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Dear Speaker Foley and Senator Byrd:

The Monitored Retrievable Storage Review Commission herewith submits its
final report as required by the Nuclear Waste Policy Amendments Act of 1987,
Public Law 100-203, as amended by Public Law 100-507.

The Congress created the Commission to provide a report on the need for a
Federal monitored retrievable storage facility (MRS) as part of the Nation’s
nuclear waste management system. In essence, Congress asked the Commission to
review the U.S. Secretary of Energy’s proposal to create an MRS, evaluate the
technical need for an MRS, obtain data and comments from affected parties, and
recommend whether such a facility should be included in the nuclear waste
management system.

The Commission concludes that the MRS as presently described in the law,
which links the capacity and schedule of operation of the MRS to a permanent
geologic repository, cannot be justified. The Commission finds, however, that
while no single factor would favor an MRS over the No-MRS option, cumulatively
the advantages of an MRS would justify the building of an MRS if: (1) there
were no linkages between the MRS and the repository; (2) the MRS could be
constructed at an early date; and (3) the opening of the repository were
delayed considerably beyond its presently scheduled date of operation.

The Commission notes that the Congress, for many years, has expressed
concern that an unlinked MRS might be regarded as a de facto repository and
could reduce the impetus for proceeding with permanent geologic disposal. The
Commission recognizes this expression of Congressional will, as well as
similar sentiments voiced during the course of its hearings. Although the
Commission does not believe that there is a technical basis for the linkages,
the Commission concludes that some linkages are justified.




Based on our studies, and the conclusions noted above, the Commission has
decided that some limited interim storage facilities would be in the national
interest to provide for emergencies and other contingencies. The Commission
feels that such facilities would be especially desirable in light of delays
which have already been experienced as well as additional delays that might be
encountered in building a permanent geologic repository. The Commission
therefore recommends that the Congress take the following actions:

1. Authorize construction of a Federal Emergency Storage (FES) facility
with a capacity limit of 2,000 metric tons of uranium.

2. Authorize construction of a User-Funded Interim Storage (UFIS)
facility with a capacity limit of 5,000 metric tons of uranium. Such a
facility would provide only storage, and would be in addition to the FES.

3. Reconsider the subject of interim storage by the year 2000 to: (a)
take into account uncertainties that exist today and that might be resolved or
clarified within ten years; (b) consider developments that cannot be
anticipated today; and (c) evaluate the experience with the two facilities
recommended above.

The Commission believes that these recommendations, together with the
analyses contained in the report, carry out the mandate given the Commission
by the Congress.

We thank you for the opportunity to serve the Congress. It is our hope
that the report will assist the Congress as it continues to deliberate on the

management and disposal of the Nation’s spent nuclear fuel. We stand ready to
assist Congress in any way possible to accomplish this goal.

Sincerely,

G2 Roall

Alex Radin
Chairman

Yo

Dale E. Klein
Commissioner

Featl fyter

Frank L. Parker
Commissioner
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Commission Activities

After being sworn into office on June 14, 1988, the
Monitored Retrievable Storage (MRS) Review Commis-
sion members assembled and organized a small staff. The
Commission operated as a collegial body, with commis-
sioners intimately involved in directing the research and es-
tablishing the report writing methodology. From June 14,
1988, until November 1, 1989, the Commission met for-
mally almost every other week. In addition, commissioners
traveled individually to gather pertinent information.

All Commission meetings with outside persons or or-
ganizations were open to the public. Transcripts of public
meetings and routine correspondence were available for re-
view in a Public Document Room at the Commission’s of-
fices in Washington, D.C.

The Commission solicited the views of a broad spec-
trum of people and organizations by holding public hear-
ings in Washington, D.C.; Denver, Colorado; San
Francisco, California; and Atlanta, Georgia. (See Appendix
A.) The hearings were well attended and produced a wealth
of information and insights used during the Commission’s
deliberations. A total of 173 private citizens, nuclear waste
experts, nuclear utility officials, State and local government
representatives, Members of Congress, and representatives
of citizen and environmental action groups testified, ex-
pressing a wide variety of views and, in many instances,
submitting statements for the record. Commissioners lis-
tened to and questioned each witness concerning the
rationale and long-term consequences of his or her recom-
mendations. The Commission also received statements for
the record from people unable to attend the hearings. (See
Appendix B.)

Throughout its study, the Commission conducted pub-
lic briefings to gather relevant information. (See Appendix
C.) In July 1988, the U.S. Department of Energy (DOE),
the Nuclear Regulatory Commission (NRC), Members of
Congress and their staffs, the General Accounting Office
(GAO), the nuclear industry, the State of Tennessee, and
environmental action groups briefed the Commission on
monitored retrievable storage work done before the Com-
mission was created.

In September 1988, the Commission requested a se-
ries of briefings on specific topics by DOE and NRC repre-
sentatives. DOE presented information on its ongoing

studies on the need for an MRS facility, rod consolidation,
its dry cask storage study, and the status of the repository
program. NRC briefed the Commission on its procedures
for licensing independent spent fuel storage installations
and certifying casks for transportation of spent nuclear fuel.

Soon after its formation, the Commission determined
it needed to examine first-hand how utilities and others
handle and store spent fuel. In October 1988, the Commis-
sioners and the Commission’s Executive Director visited
Carolina Power and Light Company’s H.B. Robinson Nu-
clear Project in Hartsville, South Carolina, and Virginia
Power Company’s Surry Nuclear Power Station in Surry,
Virginia. Although these are the only U.S. commercial nu-
clear power plants currently using at-reactor dry storage fa-
cilities for spent fuel, other utilities are exploring the
possibility. The facilities’ handling and storage of spent
fuel were examined, and the utilities’ reasons for adopting
this type of storage and their plans for the future were
discussed.

In addition to those site visits, the Commissioners and
Executive Director visited facilities in Sweden, the Federal
Republic of Germany, France, and Switzerland to learn
about the European experience with spent fuel storage and
to examine possible components of an interim storage sys-
tem. They observed many approaches to spent fuel man-
agement ranging from wet centralized storage of spent fuel
at CLAB in Sweden to the dry centralized storage of vit-
rified high-level wastes from reprocessing at La Hague in
France. (See Appendix D.)

Following this trip, the Commission held a public
briefing in Washington, D.C., in November 1988, to obtain
additional information from officials of COGEMA, a
French nuclear fuel cycle company. Another briefing fol-
lowed in December 1988 to obtain information from DOE
on its program to construct a permanent repository for the
disposal of nuclear waste. Department officials briefed the
Commission on efforts to characterize the Yucca Mountain
site in Nevada and the schedule for providing a permanent
repository for high-level radioactive waste.

In March 1989, DOE provided the Commission with
the preliminary results of its system studies on the need for
an MRS facility. In May 1989, DOE supplied the final re-
sults of those studies and stated the department’s current




position on the need for an MRS facility. At the same meet-
ing, NRC officials briefed the Commission on safeguards
issues associated with a potential MRS facility.

The Commission’s evaluation focused on a series of
alternative waste management strategies. Acting on an
early decision to contract for assistance to augment its staff
efforts in performing needed complex analyses, initial con-
tracts totaling $827,836 were awarded in February 1989 to
perform five technical tasks and to provide data and analyt-
ical tools for the Commission to use in performing its eval-
uation. The same month, the Commission sent Congress
and other interested parties a status report detailing Com-
mission activities to date.

In March 1989, the Commission invited a group of ex-
perts to review a draft outline of the report. They repre-
sented a wide range of views pertaining to the nuclear
waste issues the Commission was examining and provided

their expert perspectives on the scope of the report.

Throughout the summer, the Commission received re-
sults of the contractors’ work. Contractors’ work, which in-
cluded development of two computer models, augmented
technical and public policy work already underway. (See
Appendix E.) The Commission also received, in July 1989,
the State of Tennessee’s final study on the need for an MRS
facility. In August, Edison Electric Institute submitted a
study on the role of an MRS prepared by Energy Resources
International at the request of the Edison Electric Institute/
Utility Nuclear Waste and Transportation Program. The
Commission held a retreat in August to determine its con-
clusions and recommendations.

This report, completed during the remaining months
of the Commission’s existence, reflects the Commission’s
extensive technical work and public policy deliberations.
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o
o

70 2



Executive Summary

About 20,000 metric tons of spent, or used, nuclear
fuel have accumulated since the beginning of commercial
nuclear power production in the United States. At the end
of the currently licensed period of all existing nuclear pow-
er plants and those under construction, the amount of spent
nuclear fuel is expected to total 87,000 metric tons.

Thus far, practically all of the spent nuclear fuel is
stored in water-filled pools at reactor sites. However, space
does not exist in the pools to store all the spent fuel ex-
pected to accumulate over the lifetime of the reactors.
Therefore, other storage must be made available.

U.S. policy is to dispose of spent fuel from nuclear
power plants in a permanent underground geologic reposi-
tory. The objective of permanent disposal is to limit to safe
quantities the amount of nuclear waste that might reach the
biosphere during the next 10,000 years and beyond.

To achieve that objective, Congress, in the Nuclear
Waste Policy Amendments Act of 1987 (NWPAA), desig-
nated Yucca Mountain, Nevada, as the candidate site for a
repository. Final selection of the Yucca Mountain site was
made subject to extensive studies of the suitability of this
site and other conditions.

The objective of Congress in adopting the NWPAA
was to have a repository available for accepting spent fuel
in 1998. However, the U.S. Department of Energy (DOE),
which has responsibility for characterizing the Yucca
Mountain site, has announced that the opening of the re-
pository will be delayed until 2003, and it is likely that
there will be additional delays.

To store spent fuel until the permanent repository is
available, a monitored retrievable storage (MRS) facility
has been proposed by DOE. The MRS would serve as a
means of collecting spent fuel, in excess of that in reactor
pools, in a central location, where it would be stored until
the fuel can be accepted at the repository. It has also been
proposed that the MRS could serve other purposes, such as
consolidating the fuel and packaging it for ultimate dispos-
al in the repository.

Facilities similar to an MRS have been proposed since
1972 and have always been the subject of considerable
controversy. As recently as 1987, DOE proposed to build
an MRS at the Clinch River site near Oak Ridge, Tennes-
see. In adopting the NWPAA later that year, however, Con-

gress “annulled and revoked” the DOE proposal to locate
an MRS in Tennessee.

In the same law, Congress authorized the construction
of an MRS but created the Monitored Retrievable Storage
Review Commission to study and report to Congress on
whether an MRS should be a part of the Nation’s nuclear
waste disposal system. Essentially, Congress directed the
MRS Review Commission to compare the options of a
waste disposal system that included an MRS with one that
did not include an MRS. The latter, which is known as the
No-MRS alternative, would require continued storage of
spent nuclear fuel at the more than 70 existing sites of nu-
clear power plants until the repository is operational.

In the NWPAA, DOE was directed to begin site sur-
veys for an MRS only after the MRS Review Commission
had submitted its report to Congress. The NWPAA also
limited the capacity of the MRS and linked its construction
and operation to the repository schedule.

This report represents the results of almost 18 months
of study and deliberations by the MRS Review Commis-
sion in response to its mandate from Congress. In addition
to its own studies and evaluations, the Commission con-
tracted a number of studies by independent consultants;
held extensive public hearings in four locations in the
United States; reviewed detailed studies by DOE, the State
of Tennessee, and others; received numerous written state-
ments; and visited nuclear waste storage sites in the United
States and in four European countries.

As a result of its extensive studies and deliberations,
the Commission reached the following conclusions:

Conclusion No. 1. From a technical perspective, both
the No-MRS and MRS options are safe.

Although neither option is completely without risk,
the Commission determined that the risks are expected to
be small and within regulatory limits, and the degree of dif-
ference in risks is so small that the magnitude of difference
should not affect the decision as to whether there should be
an MRS.

Conclusion No. 2. The net cost of a waste manage-
ment system that includes an MRS would be lower than
previously estimated because of delays that have already
occurred in the expected date of repository operation, and
the likelihood of further slippages of that date.




The economics of an MRS would become more favor-
able if the repository were delayed and if the MRS were to
accept spent fuel as early as possible. These effects would
become especially significant if the repository operation
were to be delayed beyond 2013, when there will be a
sharp increase in the number of nuclear power plants
whose current licenses will expire. If a repository were not
in operation by that time, utilities would incur major addi-
tional costs that would result from the inability to remove
spent fuel from plants being decommissioned. However, a
system with an MRS would still be somewhat more costly
on a discounted basis than one without an MRS.

Conclusion No. 3. There are no single discriminating
factors that would cause the MRS alternative to be chosen
in preference to the No-MRS alternative.

Although the Commission does not find any single
factor that would cause it to favor one alternative, it be-
lieves that, cumulatively, there are a number of advantages
that would justify a central storage facility not limited in
capacity nor linked to the repository schedule and opera-
tion. These advantages include storage for emergency pur-
poses; storage for utilities which do not have sufficient
space in their spent fuel pools or on-site or which cannot
obtain a license for additional at-reactor storage and, hence,
might be required to shut down an otherwise satisfactorily
operating nuclear power plant; storage for spent fuel from
shutdown reactors; economies in the waste management
system if an MRS could be completed substantially before
the repository; greater redundancy in the system in the
event of unforeseen circumstances; more surge capacity to
facilitate the flow of spent fuel to the repository; more flex-
ibility in storage options and future waste preparation func-
tions; assistance in standardization; and initiating Federal
responsibility for taking possession of spent fuel.

Conclusion No. 4. An MRS linked as provided in cur-
rent law would not be justified, especially in light of uncer-
tainties in the completion time for the repository.
Consequently, the Commission does not recommend a
linked MRS as required by current law and as proposed by
DOE.

The Commission notes that Members of Congress,
other public officials, environmental groups, and many pri-
vate citizens for many years have expressed concern that an
unlinked MRS might be regarded as a de facto repository,
and thereby would reduce the impetus for building the re-
pository as expeditiously as possible. Although the Com-
mission does not believe that there is a technical basis for
the linkages, the Commission agrees that, in light of con-
gressional and other concerns about a de facto repository,
some linkages are justified.

However, the schedule linkage presently in the
NWPAA (MRS construction may not begin until the Nu-

clear Regulatory Commission issues a license for the con-
struction of a repository) would make it impossible for an
MRS to be operational more than three years before the re-
pository. Because of delays already experienced in the re-
pository schedule and continued uncertainty surrounding
the repository’s location and date of operation, the value of
the MRS would be greatly diminished if its construction
were tied to the schedule of the repository. Most of the
need for an MRS would have disappeared, in that utilities
would have had to make other arrangements for storage.

Conclusion No. 5. Some interim storage facilities,
substantially more limited in capacity and built under dif-
ferent conditions than the DOE-proposed MRS, are in the
national interest to provide for emergencies and other con-
tingencies.

The Commission recognizes the need to provide cer-
tain services that would be in the national interest, but
which could not be provided by an MRS restricted by the
schedule linkages currently in the law. The Commission
concludes that spent fuel storage for emergency and other
purposes would be in the national interest. Facilities to ful-
fill this national interest could be more limited in scope and
could be built under different conditions than the DOE-pro-
posed MRS.

In view of the conclusions noted above, and in light of
its extensive studies and deliberations, the Commission
recommends the following:

Recommendation No. 1. Congress should authorize
construction of a Federal Emergency Storage (FES)
facility with a capacity limit of 2,000 metric tons of
uranium (MTU).

In light of the continuing delay in the building of a re-
pository, the Commission believes it would be in the na-
tional interest to have available a safety net of storage
capacity for emergency purposes, such as an accident at a
nuclear power plant, which would make it advantageous to
have the plant’s spent fuel pool available for decontamina-
tion of affected parts of reactors and for storage of debris.

If the facility proposed in Recommendation No. 2
were not available, the FES also could be used to store
spent fuel from otherwise satisfactorily operating nuclear
power plants that would have to be shut down because of
insufficient on-site storage.

Because the FES would be designed primarily for
emergency use and, hence, would serve as “insurance” for
the entire industry, the Commission recommends that the
cost of this facility should be paid from the Nuclear Waste
Fund, to which all of the utilities which generate power
from nuclear energy contribute.

Recommendation No. 2. Congress should authorize
construction of a User-Funded Interim Storage (UFIS) fa-
cility with a capacity limit of 5,000 MTU. Such a facility




would provide storage only, and would be used in addition
to the Federal Emergency Storage facility proposed in Rec-
ommendation No. 1.

Although spent fuel can be stored safely at reactor
sites for as long as 100 years, some utilities may not have
space on-site for life-of-plant storage or may not be able to
obtain a license for additional storage.

In view of the uncertainties regarding the availability
of a repository, the Commission believes it would not be in
the national interest to force utilities to shut down operation
of otherwise satisfactorily operating nuclear power plants
because of lack of storage capacity for spent fuel. Congress
recognized this problem by authorizing, in Section 135 of
the Nuclear Waste Policy Act of 1982, a Federal Interim
Storage facility (FIS). It is the Commission’s intention that
the 5,000 metric ton storage facility that it recommends
likewise should be available in such contingencies.

This facility also should provide storage for: (a) shut-
down reactors at sites where a utility no longer operates nu-
clear power facilities, and (b) utilities which would prefer
to ship spent fuel to this facility rather than retain it on-
site.

In view of the uncertainties which have existed as to
the time of operation of the MRS and the repository, many
utilities with newer reactors have already taken steps to
provide needed life-of-plant storage, while others have ex-
pressed a preference for providing such storage themselves
rather than relying on an MRS. For these reasons, the Com-
mission believes it would be more equitable for the storage
facility (UFIS) to be user funded, so that only those util-
ities that chose to use the facility would pay for it.

Recommendation No. 3. Congress should reconsider
the subject of interim storage by the year 2000 to:

(a) take into account uncertainties that exist today and
which might be resolved or clarified within 10 years,
(b) consider developments which cannot be anticipated
today, and (c) evaluate the experience with the two
facilities recommended above.

Many uncertainties make it extremely difficult to plan
for long-term interim storage of spent fuel. Although the
opening of the repository is the most notable uncertainty,
many other questions also must be resolved.

The Commission believes that the actions recom-
mended above should be adequate to take care of the needs
of interim storage at least until the year 2006. However, by
the year 2000, Congress should reconsider the question of
interim storage of spent fuel. At that time, Congress should
take into account, among other things, such factors as: sta-
tus of the repository; status of nuclear power plants; avail-
ability of at-reactor storage; utilization and adequacy of the
2,000 metric ton Federal Emergency Storage facility and
the 5,000 metric ton User-Funded Interim Storage facility;
status of technological developments in the storage of spent
fuel; nuclear waste system optimization; and the fee sched-
ule established for the UFIS.

The Monitored Retrievable Storage Review Commis-
sion believes that these recommendations would provide
safe interim storage of spent nuclear fuel, would be consis-
tent with the goals of the national nuclear waste manage-
ment system, and would provide for flexibility and
unforeseen contingencies.




Chapter One
Introduction

Nuclear power plants generated about 19.5 percent of
all electricity produced in the United States in 1988.1 These
plants generate electricity through the fission (splitting of
atoms) of uranium-235 fuel, which is contained inside a
zirconium alloy rod. As the fuel fissioris and generates heat
to produce power, fissile uranium-235 is depleted, and the
efficiency of the chain reaction decreases. After three or
four years of use, the spent (that is, partially depleted) fuel
rods have to be removed from the reactor and replaced with
new ones. The spent fuel rods are highly radioactive and
must be isolated from people and the environment. The
United States regulates and treats spent fuel as high-level
radioactive waste (HLW).2

About 20,000 metric tons of commercial spent nuclear
fuel is now stored at more than 70 nuclear power plant sites
around the country. (See Figure 1.1.) Most of the spent fuel
is now stored in pools. It is expected that existing nuclear
power plants will produce approximately 87,000 metric
tons of spent fuel during their lifetimes.3

The spent fuel is small in volume compared to other
hazardous materials but is highly radioactive. It produces
heat and remains hazardous for more than 10,000 years.
Therefore, the spent fuel must be handled carefully. It can
be reprocessed, stored, or disposed of permanently by iso-
lating it from the environment for thousands of years. U.S.
policy is to dispose of spent fuel by isolating it from the en-
vironment in an underground, geologic repository. Other
nations also plan to construct geologic repositories, but
most nations plan to store spent fuel or waste from re-
processing for many years before eventual disposal.#

Under the Nuclear Waste Policy Act of 1982
(NWPA),5 the Congress required electric utilities generat-
ing power at nuclear plants to pay into a Nuclear Waste
Fund to cover the costs of storage and disposal of spent nu-
clear fuel. Thus far, more than $4 billion has accumulated
in this fund, which is administered by the Department of

Energy (DOE). Contributions to this fund, which are ulti-
mately paid by electric consumers, are now based on a
charge of 1 mill (one-tenth of a cent) for each net kilowatt-
hour of electricity produced by nuclear power plants.

Under current law, DOE was expected to begin to take
possession of the spent fuel in 1998 and, ultimately, to dis-
pose of the waste in an underground repository. However,
the program to develop a repository to receive the spent
fuel for safe disposal is technically, institutionally, and po-
litically complex. Consequently, according to DOE’s esti-
mates as of May 1989, it is unlikely a repository will be
available before the year 2003.6 Other experts believe a re-
pository may not be ready to accept spent fuel until consid-
erably later.

Thus, the question facing the country is: What should
be done with the spent fuel accumulating at more than 70
nuclear reactor sites around the country until it can be dis-
posed of in a permanent repository?

The Congress has grappled with this issue for some
time. Some Members of Congress believe the waste should
be left at the reactors until a permanent repository is built.
Other Members, and the Department of Energy, believe
DOE should collect spent fuel from the nuclear power
plants and store it in a central, Federal facility before dis-
posal. The term now used for such a facility is ““monitored
retrievable storage facility”” (MRS).

In 1985, DOE proposed to construct an MRS at one of
three sites in Tennessee and recommended the Clinch River
site. The proposed facility would perform the functions of
storage, rod consolidation, packaging, and gathering spent
fuel for shipment to the repository. In the ensuing debate
over DOE’s proposal, Congress created the MRS Review
Commission to evaluate the department’s proposal and to
make a recommendation on the Nation’s need for a mon-
itored retrievable storage facility as part of its nuclear
waste management system.
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Section One: The Commission’s Mandate

Congress created the MRS Review Commission in the
Nuclear Waste Policy Amendments Act of 1987
(NWPAA),7 directing the Commission to prepare a report
on the need for an MRS as a part of a national nuclear waste
management system. The need for an MRS also must be
considered in the broader context of the Nation’s need to
develop “safe and environmentally acceptable methods of
disposal.”8 Congress specifically directed the Commission
to compare storing spent fuel at an MRS to storing spent
fuel at reactor sites before permanent disposal in a reposi-
tory.® (See Figure 1.2.)

In May 1988, the Department of Energy initiated nine
system studies to help the MRS Review Commission in its

evaluation. The studies were presented to the Commission
in May 1989, along with DOE’s latest position on the need
for a monitored retrievable storage facility. In contrast to its
1985 proposal, DOE’s current proposal includes neither rod
consolidation nor packaging functions, although DOE con-
templated that the MRS might ultimately perform some of
these functions. It is this current DOE position on which
the Commission focused in response to its charge to “re-
view the status and adequacy of the [Energy] Secretary’s
evaluation of the system’s advantages and disadvantages of
bringing such a facility into the national nuclear waste dis-
posal system.” 10

! "MHS Commnssmn shau

Conta'"mg‘DGtentlaliy acceptable srtes S

(i) rev;ew“the status and adequacy of the [Energy] Secretary 5 evaluation of the system S advantages and d:sad~ :
ntages of brmgmg such a facnhty into the national nuctear waste d|sposai systam . L

) obtam comment and avanlab!e data on momtored retnevable storage from‘aﬁacted partves mcludmg States .

i) evatuate the utlhty of a monltored retnevabte storage facnhty from a. techmcai pe pecnve and

(IV) make a fecommendatron to Congress as to whether such a facuhty should be mcluded in the natronal nuclear IR
waste management systemrinorder to achieve the purposes of this: chapter including meeting needs for pack- -

-aging and handling of spent nuclear fuel, improving the flexibility of the repository development schedule and
:provndzng temporary storage of Spent nuclear fuel accepted for dusposal S ot o

.vThe Commtssron shall compare such a [momtored retnevabie storage] facﬂtty to the altematlve of at-reactor
storage of spent nuclear fuel prior to disposal of such fuelin-a responory under thzs chapter ‘Such comparnson
shall take mtc eonsaderation the impact on— . . .
’(A) repcsrtory design and construction;
(B) waste package design, fabrication and standardlzatson
(C) waste preparation;
(D) waste transportation syste.ms o :
E) the reliability of the national system for the disposal of radnoactwe waste; - :
(F) the ability of the Secretary to fulfill contractual commrtments of the Depar:ment fof. Energy] under this Act to
©: accept spent nuclear fuel for disposal; and -
(G) -economic factors, including the impact on the costs hkely to be cmposed on ratepayers of the Nation's electric -
. uttlutles for temporary at-reactor storage of spent nuclear fuel prior to final d:sposal in a repository, as well as
" the costs likely tobe :mposed on ratepayers of the Natuon s electnc utmnes in bundmg and operating such a
facmty . . : . : :

42U.8C,§10163




Section Two: The Legal and Historical Context

The concept of Federal monitored retrievable storage
of spent fuel is not new. Appendix F gives a detailed chro-
nology of the evolution of the concept. Monitored retriev-
able storage first surfaced in 1972 after the Atomic Energy
Commission (AEC) abandoned plans for a repository near
Lyons, Kansas. To fill the void this abandonment created,
the AEC proposed aboveground structures called Retriev-
able Surface Storage Facilities (RSSFs) for long-term inter-
im storage until a permanent repository was available. The
Environmental Protection Agency (EPA) and others se-
verely criticized a 1974 AEC draft environmental impact
statement on RSSFs because of concern that the facilities
could become low-budget, permanent repository sites.!!
The RSSF proposal was withdrawn in 1975.

In 1977, the need for interim storage became more
pressing because of President Carter’s decision to defer
commercial reprocessing of spent fuel as part of his non-
proliferation of nuclear weapons policy.!2 With U.S. re-
processing indefinitely suspended, the President proposed
that the Federal government take title to spent fuel, which
would be transported at utilities’ expense to a Federal
away-from-reactor (AFR) facility for storage until a reposi-
tory became available.!3 In his nuclear waste policy an-
nounced in February 1980, the President included an AFR
with more limited capacity than was originally proposed.
Such an AFR was intended to provide interim storage for
utility spent fuel.14

In 1981, the Reagan administration lifted the re-
processing deferral and withdrew the away-from-reactor
storage proposal.!> However, the MRS concept played an
important role in the comprehensive nuclear waste legisla-
tion then pending before Congress.

In the Nuclear Waste Policy Act of 1982, Congress at-
tempted to create a stable institutional framework for man-
aging the waste generated by the Nation’s civilian nuclear
power reactors. The act gave geologic disposal highest pri-
ority and set forth elaborate procedures and an ambitious
schedule for siting, constructing, and operating two perma-
nent geologic repositories.

The statute directed DOE to submit to Congress a de-
tailed study of the need for and feasibility of a monitored
retrievable storage facility in the national nuclear waste
management system, as well as a proposal for constructing
one or more MRS facilities.!6 The act envisioned an MRS
that would: provide back-up storage of spent fuel and high-
level waste from civilian nuclear activities; allow for con-
tinuous monitoring, management, and maintenance of spent

fuel for the foreseeable future; permit ready retrieval of the
spent fuel for reprocessing or disposal; and safely store the
spent fuel for as long as necessary (a time limit was not
specified).!?

In 1985, DOE completed its study of the need for and
feasibility of an MRS facility in the national program and
greatly modified the concept of what an MRS facility
should be.!8 Rather than a backup to the repository, the
MRS was conceived as an integral part of an “improved
performance” waste management system.!® The MRS
would be used for consolidating, repackaging, and storing
the waste until the repository was ready.

In a companion study to the need and feasibility study,
DOE proposed three MRS sites, all in Tennessee.2? The
State of Tennessee sued DOE in Federal court to block sub-
mission to Congress of DOE’s proposal to site the facility
in Tennessee. Tennessee argued that the NWPA required
the department to consult with the State before choosing
specific MRS sites. The court agreed with the State and is-
sued an injunction preventing DOE from submitting its
proposal to Congress.2! However, the United States Court
of Appeals reversed the lower court’s decision, the Su-
preme Court refused to hear the case,22 and DOE submitted
its proposal to Congress on March 31, 1987.23

In December 1987, Congress passed the Nuclear
Waste Policy Amendments Act of 1987, reaffirming the re-
pository program as the primary focus of the Federal waste
management effort. The act directed DOE to terminate all
site-specific activities (other than reclamation) at all candi-
date repository sites other than the Yucca Mountain site in
Nevada (that is, at sites in Washington and Texas) and all
initial site investigations for a possible second repository.
The NWPAA also “annulled and revoked” DOE’s pro-
posal to locate an MRS at any of the three proposed sites in
Tennessee.24 The legislation authorized an MRS, but di-
rected DOE to begin site surveys only after the MRS Re-
view Commission submitted its report to the Congress.
Furthermore, the statute included certain conditions, to be
incorporated in any MRS license issued by the NRC, that
limit the capacity of the MRS and closely link its construc-
tion and operation to the repository schedule.?5 (See Figure
1.3.) Thus, under current law, the prospects for successfully
siting and constructing an MRS are closely linked to the re-
pository project’s progress. This linkage is a significant
consideration in evaluating the need for and usefulness of
an MRS.




Section Three: The Problem

The question before the Commission is: Given that it
is national policy to dispose of spent fuel from civilian re-
actors in a permanent geologic repository, what is the most
appropriate way to store that fuel as it accumulates before
repository operations start? While there are many options,
there are two basic alternatives: (1) continue storing all
spent fuel at the reactors where the spent fuel is generated;
that is, the No-MRS alternative, and (2) store some spent

fuel at a central location or locations as well as at some re-
actors; that is, the MRS alternative. The Commission ex-
amined each alternative’s merits to determine an interim
storage strategy which, to the extent practicable, maximizes
the safety and effectiveness of the overall waste manage-
ment system and increases the probability of attaining the
national goal of permanent disposal.

Section Four: The Commission’s Process

The question of the need for monitored retrievable
storage is complex, controversial, and subjective, involving
assumptions and expectations about future events, technical
and political. There are deeply felt views on all sides of the
issue.

Chapter Two describes the public policy context in
which the issue has been examined, the major arguments
for and against an MRS, and the issues which the Commis-
sion decided were most important in choosing between
having and not having an MRS.

Chapter Three explains the Commission’s analytical
methods and assumptions. It describes the three base cases

the Commission evaluated: (1) having no MRS; (2) having
an MRS linked to a repository schedule as specified in the
NWPAA; and (3) having an MRS unlinked to a repository
schedule and not limited in capacity. Chapter Three also
describes (1) the two computer modeling tools the Com-
mission used to analyze the base cases; (2) a set of detailed
assumptions about how spent fuel will be handled and
transported that are needed to define the base cases; and (3)
the variations or ““sensitivity analyses” on the base cases
that were examined.

Chapter Four compares the base cases by analyzing
the relative effects on health, safety, and the environment.




It estimates the radiological dose to workers and the gener-
al public from each alternative. It considers the likelihood
of a series of risks to public safety and the environmental
and socioeconomic effects of each alternative.

Chapter Five compares the base cases by analyzing
how safely spent fuel could be transported and handled. It
compares the radiological effects and non-radiological
(traffic accident) risks posed by spent fuel transportation as
it would be conducted if there were an MRS and if there
were not. It examines the risks of various spent fuel han-
dling and packaging methods (such as dual-purpose casks,
rod consolidation, and transshipment).

Chapter Six analyzes how the total system costs of the
base cases would vary under the assumptions as to when
the repository would begin to operate. The costs for each
case and its principal cost components are estimated and
the uncertainty inherent in the estimates discussed. The
costs are analyzed in both nominal (undiscounted) value

and present (discounted) value terms.

Chapter Seven discusses the distribution of costs and
benefits among ratepayers, taxpayers, and stockholders as
well as among governmental jurisdictions and geographic
regions. It describes the types of costs imposed and some
of the mechanisms available to adjust or compensate for
those costs, should that be desirable. This chapter also in-
cludes a discussion of the appropriateness of user funding
of various components of the spent fuel management and
disposal system as opposed to paying for all costs from the
Nuclear Waste Fund.

Chapter Eight describes the major policy advantages
and disadvantages of an MRS, while concentrating on
DOE’s and the State of Tennessee’s positions. The chapter
concludes with a summary of the Commission’s findings
on the major advantages and disadvantages of an MRS.

Chapter Nine contains the Commission’s conclusions
and recommendations.
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Chapter Two
Key Issues

How to manage and dispose of spent nuclear fuel pru-
dently and safely has proven to be a difficult, contentious : . :
public policy issue. It involves many technical and scien- o Figure 2.1—The Nuclear
tific uncertainties as well as public policy judgments about ST : Fuel cycle
which fair and informed people have legitimate differences ‘
of opinion. -

During its deliberations, the Commission held public o .
meetings to hear the views of the public and government M
officials on the need for Federal monitored retrievable stor- - Reactor \
age.! Wide-ranging views were expressed by Members of
Congress, private citizens, representatives of citizen and
environmental action groups, nuclear waste experts, man- , Interim storage
agers of nuclear utilities, and governmental representatives
at the Federal, State, and local levels. The Department of ) _
Energy (DOE) testified three times that an MRS is needed IW“[&L{
as an integral part of the Nation’s nuclear waste manage- _ Fuel fabrication
ment system.2 With few exceptions, persons expressing .
views to the Commission supported construction of a per- T
manent repository regardless of whether an MRS is built.3 T E’%ﬁ:ﬁ:& High-level waste
The MRS, if built, could be a part of the nuclear fuel cycle . Enrichment or spent fuel
as shown in Figure 2.1.

The Commission studied all of the testimony pre-
sented during its public meetings and all of the statements :
submitted for the record. It became apparent that the Com- A A A =
mission would be unable to address all topics that might in . UFg conversion
some way relate to the need for an MRS. Some, like stor-
age of defense wastes, were beyond the Commission’s
mandate. Others, like the suggestion that spent fuel could
be shipped to Europe for storage and reprocessing, were
too speculative to merit serious consideration at this time. ga_
Therefore, the Commission decided to organize the most Milling
important issues into five categories for study: (a) health,
safety, and environmental effects, (b) transportation safety, _é_

(c) economic costs and benefits, (d) distributional and equi- . Exploration Mmmg
ty concerns, and (e) policy considerations.

Section One of this chapter describes the public policy
context of the MRS debate. Section Two categorizes and FRONT END BACK END
summarizes the primary arguments presented to the Com-
mission for and against an MRS in each of the five study
categories. Section Three lists the key questions that SOURCE: U.S. Office of Technology Assessment
needed to be answered before the Commission could make {Adapted from chart in Managing the Nation'’s Commerclal High-active Radioactive Waste}
an informed recommendation.

Geologic disposal




Section One: Public Policy Context

Few, if any, public policy issues have as long a plan-
ning horizon as nuclear waste disposal. The objective of
permanent disposal is to limit to safe quantities the amount
of nuclear waste that will reach the biosphere during the
next 10,000 years and beyond. To put this objective in per-
spective, a planning horizon of 10,000 years dwarfs the
lifespan of the world’s recorded civilizations and political
entities. Moreover, the United States’ goal is to achieve
permanent disposal within a single generation.

A time horizon of this length means that geologic sta-
bility and dynamics must be understood more completely
than for any previously built facility. Choosing a location
for a nuclear waste facility requires extensive site charac-
terization and complex technical evaluation; these studies
themselves take years and they may be complicated and de-
layed by political and policy issues, such as a community’s
response to siting plans. Despite the considerable time and
money already expended to site a repository, none has been
sited yet, and the date by which a permanent repository
will be available is uncertain.

The purpose of building an MRS would be to store
spent fuel from the time it is produced at reactors until it
can be emplaced in a repository. The date when a perma-
nent repository is likely to become operable and the de-
bates surrounding that date are very important consider-
ations in determining the need for an MRS.

The nuclear waste disposal debate has served as a
proxy for the more fundamental debate about the merits of

nuclear power technology. Critics argue that nuclear power
should not be pursued unless a solution to the nuclear
waste disposal problem is found.# Many environmental ac-
tivists and other concerned citizens view effective nuclear
waste disposal as a major moral imperative facing this gen-
eration. The risks of nuclear waste loom large in the envi-
ronmental activists’ view because some of the harmful
materials have an extremely long life, and the costs of iso-
lating them from the biosphere are high. Environmental ac-
tivists assert that this generation has an ethical respons-
ibility to guarantee that today’s radioactive waste will not
harm succeeding generations.?

For nuclear proponents, demonstrating the ability to
manage and dispose of nuclear waste safely will validate
the use of nuclear power. Supporters of nuclear power, and
many members of the scientific community, believe nucle-
ar waste can be managed and disposed of safely, but they
are frustrated because large amounts of money, time, and
resources have been dedicated to solving the problem with
little apparent progress.6

Regardless of one’s views on the merits of nuclear
power, about 20,000 metric tons of spent fuel already exist
at the reactor sites and must be stored somewhere. The
Commission’s charge is to evaluate objectively and system-
atically the alternatives for interim storage of spent fuel as
part of the Nation’s nuclear waste disposal system. Thus,
this evaluation is structured around the specific arguments
which have been made for and against an MRS.

Section Two: Summary of the Key Issues

This section summarizes the testimony presented to
the Commission in each of the five study categories. Table
2.1 lists the main arguments in each category for and
against building an MRS facility. The remainder of the sec-
tion explains these arguments more fully.

A. Health, Safety, and Environmental Effects

Public health and safety and environmental protection
are serious concerns of the American people and are of
highest priority to the Commission.

1. Arguments for an MRS

Supporters emphasize that the technology is safe: the
MRS poses no significant hazards to public health and
safety, or the environment; and the risks associated with
the MRS are similar to those of at-reactor storage.” Propo-
nents assert that an MRS facility will reduce the inter-
ference that at-reactor storage poses for reactor operations,
allowing utilities to focus attention on their primary re-
sponsibility: safe and reliable generation of electricity.®
DOE and the utilities also argue that early and adequate
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waste acceptance will ensure that spent fuel is removed
from reactors without delaying planned decontamination
and decommissioning.®

2. Arguments against an MRS

Several witnesses asserted that an MRS will increase
risks to public health and safety, and impacts on the envi-
ronment. They believe that spent fuel is being stored safely
at reactors and can continue to be safely stored there until a
repository becomes available. Some feel an MRS increases
the risk of terrorist attacks because an MRS may require
more shipments. They fear that collecting a large volume
of spent fuel in a central location will provide a tempting
target for terrorism. !0

B. Transportation Impacts

Most State and local government representatives,
while taking no position on an MRS, raise concerns about
the transportation of spent fuel through their regions and
inadequate emergency response capabilities along the
routes. They stress the need for an early decision on an
MRS to allow sufficient time for planning and emergency
response training along proposed routes.

1. Arguments for an MRS

Some proponents suggest that consolidating spent fuel
and using dedicated trains from the MRS to the permanent
disposal site will reduce transportation impacts. DOE sub-
scribed to this view in 1987 but has since concluded that
transportation impacts are not a discriminator between
MRS and No-MRS options, because actual transportation
risks are extremely low.!! DOE currently believes that an
MRS will offer transportation advantages because the MRS
would consolidate routes to the permanent disposal site,
thus limiting the number of States and localities affected,
as well as their need to be prepared for an emergency.

2. Arguments against an MRS

Substantial public apprehension exists over potential
radioactive transportation accidents. Many argue that an
MRS means additional handling and transportation of spent
fuel, thereby significantly increasing the risk of radioactive
contamination to people and property.!2 The State of Ten-
nessee asserts that using dual-purpose casks and transport-
ing spent fuel directly from the reactors to the repository
would reduce handling and transportation impacts.!3

C. Economic Costs and Benefits

The costs and benefits of an MRS would accrue to
utilities and their ratepayers.

1. Arguments for an MRS

Proponents suggest that an MRS facility would pro-
vide benefits by generating economies of scale for spent
fuel storage and packaging. Also, early acceptance of waste
at an MRS will limit utility expenses for storing additional
waste in and outside reactor pools.!4 Utility representatives
assert that an MRS facility will reduce the costs and com-
plexities of on-site storage of spent fuel, yielding signifi-
cant savings to ratepayers.!> Utilities are frustrated because
the Federal government’s waste management program has
consumed large amounts of money but has shown little
progress.

DOE indicates that an MRS facility will add between
$1.3 billion and just over $2 billion to the cost of the na-
tional spent fuel management and disposal system. The
costs cited are “‘net,” meaning savings at reactors are taken
into account. DOE points out that the earlier the MRS be-
comes operational, the greater the reduction in utility at-re-
actor storage costs, and the lower the net cost to the
system.16

DOE argues that additional costs are justified by the
advantages of building an MRS facility. DOE notes that the
department’s cost estimates do not take into consideration
the potentially significant cost to reactors of delaying de-
commissioning if the opening of the repository is de-
layed.17

2. Arguments against an MRS

Opponents of an MRS assert that it is too expensive
and that the potential benefits of incorporating the facility
into the nuclear waste management system do not justify
the costs. The State of Tennessée asserts that an optimized
No-MRS strategy, using dual-purpose casks, would be $1
billion to $5 billion cheaper than a system with an MRS.18
Some MRS opponents believe that the costs of an MRS
will escalate well beyond DOE’s current estimates, as has
been the case with the costs of other nuclear facilities.

Some nuclear industry representatives do not favor an
MRS. They point out that on-site storage would be cheaper
than having an MRS in the system.!® They conclude that
continual slippage in DOE’s schedule for opening the re-
pository makes it highly unlikely an MRS will be sited and
constructed within a reasonable time, especially in view of
the linkages between the repository and an MRS. These nu-
clear industry representatives assert many utilities will not
experience the reductions in on-site storage costs claimed
by MRS proponents. They say it will be more cost effective
in the long run to store the wastes at reactor sites while
moving as expeditiously as possible to construct a perma-
nent repository.




D. Distributional and Equity Concerns

Siting an MRS in the East would affect the geographic
distribution of the costs and benefits of the Nation’s waste
management system.

1. Arguments for an MRS

The NWPAA directs DOE to limit its characterization
of repository sites to Nevada’s Yucca Mountain. Some con-
tend that the process for making this determination was bi-
ased and unfair, and that Congress singled out Nevada for
the repository because Nevada, with only two representa-
tives in the House of Representatives, did not have enough
influence in Congress. Consequently, Nevadans have to
bear the burden of perceived risks, costs, and stigma asso-
ciated with the nuclear repository. Some believe, therefore,
that the burdens associated with hosting a nuclear waste
site should be shared by placing an MRS facility in the
Eastern United States where most nuclear reactors are
located.

2. Arguments against an MRS

Some utilities say that financing the cost of an MRS
facility from the Nuclear Waste Fund would create finan-
cial inequities in the nuclear waste system because a util-
ity’s share of the cost would be proportionate to the amount
of electricity it generated from nuclear reactors rather than
proportionate to the extent to which it used an MRS facili-
ty. Therefore, utilities which need additional storage would
derive substantially more benefit from an MRS facility
than would utilities that do not need the storage.20 Utilities
that have planned for life-of-plant storage claim that it is
unfair for them to have to pay both for on-site storage and
for an MRS. Some oppose the MRS because they contend
that the utilities can provide less expensive storage on-site
than could be provided at an MRS. Therefore, the overall
system costs would be greater with an MRS.

Others oppose the MRS if a plan for a western reposi-
tory location and an eastern MRS site prevented western
utilities from using the MRS. This “western strategy”’
would require the utilities to continue storing spent fuel on-
site until the repository is available, at which time they
would then ship the spent fuel directly to the repository. In
this case, western utility ratepayers would pay propor-
tionately the same share to build an MRS facility as rate-
payers of nuclear utilities in other sections of the country.
Western ratepayers, however, would not benefit directly
from the facility.2!

E. Policy Considerations

The objectives of U.S. nuclear waste policy are impor-

tant considerations in evaluating the need for an MRS
facility.

1. Arguments for an MRS

DOE and most utilities favor building an MRS to al-
low the Federal government to begin accepting utilities’
spent fuel at the earliest possible time. Early acceptance of
the waste, utilities argue, will allow DOE to meet its con-
tractual obligation to begin accepting spent fuel by January
1, 1998.22 The Nuclear Waste Policy Act of 1982 autho-
rized the Secretary of Energy to enter into contracts with
nuclear utilities for acceptance of title, subsequent transpor-
tation, and ultimate disposal of spent fuel beginning not lat-
er than January 31, 1998. DOE is to provide these services
in exchange for utilities’ paying fees into the Nuclear
Waste Fund. Since utilities must pay into the Nuclear
Waste Fund whether an MRS is built or not, utilities have
strong economic reasons to insist that DOE fulfill what
they claim are its contractual obligations. In addition, util-
ity representatives express concern that nuclear power op-
ponents would oppose on-site storage expansion.?3 These
utilities believe DOE’s early acceptance of spent fuel is of
the utmost importance if they are to keep operating their
plants.

DOE and other MRS proponents conclude that an
MRS facility will positively affect the repository program
by providing valuable experience in siting, licensing, and
operating a large-scale waste management facility; by
using proven technology earlier than the repository; and by
generating the momentum needed for repository develop-
ment and to boost public confidence in DOE.24 The depart-
ment has never participated in a Nuclear Regulatory
Commission (NRC) licensing proceeding for any waste
management facility. If an MRS facility could be licensed
before a repository, DOE believes that the repository pro-
gram would benefit from the MRS licensing experience.

DOE and some utility representatives also state that an
MRS facility would add substantially to the waste manage-
ment system’s reliability and flexibility.25 They assert that
an MRS facility will provide the infrastructure needed to
face an uncertain future and to respond to unforeseen emer-
gencies.26 Without an MRS, DOE stresses, the Nation’s
ability to provide for the continuous, orderly transfer of
spent fuel from reactors will depend totally on achieving
uninterrupted operation at a first-of-a-kind geologic reposi-
tory.27 Proponents assert an MRS would insulate reactors
from slippages in the repository schedule and provide buff-
er capacity if disruptions occur in repository operations.

DOE asserts that an MRS facility would provide flex-
ibility in making decisions about waste aging and the pre-
ferred location of waste packaging functions. For example,




if DOE decides that aging spent fuel before emplacing it in
the repository is advantageous, an MRS, DOE believes,
will allow that policy to be carried out without additionally
burdening utilities. DOE suggests packaging functions
could be added at an MRS to minimize the repository’s sur-
face operations, thus simplifying the licensing of the
repository.

Utility industry advocates of an MRS argue that
timeliness in siting and constructing the facility is critical,
since an MRS facility’s usefulness would be diminished if
it were made operational on the same schedule as a perma-
nent repository. Advocates recommend removing or chang-
ing the linkages between the MRS facility and the perma-
nent repository.28 According to DOE, the advantages
of having an MRS facility will be reduced significantly un-
der current statutory provisions that link the MRS to the re-
pository schedule.2? In the department’s opinion, achieving
full benefits depends on early licensing and operation of an
MRS, which can only be achieved by siting the MRS
through the Nuclear Waste Negotiator with a Congres-
sionally approved agreement that does not link an MRS’s
schedule to the repository schedule.3? However, DOE
stresses that the MRS will offer significant advantages even
if the linkages are not revised.3!

2. Arguments against an MRS

The most frequently heard argument against an MRS
is that if an MRS is constructed, it will become a de facto
repository. Opponents of an MRS assert that utility pres-
sure on the Federal government to accept the waste will de-
cline significantly once waste is moved to an MRS facility.
Although current MRS capacity limits ensure the majority

of the spent fuel will remain at the reactors, critics fear
these capacity limits could be easily lifted once the facility
is built and operating. Critics are concerned that the nation-
al interest in permanent disposal will erode once an interim
storage facility is available to store the spent fuel safely for
the foreseeable future. These opponents of an MRS believe
strongly in the NWPAA linkages between an MRS facility
and the repository schedule because the linkages ensure
that the focus will remain on deep geologic disposal. Some
opponents want the linkages strengthened.32

Opponents assert that an MRS will divert critical re-
sources from the repository program. Many state that they
have little confidence in DOE’s ability to manage two pro-
grams successfully and simultaneously. These critics are
concerned that an MRS will decrease the likelihood that
geologic disposal will be developed in a timely manner.

Opponents also question system reliability and flex-
ibility improvements. Many see an MRS as a potential bot-
tleneck. Should a problem occur at the MRS facility, the
flow of spent fuel to the repository could stop. They also
claim reliability and flexibility cannot be guaranteed be-
cause siting an MRS facility will be a difficult task.33
Many opponents regard prolonged at-reactor storage as the
most flexible and reliable alternative because at-reactor
storage can be added safely and incrementally in a timely
manner,34 while preventing system bottlenecks and avoid-
ing significant siting and development uncertainties.3>

Some believe that an MRS is not needed because the
Federal government is not obligated to begin accepting
commercial spent fuel in 1998.36 In general, these oppo-
nents assert, nuclear waste management schedules estab-
lished by law have not been met.

Section Three: Key Questions

Section Two recapitulated the main arguments pre-
sented to the Commission in the five study categories. This
section lists the key questions to be addressed in Chapters
Four through Eight.

1. Are the effects on health, safety, and the environ-
ment significantly different if some spent fuel is
stored at an MRS facility instead of all being stored
at reactors?

. Are the transportation risks associated with using
different routes and different modes of transport
significantly different if spent fuel is stored at an
MRS facility instead of at reactors?

. What are the economic costs and benefits associ-
ated with storing spent fuel at an MRS facility as

compared to at-reactor storage, and does a compari-
son of the costs and benefits make one option more
desirable than another?

. Are there economic and social equity issues that
should be taken into consideration in determining
the need for an MRS facility? If so, what are the eq-
uity issues and do they favor choosing an MRS fa-
cility over at-reactor storage?

. Which policy issues should be taken into considera-
tion in evaluating the need for an MRS facility, and
do they make a significant difference in the
evaluation?

These questions are discussed in the following
chapters.
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Chapter Three

Analytical Methodology

Chapter One defined the problem: the Commission is
to compare the alternatives of having and not having an
MRS in the national spent fuel management system. Chap-
ter Two defined the issues to be considered when compar-
ing the alternatives. Chapter Three explains the analytical
methods the Commission used to compare the alternatives
quantitatively.

To define the MRS and No-MRS alternatives, the
Commission had to select among hundreds of variables,
such as where storage, rod consolidation, and waste pack-
aging would be performed; schedules for MRS and reposi-
tory development; spent fuel discharge projections; cost
assumptions; transportation schemes and modes; MRS and
repository locations; and cask types and capacities. The
Commission selected the most significant variables and
used them to define the alternatives on which it focused its
evaluation.

The Commission defined two basic categories of spent
fuel management systems (MRS and No-MRS alterna-
tives), identified the variables most likely to affect its deci-
sion on the need for an MRS, and developed analytical
models to enable it to compare quantifiable aspects of the
alternatives. Section One of this chapter describes, in gen-
eral terms, the two basic interim spent fuel management al-
ternatives which the Commission evaluated. Section Two
explains the computer models developed to examine the
quantifiable costs and risks. Section Three lists the princi-
pal assumptions used to define the base cases that were
evaluated for the alternatives. That is, this section discusses
the important variables in choosing among alternatives and
explains what values the Commission assigned to those
variables to analyze the base cases. Section Four discusses
the variations on the base cases that were evaluated.

Section One: No-MRS and MRS Alternatives

The Commission evaluated approaches to interim
spent fuel storage that fell into two basic categories: 1) the
No-MRS alternatives, in which all spent fuel continues to
be stored at the reactor sites until a repository becomes
availablie and 2) the MRS alternatives, in which some
spent fuel is stored at a central Federally-owned facility un-
til a repository becomes available. (See Figure 3.1.)

To analyze the alternatives, the Commission postu-
lated three start-up dates for the repository: 2003, 2013,
and 2023. The 2003 date reflects DOE’s current schedule
for repository availability.! The Commission chose to an-
alyze the cases using the other dates to examine whether
and how schedule delays might affect the Commission’s
conclusions.

A. The No-MRS Alternatives
In the No-MRS alternatives analyzed by the Commis-

sion, all fuel would be stored at the reactor sites until DOE
was ready to accept the waste and ship it to the repository
for disposal. The analysis assumed utilities would select
from a number of currently available options to provide in-
terim storage. These include: reracking, which increases
pool storage capacity by refitting spent fuel pools with
racks that hold more fuel assemblies; and dry storage,
which stores spent fuel in metal or concrete casks, or in
concrete bunkers. The analysis also considered whether ad-
ditional options, such as dual-purpose casks (single casks
that can be used for both storage and transportation), rod
consolidation (decreasing pool storage requirements by tak-
ing apart intact spent fuel assemblies and combining them
to reduce their volume), and transshipment (shipping fuel
from one reactor site to another), would be available and, if
so0, how their use would affect the choice between the
No-MRS and MRS options.
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B. The MRS Alternatives

In the MRS alternatives analyzed by the Commission,
spent fuel would be stored at the reactors until an MRS be-
came available. Some spent fuel from some reactors would
be transported and stored at an MRS until a repository were
available for permanent disposal. The MRS would continue
to operate until all the spent fuel had been emplaced in the
repository.

The MRS facility was analyzed with the schedule and
capacity linkages defined in the Nuclear Waste Policy
Amendments Act of 1987,2 with alternative linkages, and
without linkages. With the MRS capacity limited under cur-
rent law to 15,000 metric tons uranium (MTU), most spent
fuel would be stored at the reactor sites at any given time.
The MRS, then, would supplement at-reactor storage.

Under the current statutory schedule linkages, con-
struction of the MRS cannot begin until the NRC has issu-
ed a license for the construction of the repository, and
construction of the MRS is “prohibited during such time as
the repository license is revoked by the Commission
[NRC] or construction of the repository ceases.”3 DOE es-
timates that it will take at least 30 months to build a stor-
age-only MRS# and at least five years to construct a
repository.” If repository construction authorization were
received in 1998, for example, DOE believes that, with the
current linkages, an MRS could begin accepting waste in
the year 2000, and a repository could begin operation in
2003.6 Therefore, a linked MRS would be available about
three years before the repository, assuming construction
proceeds according to the projected schedules.

Section Two: The Models

Most experts who expressed opinions to the Commis-
sion seemed to agree that the effects on public health and
safety would be small and within regulatory limits regard-
less of whether an MRS were included in the waste man-
agement system. However, members of the public ex-
pressed concerns about the safety of various storage al-
ternatives and greater concerns about the safety of trans-
porting spent fuel. The Commission decided it needed to
develop its own estimates of the costs and effects of the
various spent fuel management alternatives as well as a
method for comparing its estimates to those of DOE and
Tennessee. _

To compare system-wide estimates of risks and costs,
the Commission developed computer models that describe
the flow of spent fuel through the spent fuel management
system. These models are described briefly below; Appen-
dix G gives a more detailed description.

A. The System Model: MARC

The model used to evaluate the risks of different sys-
tem configurations was MARC: MRS Review Commis-
sion’s Analysis of System Risk and Cost. It is a network
model adapted from a DOE model.” (See Figure 3.2.)

The DOE model from which MARC was adapted
(TRICAM) calculated only transportation costs and risks.
TRICAM was used by DOE only in the simulation mode,
with “oldest fuel first” (OFF) always specified as the pick-
up rule to be followed. However, because the Commis-
sion’s systems analysis encompasses more than transporta-
tion, the model had to be modified to calculate the risks of

storage and of performing other functions, such as handling
spent fuel, at the various facilities within the waste man-
agement system. The model also includes estimates of the
costs of the various waste management functions, many of
which were adapted from the cost accounts developed in
the economic cost model described below.

MARC shows how the spent fuel would be handled
and transported through the waste management system
from the time it is discharged from the reactors to the time
it is placed in a repository. MARC calculates the costs and
risks for each step in the flow. MARC is designed to oper-
ate in the *‘optimization mode,” to figure out which combi-
nation of transporting and storing the spent fuel will incur
the least cost or least risk. The resulting “pick-up rule” re-
flects the least cost or risk sequence and modes by which
spent fuel is to be picked up from the reactors by DOE and
shipped to an MRS or repository.

MARC can be programmed to optimize either cost or
radiological risk or some combination thereof. Most of the
cases were run in the cost optimization mode (to minimize
costs) because this mode was likely to produce higher (or
more *“‘conservative”) estimates of system risks. Some
cases were run in the risk optimization mode (to minimize
risks). The differences in radiological risk from the risk op-
timization and the cost optimization runs were small and
these differences will be discussed in Chapter Four.

Although MARC was designed to be run in the optim-
ization mode, it can be run in the simulation mode, in
which a pick-up rule (such as oldest fuel first) is specified
in advance and the model simulates the combination of




storing, handling, and transporting spent fuel that would re-
sult; it also estimates the system-wide costs and risks of
this particular combination. However, MARC is very diffi-
cult to use in the simulation mode, because the user must
describe the pick-up rule in advance, which requires a de-
tailed schedule of the annual acceptance of spent fuel on a
reactor-by-reactor basis. MARC was run in the simulation
mode and the results were similar to those of DOE’s TRI-
CAM simulation. However, because of the difficulties in
pre-specifying a pick-up rule, the Commission did not rely
on MARC simulation runs to perform its analysis of the
MRS and No-MRS alternatives.

MARC receives information from several data bases,
using them to describe how spent fuel would move through
the system and to calculate risks and costs. The principal
data bases provide facility-specific data, such as reactor
spent fuel discharge projections, reactor rail accessibility,
and repository capacity and acceptance schedules. Other
data bases provide network data, such as routes, population
density along the routes, unit risk data, and unit cost data.
Unit cost data used in MARC come from the cost model
data base described below. The transportation radiological
unit risk factors used in MARC are from a modified ver-
sion of RADTRAN III supplied by DOE. The radiological

unit risk factors for activities at fixed facilities are taken
from Commission-sponsored assessments.? Appendix G
and the MARC user manual describe the model and the as-
sociated data bases.?

B. The Cost Model: WACUM

The Nuclear WAste Cost Data Base and SimUlation
Model (WACUM) is a simulation model, with an accom-
panying data base, for computing costs.!0 The model esti-
mates costs for the two basic alternatives and variations on
them. WACUM was designed to analyze the uncertainties
associated with the costs of the various elements of the
spent fuel management system, including constructing and
operating an MRS, and to provide cost estimates to be used
in MARC.

The basic cost data used in the model are subject to a
wide range of uncertainty. In many cases, the estimates in-
volve predicting the costs of yet-to-be developed equip-
ment and facilities over a 40- or 50-year time period, with a
still-evolving regulatory regime, and uncertain institutional
framework.

The accompanying data base!! has two parts: a histor-
ical data base, which summarizes the past cost estimates,




and a probabilistic data base, which was used in the calcu-
lation. The probabilistic data base was derived by a panel
of experts who reviewed the historical data base to estimate
future costs in a subjective but structured manner. WAC-
UM is explained more fully in Chapter Six, where its re-
sults are discussed, and in Appendix G.

C. Uses of Models

The models are used to enable comparisons among the
alternatives, so the Commission can make more informed
recommendations. Models are tools to assist judgments,
and their usefulness depends on some degree of skepticism
about the certainty of data and assumptions.

There are uncertainties associated with radiological
risk predictions, especially for the low exposure levels as-
sociated with projected spent fuel management operations,
and potential accidents associated with these operations.
Health effects (primarily risk of cancer) from exposures to
low radiation doses would not be expected to appear for 20
to 30 years, and are predicted using conservative estimates
based on observed health effects resulting from exposures
to much higher radiation doses at much higher rates. Using
a computer model does not reduce these uncertainties since
the uncertainty in computer output can be no less than that

in the input data and assumptions.

However, using a computer which systematically
models the flow of materials through the spent fuel man-
agement system, and the activities associated with this
flow, provides a means for conducting a systematic and
consistent comparison of risks among spent fuel manage-
ment alternatives. Therefore, although the absolute levels
of radiation doses for a given case cannot be determined
accurately, the Commission was able to detect trends and
to rank order alternatives in the instances when the trends
were considered significant.

Because of the difficulty of using MARC in the sim-
ulation mode, and because the model was not available
until much later than the WACUM model which was devel-
oped specifically to do cost assessments, the Commission
used WACUM for all cost assessments. MARC produces
both cost and risk estimates but was used in the study only
to assess and compare risks. In the MARC and WACUM
runs the cost relationships among the cases analyzed are
the same. The Commission also decided to run sensitivity
analyses to test the effects that changing certain assump-
tions would have on the results. These sensitivity analyses
are described in Section Four.

Section Three: Assumptions of MRS and No-MRS Strategies

To further define the base cases to be analyzed by
MARC, the Commission made certain assumptions about
the spent fuel management system. (See Figure 3.3.) Where
possible, the same assumptions were made about both the
MRS and No-MRS alternatives to facilitate comparing
costs and benefits. The assumptions described below were
made for the base cases.

A. Maximum Exposures

Assumptions: During each function performed to han-
dle and transport spent fuel, workers and members of the
general public are expected to receive as much as, but not
more than, the maximum radiological doses specified in
NRC and EPA regulations.

The principal safety and environmental regulations ap-
plicable to the waste management system are those of the
Nuclear Regulatory Commission and the Environmental
Protection Agency.!2 The models assume these regulations
will be strictly enforced and, therefore, that the maximum
expected radiation doses for normal and accident condi-
tions should be within these regulatory limits. In practice,

the expected doses should be less than the regulatory limits
because facilities and equipment are designed to ensure a
margin of safety in the design, and doses are required to be
kept “as low as reasonably achievable” (ALARA).13

B. Spent Fuel Generation

Assumptions: There will be no new orders for nuclear
power plants; base cases include only spent fuel from
plants operating or being constructed as of December
1987; no substantial change will occur in burnup rates,
post-1988 projected burnup rates of 36,600 megawatt-days
per metric ton uranium (MWdIMTU) for boiling water re-
actors (BWRs), and 42,000 MWdIMTU for pressurized wa-
ter reactors (PWRs), 1% and each plant will have a 40-year
operating life.

DOE’s 1986 spent fuel storage projections were based
on an optimistic high-generation projection of nuclear pow-
er growth in the United States instead of the no new orders
cases. The National Association of Regulatory Utility
Commissioners (NARUC), the State of Tennessee, and the
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General Accounting Office (GAO) challenged these
projections.

DOE’s most recent projections, however, are based on
no new orders for nuclear power plants, and are used in this
study (1987 No New Orders Case.) The estimates are gen-
erally consistent with the NARUC and Tennessee projec-
tions, and they respond to GAO’s objections.

C. Storage and Other Functions at Reactors

1. Reracking

Assumption: Every nuclear utility will rerack its spent
fuel pools (single-tier reracking only) to the maximum ex-
tent practicable before it uses other options such as rod
consolidation or dry storage.

Reracking means refitting pools with racks that hold

. A

more fuel assemblies than the initially installed racks. Re-
racking has been the utilities’ preferred method of increas-
ing at-reactor spent fuel storage, in part because it is the
most economical way to increase storage space. The added
racks handle heavier loads and store fuel assemblies in less
space. Most utilities have reracked their pools at least once.
While some reactors may have to use other measures to ac-
quire additional storage capacity, about 75 percent of the
reactors can provide sufficient storage using reracking until
beyond the year 2000.15

According to recent NRC figures, there have been 130
rerackings.!¢ From the original typical design of 1-1/3 re-
actor cores, utilities have increased storage to four to six
reactor cores, in some cases even more. Future reracking
will be limited; adding a second tier of racks is not consid-
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ered a practical way to expand spent fuel storage
capacity.!?

2. Full-Core Reserve

Assumption: Every utility will maintain enough pool
storage capacity so that it can unload the full core of the
reactor into the spent fuel pool, if necessary. This is com-
monly referred to as full-core reserve.

Although full-core reserve is not an NRC requirement
most utilities view maintaining full-core reserve as essen-
tial for orderly nuclear power plant operation.

3. Transshipment

Assumption: There will be no transshipment of spent
fuel between reactor sites.

Transshipment means shipping spent fuel from one
reactor to another to alleviate storage problems. Carolina
Power and Light Company and Duke Power Company
have transshipped spent fuel within their individual utility
systems. However, widespread intrautility shipments have
not occurred, and there have been no interutility transship-
ments. Variations on this basic assumption were analyzed,
assuming some intrautility transshipment (See Chapter Five
for details.)

4. Dry Storage

Assumption: Reactors unable to expand their spent
fuel pool capacity will use dry storage if additional on-site
storage is needed.

Dry storage means storing spent fuel at reactor sites in
metal casks, concrete casks,!8 or concrete bunkers.!9 (See
Figures 3.4 and 3.5.)

A typical metal dry storage cask. is made of steel or
nodular cast iron. Virginia Power Company’s Surry Nu-
clear Power Station uses a metal cask dry storage system.
In bunker systems, the fuel is stored in stainless steel canis-
ters contained in individual concrete modules. The Caroli-
na Power and Light Company’s Robinson Nuclear Project
uses a small bunker system, which holds seven pressurized
water reactor (PWR) assemblies per module. Duke Power
Company has applied for a license for a larger bunker sys-
tem, holding 24 PWR assemblies per module, at the
Oconee plant.

Most utilities will probably be able to store enough
spent fuel in dry storage on-site to obtain life-of-plant stor-
age capacity, either at the reactor sites or on utility-owned
land contiguous to the reactor. It has been estimated that
fuel could be stored safely in dry storage for up to 100
years.20

5. Rod Consolidation

Assumption: No spent fuel will be consolidated at
reactors.

Four utilities have participated in rod consolidation
demonstrations. Because the technology has not yet been
shown to be technically and economically advantageous,
no utility has chosen to rely on rod consolidation to expand
on-site storage capacity. Therefore, for the two alternatives
being considered, the analysis assumes no spent fuel will
be consolidated at reactors. Sensitivity analyses were run,
however, assuming some rod consolidation at reactors be-
cause the technology may mature to the point where it
would be a useful alternative storage option. (See also,
MRS Assumptions, below.)

D. MRS Assumptions

1. Functions

Assumption: Any MRS will only provide spent fuel
storage and will not perform other functions such as rod
consolidation or waste packaging.

The Commission focused its-analysis on the storage-
only MRS because of DOE’s current position that an MRS
will be a storage-only facility at first, with the option of
adding other functions later.2! DOE now finds that savings
attributable to consolidation are not substantial enough to
make consolidation worthwhile.22 However, as the system-
wide parameters are further defined, the cost of the waste
package container may become high enough for rod con-
solidation to be reconsidered. Therefore, the Commission
considered how adding other functions later, such as rod
consolidation, would affect the choice between the No-
MRS and MRS options.

2, Storage Technology

Assumption: Any MRS facility will use dry storage
rather than pool storage.

Dry storage is DOE’s technology of choice for the
MRS. DOE prefers dry storage to wet storage because dry
storage is a passive technology, requiring less monitoring
and control than wet storage does. In addition, dry storage
is partially modular, requiring a smaller initial investment
to build.

3. Risks

Assumption: Risks of performing a function such as
storage, rod consolidation, or encapsulation are the same
whether the function is performed at an MRS or a
repository.

The equipment, facility design, and operation for these
functions is expected to be the same regardless of where
the function is carried out.




Figure 3.4—An Example of a Dry Storage Cask
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Figure 3.5—Generic Horizontal Modular Storage System (NUHOMS)
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4. Location

Assumption: Any MRS will be located in the Eastern
United States.

For its transportation and cost analyses, this study pos-
tulates hypothetical locations for an MRS. See Appendix G
for an explanation.

E. Repository Schedule and Location

Assumptions: All of the spent fuel generated will be
disposed of in a single repository located at Yucca Moun-
tain, Nevada. The repository will have a minimum operat-
ing life, for accepting and emplacing spent fuel, of 25 years
and a maximum operating life of 45 years.

The Commission had to postulate a repository location
to analyze the effect of an MRS on the waste management
system, and at the moment, site characterization efforts are
focused on Yucca Mountain. It may be many years before
the suitability of the Yucca Mountain site is determined. If
it is found to be unacceptable, the issue of how best to
manage the Nation’s radioactive waste will be reexamined.

Although the location of the repository was not varied in
the base cases, several variations were analyzed assuming
delayed repository start-up to determine the effects of such
delays on the need for an MRS.

Under current law, the capacity of the first repository
is limited to 70,000 MTU until a second repository is in op-
eration.2* However, to obtain a realistic estimate of life-
cycle risks, costs, and benefits associated with spent fuel
management, it was necessary to model a system which
handles all of the commercial spent fuel expected to be
generated, about 87,000 MTU. Introducing a second repos-
itory in the system would have significantly increased
model complexity and uncertainty because the model
would have had to assume some location and schedule for
the second repository, both very uncertain. To reduce the
complexity to a manageable level, it was assumed that all
of the spent fuel would go to the first repository. The Com-
mission believes that the potential error introduced by mak-
ing this assumption is less than could have been introduced
if a second repository site had been postulated.
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F. Transportation Modes

Assumptions: Only railroads and highways are used
to transport spent fuel. The base cases assume that only 54
percent of the reactors have rail access.

This division into percentages is called a modal split;
truck transport and rail transport are called modes.24 DOE
assumed this 54 percent/46 percent modal split in its MRS
system study.2> Barge transport was not considered because
it was not seen as having a significant effect on the MRS/

No-MRS decision. For trips to Yucca Mountain, whether
from reactors or from a candidate MRS, barge transport
could be, at most, only one segment of an intermodal ship-
ment. It has been suggested that barges may be feeders to
a railhead from those reactors with waterway access but
without rail access. The model has been run using 100 per-
cent rail transport in some cases to simulate the economic
advantages of providing barge-supplemented rail access in
this manner.

Section Four: Sensitivity Analyses

To see how changes in some assumptions would affect
the analyses, the Commission conducted “sensitivity an-
alyses.” That is, after analyzing the base cases defined with
the primary set of assumptions, the same cases were an-
alyzed with one assumption changed at a time to see how
great a difference, if any, that would make. For example, in
the base case, the Commission assumed that only 54 per-
cent of the reactors have access to rail transport. To see
what difference it would make if more reactors could gain

rail access, an idealized case was analyzed in which all re-
actors were assumed to have rail access. Such changes are
called variations on the assumptions. (A list of the varia-
tions considered by the Commission is contained in Appen-
dix H.) Variations were chosen that were realistic or else
bounded the effects of the change. For example, there can-
not be any transportation efficiency greater than 100 per-
cent rail. Chapters Four through Six describe the results of
these analyses.
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Chapter Four

Health, Safety, and
Environmental Effects

Public health and safety, and environmental protection
are serious concerns of the American people and were of
highest priority to the MRS Review Commission during its
study. This chapter compares the health, safety, and envi-
ronmental effects of two alternative approaches to spent
fuel management: having and not having an MRS facility.
Section One covers radiological and non-radiological ef-
fects on health and safety. Section Two discusses special

issues pertaining to heaith and safety that were raised dur-
ing this study. Section Three considers potential environ-
mental and socioeconomic effects. Section Four sets forth
the Commission’s findings regarding these effects. This
chapter also summarizes the estimated radiological risks of
transporting spent fuel, but Chapter Five covers transporta-
tion safety more fully.

Section One: General Effects on Health and Safety

A. Radiological Effects

Radiation doses to workers and the public can result
from spent fuel management operations at the reactor, the
repository, or the MRS, and from transporting spent fuel
from one facility to another.

Radiation exposure for each of the base cases (No-
MRS, linked MRS, and unlinked MRS) was estimated for
each of three different repository start dates (2003, 2013,
and 2023). Tables 4.1 and 4.2 summarize the results. Dose
estimates are reported in terms of cumulative doses to
workers and the public expected over the entire 40-year life
of the spent fuel management program, from the time the
fuel is removed from the reactor core until all the spent fuel
has been buried in a geologic repository. These doses are
referred to as “life-cycle” doses and are expressed in
person-rem. !

1. General Findings About Dose Magnitude

The study found radiation dose estimates for the work-
ers and the public to be very low for all of the cases and all
of the repository start dates examined. (See Table 4.3.)

In terms of latent cancer fatalities, calculations of oc-
cupational fatalities range from 6.8 to 10.4, a difference of
3.6 fatalities, and predictions of public fatalities range from
1.4 to0 3.2, a difference of 1.8 fatalities. Cancer fatality cal-
culations assume that each 10,000 person-rem will produce
four cancer fatalities.2 These estimates are for the entire

United States over the spent fuel management program’s
40-year life cycle. These differences amount to about one
calculated occupational cancer fatality every 11 years and
one calculated public cancer fatality every 22 years, assum-
ing a 40-year life for the spent fuel management program.

The total life-cycle public dose from the entire spent
fuel management system for either the MRS or No-MRS
alternatives would produce a calculated risk of about 0.04
to 0.08 cancer deaths per year, assuming a 40-year life for
the system. This is illustrated in Figure 4.1.

The population within 50 miles of an MRS would re-
ceive about 0.1 person-rem per year> from the operations at
the MRS. This would produce about 0.00004 calculated
cancer deaths per year.

For comparison, the background radiation dose to the
estimated population within 50 miles of an MRS would be
about 300,000 person-rem per year. Background radiation
doses to the population within 50 miles of an MRS are cal-
culated to produce about 120 cancer deaths per year. Expo-
sures to medical x-rays for the same population would
result in doses of about 39,000 person-rem and are calcu-
lated to produce about 15 cancer deaths per year.4

2. Public Dose

“Public dose™ is defined as the total dose to members
of the public (as opposed to workers) during all activities




associated with storing, handling, transporting, or disposing
of spent fuel. Most of the dose to the public occurs during
transport; the transportation dose accounts for over 95 per-
cent of the total public dose in both MRS and No-MRS
systems. (See Table 4.4.) It should be noted that in-transit
doses to truck drivers and train crews are included in the
public dose estimates from transportation; excluding these
doses from the estimates would reduce public doses by as
much as 75 percent.>.

Without an MRS, public doses would be essentially

the same regardless of the repository start date. (See Table
4.1.) Having an MRS in the system would reduce these
doses by about 60 percent. This reduction would occur be-
cause all transportation from the MRS to the repository
would be by train, thereby reducing the transportation dose.

3. Occupational Dose

“Occupational dose” is defined as the total dose to
workers during all activities associated with the storing,
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handling, transporting, and disposing of spent fuel.

Occupational doses would increase as the repository
start date was delayed. They would nearly double for the
No-MRS and linked MRS cases if the repository start date
was delayed from 2003 to 2023, but not for an unlinked
MRS. (See Table 4.2.) The increase would be due primarily
to doses from at-reactor spent fuel management activities.
For an unlinked MRS, the increase due to the delayed re-
pository would be only about 20 percent because many ac-
tivities, instead of being carried out at the reactors, would
be performed at the MRS, where there would be a greater
reliance on remote operations and remote handling
facilities.

4. DOE and Commission Estimates

Table 4.4 compares the Commission’s dose estimates
for linked MRS and No-MRS systems with the U.S. De-
partment of Energy (DOE) estimates. Although the Com-
mission’s dose estimates were based on methodology and
assumptions different from DOE’s, the differences between
DOE and Commission results are quite small.

Commission estimates for occupational doses are
somewhat higher than DOE estimates because the Com-
mission used more conservative assumptions about doses
to workers. Commission estimates of transportation doses
to the public are higher than DOE estimates because: (1)
the DOE estimates include loading and handling doses as-
sociated with transportation in the occupational doses for
the facility where they are carried out rather than reporting
them separately as the Commission did, and (2) DOE used
unit risk factors developed by Argonne National Labora-

tory (ANL) for determining public dose from transporta-
tion, while the Commission used the modified Radtran III
unit risk factors.6 The ANL model produces reduced doses
for truck shipments but much higher doses for rail ship-
ments. (See Chapter Five for a discussion of the differ-
ences.) The Commission estimates that adding a Nuclear
Waste Policy Amendments Act (NWPAA) linked MRS to
the system would decrease the public dose by 4,600 per-
son-rem (1.8 calculated cancer fatalities) and the occupa-
tional dose by 3,800 person-rem (1.5 calculated cancer
fatalities). DOE estimates that adding an MRS to the sys-
tem would decrease the public dose by 1,500 person-rem
(0.6 calculated cancer fatalities) but increase the occupa-
tional dose by 7,300 person-rem (2.9 calculated cancer fa-
talities). In either case, the differences between the MRS
and No-MRS systems are relatively small even over the 40-
year period examined.

5. Variations in Assumptions

To determine the sensitivity of the dose estimates to
changes in basic parameters and assumptions, the Commis-
sion performed sensitivity analyses for each of the three
base cases (No-MRS, linked MRS, and unlinked MRS).
The sensitivity analyses assumed the repository would start
in 2013, but similar results would have been obtained if ei-
ther of the other repository start dates had been used. The
results of these sensitivity studies are shown in Table 4.5.
(See Appendix H for a detailed list of the sensitivity an-
alyses performed for this study.)

The sensitivity analyses clearly demonstrate that both
public and occupational dose estimates would remain low




Figure 4.1—A Comparison of Calculated Cancer Fatalities From Natural
Background Radiation, Medical X-rays, and Spent Fuel Management Activities
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'Doses from natural background radiation and medical x-rays are calculated using annual
dose rates from NCRP Report No. 93, “lonizing Radiation Exposure of the Population of
the United States.” September, 1987, and an assumed exposed population of one million
persons within a 50-mile radius of the MRS. Doses from spent fuel management activities
are based on calculations by the MRS Review Commission staff. Cancer fatalities are
calculated using conversion factors of four cancer fatalities for each 10,000 person-rem
the conversion factor is based on factors used in the EPA Draft Environmental Impact
Statement for the Proposed NESHAPS (National Emission Standards for Hazardous Air
Pollutants) for Radionuclides, EPA 520/1-89-005, February 1989, Vol. 1
regardless of how the cases are modified. In fact, with few affect public doses. (See Section Two, Part C for a discus-
exceptions, the dose estimates in each sensitivity analysis sion of rod consolidation risks.)
are substantially the same as those in the base cases varied
for the analysis. The one case worth noting is the use of 6. Findings
100 percent rail transportation, estimated to reduce the pub- The Commission finds that only small public or oc-
lic dose by nearly 90 percent. The reduction is due almost cupational radiological risks are likely to result from
CIH]‘.IIL']I\' 1o |'l.'(1|.|t‘l_‘d |l'il|1\;’fl?r|l|ljl1|1 (IONL‘\G ;1lltl i.\ l“\'..'ll\\'t'ti |n !"u"ugc“lcnl (]r s’pt-“l f‘uel r{-gur("c_\.h‘ "r “-hcthcr |he S}'H"'
Chapter Five. It is interesting to note that using dual-pur- tem has an MRS.
pose casks does not appear to reduce doses significantly Given the small absolute magnitude of the pre-
(dual purpose casks are discussed in Section Two, Part E of dicted risk and the uncer]uint." associated with the esti-
this chapter), and rod consolidation at the reactors appears mates of these risks, the Commission does not believe

to increase occupational doses somewhat but does not
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these differences serve as a basis for discriminating
among the alternatives.

B. Non-radiological Risks

1. Occupational

Workers will be exposed to non-radiological hazards
during the construction, operation, and decommissioning of
the facilities which manage spent fuel. The sources of these
hazards are routine occupational accidents. The magnitude
of these hazards is estimated by multiplying the labor hours
projected to construct, operate, and decommission the facil-
ities by a reasonable hazard exposure rate. The planned la-
bor effort for spent fuel management operations at reactors
was estimated using information from contractors the Com-
mission engaged.”

Based on this analysis, the life-cycle non-radiological
risk to workers is estimated to be about 40 fatalities and

2,500 lost-time accidents regardless of what scenario is as-
sumed or whether there is an MRS in the system. The non-
radiological risk is summarized in Table 4.6. The risks are
nearly identical for the No-MRS and the MRS systems.

There are also non-radiological risks associated with
the transportation of spent fuel; these are discussed in
Chapter Five.

2. Public

With the exception of transportation risks, non-radio-
logical risks to the public are minimal and were not consid-
ered in this analysis.

3. Findings

The Commission finds non-radiological occupa-
tional risk does not provide a basis for discriminating
between MRS and No-MRS alternatives.
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Section Two: Special Issues

Specific safety concerns raised during the Commis-
sion’s deliberations include security risks, safety of spent
fuel storage at reactors, safety of rod consolidation at reac-
tors and at an MRS, safety at an MRS facility, and the use
of dual-purpose casks.

A. Security Risks

Safeguards are taken to preclude the potential for sab-
otage leading to release of radioactive materials to the envi-
ronment and diversion of fissile material in the spent fuel
for production of nuclear weapons. At the MRS Review
Commission’s request, the Nuclear Regulatory Commis-
sion (NRC), on May 25, 1989, briefed the Commission on
safeguards issues associated with managing and storing of
spent fuel.®

In response to Commission questions, the NRC staff
stated that spent fuel stored either at individual reactor sites
or an MRS is a poor target for sabotage or diversion and
that there is no identifiable credible threat of sabotage or
diversion of fissile material. In any case, the radiological
consequences of sabotage would be low. Rod consolida-
tion, which involves removing spent fuel rods from the fuel
assemblies, could produce some compromise of accoun-
tability, but this would be small and acceptable. The NRC

staff also said there is no significant concern about the se-
curity of spent fuel shipments. A 1986 NRC staff review of
the conceptual design of the safeguards to be provided at
the MRS indicated that NRC safeguards requirements can

- be met.®

A related issue of concern to some who testified at the
Commission’s public hearings was that storing spent fuel at
an MRS would make reprocessing an attractive option, and
this might increase the risk of diversion of fissile mate-
rials. !0 Reprocessing in the United States, however, ap-
pears extremely unlikely at this time because it is not
economical. In any case, there appears to be little connec-
tion between MRS storage of spent fuel and a decision to
reprocess, since spent fuel stored at reactors is also avail-
able for reprocessing, and most spent fuel would continue
to be stored at reactors even if there were an MRS in the
system.!!

Analysis of security issues must take complicated con-
cerns into account and requires access to classified infor-
mation. Independent assessment of these concerns is
difficult. The Commission defers to the NRC’s expertise
and accepts its assessment. Based on the NRC assess-
ment, safeguards risks associated with spent fuel at a
reactor, at an MRS, or in transit appear so small that




Figure 4.2—An Example of a Spent Fuel Pool
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Source: Virginia Electric Power Company

they are not a serious consideration in comparing spent
fuel management alternatives.

B. Storage at Reactors

1. Storage at Operating Reactors

The spent fuel management system is not totally inte-
grated; that is, spent fuel storage and management opera-
tions at reactors are under the control of the individual

utilities, while transportation, management, and disposal of

spent fuel after it leaves reactor sites are under DOE con-
trol. There are approximately 100 operating reactors al
about 70 sites managed by more than 50 different util-
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ities.!2 Storing spent fuel at a central DOE facility could
enhance safety because the spent fuel would be under the
control of management and staff whose primary task is its
safe storage and management. Centralized control of spent
fuel may also provide a potential safety benefit because it
increases system compatibility.

As the repository start date is delayed and spent fuel
pools (see Figure 4.2) fill up, more reactors are expected to
turn to spent fuel management operations (such as dry cask
storage, transshipment, and rod consolidation) that were
not contemplated when the reactors were designed. Such
operations could divert workers’ and managers’ attention

N
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from their primary duty, operating the reactors, because of
increased attention to spent fuel management, or because of
accidents (such as contamination of the spent fuel pool) re-
sulting from such operations.

However, spent fuel management operations have
been safely carried out at reactors for many years under
NRC regulatory control and by trained personnel. Once
spent fuel has been removed from the reactor core, spent
fuel handling and storage activities are separate from those
activities associated with the production of electricity. Al-
though the inventory of spent fuel at reactors is increasing,
there is no reason to believe that safe management of the
fuel cannot continue or that the fuel will interfere signifi-
cantly with safe reactor operations.

Dry storage of spent fuel at reactors is a passive and
safe process. Once spent fuel is placed in dry storage casks
or bunkers, it requires no additional care except periodic
monitoring and security to assure that the casks or bunkers
do not deteriorate, radioactive material is not released to
the environment, and no unauthorized access to the spent
fuel storage area occurs. } '

It appears that most, if not all, reactor sites can safely
store all of the spent fuel that would be generated during
the reactor’s 40-year operating life. In a study for the Com-
mission of spent fuel storage needs and at-reactor capa-
bility, Ebasco concluded that most operating reactors can
provide additional dry spent fuel storage at their sites on a
schedule corresponding with their needs. This storage can
be expanded as necessary to meet life-of-plant storage re-
quirements (or beyond, in the event of an extended plant
life).13

At most sites, life-of-plant storage can be accom-
plished by reracking spent fuel pools and using dry storage.
Where sufficient space for dry storage does not exist, util-
ities may be able to consolidate spent fuel to create addi-
tional storage capacity in the spent fuel pool (although at
some boiling water reactors this would be limited by
weight restrictions on the spent fuel pool). As discussed be-
low, there is no reason why such rod consolidation could
not be carried out safely. Some utilities could solve their
spent fuel storage problem temporarily by transshipping
spent fuel from one utility-owned reactor to another. How-
ever, this cannot be viewed as a long-term solution since it
does not increase total at-reactor storage capability.

Although neither the Commission nor its contractors
identified specific reactors which would have storage prob-
lems during the full operating life of the plant, it is possible
that technical limitations at a few reactors would make it
difficult to store all of the spent fuel generated during the
reactor’s operating life. It is also possible that public oppo-
sition could delay or halt the building of additional storage
at a reactor. Therefore, it may be prudent to provide some

away-from-reactor storage for those few utilities which
may be faced with such a problem, rather than risk forced,
premature shut down of the plants. More definitive infor-
mation on reactors’ storage capability should be available
when DOE completes its present study on this issue.!4

2. Storage At Shutdown Reactors

The Commission examined whether storing spent fuel
at permanently shutdown reactors could create safety prob-
lems. Although a few reactors may shut down before their
licenses expire, and a few licenses expire before 2009, the
bulk of the reactors now operating will reach the end of
their presently licensed operating lives between the years
2009 and 2030, as shown in Figure 4.3.

Table 4.7 and Figure 4.4 show that substantial
amounts of 5-year-old spent fuel!3 will begin to accumu-
late at shutdown reactors after 2015 if there is no facility
available to accept spent fuel. The NRC, in its *“Waste
Confidence Decision Review, 16 has recently concluded
that spent fuel can be stored safely and without any signifi-
cant environmental impacts for at least 30 years beyond the
expiration of a reactor’s operating license at the reactor’s
spent fuel storage basin or at an on-site, independent spent
fuel storage facility, or for a total of 100 years if an extend-
ed period of reactor operations is included.

However, maintenance of spent fuel on-site after reac-
tor shutdown is not without consequence. The activities
which the licensee must carry out to meet NRC require-
ments for the various decommissioning options vary de-
pending on the types and amounts of radioactive material
remaining on-site after the plant shuts down.!” If spent fuel
has been removed from the site, these requirements are
usually minimal. If spent fuel is kept at the site:

¢ security must be maintained to safeguard the spent
fuel;18

¢ the integrity of the spent fuel storage system must
be maintained; !9 and

o a Certified Fuel Handler must supervise spent fuel
handling.20

As a result of these requirements, storing spent fuel
on-site after reactor shutdown is costly to the utility. Main-
taining spent fuel at a shutdown reactor is expected to cost
between $2 to $3 million more per site per year than if all
spent fuel were removed.?! To avoid these costs, utilities
will want to remove the spent fuel from the site as soon as
possible. Therefore, it is likely that utilities would opt to re-
move all spent fuel by the fifth year after reactor shutdown
when the last spent fuel discharged from the reactor be-
comes eligible for DOE to remove it.22

Following reactor shutdown, trained reactor personnel
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would probably seek employment where their skills would
be more useful. Monitoring the stored fuel and maintaining
security would probably be routine and monotonous and
could be carried out as a part-time responsibility by persons
whose principal duties were elsewhere. Under such condi
tions, these operations might not be performed as well as
expected, so there could be some risk that spent fuel stor-
age and subsequent handling to prepare it for shipment to
the repository would be performed under less than ideal
conditions. This is unlikely, however, given the strict regu
latory requirements under which the spent fuel must be
stored and handled. Also, utilities may be able to hire out-
side firms with expertise in spent fuel handling to conduct

some of these activities.

A central interim storage facility would address these
safety concerns because it would have a group of trained
and experienced fuel handlers, health physicists, and secu-
rity staff available at all times. Providing the necessary per
sonnel at a single site rather than at individual utilities
would be more efficient and result in substantial cost sav-
ings to the utilities. Furthermore, since the workers would
handle spent fuel daily, they would be more experienced in
performing routine handling operations that would occur
only infrequently at a shutdown reactor and better able to
handle emergencies that might occur. Therefore, although
spent fuel can be stored safely at individual sites, early
waste acceptance from shutdown reactors could provide
benefits.

7 0



Figure 4.4—Spent Fuel Accumulation
at Shutdown Commercial Light Water Power Reactors®

Thousands of MTU of five year old fuel®
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a Assumes all spent fuel stays at reactors indefinitely. Accumulation figures can be found in Table 4.7
b Five year old fuel is used because under the existing contracts between the utilities and DOE, generally,
DOE will not begin to accept spent fuel from the utilities until it has aged five years since its discharge from
the reactors. 10 CFR 961.11, Appendix E, Section B, paragraph 3
Table 4.7—Spent Fuel Accumulation
at Shutdown Commercial Light Water Power Reactors?
MTU of Five Year Old Fuel® ;
YEAR DRY STORAGE POOL STORAGE TOTAL
2000 0 500 500 .
2005 0 500 500
2010 0 1,500 1,500
2015 500 4,000 4,500
2020 7,500 21,000 28,500
2025 12,000 29,000 41,000
2030 19,500 40,000 59,500
2035 27,000 54,000 81,000
2040 29,000 55,500 84,500
2045 30,000 57,000 87,000

aAssumes all spent fuel stays at reactors indefinitely. Accumulation shown graphically in Figure 4.4
bFive-year-old fuel is used because under the existing contracts between the utilities and DOE, generally
DOE will not begin to accept spent fuel from the utilities until it has aged five years since its discharge from the re

actors. 10 CFR 961.11, Appendix E, Section B, paragraph 3
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On balance, the Commission finds that, under nor-
mal circumstances spent fuel can be stored safely at re-
actor sites, using either pool or dry storage, during the Figure 4.5—Fuel Assembly
operating life of the reactor and for up to 30 years and Fuel Rod
thereafter. However, it may be prudent to provide a cen-
tral interim storage facility where spent fuel would be
under the full-time care of trained personnel and man-
agement whose exclusive responsibility is the fuel’s safe

storage and handling. goren
CAP

C. Rod Consolidation

Another safety issue is spent fuel consolidation. The SPRING
Commission studied whether spent fuel consolidation can p—
be carried out safely on a production scale at reactors, at an ¢
MRS, or at the repository and whether there are system amt
benefits to be obtained from consolidation. oeen —E 1

During rod consolidation, the non-fuel-bearing com- s =
ponents (upper and lower fuel-assembly tie plates, assem- e L
bly spacer grids, and any other assembly structural s —
members) are removed from spent fuel assemblies, reduced o :
in volume, and stored. The fuel rods are collected and i
closely packed into a bundle inside a canister to achieve
volume reduction, thereby potentially reducing the space
required for storage, transportation, or disposal. Figure 4.5
shows a typical fuel assembly and fuel rod. et il

Until recently, DOE, when comparing MRS and No- GRID by oy -
MRS options, has assumed consolidation would be a part FIENEREUETEREDE R
of the spent fuel management system. In addition, a num- R
ber of utilities have considered fuel rod consolidation as a i
way to increase spent fuel pool capacity. LOWER

To ascertain whether rod consolidation would affect E',...} it

system risk substantially, the Commission analyzed a No-
MRS case in which 50% of all spent fuel is consolidated at
the reactor site?? and an MRS case in which spent fuel
which passes through the MRS is consolidated at the MRS.
(See Table 4.8.) In the No-MRS case, public doses remain
essentially the same whether there is at-reactor consolida-
tion, but there is a small increase in occupational dose at Source: Nuclear Regulatory Commission
the reactor. In the MRS case, consolidation at the MRS
produces no significant change in either public or occupa-

tional risk.

The Commission sponsored an independent evaluation
of the risks, benefits, and economic costs of rod consolida-
tion at reactors, at an MRS facility, and at the repository.?4
In assessing the risks, factors considered were the maturity
of the technology, contamination control, generation of
secondary wastes, worker exposure, criticality, potential
accidents, and, for consolidation performed at the reactor,
potential adverse impacts on reactor safety. This assess-
ment concluded that both wet consolidation (which would
be used at reactors) and dry rod consolidation (which
would be used at an MRS or repository) are technically
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feasible, but are still in the developmental stage. The NRC
staff, in its 1986 evaluation of a draft of DOE’s MRS pro-
posal later submitted to Congress, essentially came to the
same conclusion concerning consolidation at the MRS.25
For wet consolidation at reactors, additional staffing re-
quirements and potential pool contamination are key utility
concerns. For dry consolidation at an MRS or repository,
production rate and generation of secondary wastes are po-
tential problems.26

In its initial MRS proposal, DOE stated that ““consol-
idation at an MRS offered system advantages by providing
more compact packages of waste, thus reducing the number
of packages to be handled, transported, and put under-
ground.”27 However, after conducting a series of system
studies reexamining the role of the MRS in the waste-man-
agement system, DOE now finds no significant benefits to
be obtained from rod consolidation at the MRS. In testi-
mony presented to the Commission DOE stated, “The
DOE will not presume at this point that the spent fuel will
be subjected to any operations like consolidation because
there is no clear incentive for such operations...The selec-
tion of the Yucca Mountain site has allowed the DOE’s
studies to focus on the economics of various waste-package
concepts for that site, and these studies have not identified

sufficient advantages for consolidation to warrant its use at
present.”28 Therefore, although rod consolidation probably
can be done safely at an MRS, there appears to be little in-
centive at present to introduce the potential risks associated
with this immature technology into the MRS facility. This
could change if, for example, increases in projected dispos-
al packaging costs provide greater incentive to reduce the
number of packages to be emplaced in the repository.
At-reactor rod consolidation also can apparently be
done safely,29 but has yet to be demonstrated at the com-
mercial scale necessary to make it an attractive alternative
to dry cask storage for the utilities. Utilities which have
tried rod consolidation have opted for dry storage instead.30
The Commission finds that rod consolidation has
yet to be demonstrated on a production-rate basis.
Whether performed at reactors or at an MRS, rod con-
solidation, like any other technology, poses some health
and safety risks, although these are estimated to be
small. Decisions on whether rod consolidation would
provide sufficient benefits to the waste management
system as a whole to justify the risks and costs must
await further development of the technology, the ship-
ping casks, and the repository. Until the need for and
feasibility of rod consolidation for the waste manage-




ment system are determined, utilities are expected to
continue to examine the benefits and costs of at-reactor
rod consolidation and make decisions appropriate to
their individual needs.

D. Safety of the MRS Facility

The Commission considered whether adding an MRS
facility would introduce substantial additional risks or envi-
ronmental impacts into the spent fuel management system.

A number of people expressed concern to the Com-
mission about the potential safety and environmental im-
pacts associated with adding another facility to the
system.3! Most of these concerns relate to transporting
spent fuel to and from the MRS. However, the State of
Tennessee, which extensively analyzed the MRS that DOE
planned to site near Oak Ridge, opposed siting the MRS
there, but not on safety or environmental grounds.32

The NRC staff evaluated the DOE proposal for an
MRS and concluded that (1) the nature of the opera-
tions involved—passive storage and relatively simple
mechanical processes—indicates the MRS would create
a limited potential for accidents or adverse conse-
quences; (2) the MRS conceptual design appears rea-
sonable from the standpoint of public health and safety,
and (3) it appears from the conceptual design that NRC
requirements can be met.33 The Commission agrees
with this assessment.

E. Dual-purpose Casks

The State of Tennessee has proposed an integrated
No-MRS system which it claims is superior to the inte-
grated MRS system proposed by DOE. The centerpiece of
the Tennessee proposal is the use of dual-purpose casks.
Dual-purpose casks are designed to be used for dry storage
and subsequent shipment of spent fuel to the repository.
(See Figure 4.6.) One of the principal advantages claimed
for dual-purpose casks is that using them reduces the num-
ber of times spent fuel must be handled.34 As a result, oc-
cupational radiation exposure to workers would be
reduced.35 )

A No-MRS case using dual-purpose casks was an-
alyzed using a computer code called MARC (MRS Review
Commission’s Analysis of System Risk and Cost—see
Chapter Three, Section Two and Appendix G). The occu-
pational dose was reduced by about 15% from 26,000 to

22,000 person-rem due to reduced cask loading and han-
dling doses at the reactor. (See Table 4.5.) However, the
public dose remained essentially the same.

There are some potential problems with using dual-
purpose casks. First, such casks are not currently approved
for use in the United States, although they are approved for
use in the Federal Republic of Germany and their use is be-
ing considered by other European countries.36 (See Appen-
dix D.) The NRC expects to receive and complete review
of an application for certification of a dual-purpose cask
within the next few years. However, there can be no assur-
ance now that certification will be forthcoming. Dual-pur-
pose casks will have to be certified under two sets of
regulations, 10 CFR Part 71 (transportation) and 10 CFR
Part 72 (storage). Transportation requirements are generally
more stringent than those for storage, and transport casks
must be recertified every five years. A concern regarding
whether a cask can be designed to meet both sets of re-
quirements is deterioration of the cask seal during long
storage periods before transportation. However, it is ex-
pected that dual-purpose casks will have a double lid and
two sets of seals so that the outer seals can be tested and re-

. placed, if necessary, without opening the cask or removing

the spent fuel to ensure containment after long periods of
storage.

Another potential problem is physical deterioration of
the basket which holds the fuel rods in place in the cask.
The principal concerns are: (1) whether the cask and basket
will maintain their integrity throughout prolonged storage
periods, perhaps up to 40 years, before transport, and (2)
whether the NRC will have sufficient confidence in this in-
tegrity to allow transport without requiring that the casks
be opened for inspection. If dual-purpose casks have to be
opened for inspection before shipping, their apparent risk
advantages would be substantially reduced.

The Commission finds that the use of dual-purpose
casks in either an MRS or a No-MRS system should be
seriously considered because the casks could require
less handling and create less occupational exposure.
However, dose reductions are small and, given the un-
certainties cited above, the dose reductions from using
dual-purpose casks do not provide a basis for discrimi-
nating between MRS and No-MRS options.

(For additional discussion of dual-purpose casks, see

‘Chapter Five, Section One, Part B.)
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Section Three: Environmental and Socioeconomic Effects

This section discusses the environmental impacts
which might be significant in comparing spent fuel man-
agement systems with and without an MRS, These include
the potential environmental impacts associated with dry
storage of spent fuel at reactor sites and construction, oper-

ation, and decommissioning of an MRS facility.

A. Effects of Storage

1. At Reactors

The environmental impacts associated with at-reactor
pool and dry storage of spent fuel assemblies are expected
to be insignificant. Dry storage will involve land use. How-
ever, most utilities have sufficient land to accommodate dry
storage, and land acquisition was considered under the en-
vironmental impact assessment for the original reactor

licensing actions.

When licensing at-reactor operations, the NRC must
consider environmental impacts. The NRC has already li
censed the dry storage of spent fuel at the Virginia Power
Company’s Surry Nuclear Power Station and at Carolina
Power and Light Company’s H.B. Robinson Nuclear Pro
ject. In each case, the NRC found no significant environ
mental impact.

2. At an MRS Facility

DOE has evaluated the range and types of environ
mental effects of an MRS and submitted its evaluation to
Congress.?” The information in this section is based on that
study.

DOE evaluated the environmental impacts of six MRS
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site-design combinations: three candidate sites with two de-
sign concepts at each. The two design concepts were based
on identical receiving and handling concepts but different
spent-fuel storage concepts: sealed storage cask and field
drywell. Since environmental impacts are to some extent
site specific, it is impossible to characterize accurately all
of the environmental impacts until the MRS site has been
identified. However, the DOE evaluation was designed to
compare the environmental effects of specific site-design
combinations and to reveal risks or impacts of elements of
the MRS facility design for three different types of sites.
This provides a basis for drawing general conclusions
about the expected environmental impact of an MRS.
Based on this evaluation, DOE found no design features for
either storage concept that created significant adverse im-
pacts or any that resulted in significantly different effects
across the three candidate sites.

Preconstruction and construction activities are ex-
pected to degrade, temporarily, the ambient air quality in
the immediate vicinity of the site. Short-term total sus-
pended particulate standards may be exceeded due to dust
from land disturbance and heavy vehicle traffic. No signifi-
cant aiborne emissions are anticipated from constructing
and operating an MRS facility.38 :

Waste heat generated by the facility is expected to in-
clude about 23 megawatts (MW) from heat generated from
the radioactive decay of spent fuel in the storage areas and
25 MW from the facility’s heating and air conditioning
cooling tower.3® No perceptible changes in the downwind
environment are anticipated. Decommissioning an MRS is
not expected to include major demolition or regrading.
Therefore, impacts from decommissioning activities are ex-
pected to be negligible. During construction, water quality
could be temporarily degraded from high-suspended solids
content of the runoff. Settling solids in runoff ponds before
discharging the water to surface waters will mitigate such
degradation. The MRS facility will be designed so that ra-
dioactive waterborne effluents are not discharged into the
environment. Effluents from wastewater treatment are ex-
pected to meet all State and EPA standards for industrial,
municipal, and domestic wastewater disposal.

The largest ecological impact will be the clearing of
land and subsequent loss of this land to production and
ecological processes. Up to 320 acres will be needed, de-
pending on the functions to be carried out at the MRS.

B. Socioeconomic Effects

The major socioeconomic impact resulting from the
development of any site-design combination is the loss of
the site for potential commercial development, with result-
ing potential loss of additional tax revenues. In the absence
of offsetting financial compensation, any demands the
MRS facility or its employees create on public services
would have to be met by State, Tribal, and local govern-
ment revenues. An adverse image for the local area, either
through perpetuation of economic uncertainty or through
fear of environmental hazards, could also affect commer-
cial development. Although little actual health risk from ra-
diation exposure is expected, the MRS facility may
generate socioeconomic impacts because of the public’s be-
havioral reactions to the perceived risk (the so-called ““stig-
ma effect’). This is discussed in more detail in Chapter
Seven.

The jobs and incomes the MRS creates would attract
people into the area and create demands for housing,
schools, community services, and infrastructures such as
utilities, roads, and sewers.

Aesthetic impacts include projected noise levels, prin-
cipally during construction, and visual impacts. Distance
and natural barriers would attenuate noise. Visual impacts
would be similar to that of any multi-story building com-
plex. The largest building at the facility would be the Re-
ceiving and Handling (R&H) building, a concrete structure
97 feet (about 9 stories) high. The main stack, 165 feet
above the ground level, would be on top of the R&H build-
ing. The 36-acre storage area would be an array of concrete
casks about 22 feet tall.40

In summary, based on the DOE environmental analy-
sis, the environmental impacts of an MRS are expected to
be similar to those associated with constructing and operat-
ing any similarly sized industrial facility.

C. Findings About Environmental and Socio-
economic Effects

The Commission finds that the environmental im-
pacts associated with spent fuel management will be
small and within regulatory limits for all spent fuel
management alternatives considered, regardless of
whether they include an MRS.




Section Four: Findings

The Commission finds that occupational, public,
and environmental effects associated with storing and
managing spent fuel are small and are expected to be
within appropriate regulatory limits regardless of the
spent fuel management alternative selected or the re-

pository start date assumed. The Commission also finds
that the differences in risks among the alternatives con-
sidered are so small they do not provide a basis for dis-

criminating between MRS and No-MRS alternatives.




Chapter Four Notes

1. Person-rem is a unit of population dose equivalent ob-
tained by multiplying the dose equivalent in rem by the popula-
tion exposed. In the Intenational System of Units, this would be
expressed in person-sieverts.

2. Estimates of the number of cancer fatalities resulting from
exposure to ionizing radiation vary from about 100 to several hun-
dred fatalities per million person-rem. The estimate of 400 fatal-
ities per million person-rem used in this report is based on
conversion factors used in the U.S. Environmental Protection
Agency’s (EPA) Draft Environmental Impact Statement for Pro-
posed NESHAPS (National Emission Standards for Hazardous
Air Pollutants) for Radionuclides, EPA 520/1-89-005, February,
1989, Vol.1, see, for example, p. 6-15.

3. The total life cycle dose from the MRS is about four per-
son-rem (see Table 4.4). Assuming a 40-year life for the system,
the yearly dose would be 0.1 person-rem.

4. Dose from natural background radiation: 0.3 rem/year x
one million persons exposed = 300,000 person-rem. Dose from
medical x-rays: 0.039 rem/year X one million persons exposed =
39,000 person-rem. The 0.3 rem/year and 0.039 rem/year figures
are taken from the National Council on Radiation Protection Re-
port No. 93, “Ionizing Radiation Exposure of the Population of
the United States,” September 1987, p. 53. The exposed popula-
tion of one million persons is based on an assumed population
within a 50-mile radius of the MRS—roughly equivalent to the
estimated population for the previously proposed site near Oak
Ridge, Tennessee. This same population estimate was used to cal-
culate the population dose from activities at the MRS.

5. The percent of in-transit doses to the truck driver and train
crew was estimated by performing two runs on the MARC
computer model (one for an MRS system and one for a No-MRS
system), with the program modified so that it would not calculate
doses to the driver and crew.

6. Modifications to RADTRAN III are described in the June
8, 1989, letter and attached draft report from Thomas H. Isaacs,
Associate Director, External Relations and Policy, Office of Civil-
ian Radioactive Waste Management, Department of Energy, to
Jane A. Axelrad, Executive Director, MRS Review Commission.
(“Development of RADTRAN-based Radiological Unit Risk Fac-
tors for Use in TRICAM,” May 31, 1989).

7. Golder Associates, “Safety and Environmental Impacts
for Alternative Spent Fuel Management Options,” July 1989.

8. McCorkle, George, Deputy Director, Division of Safe-
guards and Transportation, Office of Nuclear Material Safety and
Safeguards, U.S. Nuclear Regulatory Commission, Transcript of
Briefing Before the Monitored Retrievable Storage Review Com-
mission, May 25, 1989 (Hereafter cited as Briefing Transcript,
May 25, 1989).

9. Nuclear Regulatory Commission, ““Staff Evaluation of
U.S. Department of Energy Proposal For Monitored Retrievable
Storage,” NUREG-1168, March 1986 (Hereafter cited as
NUREG-1168).

10. For example, see Johnsrud, Judith, Ph.D., Director, Envi-
ronmental Coalition on Nuclear Power, and Research Director,
Food and Water Inc., Transcript of Monitored Retrievable Storage
Review Commission Public Hearings (Hereafter cited as Hear-
ings Transcript), December 1, 1988, p. 139; Bechtel, Dennis, Co-
ordinator, Clark County Comprehensive Planning Department,

Hearings Transcript, January 9, 1989, p. 47; Fulkerson, Robert,
Executive Director, Citizen Alert, Hearings Transcript, January 9,
1989, p. 289; Drey, Laura, News Editor, Coalition for Alternatives
to Shearon Harris, Hearings Transcript, February 16, 1989, pp.
170171, 179-180, 183.

11. Spent fuel is generated at a rate of about 2,000 metric
tons of uranium (MTU)/Yr. An MRS with a 15,000 MTU limit, as
now specified in the NWPAA, would be able to hold only 40 per-
cent of the 40,000 MTU expected to be accumulated by the year
2000 and only 25 percent of the 60,000 MTU expected to be ac-
cumulated by 2010.

12. On December 31, 1988, there were 107 light water reac-
tors (70 pressurized water reactors and 37 boiling water reactors)
operating in the United States. Department of Energy, *“Commer-
cial Nuclear Power 1989, Prospects for the United States and the
World,” DOE/EIA-0438(89), Appendix C.

13. Ebasco, “Spent Fuel Storage Need and At-Reactor Capa-
bility Study,” June 1989, pp. 5-10.

14. The Department of Energy’s Office of Civilian Radioac-
tive Waste Management is sponsoring the Facility Interface Capa-
bility Assessment (FICA) Project. The project objectives are to
determine and document existing and planned facility capabilities
to store and ship spent fuel and identify facilities where possible
interface changes could benefit the Federal waste management
system. Nuclear Assurance Corporation, the contractor perform-
ing the study, will visit 76 sites including all 122 facilities from
which commercial spent fuel will be accepted by the Federal
waste management system. The project is scheduled to be com-
pleted in early 1990.

15. The fuel’s age is important because, under the existing
contracts between the utilities and DOE, generally, DOE will not
accept spent fuel from the utilities until five years after its dis-
charge from the reactors. 10 CFR 961.11, Appendix E, Section B,
paragraph 3.

16. U.S. Nuclear Regulatory Commission, Waste Confidence
Decision Review, 54 FR 39767 (September 28, 1989). (See Chap-
ter 3, Note 20.)

17. Based on personal communications between James C.
Malaro, MRS Review Commission staff and the following staff of
the Nuclear Regulatory Commission: Peter Ericson, Project Man-
ager, Decommissioning and Environmental Project Directorate,
Office of Nuclear Reactor Regulation (August 22, 1989); Michael
Bell, Chief, Regulatory Branch, Division of Low Level Waste
Management and Decommissioning, Office of Nuclear Material
Safety and Safeguards (August 28, 1989); and Philip Ting, Sec-
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18. There are no generic safeguards requirements for storing
spent fuel at shutdown reactors. Safeguards requirements are tai-
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requirements of 10 CFR Part 73, “Physical Protection of Plants
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and Materials.” Specific security requirements are withheld from
public inspection because public disclosure could increase a
plant’s vulnerability to sabotage. However, Pacific Northwest
Laboratory, in estimating SAFSTOR costs, assumed a security
force consisting of a minimum of five armed personnel per shift
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of Decommissioning a Reference Boiling Water Reactor Power
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20. A Certified Fuel Handler is someone who has been train-
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she is certified. Humboldt Bay, for example, has an NRC-ap-
proved program for training and certifying fuel handlers. Al-
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Chapter Five

Health and Safety Effects of
Transporting Spent Fuel

The transportation of spent fuel is an issue of great
concern to many people. That was evident from the testi-
mony heard by the Commission around the country, and
the Commission made it a high priority in its study. This
chapter examines the effects of transporting spent fuel and
compares the safety of transportation as it would be carried
out in the spent fuel management alternatives under
consideration.

Section One examines the radiological effects of

transporting spent fuel with and without an MRS. Section
‘Two examines the non-radiological risks with and without
an MRS. Section Three shows the results of sensitivity an-
alyses performed to make certain that differences in as-
sumptions would not change the Commission’s findings.
Section Four presents the Commission’s findings. Appen-
dix J contains background information about the way spent
fuel transportation is regulated and managed.

Section One: Radiological Effects

To compare the overall radiological effects of having
and not having an MRS, the Commission estimated the to-
tal radiation exposure to all people during spent fuel trans-
portation as it would be conducted for each alternative and
then used a conversion formula to calculate how many
deaths might result from each.

A. MRS and No-MRS Base Cases

The base cases in this chapter’s analysis, using the
computer model MARC (see Chapter Three, Section Two),
are the same as the base cases—No-MRS, linked MRS, and
unlinked MRS—outlined in Chapter Three, Section Three,
and used in Chapter Four. The dual-purpose cask variation
explained below in Part B uses a different set of
assumptions. '

To limit the number of cases considered to a reason-
able number, a repository opening date of 2013 is assumed
for all cases in this chapter. The repository start date only
has marginal effect on the transportation risk. A few cases
involving repository start dates other than 2013 also were
considered. These, and the detailed modeling assumptions
and computer output, are described in a report prepared by
ICF Technology Incorporated for the MRS Review
Commission.!

1. Total Radiological Dose

Table 5.1 shows the total amount of radiation expo-
sure that would result from transportation if an MRS were
part of the spent fuel management system and if it were
not. The total amount of radiation exposure to all people
during transport is expressed in person-rem, a measure of
the effect of radiation on people. (Table 5.1 also contains
the results of the dual-purpose cask variation discussed
separately in Part B of this section.)

The “in-transit dose” is the dose that would be re-
ceived by both the crew and the public during transport; the
“handling dose” is the dose to workers during loading and
unloading of casks onto and from transportation vehicles.
“Total transport dose” is the sum of these two and is the
total radiation dose that would be received by the workers
and crew, and the general public along the paths of travel.
This includes expected doses during normal transport and
accidents. Estimated normal transport doses are signifi-
cantly higher than estimated accident-related doses.2 Table
5.1 shows that transportation of spent fuel, if there were not
an MRS, results in a total dose of 12,200 person-rem. If
there were a linked MRS, transportation of spent fuel
would result in a total dose of 9,000 person-rem.




To calculate the number of fatalities that would result
from such exposure, the Commission used the conversion
formula used in Chapter Four. The formula is that for each
10,000 person-rem incurred, there would result 4 calculated
latent cancer deaths. This means that transportation of
spent fuel would result in about 5 calculated latent fatalities
if there were no MRS and in less than 4 calculated fatalities
if there were an MRS. These estimates are for the entire pe-
riod during which the facilities would operate, or no more
than one-tenth of one calculated latent cancer per year. The
expected background radiation dose during the same time
period would produce an estimated 120 cancer deaths per
year to a population of a million people. The difference be-

tween the numbers with and without an MRS is far too
small to be useful in deciding between the two alternatives.

Relative to the MRS alternative, the No-MRS alterna-
tive calls for a high proportion of truck use. This is because
according to the DOE transportation system study assump-
tions,3 adopted here for the base cases, many reactors do
not have access to rail lines and would ship fuel all the way
to a repository by truck if there were no MRS.4 If there
were an MRS, some fuel could travel to the MRS by truck
and then be placed on a train to go to the repository.

To estimate the radiation exposure from transportation
for each alternative, the Commission used the transporta-
tion radiation dose data contained in a modified version of




RADTRAN III, a new data base supplied by DOE, rather
than the transportation dose data used in the DOE system
study. The latter study used radiological dose data devel-
oped by Argonne National Laboratory. The RADTRAN
data set produces higher estimates of truck doses and lower
estimates of train doses than the Argonne data set does.
The two data sets differ because of differences in assump-
tions about exposure. These are assumptions about such
factors as the number and spatial distribution of people in
rail yards, and the amount of shielding that may be pro-
vided by structures and vehicles.5 Because the Commission
used the RADTRAN III data, its dose estimates for the
cases involving a large proportion of truck use are higher
than they would have been if the Argonne dose data had
been used. Similarly, the Commission’s dose estimates for
cases involving a large proportion of train use are lower
than they would have been if the Argonne data had been
used. The difference between the MRS and No-MRS dose
is larger in the Commission’s estimates than in DOE’s sys-
tem study estimates, but the differences are small in both
sets of estimates. There are uncertainties associated with
dose data sets and, therefore, with the calculated results.6

2. Surrogate Measures

In some of their studies on the transportation issue,
DOE and the State of Tennessee use “surrogate measures”
to approximate risk.” For example, to compare the relative
radiological risk of various alternatives, these studies add
up the “cask-days” (the total number of days a transport
cask is in transit) or the “cask-miles” (the total number of
miles casks travel). The assumption is that having more
casks on the road would irradiate more people than getting
all the fuel sent to its destination with fewer casks. ““Ship-
ment-miles” (the total number of miles to be traveled by
all the shipments added together) is used as a surrogate for
accident probability, since the probability of an accident
varies directly with the total miles traveled, all other things
being equal.

*“All other things being equal” is an important caveat,
and surrogate measures must be used with an awareness of
their limitations. First, they represent only the in-transit
portion of transport operations and do not portray all of the
transport risks, which also include exposure to workers
while handling the spent fuel. As Table 5.1 shows, han-
dling risks are a significant element of total transport risk.
Second, two shipment-mile numbers, representing two dif-
ferent alternatives with different transport mode mixes, are
not comparable for considering non-radiological risks.
Trucks and trains have very different traffic fatality rates;
the fatality rate per train-mile is much higher than the cor-
responding rate per truck-mile. (Non-radiological risks for
the different alternatives are discussed in Section Two, be-

low.) Therefore, given two alternatives for interim spent
fuel storage, each with a different mode split between truck
and rail, a case with the lower total shipment-mile number,
but higher number of train miles, may actually have more
traffic fatalities and may not necessarily lower the overall
transportation risk. As can be seen from the discussion in
Section Two on non-radiological risks, traffic fatalities can
be several times greater than projected cancer fatalities.

Table 5.2 shows the surrogate risk measures (ship-
ment-miles and cask-miles) for the base cases portrayed in
Table S.1.

B. Dual-purpose Cask Variation

The two cases examined so far in this chapter assume
that transportation of spent fuel would be by both truck and
train to an MRS (or repository in the No-MRS case) and by
train from the MRS to the repository. When DOE proposed
an MRS in Tennessee, it asserted that having an MRS in
the spent fuel management system would reduce transpor-
tation risks because an MRS could collect incoming small
truck and rail shipments and combine them for transport to
the repository in large rail casks shipped by dedicated
trains (trains that would carry no cargo other than the spent
fuel). The State of Tennessee challenged DOE’s assump-
tions about transportation. Tennessee’s position has
evolved over time, and they now propose a No-MRS sys-
tem in which spent fuel would be put into large casks that




could be used for both storage and transport, called dual-
purpose casks.8 These casks would be shipped by rail di-
rectly from the reactors to the repository on dedicated
trains. If a reactor did not have direct access to rail trans-
port, the casks could be carried by barge or heavy-haul
truck to the nearest railhead to be reloaded onto dedicated
trains and sent to the repository. Tennessee argued that this
method would reduce the total shipment-miles and cask-
miles and thus reduce the overall radiological exposure
during transportation. Tennessee also said that exposure to
workers would be reduced because the casks require one
less handling step, since dual-purpose casks would not ne-
cessitate returning the casks to the spent fuel pool to load
fuel into transport casks.

The Commission analyzed a dual-purpose cask No-
MRS case under assumptions favorable to the concept, in-
cluding assumptions about maximum transportation effi-
ciency. All reactors were assumed to have rail access and
all transport from reactors was assumed to be by dedicated
trains. These changes in assumptions lowered the total
transportation dose estimate to 4,300 person-rem as shown
in Table 5.1. Because of the all-rail assumption, the dual-
purpose cask variation has the lowest radiological dose es-
timate of any of the cases examined, including those dis-
cussed in Section Three, below.

If a combination of standard storage and transport
casks with the same capacity as the dual-purpose casks
were used in the same all-rail transport case, the same dose
estimates would result for transport to a repository, because

the casks would travel the same number of cask-miles and
be loaded and unloaded the same number of times. How-
ever, since standard storage casks would have to be re-
turned to the spent fuel storage pool and the spent fuel
transferred to a transportation cask, the radiological expo-
sure at reactors for standard casks is higher.

However, overall doses for all the cases are small, and
so are the differences among them, both in person-rem and
the numbers of calculated latent fatalities they would pro-
duce. The small differences in the dose estimates do not
provide a clear-cut rationale for choosing between the MRS
and No-MRS alternatives, including the dual-purpose cask
variation, on the basis of transportation radiological risks.

Also, the dual-purpose cask case analyzed assumed
that the dual-purpose cask would be transportable even af-
ter long storage. Regulations might require the cask to be
opened for testing (of the spent fuel basket, for example)
before it is shipped after prolonged storage.” This would
nullify the dual-purpose casks’ theoretical advantage in re-
ducing handling dose.

C. Findings

The Commission finds that the estimates of the ra-
diological effects of transporting spent fuel are small,
and the difference between the estimates for different
alternatives is not large enough to make transportation
effects significant in choosing between alternatives.

Section Two: Non-radiological Risks—Traffic Accidents

One of the consequences of transporting spent fuel
would be an increase in the number of train and truck traf-
fic accidents, simply because there would be more trains or
trucks traveling. The radiological consequences of such ac-
cidents were taken into account in the analysis in Section
One above; measures to prevent and manage the radiologi-
cal consequences are discussed in detail in Appendix J.
This section, Section Two, considers the non-radiological
risks posed by spent fuel transportation, defined for the
purposes of this study as the number of traffic fatalities that
would result from train or truck accidents during the trans-
port of spent fuel.

Overall, there is practically no difference between the
results for the base cases—No-MRS, linked MRS, and un-
linked MRS. About 16 traffic fatalities would result from
transportation for each, during the entire time the MRS
and/or the repository would operate (see Table 5.3). This is

less than one fatality per year. Each year, 45,000 traffic
deaths occur in the United States. These differences in traf-
fic fatalities among the alternative strategies are not signifi-
cant enough for them to factor in a decision on whether to
build an MRS.

A. Traffic Fatality Rates

Truck accident statistics show the fatality rate for
large combination tractor-trailer trucks is about 0.05 deaths
per million vehicle-miles traveled.!©

To determine the rail fatality rate, statisticians have
used two different measures, one for miles traveled by en-
tire trains and another for miles traveled by individual
freight cars. The fatality rate for entire trains is about two
deaths per million miles.!! The rate for freight cars is much
smaller. The freight-car rate is approximately 1/70 of the
entire-train rate since trains average 70 freight cars each.




Consistent with the DOE transportation system study,
spent fuel, when transported by rail, is shipped on ‘“‘dedi-
cated” trains,!? that is, trains that carry nothing but spent
fuel. These trains would carry three or five casks—three if
leaving a reactor, five if leaving an MRS. This study uses
the entire-train rate to estimate the fatality rate for these
dedicated trains going to an MRS or repository, since the
entire cargo is spent fuel. The collision of the train—not
the number of railway cars involved—is the important
component for calculating train accidents.

When empty casks are returned to reactor sites, they
could be attached to non-dedicated trains. That is, the rail
car carrying the empty cask would be part of a train with
about 70 other cars carrying other kinds of cargo. There-
fore, only one-seventieth of the accident would be attrib-
uted to empty cask transport. This study uses the freight-
car rate to estimate the fatalities for these trips.

B. Base Cases and Dual-purpose Cask
Variation

The non-radiological risks for the No-MRS and the
MRS alternatives are presented in Table 5.3. The dual-
purpose cask case, a variation of the No-MRS base case,
was assumed to use 100 percent rail transport. The esti-

mates of fatalities are for the entire period of the first re-
pository program.

Table 5.3 provides an illustration of how little correla-
tion there is between total shipment-miles (see Section
One, above) and fatalities from traffic accidents for cases
with very different mode splits. All three cases have nearly
identical results for traffic fatalities—about 15—but very
different shipment-miles. Fatality rates for trains are sub- -
stantially higher than the rates for large combination trac-
tor-trailer trucks; the difference in the fatality rates is so
great that the substantially lower shipment-mile figure for
the 100 percent rail case barely compensates. Indeed, in the
100 percent rail case, if the empty casks were modeled as
being returned to the reactors via dedicated trains instead of
conventional trains, the fatalities for the all-rail case would
have been almost twice as high because of the additional
train trips required.

C. Findings

The Commission finds that the non-radiological
risks associated with the alternatives are small and that
differences among them are insignificant in determining
the need for an MRS.




Section Three: Sensitivity Analyses of Radiological
and Non-radiological Factors

To see how changes in certain assumptions would
affect the results of the base case analyses, the Commission
conducted ‘‘sensitivity analyses,” as explained in Chapter
Three. It examined the effects of linkages, transshipments
among reactors, increased rail use from reactors, routing to
avoid population centers, changing the theoretical location
of the MRS, and rod consolidation at reactors. These fac-
tors have both radiological and non-radiological
implications.

A. Linkages

Provisions in the Nuclear Waste Policy Amendments
Act (NWPAA) link the schedule for developing an MRS to
progress on developing the repository. The linkages restrict
the MRS schedule so that the MRS could begin operating
no earlier than three years before the repository begins op-
erating. The linkages also limit the MRS’s capacity to
10,000 MTU before the repository’s opening and 15,000
MTU thereafter.

Table 5.4 shows the effects of these schedule linkages

and capacity constraints—separately and combined—on
transportation risks. They show the changes in estimated
radiological dose and non-radiological (traffic accident)

fatalities.

Table 5.4 shows that linkages have little effect on
transportation risk, either radiological or non-radiological.
The estimated doses vary in range from a low of 9,000
person-rem to a high of 9,500—a change of less than 8 per-
cent. The traffic fatality differences are even smaller. Life-
cycle traffic fatality estimates range from 15.3 to 15.9—a
change of less than 5 percent. The differences are small be-
cause in all cases all spent fuel must ultimately be moved
to the repository.

B. Intrautility Transshipment

Intrautility transshipment was analyzed for its effects
on system safety performance. The effects on transporta-
tion risks were estimated to be small. (See Table 5.5.)

In the No-MRS case, transshipment would provide an
opportunity for reactors with truck access only to ship to
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reactor sites (owned by the same utility) having rail access
and take advantage of the greater transportation efficiency
for the eventual trips to the repository. In this case, trans-
shipment would reduce total truck miles and increase rail
miles slightly. The effect is to reduce dose and increase
traffic fatalities very slightly. With an MRS in the system,
transshipment plays a lesser role with respect to transport
efficiency resulting in smaller differences in doses.

C. Increased Rail Transport from Reactors

Most cases analyzed in this chapter follow the as-
sumptions in the DOE transportation system study about
use of rail service from reactor sites: 54 percent of the sites
have rail access, and for those which ship by rail, fuel is
shipped in three-cask dedicated trains.

Assumptions about both the mode mix (proportion of
trains and trucks) and the number of casks per train can be
varied. Section One, Part B analyzed the dose in a case in
which all reactors were assumed to have ready access to
rail service and all spent fuel was transported 100 percent
by rail. Even in this extreme case, the decrease in transport
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radiological risk was small: the dose changed from 12,200
person-rem for the No-MRS case to 4,300 person-rem for
the 100 percent rail case with dual-purpose casks (Table
5.1). Section Two showed that traffic fatalities remained
virtually the same despite variations in mode mix.!3

D. Population Avoidance Routing

It has been proposed that transportation routes be cho-
sen to avoid population centers to minimize the number of
people exposed.!4 Avoiding population centers of certain
sizes (for example, 500,000 or greater) would not neces-
sarily minimize the total number of people exposed along
the entire route. A direct route near or through some large
population centers might actually expose fewer people dur-
ing the whole trip than a longer, more circuitous route
avoiding those centers; for example, the longer trip could,
to avoid one center of 500,000 people, go through three
centers of 400,000 people each.

The routing rationale used in this study is the Depart-
ment of Transportation’s (DOT) highway routing rule for
trucks and an analogous one for rail. There is no Federal




routing standard for rail (see Appendix J). The DOT high
way routing standards do not require that trucks avoid pop-
ulation centers. They only require that trucks use the Inter-
state System bypass or beltway when available.!> The
Commission defers to DOT’s expertise in highway routing.

To test the population-avoidance concept for rail, the
Commission developed a No-MRS, 100 percent rail case
which avoids population centers of 500,000 people or
more. The result is that travel would increase from the 7.8
million train-miles of the previous 100 percent rail case to
9.1 million train-miles. Radiation dose estimates would re-
main virtually unchanged at 4,300 person-rem; however,
estimated traffic fatalities would increase from 15.5 to
18.2. Therefore, this variation does not appear to reduce the
already low transportation risks, and may slightly increase
them.

E. MRS Location

Recommending a site for an MRS is outside the Com-
mission’s charge. For analytical purposes, the MRS was as-
sumed to be located at a theoretical (generic) site in the
Eastern United States identified by an averaging method
described in Appendix G. To test the effects of the MRS lo-
cation on transportation risks, the location of the MRS was
changed to a generic central U.S. site. The results show lit-
tle change in risk as a result of a change in MRS location
(see Table 5.6).

The slight increase in radiological risk for the central
MRS case is attributable to an increase in truck shipment-
miles: from 16 million to 25 million. The slight decrease in

traffic fatality estimates is due principally to a reduction in
the miles traveled from the MRS, since a centrally-located
MRS would be closer to the proposed western-located re-
pository than an eastern-located MRS would be. In the ex-
treme case, if the MRS were located at the repository site,
the transportation risk would be the same as the No-MRS
case, since all spent fuel must move from the reactors to
the repository site in both cases.

F. At-reactor Rod Consolidation

If spent fuel rods are consolidated at a reactor, the re-
actor’s spent fuel pool can store a greater quantity of spent
fuel. Hence, at-reactor rod consolidation is an alternative to
dry storage to increase interim storage capacity at some re-
actors. To test how using rod consolidation might affect
transportation risks, the Commission analyzed a No-MRS,
at-reactor consolidation case. About 50 percent of the reac-
tors would have the capability to consolidate.!6 This case
assumed that these reactors would consolidate fuel to the
end of their operating lives. Truck cask capacity
(3PWR/7BWR assemblies) was not increased to take ad-
vantage of the reduced volume of the consolidated assem-
blies because the 80,000-pound gross vehicle weight legal
limit for trucks would be exceeded. That is, the case of
using overweight trucks—with its permitting and other in-
stitutional issues—was not modeled. (For a discussion of
overweight truck issues, see Appendix J.) Rail cask capaci-
ty was, in effect, doubled. Since rail shipments contribute
little to radiological dose, consolidation had limited effect
on overall transportation dose (Table 5.7). Reduction of the
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number of rail shipments needed, however, lowered the cases, and the differences among the realistic options
traffic fatality estimate from over 15 to under 11. are small. These differences should play no discriminat-
ing role in determining the need for an MRS. The theo-
G. Findings retical 100 percent rail No-MRS case had the lowest
The Commission finds that estimates of transport transport dose estimate, partly b‘ecause the model’s unit
risks would remain low in all variations on the base dose rates are much lower for rail than truck.

Table 5 7—Effects of At-reactor Rod Consolldatlon
e on Llfe-cycle Transportatlon B;sk
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Section Four: Findings

The Commission finds that transportation risks— dertaking these analyses, the Commission conducted a
both radiological and non-radiological—associated with review and critique of transportation and siting-related
all of the spent fuel management alternatives are small studies by the Department of Energy and the State of
and are not discriminating in the determination of the Tennessee, directly addressing the need for an MRS.17
need for an MRS. Further, because the risks are small, These studies also found that transportation risks are
apparent differences in results arising from the use of small. Indeed, the Commission agrees with both the
different assumptions, whether they pertain to trans- current position of DOE18 and the conclusion of the
portation mode split or the role of special casks, are University of Tennesseel? that these small risks should
equally non-discriminating in the decision-making. not be a discriminating factor in determining the need

This finding is in accord with the results of other for an MRS.
studies, although the numbers may differ. Before un-
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Chapter Six

Spent Fuel Management Costs

This chapter analyzes the costs that would be incurred
by the Department of Energy (DOE) and utilities that oper-
ate nuclear power plants if a monitored retrievable storage
(MRS) facility were or were not part of the U.S. spent fuel
management system. Section One explains the costs and
defines terms used in this analysis. Section Two explains
what data sources the analyses used and what differences in

results are created by using one rather than another data
source. Section Three analyzes the costs of the various
spent fuel management alternatives examined by the MRS
Review Commission and shows how the costs change with
time. Section Four explains the effects of discounting. Sec-
tion Five contains the Commission’s findings.

~ Section One: Background

The costs this chapter discusses are those of managing
all the spent fuel that has been or will be produced at exist-
ing U.S. nuclear power plants, from the time the fuel is
discharged from the reactor to when it is emplaced in a
repository. The study assumes that no more nuclear plants
will be built in the United States. The basic unit of analysis
is the ““life-cycle cost” of the entire national spent fuel
management and disposal system. It is called life-cycle be-
cause it refers to the entire time the spent fuel management
program operates.

Estimates of the time period required to emplace all
the spent fuel in permanent geologic disposal vary some-
what with assumptions about how long existing reactors
will operate, whether reactors’ operating lives will be ex-
tended, whether reactors will shut down early, when reac-
tors still under construction will become operational, and
what system—MRS or not—is used to manage the spent
fuel. However, this chapter’s analyses assume that the last
removal of spent fuel from an operating reactor core in the
United States will take place in the year 2037 and that all
spent fuel will have been emplaced in the repository by the
year 2050 at the latest.

Figure 6.1 and Table 6.1 illustrate where spent fuel
would be stored from 1995 through 2045 if there were a
linked MRS in the system in 2000 and a repository in 2003.
Figure 6.2 and Table 6.2 illustrate where the same amount
of fuel would be stored if there were no MRS and if a re-

pository were delayed until the year 2013. Each figure
shows how much fuel would be stored where in a given
year. For example, Figure 6.1 shows that in the year 2015,
if there were a linked MRS, a relatively small amount of
fuel, only about 400 metric tons uranium (MTU), would be
in dry storage at reactors, about 28,000 MTU in pool stor-
age, 15,000 MTU in MRS storage, and about 28,000 MTU
at the repository. For the same year, Figure 6.2 shows that,
if there were no MRS, slightly more than 20,000 MTU
would be in dry storage, almost 50,000 MTU in pool stor-
age, and only 2,000 MTU at the repository.

The cases these figures illustrate are two of the six
principal cases analyzed in this chapter. The purpose of the
analysis is to estimate how and why spent fuel storage and
transportation costs will vary over time as the location of
the spent fuel changes. As the two figures illustrate, the
variation between scenarios can be quite large even though
the total amount of spent fuel to be stored, transported, and
disposed of remains the same.

Some costs would be paid by the utilities directly and
some by the Nuclear Waste Fund (NWF). The proportion
each would pay also varies considerably among the cases
this chapter analyzed.

Under current law, utilities pay the costs of managing
and storing spent fuel while it is stored at reactors. The cost
of storing spent fuel at reactors includes the cost of rerack-
ing pools to increase their capacity and providing out-of-




Figure 6.1—Location of Spent Fuel, MRS in 2000. Repository in 2003a.b
MRS 2000, Repository 2003
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Table 6.1—Location of Spent Fuel, MRS in 2000, Repository in 2003""

POOL
DRY STORAGE MRS STORAGE

YEAR AT-REACTORS STORAGE AT-REACTORS REPOSITORY
1995 1,286 0 29,860 0
2000 3,194 2,000 36,125 0
2005 3,562 12,099 L 2,000
2010 2,351 15,000 30,157 12,787
2015 422 15,000 27,862 27,786
2020 174 15,000 19,516 42,785
2025 201 15,000 10,737 57,784
2030 0 9,768 3,592 72,784
2035 0 2,308 543 83,783
2040 0 0 148 86,607
2045 0 0 0 86,756

‘Source: WACUM Simulator.

Shown graphically in Figure 6.1
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Figure 6.2—Location of Spent Fuel, No-MRS. Repository in 20132
No-MRS, Repository in 2013
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Table 6.2—Location of Spent Fuel, No-MRS, Repository in 201 3"

¢ 1 05

|
POOL
DRY STORAGE MRS STORAGE

YEAR AT-REACTORS STORAGE AT-REACTORS REPOSITORY
1995 1,286 28,680 0
2000 T 36,807 0
2005 8,019 42,026 0
2010 13,932 46,362 0
2015 20,007 49914 1,149
2020 20,819 43,857 12,798
2025 19,208 36,799 27,715
2030 15,459 28,037 45,644
2035 8311 20,438 57,596
2040 1,048 13,272 72,436
2045 0 0 86,756

Source: WACUM Simulator :

“Shown graphically in Figure 6.2
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pool dry storage if necessary. If a repository or an MRS
were not operating or did not have adequate capacity, spent
fuel stored at shutdown reactors would have to remain
there. In this case, the utility would incur considerably
more expense for spent fuel management and security than
if the spent fuel could be removed and responsibility for it
turned over to the Department of Energy. DOE analyses do
not include these costs as a component of at-reactor costs,
but the Commission believes these costs are a legitimate
component of total system cost and should be considered in
evaluating the need for an MRS facility.

After spent fuel leaves the reactor site, costs are to be
paid from the federally administered Nuclear Waste Fund
(NWPEF). The NWF pays the costs of: transporting spent fuel
from reactors to the repository and, if it exists, the MRS;
building and operating the repository and MRS; funding all
of DOE’s research and development to support the design
of the national nuclear waste management and disposal

system; benefit payments to State governments or Indian
Tribes; and the department’s expenses to administer the na-
tional nuclear waste program. '

Utilities are required to pay into the NWF one mill per
net kilowatt-hour of electricity they generate from nuclear
sources. This fee is treated as an operating expense and
passed on to consumers through the utilities’ rates, At-reac-
tor storage costs incurred directly by utilities are also pas-
sed on to ratepayers, but some utilities may have to pay
considerably more than others for this storage. For exam-
ple, a utility operating a new reactor with a large pool
might incur little extra expense if the repository were de-
layed and an MRS were not available, as in the case illus-
trated in Figure 6.2, while a utility operating an older reac-
tor with a smaller pool might have to add substantial
amounts of dry storage in the same circumstances. The dis-
tribution of system costs is discussed in Chapter Seven.

Section Two: Cost Estimate Data Sources and Differences

The cost analyses in this chapter are based on several
data bases. Each data base has its uses and limitations. This
section explains the data sources, then explains the differ-
ences among them.

A. Data Sources

The primary data sources for this chapter are DOE’s
Total-System Life-Cycle Cost (TSLCC)! and a data base
and a model developed for the Commission—the Interim
Spent Fuel Management Cost Data Base (ISFM) and The
Nuclear WAste Cost Data Base and SimUlation Model
(WACUM).

1. DOE Cost Analyses

a. TSLCC

Annually since 1983, the Department of Energy has
estimated the national nuclear waste management and
disposal system’s life-cycle costs and has reported them
in the Total-System Life-Cycle Cost Report (TSLCC).
DOE’s purpose in doing so is to determine whether or not
the fee levied on nuclear-generated electricity and paid into
the NWF will produce enough revenue to pay for the pro-
jected costs of the system over its lifetime. Table 6.3 lists
the estimates made each year in this Total-System Life-
Cycle Cost Report.

The estimates change from year to year because of
changes in: (1) the configuration and components of the

system being costed, (2) assumptions about when system
components would become operational, and (3) assump-
tions about how much waste would be created. There have
been significant changes in each assumption since 1983.2

The 1983-1987 estimates in Table 6.3 are given in
ranges, because, before the Nuclear Waste Policy Amend-
ments Act of 1987 (NWPAA), DOE was estimating costs
for characterizing three sites for the first repository. Thus,
the total cost varied according to which of three repository
sites was used, and DOE provided a range to reflect that
fact. The single value shown for 1988 reflects the fact that
the NWPAA directed DOE to characterize only the Yucca
Mountain site.

In the system studies3 (see below), prepared by DOE
for the Commission, and in the 1989 TSLCC report, DOE
discussed two major modifications to previous system de-
signs, both of which have major cost implications. The first
is the substitution of a “‘basic” MRS, which would limit its
services essentially to storing intact spent fuel, in place of
the earlier proposal for a “fully integrated” MRS, which
would have consolidated and packaged spent fuel. In a
two-repository system, such as the one the Nuclear Waste
Policy Act of 1982 envisioned, the MRS would service
only the first repository, with the second repository receiv-
ing spent fuel directly from the reactors. DOE believes that
building a basic, rather than integrated, MRS would reduce
an MRS facility’s estimated cost from $3.1 billion to $1.8
billion for a one-repository system and from $2.3 billion to
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$1.4 billion in the two-repository case.# The second major
change reflected in the 1989 TSLCC report involves build-
ing one repository rather than two. DOE estimates that this
change would reduce the estimated total system cost by
$7.3 billion.> The 1989 estimate in Table 6.3 is based on a
two-repository, “packaging” MRS to be comparable with
carlier years’ estimates. If a basic MRS with only one re-
pository were used instead, the total system cost would
drop to $23.8 billion.6 In this analysis, the Commission
used the basic MRS and a one-repository system as the ba-
sis for comparing alternatives.

Although detailed in design and well documented and
rigorous in its analysis, the TSLCC report was of limited
use in analyzing the economic aspects of the charge that
Congress gave to the MRS Review Commission. The
TSLCC report’s focus is largely limited to DOE’s current
program strategy, which does not include the No-MRS al-
ternative. The Commission was required to evaluate DOE’s
strategy as well as the principal alternatives to it, specifi-
cally the No-MRS alternative. Further, the TSLCC Report
rests on “‘a single set of engineering assumptions” and thus

does not provide an adequate basis for analyzing the uncer-
tainty in the cost estimates evident in the year-to-year vari-
ations observable in Table 6.3.7

b. System Studies

DOE’s system studies include a wider range of alter-
natives. The studies were based on some 90 different cases,
corresponding to different system configurations and
schedules, but all of the cases were based on the same set
of engineering cost estimates. Hence, DOE’s analysis of
the uncertainty inherent in the cost estimates is limited;
moreover, DOE did not consider delays in the repository
program beyond the year 2013.

2. Commission Analytical Tools

Because of the DOE studies’ limitations and the re-
cord of significant increases in the estimates of the total
program costs, the Commission conducted an independent
survey of existing cost estimates and developed its own an-
alytical tools, a data base and a simulation model, to an-
alyze their uncertainty.




a. The Interim Spent Fuel Management Cost Data
Base (ISFM)

The ISFM has two parts: (1) a historical data base
which summarizes previous cost estimates and (2) a proba-
bilistic data base that was derived from a panel of experts
who reviewed the historical data base and estimated a prob-
ability distribution for each principal cost in a subjective
but structured manner.8

The costs were organized into 90 ““accounts’ defined
so they could be used as input data in the WACUM cost
simulation model described below. An account can be un-
derstood as a discrete cost-incurring activity in the spent
fuel management system, such as reracking pools, unload-
ing casks, or making benefit payments to States or Indian
Tribes.

To define the probabilistic data base, the experts met
as a group. After being trained in probabilistic cost estima-
tion, the group developed a probability distribution for each
of the 90 cost accounts in the probabilistic version of the
ISFM cost data base.? Although the group used the histori-
cal estimates that had been made by DOE and others as a
point of departure, their goal was to forecast a range for the

"degree of uncertainty in these costs for each account. The
principal reasons for uncertainty are that the technology is
still being developed; the estimates have to extend 40 or 50
years into the future; the regulations are still evolving; and
legislation may change.

b. The Nuclear WAste Cost Data Base and SimUla-
tion Model (WACUM)

WACUM was developed to estimate the spent fuel
management and disposal system’s costs under a variety of
possible cases. It was designed to use the ISFM cost ac-
counts to analyze the uncertainty associated with the costs
of various system elements, including the MRS construc-
tion and operation.!© WACUM constructs a *“‘requirements
file” that indicates how large or small various system parts
would have to be—for example, MRS capacity, how many
casks are needed for at-reactor storage, and for how long
the facilities in the system will have to operate. Then the
model combines the requirements file with the data base to
estimate the total system cost for different assumptions
about what the composition of the system would be, e.g.,
whether it would include an MRS and when the repository
would begin to operate. WACUM allows the user to choose
among three pick-up rules: oldest fuel first (OFF), which
was used in the DOE studies;!! oldest fuel first from stor-
age pools which are full (FUL), and oldest fuel first from
pools which are full and have been reracked (RRK).12

The MRS Review Commission’s Analysis of System
Risk and Cost (MARC) network optimization model (de-
scribed in Chapter Three) also can be used to analyze costs

and has been used to analyze various alternatives. The
analysis in this chapter relies primarily on the WACUM
model and the ISFM data base, but the relationship be-
tween the costs of the cases analyzed is the same whether
the WACUM or MARC costs are used.

B. Data Differences

Table 6.4 compares cost estimates prepared for the
Commission by DOE to the Commission’s WACUM esti-
mates.!3 With two exceptions, DOE’s estimates use the
same cost assumptions and estimating methods as the DOE
system studies and TSLCC report. They assume a single
repository and the same repository and MRS schedules
used in the Commission’s cases. Total costs and component
costs (parts of the total cost, such as at-reactor costs) for
three cases and three schedules are shown.

The apparent correlation between the total cost esti-
mates suggests more similarity between the DOE and
WACUM estimates than a comparison of the individual
cost components justifies. Significant differences between
the two estimates are the result of differences among the
types of costs included, the basic assumptions used, and the
estimation methods used.

1. Assumptions and Inclusions

a. Totals

DOE included in its estimates the costs of processing
high-level defense wastes as well as civilian wastes;
WACUM estimated only civilian waste costs. If defense
wastes had been included, the WACUM totals would be
about 10 percent higher.14

b. At-reactor Storage Costs

Another major source of difference between the esti-
mates is apparent in the treatment of at-reactor storage
costs. The costs of acquiring and servicing dry storage fa-
cilities comprise most of DOE’s estimated at-reactor stor-
age costs, while WACUM includes a considerably wider
range of costs in this category. The WACUM estimates in-
clude the costs of reracking pools, loading and unloading
casks, and all necessary at-reactor infrastructure, as well as,
most important, the costs incurred by delaying the removal
of spent fuel from shutdown reactors. DOE discusses the
costs of delaying the removal of spent fuel from shutdown
reactors in the Task G Report of the system studies, but
does not incorporate them into its estimates of total system
costs. !5

As illustrated in Table 6.4, which shows the costs of
delaying the removal of spent fuel from shutdown reactors
in brackets under total at-reactor costs, 6 the shutdown re-
actor costs become substantial in cases in which the reposi-
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tory is significantly delayed and an MRS with sufficient ca-
pacity to accept the fuel is not available. In the extreme
case, in which the repository does not open until the year
2023, the shutdown reactor costs would add $3.6 billion to
the total system costs of a No-MRS case but would amount
to only $0.5 billion if an unlinked MRS had been operating
since 2000. If these costs were not included in the Com-
mission’s estimates of at-reactor storage costs, the estimate
would come much closer to DOE’s, but the difference be-
tween the total system cost estimates, in most cases, would
grow rather than shrink.!” Shutdown reactor costs are in-
cluded in the WACUM estimates but not in those made by
DOE. As the repository is delayed, this difference is the
principal reason why the No-MRS alternative becomes
more expensive than the unlinked MRS case in the
WACUM estimates, but remains less expensive in the
DOE estimates.

The differences between at-reactor storage estimates
also are partly attributable to the different pick-up rules.
DOE used the oldest fuel first pick-up rule, and WACUM
used the more economically efficient RRK pick-up rule de-
scribed in Section Two, Part A.2, above. The oidest-fuel-
first pick-up rule is inefficient because older fuel may be
picked up from reactors with in-pool storage capacity be-
fore fuel can be picked up from reactors with full pools
which must put spent fuel in dry storage. Thus, more ex-
pense is incurred for dry storage than an efficient pick-up
rule would incur. Using a more economically efficient
pick-up rule reduces at-reactor storage cost about ten per-
cent, but this reduction translates into a much smaller re-
duction in total system costs since this cost category
comprises a relatively small part of the total.

¢. Development and Evaluation Costs

Development and evaluation (D&E) costs are also a
significant source of difference in Table 6.4 in the delayed
repository cases. The panel of analysts which created the
ISFM data base for the WACUM model did not attempt to
establish a probability distribution for these costs. The in-
formation available at the time reflected the parallel char-
acterization mandate calling for DOE to ascertain the
suitability of three repository sites simultaneously, rather
than making the sequential characterization mandated by
the NWPAA, which directed DOE to characterize only the
Yucca Mountain, Nevada site. Since most costs in this cate-
gory are related to the repository, the panel did not believe
it had adequate information to establish a meaningful prob-
ability distribution for D&E costs. Hence, in the WACUM
model, D&E costs are held essentially constant at the level
of the DOE estimate for the repository in the year 2003
case. D&E costs for the MRS and the transportation system

are included or excluded as appropriate for the case being
analyzed.

DOE assumes that D&E costs will continue to accu-
mulate if the repository is delayed and, when the delay is
considerable, this creates a significant difference between
the two estimates. If the D&E costs in the WACUM esti-
mates were to be escalated at the same rate observed in the
DOE estimates for the cases in which the repository is as-
sumed to be delayed, the WACUM total cost estimate
would increase by approximately 15 percent.!8

2. Treatment of Uncertainty

The WACUM estimates, described in Section Two,
Part A.2.b, were made with the probabilistic or encoded
version of the ISFM cost data base. DOE’s estimates usu-
ally include a 20 to 40 percent contingency, but they are
based on today’s best engineering judgment of what it
would cost to build or operate the cost component in
question.

Since the WACUM estimates explicitly focus on un-
certainty in cost and since the uncertainty involved in some
system elements is so great, the WACUM estimates tend to
be higher than the DOE estimates for many of the system’s
individual cost accounts. For example, the repository cost
component in Table 6.4 is derived from ISFM data for sev-
eral accounts, a major one being the cost of the waste pack-
age. WACUM'’s “expected” or average value of the
probability distribution, derived from the ISFM data base,
for the cost of an individual disposal waste package is
$73,000. This is more than twice as high as the DOE’s
$31,000 estimate. However, the modal, or ‘“most likely,”
value, in the judgment of those making the estimates for
the ISFM data base, was $45,000 per package, which is
higher than but much closer to DOE’s estimate. The reason
the average or “expected” value of the probability distribu-
tion is higher than the modal or “‘most likely” value is that
those persons who encoded the data base assigned a ‘‘max-
imum,” or 90 percent, value of $150,000 per waste pack-
age. They assigned this value because they believed there
was a great deal of uncertainty about the materials and
technology that eventually might be required to meet the
repository license requirements. As a consequence, the
average or expected value of the probability distribution is
“pulled” considerably above the modal value.

The State of Tennessee’s cost analyses also use a
probabilistic approach, which, although different from the
one used to construct the ISFM data base for WACUM,
also yields higher estimates than DOE'’s analysis.!? This
basic difference in the approach to cost estimating is most
relevant in explaining the differences in the estimates of
the costs of the repository and the MRS facility, where
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the development of new technologies and the consequences
of evolving regulatory and licensing issues are most
prevalent.

Table 6.5 shows the probability distributions for the
totals and cost components for the same three cases (No-
MRS, linked MRS, unlinked MRS) and repository start
schedules (2003, 2013, 2023) used in Table 6.4. The total
costs are the underlined numbers in each column. The
probability levels were estimated by WACUM, using
Monte Carlo simulation.20 This technique uses a large
number of iterations to construct a distribution describing
the probability that the system’s total costs and its compo-
nents will fall above or below a particular value. Individual
cost account values are selected for inclusion in a particular
iteration based on the probability they were assigned in the
encoded data base. That is, about 10 percent of the time the
minimum value for an individual cost account will be in-
cluded in an individual iteration and about 10 percent of
the time the maximum or 90 percent value will be includ-
ed. Eighty percent of the time the average value (EV) is se-
lected. The figure’s three columns, 10 percent, EV, and 90
percent contain values in billions of constant 1989 dollars.
The EV column in Table 6.5 is the same as the WACUM
column in Table 6.4. The percentages have the same mean-
ing as explained in Section Two, Part A.2, above.

The uncertainty in the estimates for the 90 individual
cost accounts is reflected in the very wide range between
the 10 and 90 percent levels for the totals. The wider the
individual cost account ranges, the wider the distribution
ranges for the totals. The breadth of the range might sug-
gest extreme uncertainty but it might be noted that the dif-
ference between the initial cost estimates and final cost of
completion for most large nuclear facilities is much greater
than the range in Table 6.5. For every case analyzed, the
expected value of the total system costs is within the range
estimated for every other case, although the overlap is quite
small in the case of the lowest cost case (No-MRS, reposi-

tory in 2003) and the highest cost case (linked MRS in
2020, repository in 2023); the expected value of $24.8
billion in the No-MRS, repository in 2003 case barely
exceeds the $24.0 billion lower limit in the linked MRS in
2020, repository in 2023 case.

Considerably more disparity is evident in some of the
cost components. The low end of the range for at-reactor
costs in all three of the No-MRS cases exceeds the upper
end of the range of the three unlinked MRS cases (shown
in the far right column). In both cases in which the reposi-
tory is delayed (the 2013 and 2023 panels), the expected
value MRS costs in the linked strategy fall below the lower
end of the range of MRS costs estimated for the unlinked
MRS strategy. Since the same volume of spent fuel will
have to be transported and emplaced in the repository in all
cases, as might be expected, little variation is observed be-
tween the cost categories in the cases shown in the table. In
general, however, the comparison of the expected values
and the estimated ranges shows that uncertainty in the un-
derlying cost data is so great that it is hard to be very
confident that the differences observed in the estimates are
significant.

The DOE estimates, listed in Table 6.4, fall within the
range projected by WACUM in Table 6.5, although, as the
preceding discussion indicates, this may be more a function
of averaging and off-setting assumptions than any sort of
mutual validation of the two sets of estimates.

These comparisons are not intended to show that one
set of estimates is more ‘““correct” or “‘accurate” than an-
other. Using different data and methods to estimate the
building and operating costs for first-of-a-kind facilities
that probably will not be built until well into the next cen-
tury should not be expected to result in closely comparable
estimates. Rather, these comparisons are intended to illus-
trate the nature of the differences among the estimates and
the degree of uncertainty inherent in them.

Section Three: Cost Analysis

Table 6.6 summarizes the estimated costs of three
components of the spent fuel management and disposal
system for some of the cases that the Commission evalu-
ated. The first column, MRS Cost, includes 