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NUCLEAR WASTE MANAGEMENT

Key Attributes, Challenges, and Costs of the Yucca
Mountain Repository and Two Potential Alternatives

What GAO Found

The Yucca Mountain repository is designed to provide a permanent solution
for managing nuclear waste, minimize the uncertainty of future waste safety,
and enable DOE to begin fulfilling its legal obligation under the Nuclear Waste
Policy Act to take custody of commercial waste, which began in 1998.
However, project delays have led to utility lawsuits that DOE estimates are
costing taxpayers about $12.3 billion in damages through 2020 and could cost
$500 million per year after 2020, though the outcome of pending litigation may
affect the government’s total liability. Also, the administration has announced
plans to terminate Yucca Mountain and seek alternatives. Even if DOE
continues the program, it must obtain a Nuclear Regulatory Commission
construction and operations license, a process likely to be delayed by budget
shortfalls. GAO’s analysis of DOE’s cost projections found that a repository to
dispose of 153,000 metric tons would cost from $41 billion to $67 billion (in
2009 present value) over a 143-year period until the repository is closed.
Nuclear power rate payers would pay about 80 percent of these costs, and
taxpayers would pay about 20 percent.

Centralized storage at two locations provides an alternative that could be
implemented within 10 to 30 years, allowing more time to consider final
disposal options, nuclear waste to be removed from decommissioned reactor
sites, and the government to take custody of commercial nuclear waste,
saving billions of dollars in liabilities. However, DOE’s statutory authority to
provide centralized storage is uncertain, and finding a state willing to host a
facility could be extremely challenging. In addition, centralized storage does
not provide for final waste disposal, so much of the waste would be
transported twice to reach its final destination. Using cost data from experts,
GAO estimated the 2009 present value cost of centralized storage of 153,000
metric tons at the end of 100 years to range from $15 billion to $29 billion but
increasing to between $23 billion and $81 billion with final geologic disposal.

On-site storage would provide an alternative requiring little change from the
status quo, but would face increasing challenges over time. It would also allow
time for consideration of final disposal options. The additional time in on-site
storage would make the waste safer to handle, reducing risks when waste is
transported for final disposal. However, the government is unlikely to take
custody of the waste, especially at operating nuclear reactor sites, which
could result in significant financial liabilities that would increase over time.
Not taking custody could also intensify public opposition to spent fuel storage
site renewals and reactor license extensions, particularly with no plan in place
for final waste disposition. In addition, extended on-site storage could
introduce possible risks to the safety and security of the waste as the storage
systems degrade and the waste decays, potentially requiring new maintenance
and security measures. Using cost data from experts, GAO estimated the 2009
present value cost of on-site storage of 153,000 metric tons at the end of 100
years to range from $13 billion to $34 billion but increasing to between $20
billion to $97 billion with final geologic disposal.
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High-level nuclear waste consists mostly of spent nuclear fuel removed
from commercial power reactors and is considered one of the most
hazardous substances on earth. The U.S. national inventory of 70,000
metric tons of nuclear waste—enough to fill a football field more than 15
feet deep—has been accumulating at 80 sites in 35 states since the mid-
1940s and is expected to more than double to 153,000 metric tons by 2055.
The current national policy of constructing a federal repository to dispose
of this waste at Yucca Mountain—which is about 100 miles northwest of
Las Vegas, Nevada—has already been delayed more than a decade. As a
result, nuclear waste generally remains at the sites where it was generated.
Experts and regulators believe the nuclear waste, if properly stored and
monitored, can be kept safe and secure on-site for decades; but
communities across the country have raised concerns about the waste’s
lethal nature and the possibility of natural disasters or terrorism,
particularly at sites near urban centers or sources of drinking water.
Industry has also raised concerns that local communities will not support
the expansion of the nuclear energy industry without a final waste
disposition pathway. Many experts and communities view nuclear energy
as a potential means of meeting future energy demands while reducing
reliance on fossil fuels and cutting carbon emissions, a key contributor to
climate change.

In addition to the spent nuclear fuel generated by commercial power
reactors, the Department of Energy (DOE) owns and manages about 19
percent of the nuclear waste—referred to as DOE-managed spent nuclear
fuel and high-level waste—which consists of spent nuclear fuel from
power, research, and navy shipboard reactors, and high-level nuclear
waste from the nation’s nuclear weapons program. (See fig. 1 for the
locations where nuclear waste is stored.)
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Figure 1: Current Storage Sites and Proposed Repository for High-Level Nuclear Waste
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Source: DOE.

Note: Locations are approximate. DOE has reported that it is responsible for managing nuclear waste
at 121 sites in 39 states, but DOE officials told us that several sites have only research reactors that
generate small amounts of waste that will be consolidated at the Idaho National Laboratory for
packaging prior to disposal.

Under the Nuclear Waste Policy Act of 1982 (NWPA), as amended, DOE
was to evaluate one or more national geologic repositories that would be
designated to permanently store commercial spent nuclear fuel and DOE-
managed spent nuclear fuel and high-level waste. NWPA was amended in
1987 to direct DOE to evaluate only the Yucca Mountain site. In 2002, the
president recommended and the Congress approved the Yucca Mountain
site as the nation’s geologic repository. The repository is intended to
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isolate nuclear waste from humans and the environment for thousands of
years, long enough for its radioactivity to decay to near natural
background levels. NWPA set January 31, 1998, as the date for DOE to
start accepting nuclear waste for disposal. To meet this goal, DOE has
spent more than $14 billion for design, engineering, and testing activities.'
In June 2008, DOE submitted a license application to the Nuclear
Regulatory Commission (NRC) for approval to construct the repository. In
July 2008, DOE reported that its best achievable date for opening the
repository, if it receives NRC approval, is in 2020. Delays in the Yucca
Mountain repository have resulted in a need for continued storage of the
waste onsite, leaving industry uncertain regarding the licensing of new
nuclear power reactors and the nation uncertain regarding a final
disposition of the waste.

In March 2009, the Secretary of Energy testified that the administration
planned to terminate the Yucca Mountain repository. Since then, the
administration has announced plans to study alternatives to geologic
disposal at Yucca Mountain before making a decision on a future nuclear
waste management strategy, which the administration said could include
reprocessing or other complementary strategies.

In this context, you asked us to identify key aspects of DOE’s nuclear
waste management program and other possible management approaches.
Specifically, you asked us to examine (1) the key attributes, challenges,
and costs of the Yucca Mountain repository; (2) and identify alternative
nuclear waste management approaches; (3) the key attributes, challenges,
and costs of storing the nuclear waste at two centralized sites; and (4) the
key attributes, challenges, and costs of continuing to store the nuclear
waste at its current locations. The centralized storage and onsite storage
options—both with disposal scenarios—were the two most likely
alternative approaches identified by the experts we interviewed. We are
also providing information on what is known about sources of funding—
primarily taxpayers and nuclear power rate payers—for the Yucca
Mountain repository and the two alternative approaches.

To examine the key attributes, challenges, and costs of the Yucca
Mountain repository, we obtained reports and supporting documentation

'In constant fiscal year 2009 dollars. Funding comes primarily from fees collected from
electric power companies operating commercial reactors and appropriations for DOE-
managed spent nuclear fuel and high-level waste.
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from DOE, NRC, the National Academy of Sciences, and the Nuclear
Waste Technical Review Board. Specifically, we used DOE’s report on the
Yucca Mountain repository’s total lifecycle cost to analyze the cost for
disposing of either (1) 70,000 metric tons of nuclear waste, which is the
statutory cap on the amount of waste that can be disposed of at Yucca
Mountain, or (2) 153,000 metric tons, which is the estimated total amount
of nuclear waste that has already been generated and will be generated if
all currently operating commercial reactors operate for a 60-year lifespan.”
We then discounted these costs to 2009 present value.

To identify alternative nuclear waste management approaches, we
interviewed DOE officials, experts at the National Academy of Sciences
and the Nuclear Waste Technical Review Board, and executives at the
Nuclear Energy Institute, among others. Based on their comments, we
identified two generic alternative approaches for managing this waste for
at least a 100-year period before it is disposed in a repository: storing the
nuclear waste at two centralized facilities—referred to as centralized
storage—and continuing to store the nuclear waste on site at their current
facilities—referred to as on-site storage. To examine the key attributes,
challenges, and costs of each alternative, we asked nuclear waste
management experts from federal agencies, industry, academic
institutions, and concerned groups to comment on the attributes and
challenges of each alternative, provide relevant cost data, and comment on
the assumptions and cost components that we used to develop cost
models for the alternatives. We then used the models to produce the total
cost ranges for each alternative with and without final disposal in a
geologic repository at the end of a 100-year specific time period. In
addition, we analyzed onsite storage for longer periods than 100 years. We
analyzed costs associated with storing 70,000 metric tons and 153,000
metric tons and discounted the costs to 2009 present value.

We did not compare the Yucca Mountain cost range to the ranges of other
alternatives because of significant differences in inherent characteristics
of these alternatives that our modeling work could not quantify. For
example, the safety, health, and environmental risks for each are very
different, which needs to be considered in the policy debate on nuclear
waste management decisions. (See app. I for additional information about
our scope and methodology, app. II for our methodology for soliciting

*DOE, Analysis of the Total System Lifecycle Cost of the Civilian Radioactive Waste
Management Program, Fiscal Year 2007, DOE/RW-0591 (Washington, D.C., July 2008).
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Background

comments from nuclear waste management experts, and app. III for a list
of these experts.)

We conducted this performance audit from April 2008 to October 2009 in
accordance with generally accepted government auditing standards. Those
standards require that we plan and perform the audit to obtain sufficient,
appropriate evidence to provide a reasonable basis for our findings and
conclusions based on our audit objectives. We believe that the evidence
obtained provides a reasonable basis for our findings and conclusions
based on our audit objectives.

Nuclear waste is long-lived and very hazardous—without protective
shielding, the intense radioactivity of the waste can kill a person within
minutes or cause cancer months or even decades after exposure.’ Thus,
careful management is required to isolate it from humans and the
environment. To accomplish this, the National Academy of Sciences first
endorsed the concept of nuclear waste disposal in deep geologic
formations in a 1957 report to the U.S. Atomic Energy Commission, which
has since been articulated by experts as the safest and most secure
method of permanent disposal.’ However, progress toward developing a
geologic repository was slow until NWPA was enacted in 1983. Citing the
potential risks of the accumulating amounts of nuclear waste, NWPA
required the federal government to take responsibility for the disposition
of nuclear waste and required DOE to develop a permanent geologic
repository to protect public health and safety and the environment for

*For the purposes of our report, nuclear waste includes both spent nuclear fuel—fuel that
has been withdrawn from a nuclear reactor following irradiation—and high-level
radioactive waste—generally the material resulting from the reprocessing of spent nuclear
fuel. Nuclear waste—specifically spent nuclear fuel—is also very thermally hot. As the
radioactive elements in spent nuclear fuel decay, they give off heat. However, according to
DOE data, a spent nuclear fuel assembly can lose nearly 80 percent of its heat 5 years after
it has been removed from a reactor and about 95 percent of its heat after 100 years.

‘National Academy of Sciences, The Disposal of Radioactive Waste on Land, (Washington,
D.C., September 1957). This report suggested several potential alternatives for disposal of
nuclear waste, stressing that although there are many potential sites for geologic disposal
of waste at various depths and in various geologic formations, further research was needed
regarding specific waste forms and specific geologic formations, including disposal in deep
underground formations. The report stated, “the hazard related to radioactive waste is so
great that no element of doubt should be allowed to exist regarding safety.” Subsequent
reports by the National Academy of Sciences and others have continued to endorse
geologic isolation of nuclear waste and have suggested that engineered barriers, such as
corrosion-resistant containers, can provide additional layers of isolation.
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current and future generations. Specifically, the act required DOE to study
several locations around the country for possible repository sites and
develop a contractual relationship with industry for disposal of the nuclear
waste. The Congress amended NWPA in 1987 to restrict scientific study
and characterization of a possible repository to only Yucca Mountain. (Fig.
2 shows the north crest of Yucca Mountain and a cut-out of the proposed
mined repository.)

Figure 2: Aerial View and Cut-Out of the Yucca Mountain Repository
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Source: DOE.

After the Congress approved Yucca Mountain as a suitable site for the
development of a permanent nuclear waste repository in 2002, DOE began
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preparing a license application for submittal to NRC, which has regulatory
authority over commercial nuclear waste management facilities. DOE
submitted its license application to NRC in June 2008, and NRC accepted
the license application for review in September 2008. NWPA requires NRC
to complete its review of DOE’s license application for the Yucca
Mountain repository in 3 years, although a fourth year is allowed if NRC
deems it necessary and complies with certain reporting requirements.

To pay the nuclear power industry’s share of the cost for the Yucca
Mountain repository, NWPA established the Nuclear Waste Fund, which is
funded by a fee of one mill (one-tenth of a cent) per kilowatt-hour of
nuclear-generated electricity that the federal government collects from
electric power companies. DOE reported that, at the end of fiscal year
2008, the Nuclear Waste Fund contained $22 billion, with an additional
$1.9 billion projected to be added in 2009. DOE receives money from the
Nuclear Waste Fund through congressional appropriations. Additional
funding for the repository comes from an appropriation which provides
for the disposal cost of DOE-managed spent nuclear fuel and high-level
waste.

NWPA caps nuclear waste that can be disposed of at the Yucca Mountain
repository at 70,000 metric tons until a second repository is available.
However, the nation has already accumulated about 70,000 metric tons of
nuclear waste at current reactor sites and DOE facilities. Without a change
in the law to raise the cap or to allow the construction of a second
repository, DOE can dispose of only the current nuclear waste inventory.
The nation will have to develop a strategy for an additional 83,000 metric
tons of waste expected to be generated if NRC issues 20-year license
extensions to all of the currently operating nuclear reactors.’ This amount
does not include any nuclear waste generated by new reactors or future
defense activities, or greater than class C nuclear waste.® According to

’NRC has already issued license extensions for 54 reactors, enabling them to operate for a
total of 60 years. Extension requests for 21 units are currently under review and requests
for as many as 25 more are anticipated through 2017.

®As of October 2009, NRC has received 18 applications for 29 new reactors. In addition to
spent nuclear fuel and DOE-managed high-level waste, the nation also generates so-called
greater than class C nuclear waste from the maintenance and decommissioning of nuclear
power plants, from radioactive materials that were once used for food irradiation or for
medical purposes, and from miscellaneous radioactive waste, such as contaminated
equipment from industrial research and development. DOE, which is required to dispose of
this nuclear waste, has not issued an environmental impact statement describing potential
options, which could include disposal of the waste at the Yucca Mountain repository.
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DOE and industry studies, three to four times the 70,000 metric tons—and
possibly more—could potentially be disposed safely in Yucca Mountain,
which could address current and some future waste inventories,
potentially delaying the need for a second repository for several
generations.

Nuclear waste has continued to accumulate at the nation’s commercial
and DOE nuclear facilities over the past 60 years. Facility managers must
actively manage the nuclear waste by continually isolating, confining, and
monitoring it to keep humans and the environment safe. Most spent
nuclear fuel is stored at reactor sites, immersed in pools of water designed
to cool and isolate it from the environment. With nowhere to dispose of
the spent nuclear fuel, the racks holding spent fuel in the pools have been
rearranged to allow for more dense storage of assemblies. Even with this
re-racking, spent nuclear fuel pools are reaching their capacities. Some
critics have expressed concern about the remote possibility of an
overcrowded spent nuclear fuel pool releasing large amounts of radiation
if an accident or other event caused the pool to lose water, potentially
leading to a fire that could disperse radioactive material. As reactor
operators have run out of space in their spent nuclear fuel pools, they have
turned in increasing number to dry cask storage systems that generally
consist of stainless steel canisters placed inside larger stainless steel or
concrete casks. (See fig. 3.) NRC requires protective shielding, routine
inspections and monitoring, and security systems to isolate the nuclear
waste to protect humans and the environment.
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Figure 3: Dry Cask Storage System for Spent Nuclear Fuel
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NRC has determined that these dry cask storage systems can safely store
nuclear waste, but NRC considers them to be interim measures. In 1990,
NRC issued a revised waste confidence rule, stating that it had confidence
that the waste generated by a reactor can be safely stored in either wet or
dry storage for 30 years beyond a reactor’s life, including license
extensions. NRC further determined that it had reasonable assurance that
safe geologic disposal was feasible and that a geologic repository would be
operational by about 2025. More recently, NRC has published a notice of
proposed rulemaking to revise that rule, proposing that waste generated
by a reactor can be safely stored for 60 years beyond the life of a reactor
and that geologic disposal would be available in 50 to 60 years beyond a
reactor’s life.” NRC is currently considering whether to republish its
proposed rule to seek additional public input on certain issues. Forty-five
reactor sites or former reactor sites in 30 states have dry storage facilities
for their spent nuclear fuel as of June 2009, and the number of reactor
sites storing spent nuclear fuel is likely to continue to grow until an
alternative is implemented.

Implementing a permanent, safe, and secure disposal solution for the
nuclear waste is of concern to the nation, particularly state governments
and local communities, because many of the 80 sites where nuclear waste
is currently stored are near large populations or major water sources or
consist of shutdown reactor sites that tie up land that could be used for
other purposes. In addition, states that have DOE facilities with nuclear
waste storage are concerned because of possible contamination to
aquifers, rivers, and other natural resources. DOE’s Hanford Reservation,
located near Richland, Washington, was a major component of the nation’s
nuclear weapons defense program from 1943 until 1989, when operations
ceased. In the settlement of a lawsuit filed by the state of Washington in
2003, DOE agreed not to ship certain nuclear waste to Hanford until
environmental reviews were complete. In August 2009, the U.S.
government stated that the preferred alternative in DOE’s environmental
review would include limitations on certain nuclear waste shipments to
Hanford until the process of immobilizing tank waste in glass begins,

"See 73 Fed. Reg. 59551-59570 (Oct. 9, 2008).
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expected in 2019.° Moreover, some commercial and DOE sites where the
nuclear waste is stored may not be able to accommodate much additional
waste safely because of limited storage space or community objections.
These sites will require a more immediate solution.

The nation has considered proposals to build centralized storage facilities
where waste from reactor sites could be consolidated. The 1987
amendment to NWPA established the Office of the Nuclear Waste
Negotiator to try to broker an agreement for a community to host a
repository or interim storage facility. Two negotiators worked with local
communities and Native American tribes for several years, but neither was
able to conclude a proposed agreement with a willing community by
January 1995, when the office’s authority expired. Subsequently, in 2006
after a 9-year licensing process, a consortium of electric power companies
called Private Fuel Storage obtained a NRC license for a private
centralized storage facility on the reservation of the Skull Valley Band of
the Goshute Indians in Utah. NRC’s 20-year license—with an option for an
additional 20 years—allows storage of up to 40,000 metric tons of
commercial spent nuclear fuel. However, construction of the Private Fuel
Storage facility has been delayed by Department of the Interior decisions
not to approve the lease of tribal lands to Private Fuel Storage and
declining to issue the necessary rights-of-way to transport nuclear waste to
the facility through Bureau of Land Management land. Private Fuel Storage
and the Skull Valley Band of Goshutes filed a federal lawsuit in 2007 to
overturn Interior’s decisions.

Reprocessing nuclear waste could potentially reduce, but not eliminate,
the amount of waste for disposal. In reprocessing, usable uranium and
plutonium are recovered from spent nuclear fuel and are used to make
new fuel rods. However, current reprocessing technologies separate
weapons usable plutonium and other fissionable materials from the spent
nuclear fuel, raising concerns about nuclear proliferation by terrorists or

*The U.S. government made this statement in a letter related to a tentative settlement
agreement in the lawsuit of State of Washington v. Chu, No. CV-08-5085-FVS (E.D.
Washington, filed Nov. 26, 2008). In 2008, the state of Washington filed suit claiming DOE
had violated the Tri-Party Agreement among DOE, the state, and the Environmental
Protection Agency by failing to meet enforceable cleanup milestones in the agreement. On
August 10, 2009, DOE and the state announced they had reached a tentative settlement,
including new cleanup milestones and a 2047 completion date for certain key cleanup
activities. We have questioned DOE'’s ability to meet this date. See GAO, Nuclear Waste:
Uncertainties and Questions about Costs and Risks Persist with DOE's Tank Waste
Cleanup Strategy at Hanford, GAO-09-913 (Washington, D.C.: Sept. 30, 2009).
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enemy states. Although the United States pioneered the reprocessing
technologies used by other countries, such as France and Russia,
presidents Gerald Ford and Jimmy Carter ended government support for
commercial reprocessing in the United States in 1976 and 1977,
respectively, primarily due to proliferation concerns. Although President
Ronald Reagan lifted the ban on government support in 1981, the nation
has not embarked on any reprocessing program due to proliferation and
cost concerns—the Congressional Budget Office recently reported that
current reprocessing technologies are more expensive than direct disposal
of the waste in a geologic repository.” DOE’s Fuel Cycle Research and
Development program is currently performing research in reprocessing
technologies that would not separate out weapons usable plutonium, but it
is not certain whether these technologies will become cost-effective. "

The general consensus of the international scientific community is that
geologic disposal is the preferred long-term nuclear waste management
alternative. Finland, Sweden, Canada, France, and Switzerland have
decided to construct geologic disposal facilities, but none have yet
completed any such facility, although DOE reports that Finland and
Sweden have announced plans to begin emplacement operations in 2020
and 2023, respectively. Moreover, some countries employ a mix of
complementary storage alternatives in their national waste management
strategies, including on-site storage, consolidated interim storage,
reprocessing, and geologic disposal. For example, Sweden plans to rely on
on-site storage until the waste cools enough to move it to a centralized
storage facility, where the waste will continue to cool and decay for an
additional 30 years. This waste will then be placed in a geologic repository
for disposal. France reprocesses the spent nuclear fuel, recycling usable
portions as new fuel and storing the remainder for eventual disposal.

9Congressional Budget Office, Costs of Reprocessing Versus Directly Disposing of Spent
Nuclear Fuel; Testimony before the Committee on Energy and Natural Resources
(Washington, D.C.: Nov. 14, 2007).

“DOE changed the name of this program from the Advanced Fuel Cycle Initiative to the
Fuel Cycle Research and Development program in its fiscal year 2010 budget submission.
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The Yucca Mountain
Repository Would
Provide a Permanent
Solution for Nuclear
Waste, but Its
Implementation Faces
Challenges and
Significant Upfront
Costs

The Yucca Mountain repository—mandated by NWPA, as amended—
would provide a permanent nuclear waste management solution for the
nation’s current inventory of about 70,000 metric tons of waste. According
to DOE and industry studies, the repository potentially could be a disposal
site for three to four times that amount of waste. However, the repository
lacks the support of the administration and the state of Nevada, and faces
regulatory and other challenges. Our analysis of DOE’s cost projections
found that the Yucca Mo