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Abstract

Brief discussions are presented on the history and state of spent fuel generation by utilities that comprise the United
States commercial nuclear power industry, the current situation regarding the Federal government's nuclear waste policy, and
evolving spent fuel storage practices. These evolving spent fuel storage practices are the result of private sector initiatives,
but appear to be influenced by various external factors. The paper is not intended to provide a comprehensive appraisal of the
storage initiatives being conducted by the private sector. The focus, instead, is on the Federal government's role and
activities related to spent fuel management. Although the Federal government has adopted a policy calling for deep
geological disposal of spent fuel, the US Congress has recently begun to consider expanding that policy to include a
centralized interim storage facility. In the absence of such an expanded policy, the Department of Energy has performed some
preliminary activities that would expedite development of a centralized interim storage facility, if Congress were to enact
such a policy. The Department's current activities with regard to developing a centralized interim storage facility, which are
consistent with the current policy, are described in the paper. The paper also describes two important technical development
activities that have been conducted by the Department of Energy to support improved efficiency in spent fuel management.
The Department's activities regarding development of a burnup credit methodology, and a dry transfer system are
summarized.

1. INTRODUCTION

More than 100 commercial nuclear power reactors located on 73 sites are licensed in the United
States (US). These nuclear power plants supply over 20% of the country's electric power. About two-
thirds of these reactors are pressurized water reactors (PWR), and the remaining one-third are boiling
water reactors (BWR). There is no expectation of new nuclear power plants being constructed in the
US in the near future. These existing plants are projected to produce 87,000 metric tonnes of uranium
(tU) in their design lifetimes of 40 years. This projection is generally considered an upper bound
because early closures are not fully considered. However, a recent initiative to extend the service life of
reactors beyond the 40-year initial design is being developed in the US. One utility, Baltimore Gas and
Electric Company (BG&E), has tentative plans to pursue this alternative. Normally, US power reactors
are licensed for 40-years, but under life extension, as the practice is called, BG&E would seek a 20-year
license from the Nuclear Regulatory Commission (NRC) to continue operations. To be granted an
extension, the licensee would have to demonstrate the adequacy of the plant's safety systems to be
licensed for the additional 20-year period.

US commercial nuclear power reactors are operated using a once through fuel cycle. The policy
adopted in the US for dealing with spent fuel generated under this choice of fuel cycles is disposal in a
deep geological repository. Legislation passed in 1982 has set this policy [1], legislation enacted in
1987 [2] has amended the earlier legislation, and identified a specific site at Yucca Mountain in Nevada
for characterization as a repository. These legislative acts are known as the Nuclear Waste Policy Act
(NWPA) and the Nuclear Waste Policy Amendments Act (NWPAA). It is now estimated by the
Department of Energy (DOE) that, if Yucca Mountain proves suitable, it will begin receiving spent fuel
about 2010 [3]. At the present time, spent nuclear fuel is being stored at commercial nuclear power
plants at various locations throughout the US. Many of the older reactors, having limited pool storage
space, have opted for dry storage technologies once pool space has been fully used.

DOE, which is part of the executive branch of the US Government, is responsible for developing
a deep geological repository, under the NWPA. Congress has recently entertained the idea of enacting
legislation that would require DOE to develop a Centralized Interim Storage Facility (CISF) to store up
to 40,000 tU of spent fuel until a permanent disposal site is available. Bills recently proposed in
Congress, but not enacted into law, have identified early development of such a facility at Yucca
Mountain. In the absence of legislation, DOE cannot develop such a facility, but may conduct activities
related to contingency planning to prepare for such a mandate. Therefore, in preparation for the
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possibility of such legislation, and in light of an expected fast schedule, DOE has designed a generic
CISF that is not site specific. The generic CISF, which is described in this paper, is designed for siting
almost anywhere in the contiguous US. The generic CISF design is intended to allow early
identification and resolution of technical and regulatory issued related to development of such a facility.
The strategy is intended to expedite site-specific design, development, licensing, and construction of
such a facility should legislation be enacted.

2. BACKGROUND

Many of the early reactors built in the US were designed with the expectation that spent fuel
would be recycled. For these reactors, pools were sized to hold spent fuel for short periods awaiting
shipment to a reprocessing facility. By the late 1970s, reprocessing of spent fuel was abandoned in the
US.

As utility companies realized that reprocessing would not be pursued in the US, on-site storage
plans for new reactors were modified. Later plants generally included sufficient pool space to handle
lifetime generation of spent fuel. For older reactors with limited storage capacity in existing spent fuel
pools, no reprocessing option, and no near term disposal available, alternative on-site storage options
were sought.

Some of the obvious solutions to the developing storage needs of utilities were pool expansion,
more efficient use of pool space, on-site dry storagepentralized off-site storage, and disposal.

Expansion of existing storage pools and building of new pools on existing sites were expensive
and filled with regulatory and licensing difficulties. More efficient use of pools had limited success for
a number of utilities, allowing time to implement more comprehensive solutions to satisfy their storage
needs. The key to more efficient use of existing pools generally involved reracking storage regions to
allow closer packing of spent fuel. To assure criticality safety in such modified arrangements of spent
fuel required the use of neutron absorbers in fuel racks, and in some cases, burnup credit [4]. An
interesting approach was used by Carolina Power and Light Company (CP&L).

CP&L has three nuclear facilities in North and South Carolina. The oldest, H.B. Robinson,
Unit 2, began service in 1971. The second plant, Brunswick Steam Electric Plant has two units which
began service in 1975 and 1977. The newest plant, Shearon Harris Nuclear Power Plant, was built for
four reactors in the late 1980s. The plant was built with storage capacity for all four units, but only one
is in service. The other three were not brought into service. CP&L has used this extra storage capacity
at its Shearon Harris plant to store spent fuel from all three of its operating reactors. Fig. 1 shows the
currently operating spent fuel sites.

The option currently being selected by many utilities anticipating constraints on storage
capability is dry storage. The approach uses existing, limited capacity, pools for cooling newly
discharged spent fuel. Dry storage is used for the oldest and coldest spent fuel as the reactor site's pool
capacity limit is approached. A number of dry storage concepts have been pursued, including storage
only vaults and casks, storage-transport (dual purpose) cask systems, and multi-purpose systems (i.e.,
storage, transport, and disposal). Some of the dual purpose and all of the multi-purpose systems use
canisters to hold the spent fuel in casks or separateoverpacks for storage, transport, or disposal.

The early dry storage systems were storage only systems. More recently, utilities have been
selecting dual purpose systems to satisfy their current and anticipated storage needs. Some utilities with
older storage only systems are entertaining the possibility of seeking NRC approval for transport;
thereby, converting them to dual purpose systems. Fig. 2 shows the location of potential near-term spent
fuel storage sites.

158



IAEA-SM-352/21

FORT ST . VRAIN

MVDS
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3. THE U.S. NUCLEAR WASTE PROGRAMME

The NWPA required the DOE to establish a Federal Waste Management Programme
(Programme) to develop, construct, and operate a system for spent nuclear fuel and high-level
radioactive waste disposal. The system identified by NWPA includes a permanent geologic repository,
interim storage capability and a transportation system. The NWPAA, which amended the NWPA in
1987, specified a site at Yucca Mountain, Nevada for evaluation as the site of a first repository. Study
of the site is still being conducted, and the planned date for receipt of fuel at Yucca Mountain, if it
proves satisfactory for a repository, is 2010.

In the early days of the Programme, DOE recognized a need to develop advance technology
transport only casks. In 1988, DOE contracted with five cask vendors for development and NRC
certification of two truck casks and three rail casks [5]. Later DOE contracted for development of a
multipurpose canister system (MPC) which was based on a single canister that would be used in
conjunction with various overpacks for transport, storage, and disposal of spent fuel [6]. Due to
competing priorities within the Programme, changing schedules for the start of operations of the
repository, changing industry needs, and other factors, DOE abandoned its direct involvement in
development of these cask systems. DOE's current strategy is to place primary reliance on the private
sector to provide storage and transport services as they are needed by the Programme. This approach
will rely on the private sector to provide such services and equipment, as needed, for transport and
possible storage at a Federal facility [7]. The services will be acquired through a contracting mechanism
with appropriate private sector vendors.

3.1. Geological repository for spent fuel disposal

Under the 1982 NWPA DOE was evaluating several potential sites for construction of a
repository that was expected to be available by 1998. The 1987 amendment to the NWPA limited site
characterization to one site at Yucca Mountain, Nevada. Also, in 1987, DOE announced a five year
delay in the opening of the repository, and in 1989 a further delay was announced bringing the revised
opening to 2010. The delays in opening a repository attest to the various difficulties associated with
developing such a facility.

The DOE is currently on schedule to submit a Viability Assessment (VA) for the Yucca
Mountain site to the President and Congress. As the name implies, the VA will assess the viability of
the Yucca Mountain site as a suitable location for a repository. Subsequent activities for completion of
the repository include completion of an environmental impact statement in 2000, and if suitable,
recommendation of the site to the President in 2001 and submittal of a license application to the NRC
in 2002.

3.2. Centralized interim storage

By 2010, the planned date for a repository opening, many utilities will have to store some of the
spent fuel they have generated during power production on their reactor sites. A way to avoid such a
situation, that has been considered by some members of the US Congress, is the use of a Centralized
Interim Storage Facility (CISF). A CISF could serve as a collection point for temporary storage of some
of the nation's spent nuclear fuel until a permanent repository is licensed constructed, and started to
operate. Although DOE continues to focus its efforts on developing a repository, it must be ready to
respond to possible policy redirection related to interim storage. One step already taken to prepare for
such redirection has been preparation of a generic CISF design which could provide an early start for
development of a site specific CISF (see Fig. 3). The design has been describe in a Topical Safety
Analysis Report (TSAR) which has been submitted to the NRC for review in May 1997 [8]. The NRC
has finished its initial review and submitted comments to DOE. DOE has revised the TSAR to address
NRC's comments [9]. The revised TSAR was submitted to the NRC in September 1998 for final
review. The NRC is expected to issue an Assessment Report in 1999, describing the results of their
final review.

160



IAEA-SM-352/21

NORIICMTM. JfOUCt
toau.lt

. irrmm.1
10 40.000 HTU
INITIAL siouee

' 10.000 UTU

won i
IIOHMC CAFACITT rm «o.no mu u MOM.
IMM PAO HOLM 110 ttOKUC CAM!.

KEY TO PLAN
I TRANSFER FACILITY

CONCRETE CASK STORACE PADS
HORIZONTAL STORAGE MODULES

SWITCHYARD
DAOCINC AREA
SECURITY COfcTLEX 4 CAncO ACCESS rtmTAl
INSPECTION GATEHOUSE
MAIN GATEHOUSE

10 WATER UTILITIES 4 FIRE PROTECTION
11 CONCRETE CASK STAOIHC AREA
12 ItECEtVINO CATEMOUSE

FIG. 3 Overview of the Centralized Interim Storage Facility £ISF)

The CISF is designed as a temporary, above ground facility for storage of up to 40,000 tU of
spent fuel. The facility is designed without a specific site for construction. It is designed and developed
so that can be located almost anywhere within the contiguous US. The CISF TSAR covers the Phase I
CISF, which will receive canistered spent fuel or dual purpose cask systems. A later phase (i.e., Phase
II) will be designed to acceptuncanistered spent fuel.

The CISF will receive, handle, and store spent nuclear fuel. Only NRC approved dual purpose
systems will be received at the Phase I CISF. The Phase I facility is designed to accept spent nuclear
fuel at the rate of 1200 tU per year for the first three years, 2000 and 2700 tU per year for the fourth
and fifth years, and 3000tU per year for the sixth year and beyond.

Storage of spent fuel at the Phase I facility will be based on the use of dual purpose casks and
canister based dual purpose systems that have been certified by the NRC. For the Phase I CISF design
and TSAR, five systems currently being developed and/or certified by the NRC as dual purpose
systems have been considered. The systems considered for the CISF include: 1) VECTRA's
NUHOMS, 2) Holtec's HI-STAR, 3) Sierra's TranStor, 4) Westinghouse's MPCs, and 5)NAC's STC.

The main components of the CISF are the transfer facility, the storage area, and support facilities
for such things as fuel receipt, fuel inspection, power supply, security, water supply, and fire protection.
The transfer facility is a reinforced concrete building which is 250 ft (77 m) long, 88 ft (27 m) wide,
and 75 ft (23 m) high. The transfer facility is designed to accommodate transfers of canistered spent
fuel between storage and transport overpacks. The Phase I facility is not designed for routine handling
of bare fuel. The storage area is comprised of concrete pads for placement of storage casks. The storage
area will be constructed in stages, allowing expansion as needed.
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3.3. Technical development activities

DOE has been involved in establishing a method for using burnup credit for spent fuel transport,
and developing a dry transfer system (DTS). Both of these activities could prove beneficial to US
utilities as they address their storage needs. Burnup credit is the practice of considering the actual
reactivity of the spent fuel when demonstrating a systems criticality safety. Current practice for
transport of spent fuel in the US assumes that the fuel is in its most reactive state, that is, unburned or
fresh. The use of burnup credit for transportation of spent fuel will permit designers to increase
capacities of transport casks over those of current designs which use the fresh fuel assumption. The
DTS can be used for cask to cask transfers of bare spent fuel which would allow greater flexibility for
fuel handling.

3.3.1. Burnup Credit

DOE's transportation burnup credit programme began in the mid-1980's to support development
of advanced technology spent fuel transportation casks. One of the goals of the advanced technology
cask development activity was to increase cask capacities over existing systems. At the time, system
capacities were typically one PWR or two BWR assemblies in a truck cask, and 10 PWR or 24 BWR
assemblies in a rail cask. The advanced technology casks were being designed for up to four PWR and
nine BWR assemblies for truck casks, and 21 PWR and 52 BWR assemblies in a rail cask. Although
many other factors contributed to the increased capacities expected for these designs, burnup credit was
generally found to be needed to achieve the maximum predicted capacity increases for the PWR
systems.

Discussions between the DOE and NRC began on the issue of transportation burnup credit in
1988. Topical reports describing the general methodology proposed by DOE for an actinide only
approach to transportation burnup credit were submitted to the NRC for review in 1995, 1997, and
1998. Each of these reports has been a revision of the same basic report, which was modified to reflect
DOE's responses to comments and questions that NRC issued after conducting their reviews of the
reports. The latest revision of the Topical Report is the DOE's final submittal for transportation burnup
credit [10]. Following final submittal of its Topical Report, DOE has been working with the private
sector to advance the general methodology by using it for specific cask designs. The current plan is to
have a cask vendor use the latest revision of the Actinide-only Burnup Credit Topical Report, along
with NRC's comments and recommendations, as a basis to develop a cask licensing case. This licensing
case would then be submitted to theNRC by the cask vendor for review and approval.

Although the burnup credit approach just described is intended for use in transport casks, it has a
definite impact on current spent fuel storage practices in the US. The importance of transportation
burnup credit for storage comes about because of the trend in the US of using dual purpose (i.e.,
storage-transport) systems for storage at a reactor site. Several US reactors currently use on-site dry
storage systems that have been developed for storage only. In some cases, these systems have been
loaded at capacities and configurations that would require burnup credit if used for transport. The
regulatory basis for these loading schemes for storage is an assurance of moderator exclusion (that is,
no water is present in the storage unit under storage conditions), and a requirement that loading is done
in a boron controlled pool environment (that is, a specified minimum boron concentration must be
maintained during spent fuel loading operations). A number of these storage only systems could meet
conditions necessary to be certified for transport, except for criticality requirements that would be met if
burnup credit were used and approved. With the move toward dual purpose systems, many utilities and
cask vendors would like to convert these storage only systems to dual purpose systems. Furthermore,
without the possibility of using burnup credit for spent fuel transport, utilities and cask vendors are
faced with the dilemma of either electing to use higher capacity storage only systems or dual purpose
systems with less than optimum capacity ratings. Estimates have been made that show that the use of
burnup credit could lead to significant increases in cask system capacities which result in reduced
public and worker exposure, reduced risk and lower costs [11].
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3.3.2. Dry Transfer System (DTS)

The Dry Transfer System (DTS) is intended to allow transfer of bare fuel assemblies between
casks without the need for complex and costly facilities such as pools or hot-shops [12]. The DTS has
been designed and developed under a co-operative arrangement with the Electric Power Research
Institute (EPRI). In addition to DOE and EPRI, other participants in this activity include Battelle
Pacific Northwest Laboratory and Transnuclear, Inc. The DTS is being developed as a generic design
that can be used at a reactor site or storage facility. The system is described in a Topical Safety Analysis
Report which is being reviewed by the NRC [13]. The approach, which is similar to that used for the
CISF TSAR, is intended to resolve non-site specific issues, allowing expeditious licensing for use at
specific reactor sites or storage facilities (see Fig. 4).

The DTS has several potential uses that could significantly benefit the US Federal waste
management activities, and private sector initiatives. Some of these benefits include:

1) Spent fuel transfers between casks at reactor facilities that have size or weight restrictions on
cask handling, allowing the use of larger storage or transport systems at such facilities.

2) Allowing economic spent fuel transfers between casks at a centralized interim storage facility,
avoiding the necessity of constructing transfer pools or hot-shops.

3) Provide an economic alternative to continued operation of spent fuel pools at shutdown reactors.
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FIG. 4. Overview of the Dry Transfer System <DTS)
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4. CONCLUSION

The US Federal government has adopted nuclear waste policy that relies on deep geological
disposal of spent nuclear fuel that is generated in a once-through fuel cycle. However, development of a
repository that is necessary for implementation of this policy has proven difficult, and delays have
resulted. A number of historical factors have conspired to shape the current spent fuel management
practices being used at US nuclear reactor sites. The delay in start up of a repository has further
impacted this evolving situation. Although the US Federal government continues to address issues
related to spent fuel management, spent fuel currently remains held at reactor sites, and many utility
companies are pursuing various storage technologies to handle their developing spent fuel storage
needs. The most recent trend that has been observed regarding private sector spent fuel management
initiatives, is the selection of dual purpose and multipurpose canister based system for storage of spent
fuel at commercial nuclear reactors. The use of these systems, which at minimum can accommodate
storage and later transport of spent fuel, provides a capability to move these units off-site with minimal
additional handling once a facility to receive the spent fuel becomes operational. The two technology
development activities conducted by DOE, i.e., burnup credit and the DTS, have the potential to
increase the efficiency of some spent fuel management activities. Both burnup credit and the DTS are
currently undergoing NRC review, but once they are accepted, they can be used by the Federal
government or the private sector for their respective spent fuel management activities.
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