of other provisions:

1. Established a new Office of Civilian Radioactive Waste
Management (OCRWM) within DOE, with a director
appointed by the President and confirmed by the Senate.

. Authorized DOE to enter into contracts with utilities for

federal removal of spent fuel from reactor sites beginning

by 1998 in return for a fee on utilities” sales of nuclear-
generated electricity.

Directed DOE propose a site and design for “monitored

retrievable storage” of nuclear waste prior to its being

shipped to a disposal site.

Provided for federal storage of civilian spent fuel/ HLW

on an interim basis in cases of need.

Granted states certain rights with respect to oversight

over waste storage or disposal sites within their borders

and the ability to veto DOE siting decisions, subject to
override by both houses of Congress.

Gave the Nuclear Regulatory Commission (NRC)

responsibility for licensing the construction and

operation of waste facilities, subject to public health

and environmental standards established by the

Environmental Protection Agency (EPA).

In May 1986, Energy Secretary John Herrington

recommended the Hanford site in Washington State, Deaf

Smith County in Texas, and Nevada’s Yucca Mountain for

detailed site characterization as leading candidates for the

nation’s first permanent high-level geologic waste repository.

By that time, however, DOE’s efforts to identify promising

sites—not only for the two permanent repositories but also

for a monitored retrievable storage (MRS) facility—were
drawing strong opposition from the elected officials of all
potentially affected states. (As an aside, we note that while
the federal government’s performance on nuclear waste
management has left a lot to be desired, state opposition has
played a significant role in the federal government’s failures.

As we discuss at length in later chaprers, it is clear that the

cooperation of affected state governments will be vital to the

success of the nuclear waste program going forward.)

Citing rising costs and lower projections for nuclear waste
production in the future, Secretary Herrington announced
that DOE was suspending efforts to identify and develop a
second permanent geologic repository. This announcement
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also came in May 1986—not surprisingly, it served to
intensify the opposition of the three states that had been
selected as potential hosts for the first repository.

Faced with a deteriorating political situation®” and
growing recognition that the NWPA’s original timelines and
cost assumptions were unrealistic, Congress revisited the
issue of nuclear waste management in 1987. The resulting
NWPA Amendments Act of 1987 halted then ongoing
research in crystalline rock of the type found in the Midwest
and along the Atlantic coast, cancelled the second repository
program, nullified the selection of Oak Ridge, Tennessee as
a potential MRS site, and designated Yucca Mountain as the
sole site to be considered for a permanent geologic repository.
The decision was widely viewed as political and it provoked
strong opposition in Nevada, where the 1987 legislation
came to be known as the “Screw Nevada” bill.

To address concerns about the technical integrity of
DOE’s assessments, Congress established a new federal
agency—the U.S. Nuclear Waste Technical Review Board
(NWTRB)—for the sole purpose of providing independent
scientific and technical oversight of DOE’s waste
management and disposal program. Congress also tried a
new approach to overcoming state and local opposition:
under the 1987 amendments, states could receive up to
$20 million per year for hosting a repository and up to $10
million per year for hosting an MRS site. The amendments
also created the Office of the United States Nuclear
Waste Negotiator with a presidentially appointed head
authorized to reach agreements with states or Indian tribes
to host nuclear waste facilities under any “reasonable and
appropriate terms.”

At the time, a negotiated, voluntary agreement seemed
the best hope for siting a MRS facility that would enable
DOE to meet its obligation to begin accepting waste
from commercial reactors by 1998.%° The hope was that a
voluntary process that offered economic incentives might
succeed where other siting efforts had failed.

This hope proved short-lived. The Office of the Nuclear
Waste Negotiator closed in 1995, after just a few years
in operation; the first head of the agency had not been
appointed by President George H.W. Bush until 1990. And
neither he nor his successor (who was appointed by President
Clinton in 1993) succeeded in reaching an agreement despite
reaching out to hundreds of potential host communities
and Indian tribes and identifying a number of potentially
promising candidate sites.

At one point in 1992, seven communities (including five
Indian tribes) had formally notified the government of their
interest in being considered.>' Each of these communities
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was entitled to receive $100,000 in DOE grants, while those
that agreed to participate in a second phase of study could
potentially have been eligible for several million dollars in
grants. In no case, however, was a host state supportive of
having the process go forward.

3.4.3 EXPERIENCE WITH THE YUCCA
MOUNTAIN REPOSITORY PROGRAM
Following the dictates of the 1987 NWPA Amendments,
DOE continued detailed site characterization studies at
Yucca Mountain through the 1990s and issued a formal
finding on the suitability of the site in 2002—four years

past the 1998 deadline by which the federal government

was obliged to begin accepting commercial nuclear waste

for disposal under the NWPA. The President’s subsequent
recommendation of the site to Congress prompted Nevada,
which had remained staunchly opposed to the project
throughout, to file an official “Notice of Disapproval.” A
Congressional resolution to override the state’s veto, however,
was signed by the President, clearing the way for DOE to
apply to the NRC for a license to commence construction.
‘The latter step was supposed to follow fairly quickly (within
90 days), but due to litigation over the repository safety
standards, persistent funding shortfalls, and other problems it
took another six years before the application for construction
authorization was filed with the NRC.

In the end, DOE succeeded in completing the world’s
first license application for a HLW repository. Submitted
to the NRC in June 2008, the license application was
deemed suitable for review three months later. Within a
year, however, the new Administration declared its intent to
suspend further work on Yucca Mountain and later moved
to withdraw the application for a construction license to the
NRC. At this point, with key decisions by the courts and
the NRC still pending, the future of the Yucca Mountain
project remains uncertain.

Several attributes of the nation’s approach to nuclear
waste management generally, and to the selection and
characterization of the Yucca Mountain site in particular,
are widely viewed as having contributed to the long delays
and significant difficulties encountered in implementing the
NWPA Amendments. First, DOE’s termination of the siting
process for the second repository, combined with Congress’s
subsequent action to short-circuit the site selection process
established under the original NWPA and single out Yucca
Mountain as the sole site for consideration, created a
widespread perception that the repository location was being
determined on the basis of primarily political, rather than
technical and scientific, considerations.?” Second, neither the
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original site selection process established by the Act nor the
subsequent legislative designation of Yucca Mountain as the
sole site for consideration could be viewed as consent-based
since the State of Nevada was not asked for, and did not
provide, consent for the site to be selected for investigation.
On the contrary, the state and a majority of its citizens
strongly opposed the selection of Yucca Mountain as a
potential repository site, although the project did have some
support from local constituencies. (In comments submitted
to the Blue Ribbon Commission during the course of its
deliberations, several counties in Nevada—including Nye,
Mineral, and Lincoln counties—have expressed support

for the Yucca Mountain project or for at least allowing the
license approval process for Yucca Mountain to go forward.)

A third issue, and one that pre-dated the decision to focus
only on Yucca Mountain, was the practice of setting unrealistic
and rigid deadlines. As DOE failed time and again to meet
various deadlines, confidence in the federal government’s
competence to manage either the Yucca Mountain project
or its broader obligations concerning the management of
civilian and defense nuclear waste eroded among all parties
involved. Key stakeholders, including not only citizens of the
communities where these materials were being stored, but also
nuclear utilities and their customers, who continued to pay
into the Nuclear Waste Fund even as the repository program
fell further and further behind, became increasingly frustrated.
All the while, the federal government was also exposing itself
(and U.S. taxpayers) to liability and large financial damages
arising from its failure to comply with its obligations under the
Act and DOE contracts with utilities (discussed in section 3.6)
in a timely manner.

Another fundamental flaw of the repository development
process established under the 1982 Act, and one that carried
over to Yucca Mountain after it was designated, was its
relative inflexibility and prescriptiveness. This made it difficult
to adapt or respond to new developments, whether in the
form of new scientific information, technological advances,
or (just as important) the expressed concerns of potentially
affected publics and their representatives. The 1987 N'WPA
Amendments made no provision for an alternative path
forward if Yucca Mountain proved untenable. This lack of
adaptability further undermined confidence in the analysis
and planning conducted by DOE and other federal agencies,
making it easy to view these efforts as mere paper exercises,
rigged to justify a preordained conclusion. Similarly, by
directing EPA to develop safety standards specific to the Yucca
Mountain site in the Energy Policy Act of 1992, Congress
undermined confidence that those standards represented an
independent scientific judgment about what was necessary to




protect human health and the environment.

These attributes of the Yucca Mountain siting process
led to a serious erosion of trust, especially among the
people of the state of Nevada. The recent decision by the
Administration to attempt to withdraw the Yucca Mountain
license application has further diminished confidence in the
governments ability to provide a safe and timely solution for
the disposal of spent fuel and HLW. This is not a comment on
the merits of the Administration’s decision; the Commission
was not asked to examine that issue and offers no opinion.
However, it is clear to the Commission that waste cleanup
commitments were made to states and communities across
the United States, and to the nuclear utility industry and its
ratepayers and shareholders, that have not been upheld. The
decision to suspend work on the repository has left all of
these parties wondering, not for the first time, if the federal

government will ever deliver on its promises.

3.5 UTILITY INITIATIVES
Following the federal government’s abandonment of efforts to
site an MRS facility through the Office of the Nuclear Waste
Negotiator, a group of eight nuclear utilities formed a private
consortium, called Private Fuel Storage, LLC (or PES), with the
objective of finding a community willing to host such a facility.
In 1996, PFS signed an agreement with the leadership of the
Skull Valley Goshute Indian Tribe to open an MRS facility
on the Tribe’s reservation in Utah. Details about the amount
of compensation being offered have not been disclosed, but
reportedly include millions of dollars in promised payments.
The effort has generated controversy within the Tribe, however,
and is strongly opposed by the state of Utah and a majority of
Utah citizens, according to media reports.”

PFES subsequently applied for and received a license to
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construct the proposed facility from the NRC. In a comment
letter from the Governor of Utah on the BRC draft report,
one of the many reasons cited for state-level opposition to the
PES project was that the BRC-recommended “consent-based,
transparent and standards- and science-based approach

to nuclear waste management...was totally lacking in the
NRC proceeding to license a private SNF storage facility.”*
The PFS project was later halted when the Department of
the Interior’s Bureau of Indian Affairs did not approve the
Tribe’s lease of land for the storage facility (citing the risk
that it would become a permanent repository by default) and
the Bureau of Land Management denied needed railroad
rights of way over federal land. These decisions were recently
found by a federal court to be arbitrary and capricious and
were remanded for reconsideration, leaving the future of the
facility, according to a recent (2010) article that appeared in
the Environmental Law and Policy Review, “uncertain.”

3.6 CURRENT WASTE ACCEPTANCE

COMMITMENTS AND LITIGATION

The NWPA established the Nuclear Waste Fund (NWF)
and authorized DOE to enter into Standard Contracts

with commercial reactor licensees. During the 1980s,

DOE entered into 76 such contracts. Under the Standard
Contract, DOE agreed to take title to spent fuel or HLW
and, in return for a payment of fees to the NWE dispose

of the materials beginning not later than January 31, 1998
(the fee amount was initially set at 1 mill or one-tenth of
one cent per kilowatt-hour; it is reviewed annually to ensure
that it is adequate to cover program costs and has never been
changed). The NWPA also stipulated that the NRC may
not issue or renew a commercial reactor license without a

Standard Contract in place. In 2008, DOE amended the
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Standard Contract for new reactors. Under the amended
Standard Contract, DOE is not required to accept spent fuel
until 20 years after the expiration of the reactor’s operating
license and any extensions thereto.

Despite the NWPA mandate to begin accepting spent
fuel and HLW for delivery to and disposal at a permanent
repository no later than January 31, 1998, no permanent
repository has yet been licensed by the NRC. This has led
numerous utilities to file suit to recover damages associated
with the governments failure to meet the 1998 waste
acceptance deadline. The status of this litigation and of
associated taxpayer liabilities, which are already running into
the billions of dollars, is discussed in greater detail in section
8.5 of this report.

3.7 LINKAGES BETWEEN THE BACK-
END OF THE FUEL CYCLE AND THE
FUTURE OF NUCLEAR POWER

All forms of energy production have impacts; in many cases,
these impacts include generating wastes or by-products. The
spent fuel from nuclear power reactors gets (and deserves)
special attention because of the hazard it poses and because
it contains certain elements (primarily plutonium) that can
be extracted and re-used either for power production or in
nuclear weapons.

For these reasons, the successful management of SNF
has long been viewed as necessary if nuclear power is going
to remain a viable energy option. As discussed eatlier,
the assumption in the early days of the industry was that
uranium was scarce and that the back end of the nuclear fuel
cycle should be managed in a way that provided plutonium
and other elements to power future nuclear reactors. Several
nations continue to extract plutonium (and uranium) from
spent fuel for planned or ongoing re-use, but as uranium
has been found to be more naturally abundant than first
expected,”® many nations are now primarily focused on
developing options for the near-term safe storage of HLW
and spent fuel and for the long-term isolation of these
materials from people and the environment.

The United States may someday find it advantageous to
extract useful elements from spent fuel for re-use (later chapters
of this report discuss the value of research, development, and
demonstration (RD&D) to ensure that future generations have
a wide range of nuclear fuel cycle options to choose from). In
the nearer term, laws in several states that put a moratorium on
new nuclear plant construction until certain waste management
conditions have been met, together with the NRC’s Waste
Confidence rulemaking, which was first initiated in October
1979, create the most direct linkage between progress on
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nuclear waste disposal and the future prospects of the domestic
nuclear power industry.

3.7.1 STATE MORATORIA

Efforts to establish a formal legal link between the use of
nuclear power and solutions for the back end of the nuclear
fuel cycle began in California in the mid-1970s when it
became clear that the prospects for successfully completing
either reprocessing capacity or a waste disposal system were
increasingly dim.”” At that time, the California legislature
adopted a law that allows the state to grant permits for new
nuclear power plants only if the California Energy Resources
Conservation and Development Commission can make
a finding that the federal government has identified and
approved a demonstrated technology for the disposal of
spent fuel/high-level nuclear waste. The California law was
challenged on grounds that federal law preempts state statutes
concerning nuclear power, but it was upheld by the Supreme
Court, which found that California had acted on the basis of
an economic rather than a nuclear regulatory rationale.
Subsequently, eight other states—Connecticut, Illinois,
Kentucky, Maine, New Jersey, Oregon, West Virginia, and
Wisconsin—adopted statutes that tied approval of new
reactors to (at a minimum) progress on the issue of waste
disposal.*® Recent years have seen efforts to repeal those laws
in some states, although none have succeeded so far.

3.7.2 NRC WASTE CONFIDENCE
PROCEEDING

The NRC’s Waste Confidence proceeding grew out of an
NRC statement that, as a matter of policy, it “would not
continue to license reactors if it did not have reasonable
confidence that the wastes can and will in due course be
disposed of safely.”® While the Waste Confidence Rule is
narrowly applied so that waste management and disposal
issues don’t have to be re-litigated every time the NRC
reviews a license application, the NRC itself has indicated
that this proceeding has broader policy implications.

The NRCs first waste confidence decision was issued in
1984. In it, the NRC found reasonable assurance that safe
disposal of HLW and spent fuel in a geologic repository
is technically feasible, and that repository capacity would
become available in the 20072009 timeframe.* The NRC
also found that HLW and spent fuel will be safely managed
until repository capacity is available, that spent fuel generated
in any reactor can be stored safely and without significant
environmental impacts for extended periods, and that spent
fuel storage will be available as needed.

In its initial waste confidence rulemaking, the NRC
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said it would revisit the issue periodically. Five years later,
the NRC took another look and basically reaffirmed and
expanded the original finding. Specifically, the NRC made
clear that its confidence in the environmental soundness
of on-site storage extended for at least 30 years beyond
the licensed lifespan of operating reactors, including life-
extensions that might occur from license renewals. At the
same time, the NRC clarified its thinking about repository
timing to say that there was reasonable assurance one or
more repositories would be made available within the first
quarter of the 21st century.

In 1999, the NRC reviewed the matter again and found
that experience and developments in the interim confirmed
the confidence it had earlier expressed. The Commission
said it would look at the issue again after the ongoing
repository process had run its course, or if “significant” and
“unexpected” events occurred that warranted a reassessment.

In 2007, the nuclear industry called on the NRC to
reaffirm its waste confidence decision, citing concern that
uncertainties about waste management were affecting
investment decisions about new nuclear power plants.*!

In 2010 the NRC issued revisions to the agency’s waste
confidence findings and regulations. The revisions expressed
the NRC’s confidence that: (1) the nation’s SNF can be
safely stored for at least 60 years beyond the licensed life of
any reactor and (2) that sufficient repository capacity will be
available when necessary (though on this occasion the NRC
did not specify an anticipated timeframe).> 7he NRC also
made clear, however, that by revising its earlier waste confidence
[findings it did not intend to signal that it was endorsing the
indefinite storage of spent fuel at reactor sites.

On February 17, 2011, the Natural Resources Defense
Council filed a petition for review with the United States
Court of Appeals for the DC Circuit challenging the NRC’s
most recent waste confidence rule. The states of New Jersey,
New York, Vermont and Connecticut have also challenged
the rule.
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3.7.3 IMPACT OF WASTE MANAGEMENT
UNCERTAINTY ON NUCLEAR PLANT
INVESTMENT DECISIONS

Beyond the formal linkages discussed in the preceding
sections, there is a broader question about the impact of
current uncertainty about waste management on decision
making about new nuclear plants in the United States. As
already noted, the NRC’s most recent waste confidence
position was prompted by industry concerns, including
specifically concerns related to uncertainty about the
licensing process for Yucca Mountain (at the time, DOE
had not yet submitted the license application). The decision
to attempt to withdraw the license application appears

to have heightened these concerns. A witness at a recent
Congressional hearing on the subject argued that the current
“complete lack of direction on nuclear waste management
and...dereliction of responsibility on the part of the federal
government...creates substantial government-imposed risk
on the nuclear industry, which is the primary obstacle to an

expansion of U.S. nuclear power.”#

3.8 INTERNATIONAL CONTEXT/
COMPARISON

In the course of its deliberations, the Commission sent
delegations to Finland, France, Japan, Russia, Sweden

and the United Kingdom to learn about these countries’
waste management programs. The Commission also heard
presentations about the nuclear waste management programs
of Canada and Spain. We found that the experiences of other
countries, some of which are at or near the stage of licensing
a deep geologic repository, offer many useful insights for the
U.S. program. Some of those insights are discussed in chapter
6 of this report which provides recommendations on a new
approach to siting. In addition, appendix C summarizes the
status of other countries’ waste programs drawing primarily
from information collected by the NWTRB as part of a 2009
report to Congress and the Secretary of Energy on the status
of nuclear waste management efforts around the world.*




4. THE NEED FOR
GEOLOGIC DISPOSAL

he central flaw of the U.S. nuclear waste management
program to date has been its failure to develop
permanent disposal capability.

This failure has occurred despite decades of efforts and a
legislative mandate in the form of the Nuclear Waste Policy
Act (NWPA). The conclusion that disposal is needed and
that deep geologic disposal is the scientifically preferred
approach has been reached by every expert panel that

has looked at the issue and by every other country that is
pursuing a nuclear waste management program. Moreover,
all spent fuel reprocess or recycle options generate waste
streams that require a permanent disposal solution.

Lack of disposal capability is not only at the heart of the
U.S. government’s inability to honor its waste management
obligations to date, it is—especially after Fukushima—a
source of renewed concern to the general public, a growing
liability to taxpayers, and a burden to nuclear utilities, their
ratepayers,® and the nuclear energy industry’s prospects
going forward. One of our central recommendations,
therefore, is that the United States should undertake an
integrated nuclear waste management program that leads

to the timely development of one or more permanent deep
geological facilities for the safe disposal of spent fuel and
high-level nuclear waste.

This chapter discusses the ethical, technical, and practical
grounding for that recommendation and elaborates on the
options available for developing disposal capacity.

4.1 THE RATIONALE FOR
DEVELOPING DISPOSAL CAPACITY

Spent nuclear fuel and other high-level radioactive wastes*
contain elements that present a potentially significant
radiation hazard to exposed populations and ecosystems.
These hazards diminish over time, often declining
significantly in the first few hundred years and thereafter
much more gradually. As detailed in chapter 3 of this report,
the decay processes for some constituents of spent fuel

and HLW take hundreds of thousands of years or more.
Therefore, the central challenge for managing these materials
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is to store and finally dispose of them in a
way that provides adequate protection of
the public and the environment over very
long periods of time.

The need for a disposal solution
is quite clear in the case of nuclear
materials with a low probability of re-
use—a category that includes defense
and commercial reprocessing wastes
and many forms of spent fuel currently
in government hands. From a practical
standpoint, the Commission believes it
is also very likely that disposal will be
needed to safely manage at least some
portion of the existing commercial SNF
inventory. This is because there is no cost-
effective way using existing technology to
separate the most hazardous and long-
lived radioactive elements in spent fuel
and convert them to short-lived or stable isotopes.”’ In
the meantime, the more frequently discussed option is to
re-cycle and re-use some of the constituents of spent fuel.
‘This option involves reprocessing spent fuel to separate and
remove the still usable constituents for re-use as reactor
fuel. Options for partially or fully “closing” the nuclear fuel
cycle are the subject of ongoing research and development
in the United States and elsewhere and are discussed in
chapter 11 of this report. 7he central point is that all spent
Suel reprocessing or recycle options generate waste streams.
Moreover, some of these waste streams contain sufficient
amounts of long-lived radioactive elements that the need
for a long-term disposal solution cannot be eliminated with
any foreseeable separations technology.*

In concluding that disposal capacity will be needed,
the Commission is echoing the consensus view, not only
of numerous former expert panels®’ that have looked at
the situation in the United States but also of all countries
with significant nuclear waste inventories (including those
that are currently reprocessing spent nuclear fuel) and of
major international organizations such as the IAEA and the
OECD’s Nuclear Energy Agency (NEA).%%!

4.2 THE CASE FOR DISPOSAL

The ethical case for developing disposal capacity for spent
fuel and high-level nuclear wastes from the nation’s past
weapons programs and civilian nuclear power industry is
outlined in section 2.3.1 of this report, which highlights
the obligation to avoid placing an undue burden on future
generations. From a legal standpoint, the U.S. government’s
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An underground chamber at the WIPP facility.

general obligation to provide a timely disposal solution has
been established for more than three decades. In fact, under
current law the federal government was obliged to begin
accepting commercial spent fuel by January 31, 1998.

Apart from commercial spent fuel, the federal government
is also liable for the eventual disposition of waste from defense
production facilities. Enforceable commitments to remove
federally owned waste have been made in cleanup agreements
with the host states of Washington, South Carolina, Colorado
and Idaho. Direct disposal of both defense HLW and the West
Valley HLW at an appropriate site (without interim storage at
another location) should be pursued, as this material will never
be further processed or re-used.

Finally, although much of the federally-owned HLW and
spent fuel was generated to produce materials used in nuclear
weapons, a smaller inventory of spent fuel exists and is being
generated by the U.S. Navy’s nuclear fleet. Continued Navy
operations to examine and store this fuel in Idaho depend
upon the future availability of disposal capacity at a suitable
repository site for this fuel.

As we have already noted, the Commission’s central
conclusion concerning the need for disposal capability is
consistent with decades of expert opinion and policy consensus
in the United States and abroad. That the use of nuclear
technologies—whether for defense purposes or for energy
production—would necessitate a means for permanently
disposing of their radioactive by-products has been known
from the beginning. In short, because these materials exist, the
ethical, legal, and practical obligation to dispose of them also
exists. Regardless how one views the nuclear energy industry
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or its future prospects, all parties should be able to agree that
there s little to be gained—and potentially a very high price
to be paid—for continued deferral and delay in developing
the capability for disposal. Moreover, only by moving forward
can some of the key questions and uncertainties about a future
disposal path for spent fuel and high-level nuclear waste be
identified and resolved.

4.3 OPTIONS FOR DISPOSAL
While several options for disposing of spent fuel and high-level

nuclear waste have been considered in the United States and
elsewhere, international scientific consensus clearly endorses
the conclusion that deep geological disposal is the most
promising and accepted method currently available for
safely isolating spent fuel and high-level radioactive wastes
from the environment for very long periods of time.””

In its deliberations, the Commission focused chiefly
on two deep geologic disposal options: disposal in a mined
geological formation and disposal in deep boreholes. The
former has been the front-running disposal strategy in
the United States for more than 50 years; it is also the
approach being taken in other countries with spent fuel
or HLW disposal programs. (An artist’s rendering of the
mined geologic disposal concept is shown in figure 12.)
By contrast, disposal in deep boreholes may hold promise
buct this option is less well understood. Further RD&D
is needed to fully assess its potential advantages and
disadvantages and should be performed in parallel with
the development of an updated safety standard (consistent
with the new disposal safety standard the Commission
recommends for mined geologic repositories).

In a mined geologic repository, wastes would be placed
in engineered arrays in conventionally mined cavities deep
beneath the earth’s surface. The waste itself would be contained
in canisters or other packages appropriate to its particular
form, chemical content, and radiation intensity. As developed
and studied around the world, proposals for geologic disposal
also employ the concept of multiple barriers.”® These include
both engineered and geologic barriers that improve confidence
that radioactive constituents will not return to the biosphere
in biologically significant concentrations. Engineered barriers
include the waste form itself, canisters, fillers, overpacking,
sleeves, shaft and tunnel seals, and backfill materials. Each of
these components may be designed to reduce the likelihood
that radioactive material would be released and would be
selected on the basis of site- and waste-specific considerations.
Geologic barriers include the repository host rock and
surrounding rock formations. While engineered barriers would
be tailored to a specific containment need, geologic barriers

REPORT TO THE SECRETARY OF ENERGY

FIGURE 12. MINED GEOLOGIC
DISPOSAL CONCEPT
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Mined geologic disposal will use a system comprised of
engineered barriers (the waste package and the mined
repository) and naturally occuring barriers (the host rock
formation and the chemical and physical properties of
the repository site itself) to provide long-term isolation
of waste from the biosphere.
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would be chosen for their iz-situ properties with respect to
both waste containment and isolation.

The basic objective or standard of performance for a
permanent waste repository was articulated by the IAEA in a
2003 report on the scientific and technical basis for geologic
disposal of radioactive wastes: “to provide sufficient isolation,
both from human activity and from dynamic natural
processes, that eventual releases of radionuclides will be in
such low concentrations that they do not pose a hazard to
human health and the natural environment.”*

Decades of research and site investigations in the United
States and elsewhere suggest that a wide variety of rock types
and geologic environments could—in combination with
appropriate repository design—be suitable for achieving this
objective. The rock types that have been considered for a deep
geologic repository have included bedded and domed rock salts,
crystalline rocks (i.e., granite or gneiss), clay, shale, volcanic
tuffs, basalt, and various other types of sedimentary rocks.”




Each of these rock types and their particular
geologic environments have advantages and
disadvantages from a strictly technical perspective,
and different geologic settings and emplacement
methods may be better for particular types
of waste. However, many or all of them may
ultimately be found to demonstrate acceptable
performance for a wide range of wastes. The
geologic environment into which waste would be
emplaced is a related and perhaps more important
consideration than the type of rock by itself. The
BRC has benefitted from visits to several facilities
in different geologic settings in the United States
and abroad. This exposure contributes to our
collective observation that deep geologic disposal
constitutes a vital element of all international
waste management programs. It also reinforces
our confidence that many geologic formations
and sites that would be technically suitable for
hosting a permanent repository can be found
within the borders of the United States.”®

Deep boreholes represent another form of deep geologic
disposal that may offer benefits, particularly for the disposal
of certain forms of waste. As we have already noted, however,
this concept is less well understood than disposal in a mined
repository and requires further exploration.”” Basically, a
deep borehole is a cased hole on the order of 45 centimeters
(approximately 20 inches) in diameter drilled into crystalline
basement rock to a depth of 4 to 5 kilometers (2.5 to 3
miles). In most designs, the bottom 1 to 3 kilometers would
be filled with either vitrified HLW or spent fuel and some
backfill or sealant would be added to fill in the gaps between
the wastes and the well casing. Figure 13 illustrates the deep
borehole disposal concept.

A number of possible advantages have been cited that
support further efforts to investigate the deep borehole
option. These include the potential to achieve (compared
to mined geologic repositories) reduced mobility of
radionuclides and greater isolation of waste, greater tolerance
for waste heat generation, modularity and flexibility in terms
of expanding disposal capacity, and compatibility with a
larger number and variety of possible sites. On the other
hand, deep boreholes may also have some disadvantages
in terms of the difficulty and cost of retrieving waste (if
retrievability is desired) after a borehole is sealed, relatively
high costs per volume of waste capacity, and constraints on
the form or packaging of the waste to be emplaced.

Overall, the Commission recommends further RD&D

to help resolve some of the current uncertainties about deep
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OTHER DISPOSAL CONCEPTS

A number of alternative disposal concepts or alternative types of sites

for geologic disposal have been advanced over the years. For example,
disposal on or beneath unoccupied islands has been considered in the
context of options for siting an international repository or monitored storage
facility.*® Another option, sub-seabed disposal in stable clay sediments,
was investigated in the 1970s and 1980s and was thought by a number

of experts to hold potential advantages over land-based disposal. Other
disposal concepts that have been proposed, at least for some forms of
waste, include disposal by in situ melting (this was suggested in the

1970s as a way to dispose of liquid wastes from reprocessing, perhaps by
using already contaminated underground nuclear test cavities) or space
disposal—that is, shooting nuclear wastes into solar orbit or even into the
sun. For reasons of practicality, public and international acceptance, and/or
cost these options have generally not received as much attention as disposal
in a deep, land-based, mined geologic repository. In sum, based on the
evidence available to date, the Commission sees no reason to change the
current focus of the U.S. program on developing mined geologic repositories.

borehole disposal and to allow for a more comprehensive
(and conclusive) evaluation of the potential practicality

of licensing and deploying this approach, particularly

as a disposal alternative for certain forms of waste that

have essentially no potential for re-use. Likewise, EPA

and NRC should begin work on a regulatory framework

for borehole disposal, in parallel with their development

of a site-independent safety standard for mined geologic
repositories, to support the RD&D effort leading to licensed
demonstration of the borehole concept.”

4.4 RETRIEVABILITY AND
REVERSIBILITY

‘The concepts of retrievability and reversibility have long been

part of the discussion about how best to safely dispose of

highly radioactive materials. While no standardized definition

exists for either term, reversibility means the more generic

ability to reconsider and reverse course at any time during

the development and implementation of a geologic disposal

program. By contrast, retrievability refers more specifically to the

ability to retrieve waste after it has been placed underground in a

geologic disposal facility.*¢" This could be considered a desirable

or necessary feature of facility design for two main reasons:

(1) so that it remains possible to monitor the nuclear waste to

confirm the behavior of the repository and remove the waste if

necessary and (2) to preserve the option of retrieving spent fuel

for future reprocessing and recycling if that proves warranted.
The Commission considers retrievability and reversibility

as closely related but distinct issues. Our view is that existing
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FIGURE 13. DEEP BOREHOLE DISPOSAL CONCEPT®3
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On the other hand, we recognize pertinent details, some general conclusions about cost can be
that the same level of retrievability may not be practical or reached based on work performed for the Yucca Mountain
necessary in the context of other disposal approaches, such as project and other information.
deep boreholes. In that case, related regulatory requirements A 2008 DOE life-cycle cost estimate® arrived at a figure
and time periods can and should be reassessed as part of a of $96.2 billion (in 2007 dollars) to license, construct,
larger evaluation of disposal system performance objectives. operate and close a repository at Yucca Mountain of
On the subject of reversibility, the Commission views this sufficient size to dispose of a total of 122,000 metric tons
artribute as an important part of what we believe should be a of commercial and defense-origin spent fuel and high-level
staged, adaptive approach to waste management and disposal waste (note that the legislated capacity of Yucca Mountain is
in the United States more generally. The details of such an 70,000 metric tons until a second repository is in operation).
approach are discussed at length in chapter 6 of this report. 'The cost share assigned to the 109,000 tons of commercially-
For purposes of this discussion, it suffices to note that for a generated wastes assumed for disposal was about 80 percent
program to be adaptive there needs to be some capacity to of the $96.2 billion total, or approximately $77 billion.
reverse course, at least for a period of time. Flexibility of this That same year, DOE produced a detailed report “to
kind is needed because implementing a disposal program will evaluate whether the collection of the [nuclear waste] fee will
take at least several generations, during which technology provide sufficient revenues to offset the commercial utilities’
and values are sure to evolve—albeit in unpredictable ways. share of the total life cycle costs of the Civilian Radioactive
While there is general consensus that we cannot rely on active Wiaste Management Program.”®® The report concluded
management of nuclear waste disposal facilities over the many that the “the fee is adequate and [DOE] finds no reason to
millennia of safety and environmental concern, an adaprtive, adjust the fee at this time.” This conclusion echoes past fee
staged approach requires this flexibility in the near term, evaluations which, over two-plus decades of the nation’s
when it is reasonable to have confidence that the institutional nuclear waste management program, concluded that the
oversight and management capacity to implement responsible current one-tenth of one cent per kilowatt-hour collected
course corrections will be available. for spent fuel management would be sufficient to pay for

disposal of the nation’s spent commercial reactor fuel.

4.5 COST OF DISPOSAL

It is important to stress that judgments about the
The Commission heard many comments regarding the costs of

adequacy of current fee payments to cover anticipated

nuclear waste management generally and the costs of nuclear disposal costs are separate from the question of whether the

waste disposal in particular. While it is impossible to prepare current fee mechanism is working as intended to make fee

detailed cost estimates for an integrated U.S. nuclear waste payments available to fund the waste management program.

management system without knowing the specific facilities and The latter issue is the subject of chapter 8 of this report.

sites that will be used for waste management and many other
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5. STORAGE AS PART OF
“25. AN INTEGRATED WASTE
% MANAGEMENT STRATEGY

torage is a necessary and important element of a
comprehensive strategy for managing the back end of

the nuclear fuel cycle.

Implemented with a strong emphasis on safety and security
and designed for compatibility with other steps in the fuel
cycle, storage facilities have the potential to increase the
flexibility, resiliency, and robustness of the system as a whole.
Current arrangements for the storage of SNF in the United
States, however, have evolved in an ad hoc fashion. Changes to
the current approach are needed for several reasons: to support
progress toward the development of disposal capability; to
address immediate and growing financial and legal liabilities
stemming from the federal government’s failure to meet its
waste acceptance obligations in a timely manner; and to
improve confidence in the safety and security of current storage
arrangements, including addressing any new concerns that
emerge in the wake of the March 2011 accident at Japan’s
Fukushima Daiichi nuclear power facility.

Having investigated a range of issues related to the
storage of spent fuel and HLW, the Commission has two
central recommendations.

BLUE RIBBON COMMISSION ON AMERICA’S NUCLEAR FUTURE

First, we recommend that the United States establish
a program that leads to the timely development of one or
more consolidated storage facilities. Access to consolidated
storage capacity, even on a limited basis, would—when
coupled with a viable transportation system—provide
valuable flexibility as part of an integrated nuclear waste
management system. Without this capacity the federal
government will have essentially no physical capability to
accept spent fuel for emergency or any other purposes until a
permanent repository is in operation.

Second, we urge vigorous, ongoing efforts by industry
and by the appropriate regulatory authorities 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. Based on the evidence and safety
record to date, the Commission sees no unmanageable safety
or security risks with current storage arrangements. That said,

active research, monitoring, and continued responsiveness




to new information and lessons learned—including lessons
learned from a more complete understanding of recent events
at Fukushima—are clearly needed to sustain this confidence.
Any realistic assessment of the time it can be expected to take
to site, construct, license and begin operating consolidated
storage and disposal facilities underscores the need for
continued vigilance and attention to safety and security
concerns at existing storage sites.

This chapter elaborates on the above points and on
other recommendations developed by the Commission’s
Transportation and Storage Subcommittee. We begin by
discussing the role of storage as part of a comprehensive
waste management strategy, before developing the rationale
for consolidated storage. Subsequent sections of this chapter
discuss safety and security issues at existing dispersed storage
sites. Further discussion of these subjects can be found in
supporting Commission materials and in the report of the
Commission’s Transportation and Storage Subcommittee
(available at www.brc.gov).

5.1 THE ROLE OF STORAGE

Storage in some form, for some period of time, is an
inevitable part of the nuclear fuel cycle. This is simply
because spent fuel, upon being removed from the reactor
core, needs to be allowed to cool before it can be handled
further. In the early days of the nuclear energy industry it
was assumed that storage times
for spent fuel would be relatively
short—on the order of several
years to a decade or two at most
before spent fuel would be sent
either for reprocessing or final
disposal. The current reality,

of course, is much different.
Storage is not only playing a
more prominent and protracted
role in the nuclear fuel cycle
than once expected, it is the

only element of the back end of
the fuel cycle that is currently
being deployed on an operational
scale in the United States. In
fact, much larger quantities of
spent fuel are being stored for
much longer periods of time
than policy-makers envisioned

or utility companies planned for
when most of the current fleet of
reactors were built.
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Chapter 3 of this report describes how the current
situation—in which the vast majority of spent fuel is still
being stored at the reactor sites where it was generated—
arose by default as the U.S. government first decided not
to pursue reprocessing and then fell further and further
behind in developing a disposal repository. With DOE
in breach of its contractual waste acceptance obligations,
individual udilities have been left to cope on their own with
the problem of growing spent-fuel inventories. Over the
years, most of them have responded by packing spent fuel
more tightly in cooling pools and, increasingly, by moving
the spent fuel from wet storage to on-site dry cask storage
when available space in the pools is exhausted. At plants that
have implemented this form of storage, canisters containing
spent fuel are typically placed on concrete pads in an open air
enclosure or in horizontal concrete vaults on site where they
are monitored on an ongoing basis. Other storage methods,
such as dry vault storage for fuel from the St. Vrain plant and
wet storage at the GE Morris facility, have also been licensed.

Existing dry storage systems at nuclear facilities are
robust. In the most widely used type of dry storage system,

a canister containing used fuel is placed inside a concrete
structure. The canister typically consists of 1/2 inch to 5/8
inches thick stainless steel; it serves as the primary boundary
to confine radioactive material (see figure 4). Depending

on the cask system design, the canister may be oriented

FIGURE 14. DRY CASK STORAGE FACILITY AT THE
DECOMMISSIONED MAINE YANKEE REACTOR SITE

Source: http://www.maineyankee.com
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vertically or horizontally inside a thick reinforced concrete
structure. These reinforced concrete structures, which are
typically 2.5 feet thick for vertical systems and 3 feet thick
for horizontal systems, provide shielding from radiation and
protect the canister. The total weight of current dry storage
systems (canister and concrete structure) is typically between
160 and 180 tons (320,000-360,000 pounds).

After an initial period of cooling in wet storage (generally
at least five years), dry storage (in casks or vaults) is considered
to be the safest and hence preferred option available today
for extended periods of storage (i.c., multiple decades up to
100 years or possibly more). Unlike wet storage systems, dry
systems are cooled by the natural circulation of air and are less
vulnerable to system failures. Nevertheless, it is important to
emphasize that spent fuel pools are essential to operating a
nuclear power plant given the need to be able to cool newly
discharged fuel in a water-filled pool close to the reactor core.
Pools are also advantageous for the transfer of spent fuel into
and out of casks.

In the United States, pools remain the dominant form
of storage for spent fuel at still-operating reactor sites (pools
are currently also used for at-reactor and consolidated
storage in other countries, including France, Russia, and
Sweden). Currently, less than one-fourth of the nation’s
commercial spent fuel stockpile is being stored in dry casks,
although the Electric Power Research Institute (EPRI)

FIGURE 15. EPRI PROJECTION OF CUMULATIVE
SPENT NUCLEAR FUEL FROM COMMERCIAL

NUCLEAR POWER PLANTS IN POOL STORAGE

AND DRY STORAGE, 2010-2060
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projects this fraction will grow steadily in coming years
and that all operating power reactors will have dry storage
facilities in operation by 2025.% Figure 15 shows EPRI’s
projection for the expected amount and distribution of
commercial spent fuel in dry versus wet storage over the
next several decades.®’

While current storage arrangements have been judged
adequately safe and secure by the relevant regulatory
authorities—in fact, as discussed in chapter 3, the NRC in
2010 updated its “Waste Confidence Decision” to state that
at-reactor or away-from-reactor spent fuel could be stored
safely for up to 60 years after the termination of an operating
reactor’s license (with extensions up to 60 more years)*—it
is clear that today’s institutional arrangements and storage
technologies were not designed for the lengthy storage
timescales that now appear inevitable for at least some
portion of the nation’s spent fuel inventory.

Assuring safe and secure storage of SNF and HLW over
extended periods of time will require continued public and
private efforts—including efforts by the NRC, DOE, and
industry organizations such as EPRI —to conduct rigorous
research and oversight and continuously incorporate lessons
learned from new developments or events. For example, it
will be important to continue exploring fuel degradation
mechanisms in dry storage, particularly since many current
safety assessments are based on an examinations of fuel with
lower burnup than is now “standard” and
do not account for storage times of the
length now being contemplated. Further
research may identify unanticipated
problems with extended fuel storage (e.g.,
unexpected corrosion rates) and will help
ensure that problems are detected and
appropriately mitigated if they emerge.

Given the history of the U.S. waste
management program, it is perhaps not
surprising that the need for extended
storage has come to symbolize the
program’s larger failure to perform so
far. Nonetheless we find that developing

extended storage capacity, if approached
in a way that maximizes its system
benefits, could strengthen the U.S. waste
management program as a whole.

First, having extended storage
capability preserves options and enhances
flexibility while other elements of a
comprehensive waste management
system—including options for the final
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disposition of HLW and SNF—are developed and tested.
The United States may ultimately dispose of spent fuel or
make use of reprocess and recycle technologies if closing
the fuel cycle becomes advantageous in the future. Storage
capability preserves the option of going in either direction.
If the ultimate disposition path for spent fuel involves
disposal in a geologic repository, allowing the fuel to cool
through a period of storage reduces the siting challenge for
a disposal facility and/or increases the disposal capacity of a
given facility.

These system benefits apply whether storage is provided
at consolidated facilities or at dispersed sites, as is currently
the case. But the storage arrangements in place today
were not designed to maximize operational efficiency at a
system level or to respond to unforeseen events or changes
in management strategy, much less for indefinite storage
at reactor sites after the reactors themselves have been
decommissioned. These issues are addressed in later sections
of this chapter; below we turn first to the rationale for
developing one or more consolidated storage facilities.

5.2 THE CASE FOR

CONSOLIDATED STORAGE

The fundamental policy question for spent fuel storage in the
United States today is whether the federal government should
proceed to develop one or more consolidated storage facilities as
a way to begin the orderly transfer of the fuel to federal control
pending its ultimate disposition through reuse or disposal. The
Commission concludes that there are several compelling
reasons to move as quickly as possible to develop safe,
consolidated storage capacity on a regional or national basis.

5.2.1 CONSOLIDATED STORAGE
WOULD ALLOW FOR THE REMOVAL
OF ‘STRANDED” SPENT FUEL FROM
SHUTDOWN REACTOR SITES

‘There are currently nine shutdown commercial nuclear
power plant sites in the United States (see table 1) and

one DOE-owned spent fuel facility (at Fort St. Vrain in
Colorado) where the reactor itself has been or is being
removed and the spent fuel—often referred to as “stranded
fuel”—is being stored on site. At seven of the nine
commercial sites and at the DOE site, the spent fuel is in
dry storage. At all of these sites, which are formally known
as “independent spent fuel storage installations” or ISESIs,
the spent fuel is both monitored and well-guarded and
hence is not thought to present immediate safety or security

concerns. Nonetheless, the continued presence of spent
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fuel at shutdown reactor sites is problematic and costly.
Most obviously, it prevents these shutdown sites from being
reclaimed for economically productive or otherwise desirable
uses that would benefit the surrounding communities.
Moreover, these communities were never asked about, and
never contemplated or consented to, the conversion of these
reactor sites into indefinite long-term storage facilities. As

a result, they generally also did not have an opportunity

to negotiate for rights of participation or incentives and
benefits of the sort that would likely be available to the host
community of a dedicated storage facility. Finally, most of
these shutdown reactor sites no longer have the capability

to remove spent fuel from storage canisters for inspection if
long-term degradation problems emerge that might affect the
ability to transport the canisters. Consolidated storage sites
can be developed to provide these capabilities.

Direct cost considerations alone provide a compelling
reason to move stranded spent fuel as quickly as possible
to a consolidated storage facility. This is because the cost
attributable to storing spent fuel at plant sites increases
dramatically once the reactor is shut down. Since the cost
of loading fuel into dry storage casks has generally already
been incurred at this point, continued storage involves
little activity other than site security and monitoring. At
an operating nuclear plant, security is already in place and
only incremental effort is required to include the ISFSI
within the plant’s security umbrella. The same is true for
the personnel needed to monitor the status of the fuel and
perform any routine maintenance. When the rest of the site
is shut down, however, these structures, systems, equipment
and people are still needed to tend the spent fuel, and the
cost is substantial. Recent studies find that the operation and
maintenance costs for spent fuel storage at shutdown sites
range from $4.5 million to $8 million per year, compared to
an incremental $1 million per year or less when the reactor is
still in operation. Even assuming no further change in security
requirements at shutdown sites, these cost estimates suggest
that the savings achievable by consolidating stranded spent
fuel at a centralized facility would be enough to pay for that
Jacility.” Consolidation would also allow any new safety or
security measures that might be required in the future to be
implemented more cost-effectively.

These cost advantages will only grow as increasing
numbers of reactors reach the end of their operating lives,
starting around 2030. Assuming a 60-year operating life,
on average, for current plants, the number of shutdown
sites could reach 30 by 2035 and 70 by 2050. Of course,
subsequent life extensions beyond 60 years could push this
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curve farther into the future, but it is also possible that not fuel from these sites, both for the surrounding communities
all currently operating reactors will in fact have their lives and in terms of cost savings, the Commission recommends
extended to 60 years. In that case, the number of shutdown that spent fuel currently being stored at shutdown reactor
plants would increase more rapidly. And while additional sites be “first in line” for transfer to a consolidated
reactors have been proposed at some sites (which could storage facility.

delay full decommissioning of these sites for decades), it

is impossible to know how many of these new units will 5.2.2 CONSOLIDATED STORAGE
eventually be built or how they would affect cumulative fuel WOULD ENABLE THE FEDERAL

storage costs. GOVERNMENT TO BEGIN MEETING
Using the cost estimates cited previously, the added WASTE ACCEPTANCE OBLIGATIONS
security and monitoring expenses associated with keeping Developing consolidated storage capacity would enable
stranded spent fuel at as many as 70 different shutdown the U.S. government to begin fulfilling its legal obligations
reactor sites could be in the area of $350 to $550 million per (described in chapter 3 of this report) with respect to the
year at today’s costs. acceptance and removal of SNF from commercial reactor
In sum, equity and cost considerations together argue sites. In this way, it would also begin to address a large and
for moving as quickly as possible to transfer stranded spent growing source of financial and legal liability to the federal
fuel from shutdown reactor sites to consolidated storage. government and ultimately U.S. taxpayers.
Given the significant direct benefits of transferring spent The Commission has heard the suggestion that DOE

TABLE 1. QUANTITIES OF STRANDED SPENT FUEL IN STORAGE
AT SHUTDOWN COMMERCIAL U.S. REACTOR SITES™

MTHM MTHM MTHM Total Casks Average
Stored inPool inDry Number Estimated (Actual Plus MTHM/
at Site Storage Storage of Casks  Casks Estimated) Cask
Big Rock Michigan 58 0 58 7 - 7 8.3
Point
Haddam Connecticut 412 0 412 40 — 40 10.3
Neck
Humboldt California 29 0 29 5 - 5 5.8
Bay
LaCrosse? Wisconsin 38 38 0 0 5 5 7.6
Maine Maine 542 0 542 60 — 60 9.0
Yankee
Rancho California 228 0 228 21 — 21 10.9
Seco
Trojan Oregon 359 0 359 34 - 34 10.6
Yankee Massachusetts 127 0 127 15 — 15 8.5
Rowe
Zion 1 & 2° lllinois 1,019 1,019 0 - 61 61 16.7
Fort St. Vrain | Colorado 15 0 15 NA* — NA —

NOTE: @ Testimony to Commission indicates target completion in 2012.

®Decommissioning contract entered with Energy Solutions. NAC MAGNASTOR canister will be used with
capacity of 36 elements per cask. Target schedule for completion is 2013.

*Fort St. Vrain spent fuel is in vault storage.

Note: Some shutdown plant sites also have GTCC waste stored in dry casks.
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should simply “take title” to the spent fuel that is currently
being stored at reactor sites, even though DOE currently

has no storage or disposal facilities to which it could transfer
the spent fuel. The idea is that assuming management
responsibility for this material would allow DOE to meet its
contractual obligations under current law and end taxpayer
exposure to further damage awards resulting from the federal
government’s failure to accept spent fuel on schedule.”
Examining the case law, the Commission concludes that
simply “taking title” would not change the ongoing taxpayer
liability under DOE’s contracts with utilities. Performance
under existing contracts would require that DOE not only
take title to the spent fuel, but also remove it from reactor
sites. If DOE were to take title but leave the spent fuel where
it is, DOE could not use the Nuclear Waste Fund to cover
resulting maintenance and security costs. A federal Court

of Appeals has ruled that paying for at-reactor storage is not
an allowed use of the Fund under the NWPA and under
DOE’s existing contracts with utilities. (For the same reason,
the Fund cannot be used to cover damage payments to
utilities for providing at-reactor storage.) Thus, the costs of
at-reactor storage—regardless which entity has title to the
spent fuel—must ultimately be paid by taxpayers, whether
this occurs through damage payments to utilities from the
federal Judgment Fund or through direct appropriations to
DOE if DOE were to assume management responsibility for
the spent fuel.

Moreover, taxpayers could remain liable for at-reactor
storage costs even if the NWPA were amended to both allow
DOE o take title to at-reactor spent fuel and allow the
Nuclear Waste Fund to be used to cover at-reactor storage
costs. Because the explicit language of the Standard Contract
limits the “costs” for which the fee can be collected to those
costs set out in the NWPA, current contract holders may
sue for damages on the theory that the Nuclear Waste Fund
can be used only for purposes authorized under the NWPA
as it existed when DOE and the utilities entered into these
contracts.”” The government could argue that the contract
reference is to the Act as amended from time to time, and
that paying for the cost of on-site storage effectively mitigates
damages. How such litigation might be resolved, if it
occurred, is difficult to predict—the outcome would depend
on how legislation to authorize the “take title” approach was
drafted and on the intricacies of federal contract law.” It is
reasonable to expect that taxpayers could ultimately remain
liable for costs of at-reactor storage of spent fuel.”

Given the present situation, developing consolidated
storage capacity could be the fastest and surest path for the
federal government to begin performing under existing
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contracts and to ultimately achieve waste acceptance rates
that can stop the further growth of taxpayer liability. The
existence of functional consolidated storage capacity would
also change the federal governments ability to renegotiate
contracts with utilities.

Importantly, work toward a consolidated storage facility
can begin immediately under the existing provisions of
the Nuclear Waste Policy Act, which authorize the federal
government to site and design a MRS facility and obtain
construction authorization.” Further legislative action would
not be required prior to the designation of a MRS facility
site (and potentially not until the construction phase), at
which time Congress would need to amend the NWPA to
allow construction to go forward independent of the status
of a permanent repository. Meanwhile, NRC regulations for
independent spent fuel storage installations have already been
developed and have been used to approve several types of
storage technologies.”® (For example, it took DOE between
two and five years to obtain NRC licenses for dry cask and
dry vault spent fuel storage facilities at the INL.)

As with developing disposal capability, the critical
challenge for consolidated storage will be finding a site
or sites. Because the technical requirements for this
type of facility would be less demanding than for a
repository, finding a suitable location with an accepting
host community may be less difficult, particularly if it is
accompanied by attractive incentives. The Commission has
heard testimony indicating that potential host communities,
states and tribes would be willing to participate in an open
process that engages affected constituencies from the outset
and gives them actual bargaining power. Nevertheless, the
potential difficulty of siting consolidated storage and the
need for a thoughtful approach to this task must not be
underestimated. Our specific proposals for a new approach
to siting radioactive waste facilities in general are discussed
in chapter 6.

5.2.3 CONSOLIDATED STORAGE WOULD
PROVIDE FLEXIBILITY TO RESPOND TO

LESSONS LEARNED FROM FUKUSHIMA
AND OTHER EVENTS

A consolidated storage option (which would consist of dry
storage, wet [pool] storage, or both) would provide flexibility
to respond to changes in regulation or practice that might
result from a fuller assessment of the events at Fukushima
and of other unexpected and potentially disruptive events.
While no determination has been made that current at-
reactor storage arrangements in the United States are not
adequately safe, access to consolidated storage would be very
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helpful if, for example, the decision were made to reduce
inventories of spent fuel in reactor pools. In that case, having
one or more consolidated storage facilities with the pool
capacity to accept relatively young spent fuel would allow
nuclear plant operators to focus on reducing the heat load
in reactor pools by preferentially removing the hotter spent
fuel, should that be determined to be the best approach.”
After adequate additional cooling, the fuel could then be
transferred to dry storage in a staged way.”®

A consolidated storage facility with wet storage
capacity would also provide the capability to remove even
relatively hot, recently discharged fuel from reactor pools
on relatively short notice and with minimum operational
demands on reactor operators. The ability to move hot
fuel off site could simplify the management of a post-
accident situation at a reactor by, for example, removing
an important potential source of risk and freeing up pool
space for other purposes (e.g., storing radioactive debris).”
As Fukushima has shown, completely unexpected problems
can arise suddenly. At present, the United States lacks any
capability to receive spent fuel in emergency situations,
although DOEF’s standard contract with utilities would
theoretically allow for the waste acceptance “queue” to be
re-prioritized in such situations.

Finally, consolidated storage could enhance the safety

and security of the overall waste management system simply
because facilities for this purpose could be located where
there is a much lower probability of extreme events (unlike
reactors, for example, a storage-only facility need not be
located near a large source of water), where the risks of
broad-based population exposures in the event of a disaster
are lower, and where local conditions are conducive to

effectively monitoring and managing security risks.

5.2.4 CONSOLIDATED STORAGE WOULD
SUPPORT THE REPOSITORY PROGRAM

The Commission has concluded that siting and developing
one or more consolidated storage facilities would improve
prospects for a successful repository program.

First, the technical and institutional experience gained by
siting, testing, licensing, and operating a consolidated storage
facility, as well as planning for and executing a concurrent
transport program, would benefit repository development
and operation,® especially because all the activities involved
(apart from those uniquely associated with underground
disposal) would be the same.

In addition, consolidated storage would provide the
flexibility needed to support an adaptive, staged approach
to repository development. This kind of approach was
recommended as early as 1990 by the National Academies’
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Board on Radioactive Waste Management and is discussed
in more detail in chapter 6 of this report. The main point
for purposes of this discussion is that a consolidated facility
would allow federal acceptance of spent fuel to proceed at a
predictable, adequate and steady rate—Dboth before a disposal
facility is available and when it is in operation.

Even after a disposal facility is open, consolidated storage
would act as a buffer and provide valuable redundancy for
the system as a whole. It would, for example, allow utilities
to continue to ship spent fuel away from reactor sites as
scheduled even if a repository had to slow or cease operation
for a period of time for any reason. Alternatively, it could
accommodate a surge of shipments from reactor sites if that
were necessary, while allowing emplacement at a repository
to proceed at a steady, pre-determined rate. To provide this
flexibility, a consolidated storage facility would ideally be
incrementally expandable (with the acceptance of the host
community) in terms of its total storage capacity and fuel
handling and management capabilities.

Consolidated storage also offers opportunities to simplify
repository operations. For example, by accumulating a
substantial inventory of spent fuel in one place, the storage
facility could take over some of the thermal management
activities that might be required for efficient repository
operation (e.g., blending hot and cool fuel assemblies to create
a uniform thermal load for waste packages). A consolidated
storage facility could even offer the option of packaging the
waste for disposal before it is shipped to the repository, further
simplifying operations at the repository site.

5.2.5 CONSOLIDATED STORAGE OFFERS
TECHNICAL OPPORTUNITIES FOR THE
WASTE MANAGEMENT SYSTEM

A federal facility with spent fuel receipt, handling and storage
capabilities can support other valuable activities that would
benefit the waste management system. These include long-term
monitoring and periodic inspection of dry storage systems

and work on improved storage methods. Many current dry
cask systems lack instrumentation to measure key parameters
such as gas pressure, the release of volatile fission products, and
moisture. Some of this work can be done in laboratories, but
key aspects require the ability to handle and open loaded spent
fuel storage containers and examine the fuel. A consolidated
storage facility with laboratory and hot cell facilities and access
to a substantial quantity and variety of spent fuel would provide
an excellent platform for ongoing research and development to
better understand how the storage systems currently in use at
both commercial and DOE sites perform over time.*!
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5.2.6 CONSOLIDATED STORAGE
WOULD PROVIDE OPTIONS FOR
INCREASED FLEXIBILITY AND
EFFICIENCY IN STORAGE AND FUTURE
WASTE HANDLING FUNCTIONS

Finally, a consolidated storage facility could provide flexible,
safe, and cost-effective waste handling services (i.e., repackaging
or sorting of fuel for final disposal) and could facilitate the
standardization of cask systems. This in turn could reduce the
need for extensive handling at many reactor sites and make it
possible to use more cost-effective storage systems at a central
facility.® Such facilities could also offer enhanced remote
handling capabilities, thereby reducing the potential for worker
exposures.® This capability could be particularly important
if changes in the condition of the spent fuel over time make
it necessary to open storage containers and repackage the
fuel before moving it elsewhere for disposition.* Dry storage
facilities at shutdown reactors without pools do not have any
of the fuel handling and recovery capabilities that would be
provided in a consolidated facilitcy—in effect, these facilities
are simply well-guarded parking lots for storage casks. If fuel
at these sites needed repackaging, a new fuel handling facility
would have to be constructed at considerable time and expense.
Considering current uncertainties about long-term
degradation phenomena in dry storage systems, it would
be prudent to initiate a planned, deliberate, and reliable
process for moving spent fuel from shutdown reactor sites to
a central facility before any issues arise and where problems
can be dealt with much more easily and cost effectively than
at multiple shutdown sites. The importance of consolidating
inventories of spent fuel before there might be a need to
reopen dry storage containers increases as the period of
storage being contemplated increases.®

5.3 PRACTICAL AND STRATEGIC
CONSIDERATIONS AND NEXT
STEPS FOR PROCEEDING WITH
CONSOLIDATED STORAGE

For all of the reasons discussed in the foregoing section,

the Commission recommends that the U.S. government
proceed to develop consolidated storage capacity without
further delay. The Commission has also heard and considered
arguments against proceeding with consolidated storage.

Of these, the most important objection and one that will
need to be thoughtfully addressed is the concern that any
consolidated storage facility could become a de facto disposal
facility and—by reducing the pressure to find a long-term
solution—thwart progress toward developing the deep
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geologic disposal capacity that will ultimately be needed.
This is not a new concern; it is why the 1987 NWPA
Amendments explicitly tied the construction of an MRS
facility to progress on a first repository and set capacity limits
for the MRS facility so that it could not accommodate all the
spent fuel in need of disposal.

Circumstances today, however, are different. Trust and
confidence in the federal government’s basic commitment and
competence to deliver on its waste management obligations
have all but completely eroded since 1987. Restoring that trust
and confidence must be the government’s first priority and
is essential for getting all aspects of the nation’s nuclear waste
program back on track. In this context, demonstrating that it
is possible to muster the policy direction, technical expertise,
and institutional competence needed to site and operate one
or more consolidated storage facilities (while also vigorously
pursuing final disposal capability) would by itself be enormously
valuable. Near-term progress on a consolidated storage facility
would not only address a major source of political, legal and
financial liability that will otherwise complicate efforts to move
beyond the current impasse in the repository program, it would
also provide practical benefits in terms of gaining experience
and providing the system-wide flexibility needed to support an
adaptive, staged approach to repository development.

In sum, the Commission concludes that progress on
consolidated storage will have a positive impact and indeed
could play a crucial role in the success of a revitalized disposal
program. Other concerns we have heard about consolidated
storage—primarily related to the costs and potential worker
exposures associated with handling and transporting spent
fuel twice, once to move spent fuel from reactor sites to
consolidated storage and then to move the fuel a second time
to a permanent repository—are outweighed, in our view, by
the increased flexibility, handling advantages, and potential
cost savings that consolidated storage capability would provide.

That said, we do not underestimate the practical
difficulties of siting a consolidated storage facility,
particularly in a context of great uncertainty about the future
of the repository program. If anything, the history of past
efforts to develop a MRS facility show the same pattern of
siting challenges as the repository program—and a similar
record of failure in overcoming them. On the other hand,
experience with the Office of the Nuclear Waste Negotiator
in the early 1990s also gives some grounds for hope. As
quoted in a recent Massachusetts Institute of Technology
report on nuclear waste storage issues, the first Nuclear Waste
Negotiator, David Leroy, concluded that “the volunteer
siting process can work provided that the negotiator is given
the resources and time to negotiate the terms of an interim
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storage facility and benefit package,” although he also
recognized that “the lack of a proposed repository makes the
process more difficult.”® Because siting and process issues
are so important, and largely common to both disposal

and consolidated storage facilities, they are addressed by a
separate set of Commission recommendations and discussed
at length in a separate chapter (chapter 6) of this report.

The salient point for purposes of this discussion is that
the challenge of siting one or more consolidated storage
facilities cannot be separated from the status of the disposal
program. Many states and communities will be far less
willing to be considered for a consolidated storage facility
if they fear they will become the de facto hosts of a disposal
site. This means that a program to establish consolidated
storage will succeed only in the context of a parallel disposal
program that is effective, focused, and making discernible
progress in the eyes of key stakeholders and the public.

A robust repository program, in other words, will be as
important to the success of a consolidated storage program
as the consolidated storage program will be to the success of
a disposal program. Progress on both fronts is needed and
must be sought without further delay.

It should be emphasized that the development of one or
more storage facilities does not require, or even imply, an
irreversible commitment to any particular long-term plan
for moving fuel to these facilities or performing any specific
set of activities at these sites. All of the capabilities that
would ultimately be desirable do not have to be developed
at once, particularly since it is not clear at this time exactly
what features will be needed over the many decades such a
facility or facilities would be in operation. A storage facility
or system of facilities can be developed in a stepwise manner,
as the need for expansion of capacity and capability becomes
clearer. Furthermore, the initial cost to site, design, and
license a storage facility is relatively low (less than $100
million),”” so that the money put “at risk” in giving future
decision makers the option to proceed with construction
and operation of a storage facility is small compared to the
potential benefits from having that option available. Siting,
licensing, building and operating a storage facility with
even limited initial capabilities would substantially resolve
uncertainties about the costs and time required for these
activities, including associated transportation needs, thereby
providing a firmer basis for future decision-making with
regard to potential expansion.

Finally, it is important to stress that other major
Commission recommendations concerning the need for a
new waste management organization, reliable access to the

Nuclear Waste Fund, and a new approach to facility siting
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PRINCIPAL OBJECTIONS TO PURSUING CONSOLIDATED STORAGE

The BRC'’s Transportation and Storage Subcommittee
heard and considered a number of arguments against
proceeding with consolidated storage. Most centered on
three concerns: (1) that expending resources and effort on
consolidated storage could slow or halt progress toward
developing a permanent repository; (2) that consolidated
storage would necessitate further handling of spent fuel
and high-level waste, potentially increasing safety and
security risks; and (3) that consolidated storage could
increase overall waste management costs.

The first of these concerns, that any consolidated

storage facility could become a de facto disposal facility
and siphon resolve and resources away from repository
development, is a longstanding one. It is why the NWPA
explicitly prohibits the construction of an MRS facility
before construction authorization has been issued for a first
repository. Based on the record of progress to date, the
Commission believes that the benefits of moving forward on
both fronts —consolidated storage and geologic disposal—
at the same time outweigh the potential downside risks.
But clearly the challenge of establishing positive linkages
such that progress on storage does not undermine, but
rather supports progress on repository development
remains an important one. The linkages that exist under
current law clearly have not worked as intended.

Similarly, the concern about increased handling risks as a
result of potentially moving SNF and HLW twice, first from
decentralized storage to consolidated storage and then

from consolidated storage to a geologic disposal facility, is

a legitimate but in our view manageable one. Clearly, there
are trade-offs: some risks might increase but benefits to the
system as a whole (such as the ability to learn early lessons
by moving spent fuel from shutdown reactors to consolidated
storage, and the creation of increased capability to respond
to emergency situations, for example) could more than offset

apply equally to a consolidated storage program and are just
as important to its success. These high-level, cross-cutting
recommendations are covered in later chapters of this report.
Recognizing that it will take time and new authorizing
legislation to implement the Commission’s most important
recommendations and recognizing that DOE remains
responsible and ultimately liable for the government’s

existing waste acceptance obligations in the meantime,”

these impacts so that overall risk for the waste management
system as a whole could decline. A 2007 study by the
American Physical Society specifically looked at transport
risks related to moving spent fuel twice and concluded these
risks would be small.® Ultimately, we believe the many safety
and security benefits that would come with having one or
more well-equipped, consolidated storage facilities outweigh
objections centered on extra handling risks.

The Transportation and Storage Subcommittee looked

in some detalil at the third issue, concerning cost. As
discussed elsewhere in this section, it found potentially
substantial cost savings associated with removing SNF
from shutdown reactor sites and with accelerating the
federal government’s ability to begin accepting waste in
fulfillment of its existing contractual commitments (and
thereby avoiding further damage payments to utilities).

The Subcommittee also looked at estimates of the cost of
providing consolidated storage based on eight studies of
this subject published since 1985. The conclusion was that
it would be impossible to arrive at a single point estimate
of centralized storage costs given the large uncertainties
involved. The more important conclusion, however, was
that the extra cost to site, design and obtain a license

for a consolidated storage facility was likely to be in the
range of $50 to $100 million. While appreciable, these

are small levels of commitment from the perspective of

the overall spent fuel management program. At the same
time, a wide variety of circumstances can be anticipated in
which centralized storage facilities could prove invaluable.
In these circumstances, savings on the order of billions

of dollars are possible. With these findings in mind, the
Commission concludes that it would be prudent to pursue
the development of consolidated storage capability without
further delay, recognizing that there will be an opportunity to
make course corrections later as needed.

it is important to reiterate an earlier point: that sufficient
authority already exists under the NWPA to begin laying
the groundwork for consolidated storage without further
delay, assuming Congress makes appropriations available
for this purpose. Specific steps that DOE could take in
the near term include performing the systems analyses and
design studies needed to develop a conceptual design for

a highly flexible, initial federal spent fuel storage facility,
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assembling information that would be helpful to the siting
process for such a facility, and working with nuclear utilities,
the nuclear industry, and other stakeholders to promote the
standardization of dry cask storage systems with an eye to
facilitating later transport and consolidation in centralized
storage and/or disposal facilities.

5.4 THE CASE FOR A NEW
APPROACH TO PRIORITIZING THE
TRANSFER OF SPENT FUEL FROM
U.S. COMMERCIAL REACTOR SITES

Once one or more consolidated storage facilities are
available, future decisions about how to prioritize or
sequence the transfer of spent fuel from operating
commercial reactor sites to these facilities should be

driven first by safety and risk considerations, and then by
issues related to cost and other impacts. The Commission
recognizes that existing contracts have created a “queue”

in terms of federal commitments to accept spent fuel from
specific utilities. Unfortunately, the existing queue was not
set up to maximize efficiencies or to minimize the impacts of
fuel handling and transportation. Hence, we believe it would
be appropriate for DOE to re-visit the current schedule as

it is already authorized to do under certain circumstances
(for example, the Standard Contract authorizes DOE to

give priority to spent fuel from shutdown reactors). Other
changes to the current queue may require the Department
and utility contract holders to re-negotiate some existing
commitments. The Commission believes a more flexible
approach would benefit all parties involved.

Under DOE’s Standard Contract with udilities, priority for
the acceptance of spent fuel is allocated to utilities according
to the “oldest fuel first” or “OFF” principle. This does not
mean that utilities would necessarily choose to ship their oldest
fuel first, since they would have a contractual right to decide
each year (subject to DOE’s approval) which fuel to ship from
which reactor (with the overall amount being determined by
the OFF allocation). The current approach, however, has a
number of shortcomings, particularly from the standpoint of
maximizing the value of at-reactor storage as one tool in an
integrated management system.

First, the current approach may limit the ability to use at-
reactor storage as part of an integrated thermal management
strategy. The ability to select which spent fuel is delivered
for disposal at a permanent repository each year may avoid
the need for additional storage to hold fuel that is too hot
for immediate emplacement. However, since utilities can

choose which fuel to deliver, they may prefer to send the
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hottest eligible fuel in their pools, assuming that the plants
are still operating when waste acceptance begins. This may
require more complex thermal management activities at the
consolidated storage or disposal facility.

Second, the current system can add complexity and
reduce efficiency in planning for shipments of spent fuel to
a consolidated facility. For example, an analysis performed
for the BRC” showed that accepting fuel based on the OFF
priority ranking could result in spent fuel being shipped
from an average of about 60 nuclear power plant sites each
year, compared to fewer than 20 if priority can be given to
spent fuel from shutdown reactor sites.

While a robust transportation management system
would be needed in cither case, the planning challenge for
transporting spent fuel from an average of about 60 sites
annually would be considerably more complex than in a
scenario where shipments are coming from one-third as
many sites or even fewer.

Third, accepting spent fuel according to the OFF priority
ranking instead of giving priority to shutdown reactor sites
could greatly reduce the cost savings that could be achieved
through consolidated storage if priority could be given to
accepting spent fuel from shutdown reactor sites before
accepting fuel from still-operating plants. Figure 16, which
assumes that a disposal or consolidated storage facility begins
operating in 2030, shows that the difference in cumulative
operation and maintenance (O&M) costs between use
of OFF and shutdown reactor priorities could amount to
billions of dollars.””

‘The magnitude of the cost savings that could be achieved
by giving priority to shutdown sites appears to be large enough
(i.e., in the billions of dollars) to warrant DOE exercising
its right under the Standard Contract to move this fuel first.
Although this action would disrupt the queue specified in
the Standard Contract, as utilities continue to merge and a
growing number of reactors reach the end of their operating
licenses, every utility (or nearly every utility) will have one
or more shutdown plants. In that context, giving priority to
moving fuel from decommissioned sites is likely to be seen by
all parties involved as being in everyone’s best interest.

In sum, the Commission takes the view that a new,
independent waste management organization should be
directed (as part of enabling legislation) to take the lead in
working on a cooperative basis with nuclear plant operators
to identify measures that could reduce the overall costs and
impacts of an integrated spent fuel management system.

As part of this effort, the new organization should seek
to renegotiate contracts as necessary to implement cost-

saving and risk-reducing measures, while also recognizing




43

FIGURE 16. OPERATION AND MAINTENANCE
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the contractual rights of current waste owners as originally
established under existing statutes, and as subsequently
interpreted by the courts.

5.5 SAFETY AND SECURITY
CONSIDERATIONS FOR STORAGE
SYSTEMS

Safety and security are obviously paramount considerations
in the storage and transport of SNF and HLW, under all
circumstances and regardless of the type of site or facility
involved. These are also issues that have drawn new attention
in the wake of the disaster in Japan.

On March 23, 2011, NRC Chairman Gregory Jaczko
directed the formation of a Near-Term Task Force to examine
available information regarding the Fukushima disaster, and
to determine whether changes should be made to ensure
that the continued operation of existing reactors, and the
licensing of new reactors, remain safe. On July 12, 2011, the
Task Force released Recommendations for Enhancing Reactor
Safety in the 21st Century: the Near-Term Task Force Review
of Insights from the Fukushima Dai-Ichi Accident. The report
found that it is unlikely a sequence of events similar to those
experienced at Fukushima would occur in the United States,
and concluded that “continued [reactor] operation and
continued licensing activities do not pose an imminent risk
to public health and safety.” The Task Force went on to make
12 overarching recommendations to improve safety and to
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instrumentation that was not functioning
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properly.” The loss of power and massive
damage at the site also made it impossible
for operators to add water to the pools as
the water levels dropped, although they were later able to
spray water into the pools using pumper trucks and high
booms. The Task Force made specific recommendations for
the NRC to consider that, in its view, would address “(1) the
instrumentation to provide information about the condition
of the pool and the spent fuel and (2) the plant’s capability
for cooling and water inventory management,” in the event
that a U.S. reactor suffered extended loss of AC power for
whatever reason.

The report further observed that the four pools of
concern “contained many fewer assemblies than typically
stored in U.S. reactor unit spent fuel pools.” In addition
to the six pools adjacent to the reactors, the Fukushima
facility also included a large storage pool away from the
reactors themselves, which contained nearly 6,300 spent
fuel assemblies. The report added that “U.S. reactor facilities
do not typically have an additional spent fuel wet storage
building like that at Fukushima Dai-ichi.” Instead, many
reactors have dry cask storage systems, which contain spent
fuel that has been removed from the reactor for several
years and can be cooled by air. The Fukushima plant had a
small amount of fuel stored in nine dry casks in a separate
building. It appears that the away-from-reactor storage pool
and the loaded dry casks at Fukushima survived the disaster
without suffering significant damage.

In a memorandum to NRC Commissioners dated October
3, 2011, NRC staff outlined recommendations concerning the
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prioritization of specific actions identified in the Task Force
report.” The memorandum also noted that NRC staff had
identified “a number of additional issues with a clear nexus

to the Fukushima Daiichi event that may warrant regulatory
action but which were not included with the [Near-Term Task
Force] recommendations.” Examining the transfer of spent
fuel to dry cask storage was one of six actions that the NRC
staff thought warranted “additional consideration for potential
prioritization.” NRC staff agreed at the time to provide NRC
Commissioners with further recommendations concerning
these additional actions within nine months, but also promised
to promptly inform NRC Commissioners if the conclusion
were reached that any of them warranted re-prioritization as a
recommended near-term action.

Based on a review of the evidence to date, the Commission
sees no unmanageable safety or security risks associated with
current methods of storage (dry or wet) at existing U.S reactor
sites. However, continued vigilance and careful attention to
the lessons learned from Fukushima will be necessary to ensure
that this remains the case, especially in light of the timeframes
involved in establishing dedicated, away-from-reactor storage
and disposal sites. Simply put, it will take years to more than a
decade to open one or more consolidated storage facilities and
even longer to open one or more disposal facilities. This means
that storage of substantial quantities of spent fuel at operating
reactor sites can be expected to continue for some time.

To provide effective oversight, regulatory authorities and
nuclear plant operators, designers, and vendors must also
be able to adapt quickly to new or unanticipated risks, such
as emerged in the crisis at Fukushima. The post-accident
response to that crisis is still ongoing and will continue for
many months, which means that it will still be some time
before a thorough investigation is complete and the resulting
safety implications are fully understood. Given the magnitude
of the accident and its potential implications for future waste
management policies, the Commission recommends that
the NAS be asked to conduct an independent investigation
of the events at Fukushima and their implications for safety
and security requirements at SNF and HLW storage sites in
the United States, once better information about the accident
is available, including an analysis of the advantages and
disadvantages of moving spent fuel from densely packed pools
to on-site dry cask storage to facilitate low-density packing in
the pools. This study would build upon the 2004 NAS study
of storage issues (discussed in section 5.5.2 below) and would
complement the other efforts to learn from Fukushima that
have already been launched by the NRC and industry.

Besides a full investigation of events at Fukushima, the
Commission has identified a number of priority areas for
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ongoing public and private efforts to ensure the continued
safety and security of current storage arrangements. Specifically
we urge continued work by the NRC, DOE, industry
organizations such as EPRI, and others to explore fuel
degradation mechanisms, identify unanticipated problems
with extended fuel storage (i.e., unexpected corrosion rates),
better understand the behavior of dry storage systems and their
contents over time, investigate the feasibility of enhancing
instrumentation in existing dry and wet storage systems, and
promote the standardization of cask designs.

Similarly, we support ongoing efforts by the NRC
to reexamine security requirements for storage sites and
transportation and evaluate the need for enhanced security
measures in the future.” As part of this process the NRC
should examine the advantages and disadvantages of options
such as “hardened” on-site storage (HOSS) that have been
proposed to improve security at existing sites (discussed
further below). Obviously, any hardened system could be
implemented more cost effectively at a consolidated storage
facility than at existing sites due to economies of scale.
Finally, continued vigilance and research is needed to stay
abreast of evolving security risks and terrorism or sabotage
threats, particularly as storage times increase and spent fuel
becomes potentially more susceptible to theft or diversion.”

Specific issues and concerns with respect to the safety and

security of storage technologies are summarized below.

5.5.1 STORAGE SECURITY
CONSIDERATIONS

Since the attacks of September 11, 2001, safety and
security concerns specifically related to acts of terrorism or
sabotage have received increased attention from agencies
charged with regulating the storage and transport of nuclear
materials.”® Over the last decade, for instance, the NRC

has issued more than 70 security and threat advisories to its
licensees; in addition, starting in October 2001, the NRC
initiated a series of classified studies that analyzed potential
vulnerabilities and mitigation strategies at plants.

Under current NRC requirements, plant operators
must demonstrate physical protection of pools through
force-on-force testing involving simulated assaults in which
the adversary is attempting to cause reactor or spent fuel
damage. Since late 2004, and as required by federal law
since 2005, NRC-supervised testing is conducted at each
operating power reactor once every three years (the operators
conduct much more frequent tests on their own). This
testing frequently includes simulated attacks on spent fuel
pools. The NRC provides public and non-public reports to
Congress every year on the results of these tests.”
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The NRC is also primarily responsible for security
requirements at ISFSIs. Like the security at an operating
reactor, licensees must implement a “layered defensive
strategy” that includes on-site protective forces with
appropriate skills, weaponry, and other response equipment,
and security systems. The strategy must include procedures
to defend against physical attacks, insider threats, and cyber
attacks. Security systems also provide for means to detect,
assess, and communicate information about potential threats
to local law enforcement authorities in the event of an attack.
Not surprisingly, security systems are tailored to the specific
site, since relevant characteristics—such as the distance from
storage facilities to the plant boundary—can vary from site
to site. Licensees must conduct frequent performance drills
and make internal assessments of force effectiveness; in
addition, the NRC conducts its own periodic reviews of site-
protective force training and force effectiveness.'"

The NRC is currently undertaking a rulemaking to revise
existing security requirements that apply to the storage of
spent fuel at an ISFSI and to the storage of spent fuel and/or
high level waste at a monitored retrievable storage installation
(it will not address requirements that apply to storage in
reactor pools). The rulemaking is intended to (a) examine
the effectiveness of security orders imposed after the 9/11
terrorist attacks; (b) apply lessons learned from previous NRC
inspections; and (c) ensure regulatory clarity and consistency
between general and specific ISFSI licensees. The NRC issued
a draft “regulatory basis” document in December 2009 and
has received numerous comments on proposed technical
approaches. Among other issues, the NRC is considering
whether to require comprehensive “denial” capability on
site—that is, sufficient security forces and weaponry for facility
personnel to repel an attack on their own—or instead to
require a detect/assess/communicate strategy that would rely
on assistance from local, state and federal authorities.'”!

5.5.2 STORAGE SAFETY
CONSIDERATIONS

The studies initiated by the NRC following 9/11 also
addressed a number of issues directly related to the safety of
pool storage, including the thermal response of fuel to fully
drained and partially drained pool conditions, the structural
response of spent fuel pools, options for mitigating spent-fuel
heat-up or enhancing coolability, and confirmatory testing
of analytical methods for calculating the thermal response of
different types of fuel assemblies.

In February 2002, the NRC issued specific orders aimed
at providing additional protection for spent fuel in pools based
on the results of these initial studies.'” These orders are not
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available to the public, but they addressed strategies to restore

or maintain core cooling and provide containment and spent
fuel cooling under circumstances associated with the loss of large
areas of the plant due to explosion or fire. Additional guidance
specifically related to pools was issued in 2004 and 2005 and
subsequently incorporated into guidance for the 2009 Power
Reactor Security Requirements final rule (74 FR 13926).

In 2003, an independent study of safety issues associated
with the storage of spent fuel in reactor pools (by Robert
Alvarez et al.)'”® raised concerns about the trend toward
increased loading and higher-density spent fuel storage
configurations in pools and the possibility that under certain
conditions in which water is drained from a pool, the fuel
could overheat and ignite the zirconium cladding, leading
to large releases of radioactivity. (This possibility had already
been identified by analyses performed for the NRC.)!*

The Alvarez report recommended that U.S. plant operators
reduce their pool inventories and return to a more open
storage configuration by transferring relatively older fuel

to dry casks, which are passively cooled. The Alvarez study
made other recommendations, such as installing emergency
spray cooling systems and preparing to repair holes in spent
fuel pool walls on an emergency basis, if called for.'”

In a response to this study, the NRC argued that currently
permitted, more densely arrayed pool storage could be carried
out both safely and securely.'® This position has continued
to be questioned by advocates of lower-density pool storage,
especially since the accident at the Fukushima Daiichi plant.

Prompted by conflicting public claims about the safety
and security of commercial SNF storage at nuclear power

plants,'””

the National Academies, at the request of Congress,
completed an independent assessment of these issues in

2004 (an unclassified public report, titled Safety and Security
of Commercial Spent Nuclear Fuel Storage, was published

in 2006)."% The NAS study concluded that a successful
attack on a fuel pool, though difficult, is possible and could
result in a large release of radioactive material if it led to a
propagating zirconium cladding fire. It also found, however,
that additional analyses were needed to better understand
these vulnerabilities and that a number of steps could be
taken to reduce the likelihood of such a fire (including
changing the configuration of hotter and cooler spent

fuel assemblies in the pool and providing back-up cooling
through spray systems). The NAS study further concluded
that dry cask storage has inherent safety and security
advantages over wet pool storage but is only suitable for
older spent fuel (more than five years post-discharge). It did
not, however, address the question of whether the transfer of
spent fuel from pool to dry cask storage should be accelerated
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THE HARDENED ON-SITE STORAGE (HOSS) CONCEPT

HOSS'® dry cask or vault systems have been proposed

to enhance the safety and security of spent fuel storage.
As described by proponents, HOSS is the preferred
end-point of a process that involves moving spent fuel
from dense-packed cooling pools and into dry storage
systems at reactor sites. The HOSS concept adds berms
and reinforced concrete vaults and overstructures''" to
conventional dry storage systems with the intent of offering
greater resistance to potential terrorist attacks using aircraft
or conventional weapons.

Utilities and the nuclear power industry have generally not
supported the HOSS approach to dry storage for a variety

(the study simply notes that “further engineering analyses
and cost-benefit studies would be needed before decisions on
this and other mitigative measures are taken”'?).

The NRC has since taken actions to address the risks
outlined in the NAS study. In February 2005, following
completion of the classified version of the NAS study, NRC
staff provided guidance for implementing the orders that had
been issued in 2002, including best practices for mitigating
losses of large areas of the plant and measures to mitigate
fuel damage and minimize releases. The NRC subsequently
conducted inspections at operating reactor sites to assure
compliance with these orders. In December 2006, the Nuclear
Energy Institute (NEI) issued a document that provides
guidance for implementing a set of strategies intended to
maintain or restore core cooling, containment, and spent fuel
pool cooling capabilities under the circumstances associated
with the loss of a large area of the plant due to explosions or
fire."® (The NRC endorsed this document as an acceptable
means for developing and implementing the requirement for
mitigation strategies.) The guidance related to pools includes
adding make-up water to the pool and spraying water on the
spent fuel. In addition to these measures, the industry has
reportedly taken steps to implement the “checkerboarding”
arrangement of hotter and cooler spent fuel assemblies in
pools, as recommended in the NAS study.!

In 2002, a coalition of more than 150 national and local
non-government organizations (NGOs) adopted a set of

of reasons. Industry representatives have suggested that
the primary objectives of the HOSS approach are effectively
already being met through a combination of robust cask
systems (see section 5.1) and physical security measures.
They believe that continued reliance on NRC requirements,
which use a design-basis threat assessment methodology,
will ensure facilities remain safe and secure by requiring
tiered security forces, active and passive response systems,
and conservative, robust technology designs.'"2 The industry
view is that the HOSS approach could increase risk rather
than reduce it if the storage/vault system were to collapse
under attack and then interfere with the cooling of the fuel.

principles for at-reactor storage “based on the urgent need
to protect the public from the threats posed by the current
vulnerable storage of commercial irradiated fuel.”'"® These
principles include several points:

e Implement a low-density, open-frame layout for reactor
fuel pools (which would involve accelerating the transfer
of fuel older than five years to dry storage)

e Establish hardened on-site storage (HOSS — see text box)
at reactors

e Provide for greater protection of fuel pools

* Require periodic review of HOSS facilities and fuel pools

e Provide dedicated funding to local and state governments
to independently monitor and protect sites

* Do not reprocess spent fuel.

The recommendation to use HOSS, instead of conventional
dry storage technology, at reactor sites is being considered

as part of the NRC rulemaking that is currently underway

to update nuclear plant security requirements. We believe
the NRC rulemaking process is the appropriate venue for
considering and assessing the technical merits of the HOSS
concept at this time, since its principal objective is to increase
resistance to terrorist attacks. Meanwhile, the question of
whether steps should be taken to reduce the amount of spent
fuel currently stored in reactor pools is distinct from the
question of where and how the spent fuel should be stored

if that were done. These issues are being reexamined by
industry, the NRC, and others.
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6. A CONSENT-BASED
APPROACH TO SITING
AND DEVELOPING FUTURE
FACILITIES FOR NUCLEAR WASTE
MANAGEMENT AND DISPOSAL

aving examined decades of experience in siting

nuclear waste facilities in the United States and

abroad, the Commission concludes that the United
States needs to adopt a new approach to siting and
developing nuclear waste management and disposal
facilities in the future.

We believe siting processes for all such future facilities are (3) Phased—in the sense that key decisions are revisited
most likely to succeed if they are: and modified as necessary along the way rather than

. .. being pre-determined.
(1) Consent-based—in the sense that affected communities g pre-d

have an opportunity to decide whether to accept facility (4) Adaptive—in the sense that process itself is flexible and
siting decisions and retain significant local control. produces decisions that are responsive to new information

(2) Transparent—in the sense that all stakeholders have and new technical, social, or political developments.

an opportunity to understand key decisions and engage (5) Standards- and science-based—in the sense that
the process in a meaningful way. the public can have confidence that all facilities meet
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rigorous, objective, and consistently-applied standards of

safety and environmental protection.

(6) Governed by partnership arrangements or legally-
enforceable agreements between the implementing

organization and host states, tribes, and local communities.

‘The Commission recognizes that the NWPA and subsequent
actions by Congress have established Yucca Mountain
in Nevada as the site for a deep geologic nuclear waste
repository, provided the repository license application
submitted by DOE is found by the NRC to meet relevant
requirements. The Commission takes no position on the
Administration’s request to withdraw the license application.
We simply note that the U.S. inventory of SNF will soon
exceed the amount that can be legally emplaced at Yucca
Mountain until a second repository is in operation. So
under current law, the United States will need to find a new
repository site even if Yucca Mountain were to go forward.
We believe the approach set forth here provides the best
strategy for assuring continued progress, regardless of the fate
of Yucca Mountain.

The remainder of this chapter discusses the basis of
this Commission recommendation—including key lessons
learned from past siting efforts—and elaborates on the details
of the adaptive and staged approach we are recommending
for siting new facilities.

6.1 LESSONS LEARNED FROM U.S.
EXPERIENCE IN SITING NUCLEAR

WASTE FACILITIES
The difficulty of siting any type of facility that handles,

stores, or disposes of highly radioactive materials has been

at the heart of the federal governmenct’s failure to deliver on
its waste management obligations to date. Three examples
from the U.S. experience are particularly instructive for
future siting efforts: the currently suspended program to
develop a geologic repository at Yucca Mountain in Nevada,
the successfully completed and currently operating WIPP
disposal facility for transuranic defense waste in New Mexico,
and a series of thus far unsuccessful public and private efforts
to establish an MRS facility for commercial SNE Each of
these experiences is summarized as part of the historical
overview provided in chapter 3 of this report. In this section,
we highlight lessons learned from these past siting efforts that
helped inform the Commission’s reccommendations.

In the history of the U.S. nuclear waste management
program, the contrasting experiences with Yucca Mountain
and WIPP offer important insights. Yucca Mountain was
singled out as the sole site to be considered for a first national
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geologic repository in the 1987 Amendments to the NWPA
and the record since has been one of frequent regulatory
and legal deadlock, extreme political controversy and strong
state opposition, steadily escalating project costs, and delays
measured in decades.

The problems that plagued Yucca Mountain from the
outset and that have led to the current impasse are not hard
to identify:

e Short-circuiting of the initial site selection process that
had the effect of tainting all subsequent state-federal
interactions over the project

* Lack of appropriated funds to complete project
milestones on time

* Opverly prescriptive requirements and rigid deadlines that
made it difficult to respond to stakeholder concerns

e Inconsistent program leadership and execution.

All of these flaws only served to exacerbate what was arguably
the most important and most enduring problem of all—the
fact that the project was strongly opposed, from the time Yucca
Mountain was named in 1987 as the only site to be studied,
by the majority of Nevada residents and by the state’s political
leaders. That the project suffered from protracted delays and
has now been suspended—after an investment of more than
20 years and billions of dollars in resources—speaks volumes
about the difficulty of siting a facility over the objections of
the host community, state, or tribe and about the broader
shortcomings of the U.S. program.

In stark contrast to Yucca Mountain, the WIPP facility
in New Mexico has been operating successfully for more
than a decade with broad local and state support, although
that project too was often controversial, suffered numerous
setbacks in the siting and licensing process, and took years
longer to complete than originally planned. The crucial
difference in the WIPP case was the presence—also from
the outset—of a supportive host community and of a state
government that was willing to remain engaged. Starting
in the early 1970s and continuing to the present, elected
officials and other local leaders in and around the WIPP
site, particularly in the Carlsbad business community,
made it very clear that they approved of the development
and use of the facility to dispose of defense TRU wastes.
This unwavering local support helped to sustain the project
during periods when federal and state agencies had to work
through disagreements over issues such as the nature of
the wastes to be disposed, the role of different entities in
providing oversight, and the standards that the facility would
be required to meet.

Even so, the path to successfully licensing and opening
WIPP was neither straightforward nor quick (see text box
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in section 3.4.2). On the contrary, it involved years of legal,
regulatory, and political activity and complex negotiations
between the State of New Mexico and the federal
government. Ultimately, local support combined with other
confidence-building measures proved sufficient to allay state
concerns and allow the project to go forward. But no one
could have designed the process that was ultimately followed
ahead of time nor could that process ever be replicated.

Attempts to site an MRS facility in the 1980s and 1990s,
by contrast, have had more in common with the Yucca
Mountain experience in the sense that none of them—
despite the availability of unspecified inducements under
the 1987 NWPA amendments—succeeded in overcoming
opposition at the state level. Outreach by the short-lived
Office of the Nuclear Waste Negotiator in the early 1990s
prompted a number of communities and tribes to express
interest in being considered for a facility, but the program
was closed down before any of those possibilities could be
fully explored. A subsequent private initiative by several
utilities to work directly with the Goshute Indian tribe to
open a consolidated spent fuel storage facility on the tribe’s
Skull Valley Reservation in Utah resulted in the NRC
issuing a license but likewise encountered strong state-level
opposition and is still being litigated.

In sum, U.S. experience to date clearly underscores the
inherent complexity and difficulty of siting nuclear waste
facilities, particularly in the face of state-level opposition. At
the same time, the record, along with input received from a
number of parties during the BRC’s deliberations, provides
grounds for optimism that it can be done. The WIPP example,
in particular, represents an affirmative demonstration that with
adequate patience, flexibility, and political and public support,
success is possible.

6.2 EXPERIENCE WITH NUCLEAR
WASTE FACILITY SITING IN OTHER
COUNTRIES

In designing a new approach to siting, the United States

can also look to a substantial body of experience in other
countries. All of the countries the Commission studied

(see appendix C) provided useful insights for the U.S.
program going forward. Sweden and Finland are furthest
along in selecting and developing a repository site, while
other countries—like France and Canada—have also made
substantial progress (of these countries, Canada provides
perhaps the closest analogue to the United States in terms of
political structure). In addition, Spain recently selected a site
for a consolidated storage facility. Overall, the experience of
these countries provides strong support for the Commission’s
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conclusion that a transparent, consent-based approach built
on a solid understanding of societal values has the best odds
of achieving success in siting, constructing, and operating
key waste management facilities."'*'"”

In Finland, plans to develop a geologic disposal facility for
SNF at the island of Olkiluoto have the support 