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Abstract

The U.S. used nuclear fuel management program is at a critical juncture. It has been 17 years since the
U.S. Congress authorized geologic disposal of used nuclear fuel and 12 years since Congress elected to study
Yucca Mountain, Nevada, as the nation's lone long-term disposal option. During this period, Yucca Mountain's
ability to isolate long-lived radionuclides was the subject of considerable scientific study. Concurrently,
specialists expended significant design effort on the engineered barriers that work in conjunction with the
proposed repository's natural features to ensure that health protection standards are met. Confidence as to the
soundness of the geologic disposal option is high. While technical progress on geologic disposal is substantial,
policy level decision-making needed to move the program forward remains lacking. A number of important
policy questions concerning used fuel management remain unanswered as this fuel accumulates at 103 operating
U.S. commercial nuclear power reactors at 65 sites. Wet fuel storage space at those locations is becoming
increasingly scarce. This paper will review both the scientific successes and policy challenges on the road to
geologic disposal. It will outline the nation's used nuclear fuel storage needs, highlight what the nation's scientists
have learned about geologic disposal, discuss what is being done to meet near-term interim storage requirements,
describe the emerging regulatory framework associated with the program and summarize the ongoing policy
debate.

1. HISTORICAL PERSPECTIVE AND BACKGROUND

Since the start of the U.S. nuclear energy program, disposal of used nuclear was the province
of the government. The first U.S. reactors were government designed, built and managed. When
privately financed electric utilities began building commercial power reactors in the 1950's, the
government retained ownership of the fuel.

In the 1960's, ownership of the fuel was transferred to the utilities with the understanding that
ultimate responsibility for the fuel would return to the government at the end of the fuel cycle.
Throughout the early decades of the U.S. nuclear industry, the U.S. Atomic Energy Commission (the
predecessor agency of both the Nuclear Regulatory Commission and the Department of Energy)
actively promoted commercial nuclear power ventures with this understanding in mind.

Despite its decision against reprocessing commercial used nuclear fuel, the U.S. government
did not address the pressing waste disposal needs of a once-through nuclear fuel cycle. Nonetheless,
the government sponsored numerous technical studies of various waste disposal options—from
surface, underground, and ocean bed disposal to launch of the material into outer space. These
studies—and the associated policy debate—culminated in the Nuclear Waste Policy Act of 1982, and
the act's 1987 amendments. Together, these required the Department of Energy (DOE) to develop a
deep, mined geologic repository for high-level waste; a facility for temporary used fuel storage; and a
transportation system that safely links power plants with the two facilities. The Act also required the
DOE to begin moving used fuel from nuclear power plant sites by January 31, 1998.
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The 1987 amendments named Yucca Mountain as the nation's sole site for a geologic
repository. The repository, originally scheduled for completion by 1998, is at least 12 years behind
schedule. No site has been selected for an interim storage facility. On January 31, 1998, the
government defaulted on its obligation to begin moving used fuel from nuclear power plants. This
prompted a number of utilities to file lawsuits against the government and spurred further efforts in
Congress to enact legislation to reform the program. Against this political backdrop, an impressive
array of scientific study at Yucca Mountain continues to provide evidence supporting construction of
a geologic repository at the site.

2. THE NEED FOR A REPOSITORY

2.1. National importance of nuclear technology

Used nuclear fuel is currently stored at 65 operating commercial nuclear power plant sites
located at approximately 130 locations throughout the country (shutdown reactors, government
storage facilities and research institutions make up the remaining 65 sites). Figure 1 shows the
location of nuclear materials destined for geologic disposal. Clearly, this is an issue which touches the
lives of all Americans. These plant sites produce approximately 20 percent of the nation's electricity,
contribute the "lion's share" of the avoidance of environmental emissions, and enhance the national
well being through world class scientific research. Nuclear power plants met 40 percent of the
nation's increased electricity demand over the past 25 years, while simultaneously displacing billions
of barrels of oil, billions of tons of coal, and trillions of cubic feet of natural gas. In so doing, nuclear
energy prevented a 25-30 percent increase in harmful emissions. Over the same period, the United
States won the cold war, advanced material science and technology, and fostered immense progress in
nuclear medicine—none of which would have been possible without nuclear reactors.
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2.2. Current used nuclear fuel storage situation

The byproduct of the significant accomplishments of the U.S. nuclear industry over the past
five decades is the accumulation of approximately 40,000 metric tons uranium (MTU) of used fuel.
This is expected to grow to 89,000 MTU by 2040 (86,300 from commercial power reactors and the
remainder from government managed and research reactors) as America continues to reap the
economic and environmental benefits of nuclear energy. Figure 2 provides an estimate of the
cumulative spent fuel that will be discharged from U.S. reactors over the life of the plants (assuming
no new plant orders or life extension).

Virtually all of the U.S. industry's used fuel continues to be stored at reactor sites—
approximately 95 percent of it in reactor pools that are rapidly filling up.
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FIG. 2. Projection of spent fuel discharges as of January 1999 from Commercial Nuclear Activities

2.3. Constraints on the continued availability of the U.S. nuclear option

The substantial efforts undertaken by U.S. reactor owners to make maximum use of their
existing on-site used fuel storage capabilities are described in the next section of this report. To date,
used fuel storage limitations have not adversely affected the operation of the nation's power reactors
because the reactor owners have taken counter measures. Improvements in plant safety and efficiency
continued to increase nuclear energy's share of the U.S. electricity market in spite of the fact that no
new nuclear power plants have come on line in the past five years. For this to continue an even greater
effort will be required to resolve the used fuel issue. If additional interim used fuel storage options are
not available, more than half of the nation's nuclear power plants will lose full core discharge
capability within the next decade. Figure 3 indicates how rapidly the full core discharge capability is
lost over the next 10 years.

Equally important, a number of plants are facing decisions on whether or not to apply
to the Nuclear Regulatory Commission (NRC) for operating licenses renewal. The degree to which
such renewals will be pursued—let alone new plant construction—is likely to depend on the amount
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FIG. 3. Reactors with full core discharge capability

of confidence that plant owners have in the government's ability to effectively manage used nuclear
fuel. While interim measures are likely to allow the industry to continue to operate, until additional
progress is made on long-term used fuel disposal, the full potential of nuclear power in the United
States will be constrained.

3. INTERIM MEASURES

3.1. Used fuel pool capacity extensions

Older used fuel pools and storage racks were designed assuming that the fuel would be
reprocessed (or at least removed) after a minimal cooling period. Although this assumption became
less tenable for newer power plants, no reactor used fuel pool was designed to accommodate all of the
fuel generated over the life of a plant. As reprocessing and timely removal became less likely—and
storage space more limited—utilities began to look for ways to increase the capacity of their existing
used fuel pools.

The most common method of increasing pool capacity was to replace original storage racks
with higher density racks. This process, known as reracking, is considered to be the lowest cost
alternative for expansion of on-site used fuel storage capability and has been performed at least once
at the majority of U.S. reactor sites.

Another option for increasing in-pool storage capability is rod consolidation. An intact fuel
assembly has fuel rods arranged in an open array with spacing between fuel rods to promote cooling
and neutron moderation. Rod consolidation can reduce the fuel volume by a factor of two by
removing the fuel rods from the fuel assembly hardware, and reconfiguring them into a metal storage
canister in a closely packed array. Non-fuel bearing components are then stored separately in either
the pool racks or a dry storage system. Several U.S. plants have pursued this option.

Additionally, utilities owning multiple reactors were able to take advantage of variations in
available capacity between reactors by shifting fuel from one used fuel pool to another. One utility
was able to utilize pools constructed for two canceled reactors to store used fuel from two reactors
operating on the same site.



3.2. "At-Reactor" dry storage

After more than a decade of actively applying pool capacity extension methods, reactor
owners are finding that few options remain. A growing number of sites are addressing their used fuel
pool capacity limitations with at-reactor dry storage facilities. This method involves building
Independent Spent Fuel Storage Installations (ISFSI) located outside the used fuel pool (normally
outdoors on the reactor site). One benefit of dry storage is that it is a modular technology, i.e.,
additional storage capacity can be added (and paid for) as needed. Dry storage alternatives include
metal or concrete casks, dual-purpose casks, concrete modules and modular vaults. The NRC has
approved a number of dry storage systems of each type for use. To date, 11 such facilities have been
licensed and 17 more are at various stages of planning. Figure 4 shows a typical ISFSI facility.

FIG. 4. Typical ISFSI facility (Surry Nuclear Power Station)

3.3. Centralized interim storage

With the federal government estimating that a permanent repository for nuclear waste will not
be ready until 2010 at the earliest, the industry is advocating that a temporary centralized storage
facility be sited in the vicinity of Yucca Mountain. Centralized temporary storage has several
advantages over the ISFSFs currently being used.

• It would free individual sites of the burden of constructing and licensing their own ISFSFs,
resulting in considerable operational efficiency and cost savings.

• It would open up the dry storage option to reactors that currently face local opposition to
additional on-site used fuel storage.

• It would allow reactors that have been permanently shut down to be decommissioned more
expeditiously.

• It would give the industry a head start on addressing transportation issues that will eventually be
faced once a permanent repository is opened.

Legislation will be required before a temporary storage site can be built. Although various
supporters introduced such legislation numerous times, the administration has rejected the proposals
on the grounds that a final decision on Yucca Mountain should precede any movement of fuel to
Nevada. Supporters of a temporary storage facility have been unable to muster the votes needed to
override this veto. Although stalled, the argument for interim storage at Yucca Mountain continues to
be bolstered by progress on the scientific front that provides ever increasing confidence that the site
will be found suitable as a permanent geologic repository.



In the absence of a government temporary storage site, a number of private initiatives are
pending. Two such options—one on the Goshute Indian reservation in Utah and another at Owl Creek
near Shoshone, Wyoming—are in the early planning stages. Both of these projects are being
supported by U.S. nuclear electric utilities. An application for an NRC license for the Goshute project
is in process, with NRC approval expected sometime in the year 2001. The Governor of Utah and
other local politicians actively oppose the project. The Owl creek project is not as far along, but is
anticipating applying for an NRC license sometime within the next four years. A third alternative for
temporary used fuel storage is being put forth by a group proposing an international site on Wake
Island in the Pacific Ocean.

3.4. Costs

Meanwhile, the additional costs of maintaining 130 separate and scattered interim storage
facilities continues to mount. As of 1998, dry storage at operating reactors—and maintaining storage
on-site at shut down reactors—cost electric utilities $6.3 billion. By 2010, these costs are expected to
reach $13.6 billion. It is estimated that between $1 and $7 billion would be saved by siting a central
temporary storage facility in advance of the permanent repository.

4. PROGRESS TOWARDS GEOLOGIC DISPOSAL AT YUCCA MOUNTAIN

4.1. Basis for choosing Yucca Mountain

The United States is fortunate to have within its borders a site which combines a dry climate,
a stable geologic environment, a repository horizon that is both 1000 feet above the water table and
1000 feet below the surface, and is isolated from populated areas. Yucca Mountain is located 100
miles northwest of Las Vegas, Nevada—along a 6 mile flat top ridge that has remained unchanged
after a million years in a desert climate (receiving less than 7 inches of rain per year), (cf.., Figure 5.)
The natural characteristics of the site provide an excellent environment for the four essential attributes
of safe long-term radioactive waste disposal:

FIG. 5. Yucca Mountain site



• Long waste package lifetime
• Limited water contact with waste packages
• Low rate of radionuclide release from breached waste packages
• Reduction in the concentration of radionuclides as they are transported from breached waste

packages

Since the 1987 decision by Congress to study geologic disposal at Yucca Mountain, a
considerable effort has been made to characterize the site and evaluate the extent to which its natural
features—working in conjunction with a robust engineered repository—would satisfy the above
criteria.

4.2. The DOE's Yucca Mountain project

The current repository schedule calls for the administration to make a suitability
determination regarding Yucca Mountain in 2001. If a positive suitability determination is made,
DOE will then apply to the NRC in 2002 for a license to construct a repository and eventually deposit
used nuclear fuel at Yucca Mountain. An important step toward these milestones was reached in
December 1998 when the DOE completed its "Viability Assessment of Yucca Mountain." This report
concluded that:

Over 15 years, extensive research has validated many of the expectations of the scientists who
first suggested that remote, desert regions of the Southwest are well-suited for a geologic
repository. Engineered barriers can be designed to contain waste for thousands of years, and
the natural barriers can delay and dilute any radioactive material that migrates from the waste
packages.

The viability assessment also outlined in extensive detail, the remaining tasks to be completed and the
expected costs to characterize, design, construct, and license an operating repository in 2010.

4.3. Evolving repository design

In April of 1997, DOE completed construction of a 4.9 mile-long tunnel through Yucca
Mountain known as the Experimental Studies Facility (ESF). An additional 1.5 mile-long tunnel—
penetrating deeper into the welded tuff volcanic rock formation where used fuel may eventually be
placed—has since been added. These tunnels form an underground laboratory for research and testing
necessary to develop and evaluate the proposed repository design. Should this work continue to
progress as indicated in the viability assessment, the tunnels—which reach the surface at two
locations known as the north and south portals—will be used as the entrance ramps for moving waste
packages into the underground repository. Figure 6 shows the reference design concept for the Yucca
Mountain Project.

The completed repository will consist of an emplacement block of parallel tunnels and access
tunnels having a total length of approximately 90 kilometers, covering an area of approximately 1000
acres. The emplacement tunnels will be approximately 5.5 meters in diameter. The spacing between
the tunnels is currently expected to be 81 meters, a distance determined as a function of the project's
thermal goals for managing the decay heat associated with the used fuel. The repository's thermal
performance has been an area of significant concern in the design work conducted to date. It is
expected that waste package surface temperatures will reach as high as 350° centigrade, and the
temperature of the tunnel walls will likely exceed the boiling point of water for some time. The wide
spacing between tunnels will allow much of the water in the rock, which is driven away from the
tunnels during the period of maximum heat load, to be shed between tunnels instead of returning to
the tunnels as they cool. This will help reduce corrosion.



ory Concept

-

1
I

,1

fl . I I :.•>.

I Ml i : I •• '/

iV . r . l * 11 (-.ill n
Muihlllnl

Muililiiiq

to..
• - *

Wksis

The proposed repo^rt-if < "*lll include
a pproxlmJtd < :"J kilometer? or
tu nnel? c o«ering a n area or
t pproxlmatel < 1 .QOQ acres

FIG. 6. Repository reference design concept

Some scientists have advocated a cool design that keeps the wall temperatures below boiling
point at all times in order to minimize uncertainties regarding thermal-mechanical effects on the water
in the rock, as well as the rock itself. Although DOE needs to finalize its design in preparation for the
suitability determination, the thermal performance debate in the scientific community is far from over.
A drift scale heater test is currently underway in the ESF as part of an effort to answer many of the
lingering questions about the effects of decay heat. The increased spacing between tunnels represents
an enhancement over the design evaluated in the viability assessment. Another thermal-motivated
enhancement in the latest post-viability assessment design is an active ventilation system that will
help cool the repository until closure (approximately 50 to 100 years after initial emplacement). DOE
plans to build the repository as it goes, completing only five percent of the emplacement tunnels
before initial waste emplacement begins, and constructing the remaining 95 percent in parallel with
repository operations.

In the emplacement tunnels, waste packages containing used fuel and other high level waste
material will be placed end to end, horizontally. Gaps between the packages will be minimized to
provide for even thermal loading within the tunnels to further reduce temperature uncertainties. The
cylindrical waste packages are expected to be constructed of a two-centimeter thick Alloy 22 outer
casing over a five-centimeter thick stainless steel inner casing for optimum corrosion resistance. The
packages will be sized to contain up to 21 pressurized water reactor or 44 boiling water reactor used
nuclear fuel assemblies. Non-commercial used fuel and other materials will be placed in canistered
waste packages having similar size and thermal performance characteristics. Figure 7 shows the
reference design concept for the waste packages.
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FIG. 7. Reference Waste Package Design Concept

Waste packages will sit on waste package supports and piers above the drift floor to allow
heat to dissipate more evenly. The support system will, in turn, sit on concrete inverts lining the
bottom of the tunnels to provide support and drainage away from the waste packages. The latest
enhanced design also protects the waste packages with a two-centimeter thick corrugated titanium
drip shield. The possibility of including back fill to protect against falling rocks and to divert water
away from the packages is also being studied. Currently a steel set ground support system of rock
bolts and wire mesh is planned to prevent against rock fall. All of these measures are being taken in
an effort to meet the engineered barrier system design goals of preventing breach of the waste
packages for 3000 years, and preventing seepage water from contacting the waste for at least 10,000
years.

At the surface, facilities are being designed to handle the approximately 700 transport casks
of used fuel per year. As the transport casks will not be used for disposal, a significant fuel handling
operation will be needed. A 440,000 square foot, six level concrete waste handling building is
proposed to accommodate these operations. It will include:

• A large bay for unloading truck and rail carriers
• Three assembly transfer lines
• Two-canister transfer lines
• One large cell for handling, staging, and welding disposal waste packages
• One small cell for loading a waste packages onto an underground transporter
• A recovery cell for remediating off-normal waste packages
• Operating galleries, maintenance areas, laboratories, equipment rooms and other support areas

The degree to which this entire configuration assures the protection of public health and
safety, both during the pre-closure operational period and for a post-closure period, is being evaluated
by probabilistic analysis known as performance assessment. The results of the latest version of the



performance assessment were published in the viability assessment and showed that anticipated
regulatory thresholds for radiation exposure can be met. Nevertheless, it was pointed out that much
work remains to be done to reduce a number of uncertainties, and considerable rigor needs to be
added for the work if it is to withstand regulatory review. Revisions of the performance assessment
are planned to incorporate proposed design enhancements to the engineered barriers, and additional
information about Yucca Mountain is being gained from ESF. Preliminary indications are that future
performance assessments will show even lower radiation doses, providing greater certainty that the
license application will be successful.

The US DOE is currently spending approximately $300 Million annually characterizing the
Yucca Mountain site. The total repository cost to closure (in approximately year 2116) is estimated to
be $43.7 Billion. Figure 8 shows the component expenditures of this life cycle cost estimate.

FUTURE YUCCA MOUNTAIN REPOSITORY, WITH 76 YEARS OF MONITORING, 1999 - 2116
Cost to License Application $1.1 Billion

Surface Facilities 4.5
Subsurface Facilities 3.6
Waste Package 4.0
Performance Confirmation 1.1
Regulatory, Infrastructure and Management
Support 1.6
Monitoring (Reference Case, 2034 - 2110) 3.5
Closure and Decommissioning (2110 - 2116) 0.4

Note: All costs are in FY 1998 dollars, or as otherwise noted.

| VIABILITY ASSESSMENT TOTAL, 1999-2116 19.8

TSLCC INCREMENT, 1983 - 2116
Historical First and Second Repository Costs 5.1
Transportation and Waste Acceptance 6.8
Construction of Nevada Rail Line 0.8
Payments to Nevada Equal to Taxes and Benefits 2.7
Costs for Over 70,000 MTU Emplacement 4.5
Program Integration & External Oversight 4.0

I TOTAL ESTIMATE FOR REPOSITORY PROGRAM 43.7

Historical Program Cost, 1983 - 1998 $ 7.1 billion (constant FY 1998 dollars)*
Program Cost, 1999-2116 (117 years) $ 36.6 billion (constant FY 1998 dollars)
Total Estimate for Program $ 43.7 billion (constant FY 1998 dollars)

* Historical Program Cost is $5.9 billion in year-of-expenditure dollars, as of 1998.

FIG. 8. Total system life cycle cost estimate

5. REPOSITORY REGULATIONS

The NRC is charged with regulating the proposed geologic repository. The NRC
demonstrated strong leadership by publishing the proposed standard for a Yucca Mountain repository
in February 1999—even while the policy debate continued. The proposed rule is a risk-informed
regulation based on the 1994 recommendations of the National Academy of Sciences. One important
aspect of the standard remains undefined. Congress granted the Environmental Protection Agency
(EPA) the authority to set the specific public radiation protection threshold for Yucca Mountain. The
precise value at which the EPA will set this threshold—and how it will be calculated—remains the
subject of much discussion. The EPA recently submitted its proposed standard for interagency review
within the U.S. government and will soon publish the proposal for public comment.
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6. POLICY DEBATE

6.1. Politics of waste disposal

Even while the scientific determinations about Yucca Mountain are promising—and the costs
of continued storage of used fuel at approximately 130 scattered sites soars—action to move fuel
away from plant sites has been slow in coming. Over the past two years, legislation to reform the
nation's used nuclear fuel program has stalled in Congress under the threat of a residential veto. The
administration continuous to maintain its position that no fuel should be moved until a final decision
on long-term storage is made. Opponents of nuclear power find the delay supportive of their argument
that the nation should first shut down reactors before undertaking efforts to dispose of used fuel. The
longer fuel remains on site, the more difficult it will be for reactors at those sites to remain
economically competitive in a deregulated U.S. energy market.

Local opposition to temporary storage in Nevada, Utah and Wyoming also contributes to the
failure to reach a timely decision. Both opponents of nuclear power and grassroots anti-repository
movements enlist additional support from communities across America that are concerned about
being located along transportation routes for used fuel. All of these factors have contributed to a
policy stalemate even though recent polls continue to show that the majority of the American public
supports nuclear power.

6.2. Transportation issues

Although the U.S. has successfully executed over 2000 shipments of used nuclear fuel
without any adverse consequence to public health and safety, transportation remains an emotional
issue. The technology for used fuel transport is proven, and NRC safety regulations have been in
place for many years. Nevertheless, public acceptance of used fuel transportation remains low—
largely because of the emotions associated with the issue. The recent success of DOE's Waste
Isolation Pilot Project in receiving shipments of low level transuranic waste from defense sites at a
repository near Carlsbad, New Mexico, provides the industry with hope.

6.3. Public Acceptance and Risk Communication

If U.S. policymakers are to site a repository at Yucca Mountain, there will need to be
significant improvements in the manner in which the undertaking is communicated to the public. The
chairman of the NRC's Advisory Committee on Nuclear Waste, has repeatedly called for a "plain
english" version of the performance assessment analysis that will explain the long term performance
of the repository. To date, this call has largely gone unanswered. Both DOE and the NRC struggle to
explain to the public the complexities and uncertainties inherent in evaluating geologic, hydrologic,
meteorological, and engineering aspects of safely storing radioactive material for thousands of years.
While unique in many respects, used fuel is not the only product that man has created that may affect
our planet for millennia to come, yet it certainly is the first to garner such intense interest. In its
proposed risk-based regulation, the NRC constructed a credible platform for demonstrating what these
affects might be. The viability analysis indicated that conservative low radiation standards can be met.
Nonetheless, much doubt still exists and a significant amount of public discussion remains ahead
before narrowly understood scientific information can be translated in to widespread acceptance.

7. CONCLUSION

The fate of the U.S. used nuclear fuel management program remains tangled up in a far-
reaching policy debate, while the costs of indecision continue to mount. These costs are being borne
by U.S. utilities and passed on to their rate payers. But gradual progress is being made toward what is
termed, "a decision based on science." As this decision nears, the U.S. used nuclear fuel management
program remains at a critical juncture.
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