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Abstract

The United States produces approximately 20% of its electricity in nuclear power reactors, currently
generating approximately 2,000 metric tons of uranium (tU) of spent nuclear fuel annually. Over the past half
century, the country has amassed 33,000 tU of commercial spent nuclear fuel that is being stored at 119
operating and shutdown reactors located on 73 sites around the nation. The cumulative discharge of the spent
fuel from reactors is estimated to total approximately 87,000 tU by 2035. Many sites have reracked the spent
fuel in their storage pool to maximize pool capacity, and a number of reactor sites have been forced to add dry
storage to accommodate the growing inventory of fuel in storage. In addition, research and defense programme
reactors have produced spent fuel that is being stored in pools at Federal sites. Much of this fuel will be
transferred to dry storage in the coming years. Under current plans, the commercial and federally owned fuel
will remain in storage at the existing sites until the United States Department of Energy (DOE) begins receipt at
a federal receiving facility.

1. INTRODUCTION

The Nuclear Waste Policy Act, as amended, sets forth the nation's policy for the management
of spent nuclear fuel and high-level radioactive waste. This policy calls for the development of one or
more geologic repositories for the direct disposal of spent fuel and the disposal of high-level
radioactive waste that resulted from the reprocessing of spent fuel for defense purposes. A small
quantity of high-level waste also exists from the reprocessing of commercial spent nuclear fuel that
will be disposed of in a geologic repository. Presently, DOE is investigating Yucca Mountain, Nevada
for development as the nation's first geologic repository. If the site is found suitable, the Department
would submit an application to the Nuclear Regulatory Commission (NRC) for authorization to
construct a repository. With timely regulatory approval, operations at the repository would commence
in 2010.

Early reactor spent fuel storage pools were small because it was presumed that spent fuel would
be shipped off-site for reprocessing. Approximately two decades ago, the US abandoned efforts to
reprocess commercial spent nuclear fuel. Consequently, many older reactors found themselves with
spent fuel pools that could not accommodate the accumulation of fuel from a lifetime of reactor
service. Barring authorization from Congress for DOE to establish a centralized interim storage
facility in the country, acceptance of commercial reactor fuel by DOE would not be expected to occur
until 2010 when the repository is expected to commence operations. Therefore, many sites have
needed to examine alternate storage possibilities, including dry storage.

The Nuclear Waste Policy Act recognized the impact of cessation of reprocessing and
anticipated this need for dry storage. The Act authorized demonstration and cooperative programmes
to help develop and certify dry storage technologies. As such, demonstrations were conducted leading
to the development of several of the dry storage technologies that are now commercially available.

2. SPENT FUEL STORAGE TECHNOLOGIES

Several dry storage technologies are currently in use at reactor sites around the country. Table I
lists those certified storage-only technologies.
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TABLE I. CERTIFIED STORAGE-ONLY TECHNOLOGIES

Vendor

General Nuclear Systems, Inc.
General Nuclear Systems, Inc.
General Nuclear Systems, Inc.
Foster Wheeler
Westinghouse
NAC International
Sierra Nuclear
Transnuclear
Transnuclear
Transnuclear
VECTRA
VECTRA
VECTRA

Technology

Castor V/21
Castor X/33
Castor X/74
MVDS
MC-10
NAC 128 S/T
VSC-24
TN-24
TN-32
TN-40
NUHOMS-7P
NUHOMS-24P
NUHOMS-52B

Several commercial vendors are pursuing development of "dual-purpose" technologies, which
can be used in both storage and transportation. These designs will help minimize handling of the spent
fuel which will reduce exposure to workers. Table II shows a list of those technologies that have
obtained or are being developed for pursuit of dual-purpose certifications.

TABLE II. DUAL PURPOSE CERTIFICATION TECHNOLOGIES

Vendor Technology

NAC International MPC
NAC International UMS
NAC International NAC Storable Transportation Cask
Holtec HI-STAR 100
Sierra Nuclear TranStor
VECTRA MP-187
Westinghouse WESTFLEX

DOE had been pursuing development of a multi-purpose canister (MPC) that could be used
during storage, transportation, and disposal of spent fuel. This system would have enabled spent fuel
to be placed in disposable canisters at reactor sites, transported to the repository and placed in waste
packages without the need to handle the bare fuel assemblies. However, in response to budgetary
constraints on the programme, the DOE-led MPC programme was terminated by the Department.
Private industry is expected to pursue technologies to pursue these functions.

Prior to termination of the MPC programme, DOE provided the specifications for the MPC to
both vendors and utilities. Several utilities have used the specifications when procuring duel purpose
dry storage systems. Should these canisters prove to meet the ultimate disposal package requirements,
the programme could realize substantial savings versus having to repackage the spent fuel.

3. SPENT FUEL MANAGEMENT AT REACTORS

Several U.S. commercial reactors have already reached the maximum capacities of their spent
fuel pools and have had to resort to dry storage systems to accommodate their storage needs.
Currently, there are 10 reactor sites with spent fuel in dry storage. Presently, there is approximately
1,500 tU of fuel in dry storage at these sites (Table III). A number of other utilities have contracted to
procure dry storage technologies (Table IV).
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TABLE III. SPENT FUEL DRY STORAGE SYSTEMS AT REACTOR SITE

Site State Vendor/Technology

Robinson
Oconee
Calvert Cliffs
Fort St. Vrain*
Palisades
Prairie Island
Surry Station

Davis-Besse
Point Beach
Arkansas Nuclear One

South Carolina
South Carolina
Maryland
Colorado
Michigan
Minnesota
Virginia

Ohio
Wisconsin
Arkansas

Vectra Technologies/NUHOMS-7P
Vectra Technologies/NUHOMS-24P
Vectra Technologies/NUHOMS-24P
Foster Wheeler/MVDS
Sierra Nuclear Corp./VSC-24
Transnuclear, Inc/TN-40
Westinghouse/MC-10
General Nuclear Systems/Castor V-21
Nuclear Assurance Corp./NAC-128 S/T
Vectra Technologies/NUHOMS-24P
Sierra Nuclear Corp./VSC-24
Sierra Nuclear Corp./VSC-24

Fort St. Vrain was a gas-cooled graphite moderated reactor and is currently shut down. The Department
of Energy is in the process of assuming the NRC license for its dry storage facility.

TABLE IV. PROCURED DRY STORAGE TECHNOLOGIES

Site

Rancho Seco*
Oyster Creek
Susquehanna
Trojan*
North Anna
Cook
Dresden
Yankee Rowe*
Hatch

State

California
New Jersey
Pennsylvania
Oregon
Virginia
Michigan
Illinois
Massachusetts
Georgia

Vendor/Technology

Vectra Technologies/MP-187
Vectra Technologies/NUHOMS-52B
Vectra Technologies/NUHOMS-52B
Sierra Nuclear Corp./TranStor-24
Transnuclear, Inc/TN-32
Holtec International/HISTAR 100
Holtec Intemational/HISTAR 100
NAC/NAC UMS
(Technology not selected)

* Shut down reactor sites

4. PROJECTED DRY STORAGE NEEDS

The United States continues to produce approximately 2,000 tU of spent nuclear fuel annually.
At the current time, approximately 33,000 tU of commercial spent nuclear fuel is stored in a
combination of spent fuel pools and dry storage at 73 operating and shutdown reactor sites. A number
of sites have already turned to dry storage to handle their excess storage needs, and as the schedule for
opening the repository is still more than a decade away and centralized interim storage is not
authorized, the number of affected sites will continue to increase (Table V).

TABLE V. PROJECTED DRY STORAGE NEEDS

Year Affected Sites Affected States tU

1997 10
2000 22
2010 53
2020 63

9
18
30
31

1,500
3,000
13,000
40,000

Several factors exist that could impact dry storage need estimates. Utility restructuring, which
could close uneconomical nuclear power plants prior to license expiration, could significantly reduce
dry storage need estimates. Also, the current trend of reactors using fuels to higher burn-up levels
could reduce the estimates. Should certain reactors prove to be economical, utilities have the option to
submit license extension applications to NRC, which could increase the life of the reactor and, thus,
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the amount of spent fuel generated. No utility has yet applied for a license extension. Figure 1.
illustrates the projected dry storage needs throughout the United States over the next several decades.

Additionally, a number of commercial nuclear power plants have already ceased operations. As
decommissioning of these facilities commence, placing spent fuel in dry storage may help expedite
the cleanup process. The shutdown facilities in the United States are listed in Table VI with the
quantity of spent fuel still on site in fuel pools.

TABLE VI. SHUTDOWN NUCLEAR POWER PLANTS

Plant

Dresden
Fort St. Vrain
Haddam Neck
Humboldt Bay
Indian Point 1
La Crosse
Rancho Seco
San Onofre 1
Shoreham
Three Mile Island 2
Trojan
Yankee Rowe

Year Shutdown

1978
1989
1996
1976
1974
1987
1989
1992
1989
1979
1992
1991

Assemblies / tU in fuel pool

683 / 70
All Spent Fuel in Dry Storage
1000/410
390/29
160/31
333/38
493/228
207 / 76
All Spent Fuel Transferred to Limerick
Damaged Fuel was sent to INEEL for Scientific Study
780/359
533 / 127

5. STORAGE OF DOE SPENT NUCLEAR FUEL

DOE suspended reprocessing of its defense spent fuel in 1992, recognizing the reduction in
requirements for weapons material. Consequently DOE has an inventory of over 2000 tons of spent
fuel that is being stored at several sites across the country. Due to the nature of this fuel, some may
require substantial treatment prior to disposal. In addition, the Department is accepting spent fuel
from foreign research reactors. Over the past several decades, DOE has previously accepted 8 tU of
foreign fuel, and the Department expects to accept an additional 20 tU of fuel from foreign countries.
This fuel will be stored at DOE sites prior to shipment to a repository.

A programme was recently authorized to accept research and defense reactor spent nuclear fuel
for disposal in the repository. Due to the degraded nature of much of the research and defense spent
nuclear fuel and requirements in various legal agreements, the Department needs to transfer this fuel
to dry storage prior to the time the repository will begin operations. Transfer of this fuel to dry storage
presents several challenges. Since the fuel for these reactors may be unique with regard to
dimensions, enrichment, burn-up, and physical condition, existing dry storage technologies have not
been certified for use with this kind of fuel. Additional work is required to obtain certifications for the
technologies in which these fuels will need to be stored and shipped.

Fuel from the shutdown Fort St. Vrain graphite reactor is currently in dry storage at the reactor
site in Colorado. The Department has agreed to assume the NRC license for this facility. This effort is
expected to be precedent-setting for the Department, since DOE has never been regulated by NRC in
this manner before. Because NRC may ultimately regulate many more DOE nuclear facilities, a high
level of attention is being paid to the process.

At the Idaho National Engineering and Environmental Laboratory (INEEL), fuel from the
melted Three Mile Island Unit-2 core is currently stored. Although this fuel was generated at a
commercial reactor, the Department has assumed responsibility for its care, and INEEL is pursuing a
dry storage license from NRC, consistent with legal agreements.
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Scenario: Announced shutdowns + 30 year life

(Assuming no acceptance of spent nuclear fuel by DOE,
all shutdown reactors unloaded into dry storage)

Dry

11 i9ST - CumulatiVo total 1,200 MTU

B 1998 - ,ft«fttil-»fcive tolj4l.a,,300 HTU

jj 20W.'-',Cufflut«iKiW-total 6,000 MTU

Totals, States and Sites

• 8 states, 9 sites

M 13 states, 15 sites

B 23 states, 31 sites

11 3X states, 57 site's

FIG, 1. Projected dry storage needs.



6. CENTRALIZED INTERIM STORAGE

Authorization for DOE to construct an interim storage facility has either been revoked or
expired without success. Legislation currently under consideration in Congress would authorize the
Department to construct and operate an interim storage facility prior to completion of the repository.
Selection of a site remains a principal impediment to the passage of this legislation.

Since the final site selection of an interim storage facility is a major uncertainty, DOE has taken
the approach to develop a non-site specific Topical Safety Analysis Report (TSAR). The TSAR
assumes the bounding natural phenomena (e.g., earthquake, tornado, snow) conditions from most of
the United States. Both NRC and DOE understand that a site must be selected before many issues can
be resolved and a license issued. The expectation on both sides is that this TSAR will flag problem
issues early, which will, in turn, help expedite the licensing process should DOE be granted the
authority to construct such a facility.

The Department is also working with the Electric Power Research Institute (EPRI) to develop a
dry transfer system (DTS) for spent nuclear fuel. A DTS TSAR was submitted to NRC in September
of 1996. DOE hopes that NRC will complete their review in April 1998 and that this effort will help
identify potential problem issues prior to submitting a license application for such a facility.

Although the Department is not authorized to perform centralized interim storage activities,
private efforts to perform that role are permitted. The Private Fuel Storage Limited Liability Company
(PFS LLC), founded by a consortium of utilities, has taken up the effort to pursue centralized interim
storage. The group is working with the Goshute Indian Tribe to build a storage facility with a capacity
of 40,000 tU on the Skull Valley Reservation in northwestern Utah. The PFS LLC has met with the
NRC several times and recently submitted a license application for the facility. Although resistance to
the facility is expected to be substantial, the group would like to initiate construction in the year 2000,
with operations beginning in 2002.

7. REPOSITORY

DOE is characterizing the Yucca Mountain site in Nevada for development as the nation's first
geologic repository. The site is located approximately 100 miles northwest of Las Vegas, Nevada, and
is adjacent to the Nevada Test Site, where the United States conducted atomic weapons tests for
years. The near-term milestones for work on the Yucca Mountain site are completion of the viability
assessment in 1998, making a site suitability determination in 2000, and submitting a license
application to the NRC in 2002, should the site be deemed suitable. Should everything go according
to schedule, the license would be received and the repository ready for operation by the year 2010.
Absent authorization for an interim storage facility, removal of spent fuel from reactor sites would be
expected to commence in 2010 and be completed by 2044.

8. ENSURING SAFETY - MATERIALS ISSUES WITH STORAGE CASKS

The NRC has been reviewing the safety of storage casks following a hydrogen gas ignition
event in a Sierra Nuclear Corporation VSC-24 cask at the Point Beach nuclear plant on May 28, 1996.
The generic concern underlying the event was that the cask design criteria regulations and cask
designs are more strongly focused on structural considerations rather than materials selection.

The event occurred during transfer of fuel from wet to dry storage. Two successful transfers
had previously been completed without incident at the facility. On May 27, the VSC-24 cask was
lowered into the spent fuel pool, loaded with fuel, and subsequently placed in the cask
decontamination area. Borated water from the spent fuel pool remained in the cask, with a limited
number of gallons drained to create an air space to permit seal welding. Eleven hours later, when
welding commenced, hydrogen gas ignited. The ignition displaced the 6,400 pound shield lid, but did
not damage any assemblies and no injuries or radioactive releases resulted from the event.
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The root cause of the event was the use of Carbo Zinc 11 primer to coat the inside of the VSC-
24 cask to enhance corrosion resistance. When left to interact with the borated water in the cask for an
extended period of time, zinc reacted with the water to form zinc oxide, zinc hydroxide, and
hydrogen, and other compounds. By the time welding commenced, sufficient hydrogen had built up in
the cask under the shield lid to ignite and displace the lid.

As a result of this event, much more attention will likely be paid to materials compatibility
considerations in the cask certification process. Cask designs currently in progress will have the
benefit of this experience before construction; however, for casks currently in use, their safety basis
may receive much more scrutiny in the materials area during periodic NRC inspections and when they
are up for license renewal after 20 years in operation. The American Society for Testing and Materials
is currently developing a standard to address certification concerns for storage casks.

One additional concern has been raised recently concerning storage casks. Seal welds on certain
casks have demonstrated cracking. While there is no immediate safety threat from this, the Nuclear
Regulatory Commission is concerned that cracking could lead to loss of inert atmospheres in these
casks. If the inert atmosphere is compromised, fuel degradation may occur, increasing the difficulty of
rehandling the fuel should it become necessary. No definitive conclusions have been reached on the
cause of the seal weld cracking.

9. TRANSPORTATION

The DOE transportation programme has been working on an approach to procure commercial
vendor services to transport spent nuclear fuel and high-level waste from the numerous storage sites to
the eventual repository location. The Department has also ceased development of transportation
equipment, opting to rely on industry to develop the necessary equipment by the time spent fuel is
ready for shipment. Some industry equipment already exists, while other designs are currently under
development.

10. CONCLUSION

The accumulation of spent fuel at reactor sites is continuing at a rate of approximately 2,000 tU
annually. As reactors reach the capacity of their spent fuel pools, spent nuclear fuel is being stored on
site in a variety of dry storage technologies. As reactors are beginning to undergo decommissioning,
there is a trend to develop multi-use technologies for transport and storage. With the desire to reduce
spent fuel handling, it is expected that disposal considerations will begin to be incorporated into these
designs. Barring new legislation authorizing centralized interim storage, the need to develop dry
storage at reactor sites will continue until the repository opens. By 2010, it is expected that over
13,000 tU of fuel will be in dry storage.
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