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EXECUTIVE SUMMARY

On March 31, 1987, the Department of Energy (DCE) submitted to the
Congress, in response to Section 141 of the Nuclear Waste Policy Act of 1982
(the Act), a proposal for the construction of a facility for monitored retriev-
able storage (MRS), The proposed MRS facility would be fully integrated into
the overall waste-management system to scerve as a centralized ftacility for
receiving spent fuel from commercial reactors, for preparing spent fuel for
permanent disposal in a geologic repository, and for temporarily storing a
limited amount of the prepared waste pending shipment to the repository.

The integrated MRS facility offers important advantages that would
benefit both development and operation of the overall waste management
system. The MRS facility would improve system development by providing a
stepwise approach to moving from the current state of experience to full-scale
operation of a disposal system including a repository. [t would allow DOE to
proceed immediately to plan for, and implement a wmajor part of, the waste-
management system independent of the remaining issues to be resolved about the
repository. The siting and construction of an MRS facllity would also yield
major institutional benefits by making a significant step forward that would
give added momentum for implementing the entire system and provide expertence
at interactions with a hodt State and local community that would benefit later
relations with the repository host.

The MRS facility would enhance the operation of the wagte-management
system in several fmportant ways. It would accelerate waste acceptance, thus
reducing the need for new temporary storage facilities at reactors and the
attendant spent-fuel-handling operations, licensing efforts, and costs. The
buffer-storage capacity of the MRS facility would provide improved system
reliability and flexibility by allowing the functions of spent-fuel acceptance
from reactors and spent-fuel emplacement in the repository to proceed inde-
pendently, so that interruptions in one would not affect the other. It would
simplify facilities and operations at the repository by shifting a major part
of waste-package preparation to another site. Finally, it would improve
trangportation by allowing the longest leg of the journey from the reactor to
the repository to take place In very large casks on dedicated trains, thereby
reducing the costs and impacts of waste transportation,

These benefits can be obtained at a reasonable cost. Recent estimates
show that the overall cost for the development and operattfon of a waste-
management system that includes an MRS facility would be approximately $1.5 to
$1.6 billion higher than that for a system without an MRS facility. This dif-
ference is less than 5 percent of the total-system life-cycle costs for the
current reference system without an MRS facility.

Since the DOE developed the MRS proposal for the Congress, a number of
questions have been raised by the General Accounting Office (GAO), the State
of Tennessee, and others concerning the need for the MRS facility and the
feasibility of achieving comparable performance for the overall waste-
management system without an MRS facility. This report was prepared to pro-
vide additional information to address these questions.



This report reviews potential modifications to the currently authorized
system (the "reference no-MRS system'"); describes and compares alternative
no-MRS systems that incorporate these potential modifications to varying
degrees; and provides a summary comparison of a modified no-MRS system with a
similar system that lancludes an MRS facility., Also included are additional
information on the views of some U,S, utilities on the need for the MRS facil-
ity and preliminary estimates of institutional costs identified but not quan-
tified in the DOE's proposal to the Congress,

Nothing in this analysis indicates the need for any substantive changes
in_the conclusions reached in the DOL's proposal about che system benefits and
costs of an integrated MRS facility. The research and development programs
described in the DOE's proposal to the Congress may yield technological
advances that can improve the waste-management system with or without an in-
tegrated MRS facility. However, none of these advances appears likely to sig-
nificantly alter the net relative advantages offered by the MRS facility or
the relative costs of adding that facility to the system.

In particular, the system-development and institutional benefits of the
MRS facility can best be cbtained by the construction and operation of a
large~scale centralized waste-management facility--the MRS facility--several
years before the first geologic repository. Without an MRS facility, many of
the first-of-a-kind technical and institutional challenges of waste management
and disposal will be faced at the first repository. With the MRS facility in
the system, many of the pertinent issues, except for the issuec of long-term
disposal, will have been addressed before the final development efforts for
the first repository.

Of the operational benefits identified for the MRS facility, it would
appear that only the transportation improvements can be obtained by modifica-
tions to the no-MRS system, and then only to a lesser degree than would be
possible if the same modifications are applied to the system that includes an
MRS facility,

The views of the utility industry--as represented by testimony before the
Congress and determined in a limited DOE study of several utilities--indicate
strong support for an MRS facllity and similarly strong opposition to perform-
ing at reactor sites several waste-preparation operations that would be per-
formed at the MRS facility.

The dlscussions that follow briefly describe the evaluations performed in
Lthis study and summarize the results.

Achieving comparable performance without the MRS facility

The GAO and others have contended that the MRS proposal to the Congress
does not compare an improved waste-management system without an MRS facility
with a system that includes an MRS facility. According to these commenters,

such a comparison is needed to determine the true value of an MRS facility to
the system.

Assessment of alternative no-MRS cases. This report presents the bene-
fits and costs associated with five alternative modifications to the reference
no-MRS system that incorporate various combinations of technologies. The
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technological options considered include large-capacity transportation casks;
dual-purpose storage-and-transportation casks for the at-reactor storage of
spent fuel; at-reactor preparation of spent~fuel canisters that are compatible
with the rest of the waste-management system; and at-reactor spent-fuel con-
solidation, The alternatives evaluated represent increasing degrees of trans-
fer of waste-management activities from the Federal waste-management system to
reactor sites, They range from an alternative system that involves only mod-
ifications to the Federal waste-management system to one in which the prepara-
tion of a repository-ready disposal canister--a key function planned for the
MRS facility--is performed at reactor sites lInstead.

The evaluation of the five no-MRS alternatives ldentified one option that
has significant advantages over the current reference no-MRS system and all of
the other options. This option--alternative l--involves the use of large-
capacity transportation casks and DOE guidance and advice to encourage util-
ities who choose to consolidate spent fuel to use a canister that is
compatible with the rest of the waste-management system. These modifications
can be implemented in the Federal waste-management system with little
intrusion into utility activities. They would reduce overall system costs by
$400-$500 million and also reduce the occupational and public risk of
radiation exposure, primarily as a result of the transportation improvements
resulting from the use of large-capacity casks.

The comparison indicates that involvement by the utilities in waste-
preparation activities beyond those they would voluntarily undertake to deal
with their own storage problems would lead to cost lmpacts that range from
only minor cost reductions to substantial cost increases compared with per-
forming those activities at the repository. For example, the analysis in-
dicates that DOE action to encourage or require the consolidation of spent
fuel at reactors (a function now planned for the MRS facility or for a repos-
itory if an MRS facility 1s not authorized) would have at most a marginal cost
benefit. Furthermore, once the large-capacity transportation caske are em-
ployed, at-reactor consolidation yields only minimum additional reductions in
transportation costs. In sum, the small net cost benefits resulting from the
promotion of at-reactor consolidation would not offset the negative impacts
asgsocliated with the increased Federal intrusion into utility operations and
the associated risks of interference with reactor operations.

The evaluation of cases involving differing degrees of preparation of
disposal-ready waste packages at the reactors showed the same rcsults for each
case: overall system costs would increasej significant institutional and
utility opposition to widespread utility involvement in spent-fuel preparation
would be expected; and substantial technical feasibility issues would need to
be resolved. In fact, the alternatives involving the performance of most or
all MRS functions at reactor sites have costs that are comparable to, or
higher than, the costs of the system with an MRS facility and provide none of
the substantial system~development benefits of the MRS facility.

Comparison of no-MRS and MRS cases. The no-MRS case that was identified
as having advantages compared to the current reference no~MRS system was com-
pared with an updated MRS case that incorporates the same improvements made in
the no-MRS case. The comparison showed that the only significant change trom
the analysis presented in the MRS proposal is the large reduction in trans-
portation costs and impacts resulting from the use of large-capacity transport-




ation casks for gshipments from the reactors to the MRS facility or the reposi-
tory. While the large-capacity transportation casks do improve transportation
substantially in the MRS case, the benefit is greater in the no~MRS case
because in the latter case the benefits accrue over the entire distance from
the reactors to the repository.

The larger reduction in transportation costs for the no-MRS case compared
with the MRS case ilncreages the calculated cost difference between the two
cases to $1.6-$1.9 billion (about 13 percent higher than previous estimates),
although the absolute cost of both cases is reduced., However, the updated MRS
case still shows net improvements in transportation compared with all of the
no~MRS cases simply because the 150-ton casks that will be used to ship from
the MRS facility to the repository--the longest portion of the journey from
the reactor to the repository--have a substantially larger capacity than the
largest rail cask that can be used at a reactor, Furthermore, the MRS case
will reduce the number of separate jurisdictions affected by transportation by
restricting shipments to a single cross-country route rather than the several
that would be involved in the no-MRS case.

In summary, a qualitative examination of various modifications to the
no-MRS system shows that no realistic combination of technological modifica-
tions and varying degrees of shift of waste-preparation functions from the DOE
to the utilities will result in equivalent advantages or in any substantive
way alter the advantages that would accrue to the waste-management system as a
result or the MRS facility, Many of the major advantages of the MRS facility
can be obtained only by the construction and operation of a central waste-
management facility before the repository--so that no conceivable improvements
to a no-MRS option, in which activities are performed instead at separate
reactor sites, can provide comparable benefitsa.

Views of the utility industry on the need for the MRS facility
The benefits of an MRS facility are considered to be sufficient to warrant
the small percentage increase in the overall system cost. This conclusion has
been endorsed by various utility companies or organizations representing the
utility industry., From the testimony of utility representatives before the
Congress, the GAO findings, and the results of a limited DOE study, the
following observations about the views of the utility industry can be made:

¢ The nuclear utility industry supports the addition of an MRS facility
to the waste-management system,

¢ The utility industry can and will implement technological solutions to
the problem of spent-fuel management until the spent fuel is
transferred under the Act to the Federal Government. The solutions
are, however, likely to vary among the utilities in the absence of
significant Federal intervention.

© The utilities are not inclined to commit to substantially greater
waste-preparation operations at reactor sites than those required to
sustain the safe operation of the nuclear power plant. This attitude
stems mainly from concerns about institutional, liability, and
licensing issues rather than simply technical concerns.
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® Any waste-management option that requires extensive at-reactor consoli-
dation or other at~reactor operations that are beyond those otherwise
needed to safely and efficiently store spent fuel pending acceptance
by the DOE would require facility modification and operations that
encroach on the primary function of reactors--the generation of
electricity.

Costs unquantified in the MRS proposal

The DOE has been asked to provide estimates for certaln costs that were
identified but not quantified in the MRS proposal. These costs fall into the
general categories of impact mitigation, consultation-and-cooperation (C&C)
agreements, payments equivalent to taxes, and licensing and permit fees.

These costs were not quantified in the MRS proposal hecause the DOE felt
that including them in the proposal was not appropriate. As explained in the
DOE's comments on the GAO report, such costs were not specified in the pro-
posal '"to allow the DOE flexibility in the consultation-and-cooperation proc-
ess that will be initiated if Congress approves the MRS proposal.” An esti-
mate of State and local taxes (or payments in lieu thereof) was' nonctheless
included in the proposal documents, The DOF's comments also pointed out that
some of these costs should be determined by the Congress "as a matter of na-
tional policy and of the value of the MRS to the waste-management system, as
opposed Lo a DOE eatimate,” The authority for these expenditures would come
from the legistation authorizing the MRS facility. Only funds tor impact
mitigation have already been approved by the Congress, as they are included
in the Act., Other payments to the affected State and local jurisdictions,
although proposed by the DOK, are yet to be approved by the Congress. Conse-
quently, the costs for these items may be as low as zero. This report con-
tains an estimate of the range of costs that could be expected if the Congress
approves these expenditures.
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1. INTRODUCTION

1.1 PURPOSE

In March 1987, the Department of Energy (DOE) submitted to the Congress a
proposal' to construct a facility for monitored retrievable storage (MRS).
This facility would be fully integrated into the waste-management system being
developed by the DOE's Office of Civilian Radioactive Waste Management. The
resulting waste-management system--consisting of an MRS facillty, a transpor-
tation system, and two geologic repositories~-was designated the "improved-
performance system'" in the DOE's 198RS Mission Plan’ because, in comparison
with the system that consists only of the transportation element and geologic
repositories (i.e., the "authorlized system"), it offers several distinct
advantages.,

Since the proposal was prepared, several parties have raised various
questions about the MRS facility and the DOE proposal. One of these was the
General Accounting Office (GAQ), which had been requested by the Congress to
review the MRS proposal in order to assess whether it provides sufficient
information for a decision to authorize the integration of an MRS facility
into the waste-management system, The GAO and others criticized the DOE's
proposal on the grounds that it did not include a comparison of an optimized
no-MRS system with the MRS system, nor did it provide the information
necessary for such a comparison.

The report' prepared by the GAO makes two principal recommendations:

1. The DOE should identify the best configuration of the authorized
system, "combining the most feasible alternatives for maximizing the
effectiveness, efficiency, and safety of the system in lieu of an
MRS . "

2. The DOE should prepare an estimate of the cost of all elements associ-
ated with the MRS facility, including costs not reported in the pro-
posal, such as payments equal to taxes and the costs of mitigating the
impacts of MRS construction and operation.

This report examines various ways in which the transportation and the
storage of spent fuel can be managed without an MRS facility and then compares
these alternative waste-management systems with a system containing an MRS
facility; the comparison is made in terms of several criteria (e.g., system
development, operations, cost, risk, feasibility). It also discusses the
costs not quantified in the proposal. In addition, it summarizes the views of
several U.S. electric utilities and representative groups on both the MRS
facility and various at-reactor options that have been proposed for spent-fuel
management.



1.2 THE MRS FACILITY AND ITS ADVANTAGES

As described in the DOE proposal' and the 1985 Mission Plan,’ an MRS
facility would be fully integrated into the waste-management system being
developed by the Civilian Radioactive Waste Management Program. Its principal
functions would be to prepare the spent fuel discharged from commercial nuclear
power reactors for disposal in a geologic repository and to serve as the cen-
tral receiving station for the waste-management system. The preparation for
emplacement may include removing the spent-fuel rods from the metal grids that
hold them together in a square array and consolidating them into a more closely
packed array., Consolidation offers several advantages, such as a reduction in
the number of waste shipments to a repesitory and a reduction in the number or
the size of the 'waste packages' requiring handling and emplacement in a repos-
itory. Whether consolidated or not, the spent fuel would be sealed in cani-
sters that are uniform in size and free of surface contamination with radio-
active material. Such canisters would facilitate handling, shipping, and
further processing at the repository.

[n addition to its waste-preparation function, an MRS facility would pro-
vide temporary storage for a limited quantity of spent fuel (up to 15,000
metric tons of uranium). (The quantity of spent fuel to be emplaced in the
first repository is 70,000 metric tons of uranium.) The canisters of spent
fuel would be stored at the surface, in concrete casks equipped with monitoring
instruments and designed for easy retrieval of the spent fuel for shipment to
the repository.

The integrated MRS facility proposed by the DOE is not a temporary ex-
pedient designed to alleviate problems in spent-fuel storage. Its principal
purpose is to facilitate the development and operation of the overall waste-
management system, including the repositories and transportation, and it thus
could provide significant advantages. Briefly summarized, these advantages
are as tollows:

L Improvements in system development. An MRS facility would allow the
DOE to separate a major part of the waste-management process (accept-
ance, transportation from the reactor sites, consolidation, and
sealing in canisters) from uncertainties about the repository and to
proceed immediately with detailed planning for, and implementation
of, that part. Early accomplishment of these separable steps would
significantly enhance confidence in the schedule for the operation of
the total system.

® Accelerated waste acceptance. An MRS facility would allow the system
to begin receiving spent fuel 5 years earlier than the system without
an MRS facility, thus oignificantly reducing the need for new tempo-
rary storage capacity at reactor sites and the attendant spent-fuel
handling operations, licensing efforts, and costs.

. Improvements in system reliability and flexibility. Improvements in
system reliability and flexibility would be realized by separating
the function of spent-fuel acceptance (from the reactors) from the
function of spent-fuel emplacement in the repository and by adding
significant operational storage capacity to the system.




¢ Advantages for the repository. An MRS facility would simplify
waste~handling facilities and operations at the repository.

® Transportation improvements. The MRS facility would facilitate the
use of dedicated trains, reduce the number of shipment-miles and cask-
miles,* reduce the number of individual shipments in transit, and
serve as a hub for transportation operations.

U Institutional benefits. The MRS facility would provide institutional
benefits through the experience gained from interactions with the
host State. Institutional benefits would also result from the
opportunity to demonstrate earlier that in developing and operating
waste-management facilities the DOE {s prepared to be a responsible
corporate cltizen and neighbor., Progress in waste management, start-
ing with the designation of a specific site and facility construc-
tion, would help to provide momentum for lmplementing the entire
gystem,

Of these advantages, only the above-mentioned transportation improvements
can be accomplished in the Federal waste-management system without an MRS
facility. Under particular circumstances, some advantages for the operation
of the repository might be gained by performing certain operations (e.g.,
spent-f:el consnlidation) at the reactor sites, but such operations would be
performed outside the Federal waste-management system as defined at present,
None of the advantages listed above could be gained from the various other
waste-management functions that could be pertormed at the reactor sites, such
as the reracking of storage pools to accommodate more spent-fuel assemblies,
and the provision of dry at-reactor storage. Nonetheless, the alternative
waste-management options that have been suggested as potentially beneficial
have been identified and evaluated in this report.

1.3 APPROACH

In order to provide comparisons of waste-management systems with and
without an MRS facility, the DOE used the following approach:

) Review the status of technology developments in spent-fuel storage
and transportation that may result in technological improvements.

® Evaluate a number of no-MRS system configurations that embody
potential technological and operational improvements.

*Cask-miles are defined as the distance traveled times the number of
casks transported; shipment-miles are defined as the distance traveled times
the number of shipments made. When a shipment consists of only one cask, the
shipment-miles are equal to the cask-miles. With multiple-cask shipments, the
cask-miles are a multiple of the shipment-miles.



° Identify the no-MRS system and an operational scenario that might
maximize the effectiveness, efficiency, and safety of the
waste-management system and that can be reasonably considered to be
feasible both technically and institutionally.

¢  fixamine how the ldentifled technological improvemonts in transporta-
tion and storage might provide comparable benefits to the proposed
waste-management system with an integral MRS facility.

¢ Compare the resulting system benefits for a svatem with an MRS
facility and one without,

For the purposes of this report, the terms "reference no-MRS system' and
"reference MRS system' will be used in lieu of the terms "authorized system”
and "improved-performance system,' respectively, The systems designated by
these terms are those described in the DOE's proposal to the Congress,' but
with the waste-acceptance schedules given in the Mission Plan Amendment.’

The remainder of this report ls divided into seven sections. Section 2
describes and evaluates potentinl moditications to the wasto-management system
and waste-management options that could be implemented at reactor sites. Sec-
tion 3 describes and evaluates the various alternative system configuratiouns
that are possibl2 without an MRS facility. Section 4 describes and evaluates
the reference N ° system and explains how it could be updated, and Section 5
presents a comparison ot the identified no-MRS and the MRS systems. Section 6
discusses the views and attitudes of several U.S. nuclear utilities about the
MRS facility and about the various waste~management functions that could be
performed at reactor sites in the absence of an MRS facility. To address the
second GAO recommendation, Section 7 presents estimates of the potential
institutional costs of the MRS facility. The conclusions of the report are
presented in Section 8.

Also included in the report are two appendixes that provide supporting
information for the no~MRS and the MRS systems.  Appendix A containg details
concerning the assumptions and calculations performed to estimate the system-
cost impacts of various alternatives. Appendix B reviews the description and
evaluation presented in the DOE proposal of various potential options for modi-
fying the no-MRS system and provides some additional information on these and
other potential options,
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2. REVIEW OF POTENTIAL MODIFICATIONS
TO THE WASTE-MANAGEMENT SYSTEM

As mentioned in the introduction, questions have been raised about spent-
fuel handling, packaging, storage, and transportation modifications that could
he implemented in the reference no~MRS system to improve its effectiveness,
efficiency, and safety,

The suggested options can be grouped into four main categories:

e [Expanded storage capaclity at reactor sites.
® Transportation,

® Use of Federal interim storage.

e [xpanded lag storage at the repository.

This chapter briefly reviews various options for modifications in each
category. Those judged to be feasible were considered in defining alternative
no-MRS systems (Section 3.1). Much of the information presented here is based
on the descriptions and evaluations included in the DOE's MRS proposal tc the
Congress (Appendixes A and D to Volume Il of the MRS proposal'). The re-
mainder is based on additional information that has recently become available
from research, development, and demonstration activities conducted in the
DOE's waste-management program, More~de!ailed descriptions and evaluations of
these options are given in Appendix B of Lhis report,

2.1 FEXPANDED STORAGE AT REACTOR SITES

The quantity of spent fuel that could be stored at reactor sites could be
increased by the following methods: by "reracking'--that is, installing new
racks in the spent-fuel storage pools to accommodate more spent fuel; by con-
solidating spent-fuel rods into more-compact arrays; and by providing facili-
ties for ¢éry storage. The first two involve expanding in-pool capacity, while
the third requires storage outside the pool. For this analysis~-and in all
DOE analyses examining the need for additional storage~-it was assumed that
the storage pools at all reactors have already been '"reracked" to the maximum
extent possible, and therefore this option will nnt be discussed further.

2.1.1 At-Reactor Consolidation and Canistering

In consolidation, the fuel-bearing components (spent-fuel rods) are
separated from the hardware (ncn-fuel-bearing components) that holds them to-
gether in an assembly and loaded into a canister in a more tightly packaged
array, reducing by about one-third the space required in a storage pool for
the spent-fuel rods and the assembly hardware. At reactor sites, the consol-
idation operation would be performed under water. Consclidation can also be
used to provide a more compact waste form for dry storage. Although generally
at-reactor consolidation is considered a means. to alleviate the problem of
insufficient spent-fuel-storage capacity at reactor sites, it has also been



suggested as an alternative to consolidation in the Federal waste-management
system,

[f the DOE chose to promote large-scale at-reactor consolidation, there
is no assurance that all utilities would be willing or able to perform this
function., The feasibility of consolidating spent fuel and storing it in a
particular spent-fuel storage pool depends on the capacity, structural,
thermal, and seismic constraints for that pool. In addition, since at a
reactor site the process would be performed in the storage pool, at-reactor
consolidation would create the potential for increasing contamination in the
water in the storage pool and increasing the background radiation level of the
pool area. As indicated below, it is unlikely that consolidation would be a
feasible or attractive optlon for all utilities.

Recent small-scale demonstrations indicate that at-~reactor consolidation
may be both feasible and economically attractive as a means of providing
additional storage space; however, the experience at present is insufficient
to confidently estimate etther the cost or the feasibility of a large-scale
application of consolidation. Contident estimates will require data from
larger-scale projects,

To date, all of the development work has been directed at spent fuel from
pressurized-water reactors., No efforts to consolidate spent fuel from
boiling~water reactors have been undertaken. Five companies have designed
equipment for in~pool consolidation, and each has teamed up with one or more
utilities to test and refine the equipment. In all cases the equipment was
designed for an optimum consolidation ratio of 2:1 (i.e., to load the spent
fuel from two assemblles Into a canister the size of a gingle assembly), but
its use so far has had mixed success. Where a 2:1 consolidation ratio has
been achieved, the tradeoffs have been low production rates, substantial labor
requirements, and/or high costs. However, a more recent demonstration by the
Combustion Engineering Company at the Millstone 2 plant of Northeast Utilities
is encouraging: a consolidation ratio of 2:1 was achieved with reasonable
production rates.

At present, planning for at-reactor consolidation entails uncertainty
about the licensing requirements of the Nuclear Regulatory Commission (NRC).
The position taken by utilities--and to date not disputed by the NRC--is that
consolidation itself does not need to be licensed because the operations in-
volved would be within the envelope of technical operations approved for the
nuclear power plant in most cases. However, a license amendment is required
if a utility plans to increase, through consolidation, its in-pool storage
beyond the approved capacity. Since this is the principal reason for under-
taking at-reactor consolidation, & utility's decision to consolidate will have
to include an assessment of the factors associated with an operating license
amendment. In this regard, the experience of the Maine Yankee Atomic Power
Company in attempting to attain a license amendment for this purpose is not
encouraging (see Appendix B, Section B.2.1), As a result, Maine Yankee has
abandoned its plans to pursue consolidation, although it believes that consol-~
idation and in-pool storage of consolidated spent fuel are technically and
economically feasible. Similarly, Northeast Utilities applied to the NRC for
a license to consolidate (and store in the spent-fuel pool) the entire spent-
fuel inventory at its Millstone 2 plant. The NRC, however, granted this
utility the very limited authority to consoclidate (and store) only up to 10



assemblies. The licensing problems encountered by Maine Yankee and Northeast
Utilities are probably not unique.

In regard to the views of the utilities, the results of a recent limited
study’ performed for the DOE by the Nuclear Assurance Corporation (NAC)
showed that some utilities are willing to consider consolidation to meet their
storage requirements prior to the inception of spent-fuel acceptance by the
Federal waste-management system (gee Section 6 for more details). However,
the NAC study also indicated that the interviewed utilities had strong objec-
tions to voluntary consolidation for the purpose of achieving benctits else-
where in the waste-management system, even if substantial incentives are
provided. Large-scale at-reactor consolidation would require the utilities to
obtain a license for, construct facilities, and install equipment for pre-
disposal spent-fuel-preparation operations. [t would shift these operations
from a Federal facility specifically designed for that purpose (efther the MRS
facility or the repository) to many different reactor sites that are not
equipped for the operation and may have difficulties in accommodating it.

For purposes of this evaluation, three different options for large-scale
at-reactor consolidation have been postulated, depending on the type of stor-
age canister that is used. The choice of canister would at least partly
depend on the purpose of consolidation (to alleviate at-reactor storage
problems or as an alternative to consolidation at a Federal facility) and the
status of the DOE's repository-development program. The types of canister
that might be used are as follows:

@ A utility-selected canister,
¢ A repository-gpecific canister.

® A repository-compatible canister that is also compatible with existing
spent-fuel-pool racks.

The utility-selected canlster could, and probably would, differ in size
from reactor to reactor. I[f such canisters are used, the repository will
eventually receive a variety of canisters, and additional operations may be
required to accommodate these canisters at the repository. (At the reposi-
tory, the spent-fuel canisters will be encapsulated in a site~specific
disposal container before emplacement in the underground disposal area.)

The repository-specific canister would be a large cylindrical canister
that is specifically designed to fit inside the repository disposal con-
tainer. Such a canister is not compatible with existing spent-fuel-pool
storage racks, which accept square spent-fuel assemblies; it would thus
complicate at-reactor spent-fuel management and may be counterproductive with
regard to extending at-reactor storage capacity. Furthermore, specifications
for this canister will not be available for several years--until a repository
site is selected and more-advanced site-specific repository and waste-package
designs have been completed. Any spent fuel that is consolidated before the
specifications for the repository-specific canister are availeble may need to
be reloaded into a different canister.
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The third alternative is to use canisters that are compatible with the
spent-fuel-pool storage racks and also compatible with the repository disposal
containers (compatible in that their use would entail minimal reduction in the
efficiency of the dispesal containers). For example, one alternative that is
being investigated is a combination of standard-size square and half-square
canisters, where a single square canister or two half-square canisters are the
nominal size of an assembly. ‘These canisters are compatible with the existing
racks in the spent-fuel pools and can be loaded into repository disposal con-
tainers with a falrly high packing etticicency. Two square and two half-square
canisters can be arranged in a cylindrical disposal container in such a way
that very little void space is left. This alternative would permit at-reactor
consolidation while limiting the risk that the canisters will be incompatible
with either the repoaitory disposal container or the spent-fuel-pool storage
racks.

2.1.2 Dry Storage

The dry storage of spent fuel in out-of-pool modular containers is used
in several nuclear installations in Europe and by some nuclear utilitieg in
the United States. Two dry-storage methods, using metal casks and horizontal
concrete vaults, have been licensed Lo date for use at specific U.8. reactor
sites. Dry storage in concrete casks, a third storage option, has been sel-
ected by one U.8. utility and is the preferred storage mode for the proposed
MRS facility. A fourth option, that of dual-purpose metal casks used for both
storage and transportation, is used in Furope and has been under study for
several years in this country.

The costs of dry storage are higher at individual reactor sites than in a
central storage facility like the MRS facility because economies of scale fa-
vor a central facility and because storage at many different sites entails
duplication of equipment. However, with no central facility available, sev-
eral utilities are taking steps to solve their storage problems by implement-
ing dry storage. Brief descriptions of dry-storage options are given below.

Dry storage in metal casks

The storage of spent fuel in metal casks is the most mature and best
accepted of any dry-storage technology, with more than 40 years of development
and experience in shipments of nuclear fuels and other radioactive materials.
This technology is being enhanced through extensive testing and demonstration
programs being conducted by the DOE, both through its contractors and in
cooperative programs with utilities. The Virginia Power Company has a license
for storing intact spent-fuel assemblies in metal storage casks at its Surry
plant and has initiated the transfer of spent fuel to dry storage.

Dry storage in concrete casks (silos)

At-reactor storage in concrete casks is similar to storage in metal
casks. [t entails lower capital costs, but the concrete casks require more-
extensive support facilities. Concrete casks have been used in experimental
storage programs; they have also been used in other countries (e.g., Canada}.
They have been proposed as the primary storage modules for the MRS facility.



Storage in concrete casks has not yet been licensed at any site, although
no impediments to licensing are evident.

Dry storage in horlizontal vaults (NUHOMS system)

The NUHOMS system is licensed for use at the Robingon site of the Caro-
lina Power & Light Company. The Duke Power Company also recently announced
its intention to investigate the use of a form of the NUHOMS system for spent-
fuel storage at its Oconce site, In the NUHOMS system, intact spent-fuel
assemhlies are encapsulated, in the the spent-fuel pool, in large canisters.

A canister is then loaded into a transfer cask that moves the spent fuel out
to an out-of-pool storage vault., The transfer cask is coupled to the vault,
and the canister is transferred to and sealed inside the concrete vault.

The canister used in this system is not compatible with transportation-
cask designs. Unless specialized casks are developed, the spent fuel in the
canisters may have to be removed and cither ghipped as integral assemblies or
reloaded fnto transport-compatible canisters before shipment from the reactor.

Dry storage in dual-purpose casks

The concept of the dual-purpose storage cask, which has been under study
by the DOFE for saeveral years, {8 a variant of the metal-storage-cask concept,
in which the cask used for storing spent fuel ig later used to transport the
fuel to a Federal facility. In essence, this option amounts to using the
metal cask for storage and then, if necessary, using it as part of the trans-
portation fleet or for lag storage at the repository or the MRS facility.

The major feasibility issue related to the dual-purpose cask is certif-
ication for transportation after extended periods of use for spent-fuel
storage., Current NRC interpretations of its regulations could preclude
certification under those circumstances. There g no evidence as to whether
such certification could be expected in the future. The Integration of the
dual-purpose casks into the transportation-cask fleet also depends on their
availability when needed for shipment from reactors to the repository. The
casks must be made available early in the acceptance schedule, in order to
reduce the need for transportation-only casks. The use of such casks for lag
storage at the repository may reduce the need for some In-process lag storage
that is currently envisioned and may provide increased flexibility in the
surge capabilities of the system.

The most advantageous use of the dual-purpose casks would be their integ-
ration into the transportation-cask fleet. The potential benefits resulting
from their later use for lag storage at a Federal facility do not appear to be
significant. An analysis presented in Appendix A indicates that fewer than 20
dual-purpose casks would be needed to meet the requirements of the transporta-
tion system for 125-ton casks. The potential benefits are therefore limited
to a relatively small number of casks, and the overall effect of dual-purpose
casks on the costs of waste management would not be significant,



2.2 TRANSPORTATION

A number of options for modifying the transportation system have been
evaluated., The primary effect of these options is a reduction in the number
of shipments required to move the spent fuel from the reactors to the Federal
waste-management facilities. Many of these modifications could be applied to
the reactor-to-MRS portion of the MRS system, with similar effects as those
associated with the reactor~to-repository shipments in the no-MRS system., It
should be noted that, because of the reduction in the number of shipments, the
implementation of many of these options would reduce the potential transporta-
tion benefits associated with at-~reactor consolidation.

The potential options for modifying the transportation gystem are briefly
described in the sections that follow.

2.2.1 Larger-~Capacily Standard Casks

Responses from commercial vendors to the DOE's recent requedt for pro-
posals (or transportation-cask designs have indicated that it is possible to
develop a new gencration ol truck and traln casks that would have a much
higher capacity than previous designs of the same weight and size. These
larger-capacity standard casks would decrease the size of the cask fleet that
would be needed, and the receiving facilities would need to handle fewer cask
arrivals.

2.2.2 Extra-Large Rail Casks

The use of extra-large rail casks (125 to 150 tons loaded) in the no-MRS
system wouid increase the capacity of rail casks and thus reduce the total
cask-miles® traveled as well as the total number of cask-shipments* required.
The actual percentage reduction that way be obtained in cask-miles and in the
number of shipments is directly proportional to the relative cask capacities.
Only the reactors that are currently listed as having rail-cask-handling
capabilities (i.e., capabilities to load a rail cask under water in the stor-—
age pool) can handle rail casks with a loaded weight of 100 to 125 tons. As a
result, the use of these casks would be limited unless modifications are made
in the rail-cask-handling capabilities of the rest of the reactors currently
operating in the United States. Alternatively, the facilities needed for
out-of-pool cask loading would have to be provided at the reactor sites.

*Cask-miles are defined as the distance traveled times the number of
casks transported. Cask-shipments are simply the numbers of shipments of
casks.



2.2.3 OQverweight Truck Casks

The capacities of truck casks are generally limited by the gross vehicle
weight limits. Thus, the size and capacity of truck shipments could be
increased, with corresponding reductions in the number of such shipments, by
using overweight, rather than legal-weight, shipments.,

One complication with this option is that the regulations and statutes
governing overweight truck shipments are not consistent throughout the United
States, but vary from State to State. This requires complex scheduling and
interactions with many State officials to ensure that the overweight shipments
are consistent with the regulations of the various States along the transport-
ation routes. Overweight gshipments might also be constrained to operate only
during certain times of the day or at reduced speeds, resulting in a net re-
duction In shipment speed. Some States also do not allow overweight truck
shipments during the winter months because of possible damage to highways. A
sensitivity analysis in Appendix A shows that, if all truck shipments use
legal-welght truck casks, the costs of transportation would be about $200
million higher than the costs of using a near~optimum mixture of legal-weight
and overweight casks.

2.2.4 Multicask Shipments

The total number of shipments and shipment-miles* can be reduced by com-
bining single-cask shipments into multicask shipments. Several options for
combining shipments have been considered, including truck convoys, marshalling
rail shipments, mujticask shipments from individual reactors, and pick-up
trains.

Inherent in each of these options Is the added amount of nontransport
time or idle time that 18 required for individual casks. This increased non-
trangport time is incurred either at the reactor, where loaded casks are idle
while awaitling the loading of subsequent casks, or at the marshalling yards,
where early-arriving casks remain while awaiting the arrival of other casks to
be added to the shipment. The increased nontransport time lengthens the aver-
age total time required for a trip for casks and requires a larger cask fleet
to ship the same amount of spent fuel in the same time. These extra casks
will add to the overall cost (capital and maintenance) of shipping the spent
fuel.

All of these multicask options entall various degrees of additional
planning, scheduling, and control of operational parameters. No new technol-
ogy is required for the implementation of any of these options. In the case
of marshalling shipments, public opposition to the siting of a marshalling
yard is possible.

*Shipment-miles are the distance traveled times the number of shipments
made. When a shipment consists of only one cask, the shipment-miles are equal
to the cask-miles. With multiple-cask shipments, the cask-miles are a mul-
tiple of the shipment-miles.



2.2,5 Increased Use of Rail Transport

Recent studies of the cask-handling capability at existing reactors have
shown that about half of the reactor sites are limited in their ability to
handle large rail casks. These limitations stem from such factors as
inadequate crane-lifting capacity, the lack of a railspur onto the site or
into the fuel~handling building, limitations associated with the pathway to
the storage pool, and the structural limits of the pool (the casks are loaded
in the pool). Three options for increasing the use of rail transport for
shipments originating from reactors are discussed in this section:

o Upgrading reactor facilities to provide direct rail access (e.g., by
adding railspurs and modifying crane capacities).

® Using trucks in the "heavy-haul' mode (special flatbeds capable of
accommudating heavy weights, very slow speeds, etc.) to transport rail
casks from the site to a rall access, provided crane and storage-pool
capabilities are adequate.

e Using smaller casks loaded in the storage pool to transfer spent fuel
to large rail casks outside the pool.

The first of these options can be accomplished without new technology
development or application. Upgrading reactor-handling capabilities would
require retrofitting or recertifying present equipment to handle heavier rail
casks. Also, reactors that do not have rall service into the reactor site
would need that service. Moreover, changes to a reactor facility might re-
quire an amendment to the NRC license, a process that utilities may be reluc-
tant to undertake because it is costly and time consuming. Heavy haul has
been used many times to move heavy components like reactor vessels onto sites
without rail access, but it has not been used for spent-fuel shipments and may
require special permits, The third option would require the development and
NRC certification of dry-cask transfer methods. This technology is currently
being investigated, especially for its use as a method for loading storage
units that could be used at reactor sites. The cost, risk, and feasibility of
this option are uncertain at this time. A sensitivity analysis presented in
Appendix A shows that the costs of upgrading at-reactor facilities to accom-
modate rail shipments would about equal the savings that would be realized in
transportation costs if the reference casks are used; if the improved-capacity
casks under development are used, these upgrading costs would be about 10
times larger than the transportation-cost savings. Regarding the transfer of
spent fuel from a smaller cask to a larger cask outside the pool, this
operation at a reactor site would probably require a license amendment and may
meet public opposition. For the various reasons given above, these options
were not deemed practicable and were not included in further analyses.

2.2.6 Use of Dedicated Trains for Shipments from Reactors

Rail shipments could be made in dedicated trains that carry no other com-
modity. These trains would go directly from a reactor to the repository.
Dedicated trains would simplify system operations by allowing the scheduling
and routing of trains to meet the needs of the waste-management system rather
than the convenience of the railroads.
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System costs might be slightly increased by dedicated trains, although
the higher over-the-rail cost could be partially offset by higher average
speeds and reduced stopped times. The increased control over the arrival and
departure of trains would allow the receiving facilities to be designed for a
lower surge capacity,

2.3 USE OF FEDKRAL INTERIM STORAGE (FIS)

The Nuclear Waste Policy Act of 1982 includes provisions for Federal
interim storage to assist those utilities that are unable to provide adequate
at-reactor storage capacity when needed to ensure the continued orderly
operation of thelr reactors, This Federal interim storage is limited to no
more than 1900 MTU,

The Act makes it clear, however, that the primary responsibility for pro-
viding interim storage for spent fuel rests with the individual utility owning
reactors by maximizing, to the extent practicable, the effective use of exist-
ing onsite storage facilities and by adding new onsite storage capacity in a
timely manner where practicable. Those utilities that have pursued all the
above licensable alternatives for additional spent-fuel storage without solv-
ing their storage difficulties may secek the required determination from the
NRC that all such alternatives have been exhausted and, after receiving this
determination from the NRC, apply to transfer their spent fuel to Federal
storage facilities. Such arrangements in the form of contracts with the DOE
are required to be enacted not later than January 1, 1990, There is8 no evi-
dence at present that any utility plang to apply for Federal interim storage.

The costs of Federal interim storage must be fully paid by assessments
against utilities using the services. Costs will depend heavily on such
factors as the site, the storage technology, and the capacity required.

2.4 EXPANDED LAG STORAGE AT THE REPOSITORY

Expanded lag storage capablility at the first repository might provide to
the waste-management system some of the same benefits that would be provided
by the MRS facility. For example, waste acceptance and the orderly transfer
of spent fuel from the utilities could be ingsulated from disruptions in repos-
itory emplacement., [f such storage could be licensed separately f{rom the
underground portion of the repository, spent fuel could also be received ear-
lier and contingency storage could be provided in case of some types of delays
in repository startup or diminished emplacement capability. Present designs
for repository surface facilities provide a 3-month operational buffer (750
MTU), which ig sufficient to ensure smooth functioning during normal emplace-
ment operations, to unload the trangportation system during slowdowns or brief
stoppages in emplacement activities, and to maintain emplacement operations at
a steady rate during brief disruptions in transportationmn.

If expanded lag (buffer) storage at the repository could be provided, it

could accelerate the initial gpent-fuel-acceptance rates in the no-MRS sys-
tem. The spent-fuel-acceptance rate at the repository during the first S
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years of operation is limited by the rate at which the underground emplacement
excavations and operations progress after NRC licensing., (The completion of
repository surface facilities will also affect the acceptance rate but to a
lesser degree.) The amount of storage that could be provided to accelerate
acceptance of spent fuel while not impeding repository construction cannot be
predicted at present, The Act prohibits the congtruction and operation of an
MRS or KIS facility in a State in which a repository is located. Also, to
avoid characterization as a separate facility, the lag storage would have to
be licensed in the same licensing action as the repository. Thus, spent-fuel
acceptance in meaningful quantities could not begin much in advance of repos-
itory disposal activities; in other words, lag storage could not effectively
separate the DOE's acceptance of spent fuel from the schedule of spent-fuel
acceptance at the repository.

~14-
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3. DESCRIPTION AND EVALUATION
OF THE REFERENCE AND ALTERNATIVE NO-MRS SYSTEMS

This section briefly describes and evaluates the reference no-MRS system
and five alternative no-MRS systems. The alternative systems represent var-
ious combinations of the options identified in Section 2. The discussion be-
ging by explaining the approach used to develop the suite of systums examined.

3.1 APPROACH

In the 1985 Mission Plan,” the authorized system was defined as con-
sisting of a geologic repository, the necessary transportation system for
moving the wastes to the ropository, a provision for Federal Interim storage
as authorized by the Nuclear Waste Pollcy Act, and a program Lo encourage and
expedite the most efficient use of existing storage facilities and the addi-
tion of new capacity in a timely fashion., This authorized system is the
reference no-MRS system discussed in this document,

Five alternatives to the reference no-MRS system were identified and
evaluated. Of these alternatives, only two, alternatives 1 and 2, represent
modifications that could be made to the Federal waste-management system, and
even these alternatives involve some operations at some reactor sites. The
others depend on waste-management operations performed by the utilities, and
as such they represent increasing DOE involvement in, or intrusion into, util-
ity operations. These at-reactor alternatives were identified and evaluated
in response to suggestions that certain waste-preparation functions could be
performed more cost effectlvely at reactor sites than at the MRS facility. In
developing the modiflcations, the approach was to group together potential
system improvements that had similar system-wide impacts, so that each alter-
native represented a significant change from the other alternatives.

Table 3-1 provides an overview of each alternative no-MRS system, with
the progression from left to =!'z%i in the table corresponding to the pro-

~

gression of performing increasing waste-preparation functions at the reactor.

3.2 DESCRIPTION OF THE NO-MRS SYSTEMS

Presented below are brief descriptions of the reference no-MRS system as
well as five alternative systems. Evaluations of these no-MRS systems are
given in Section 3.3.

3.2.1 Reference No-MRS System

The reference no-MRS system is the authorized system described in the
DOE's 1985 Mission Plan’ but with the waste-acceptance schedule presented in
the Mission Plan Amendment.® Spent fuel is shipped directly from reactors
to the repositories. The first repository begins to receive and emplace spent
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TABLE 3-1
DESCRIPTION OF ALTERMATIVE NO-MRS SYSTEMS

No-MRS System
Reference

Reactors

Extra handling or packag-
ing of fuel is limited to
that required to solve on-
site storage problems.
Activities consist of a
mix of conselidation and
cut-of-pool dry storage,
with method chosen strictly
up to the utilities. Rest
of fyel is transferred to
DOE as discharged.

No-MRS System
Alternative 1

No-MRS System
Alternative 2

No-MRS System

Alternative 3

No-MRS System
Alternative 4

NO-MRS System
Alternative S

Extra handling or packag-
ing of fuel s iimited to
that required to solve on-
site storage problems.
Activities consist of a
mix of consolidation and
out-of-pool dry storage.
DOE provides guidance,
advice, and encourages
utilities to choose those
options which provide
overall waste-management
berefits (e.g., repository-
compatible canisters for
consolidated fuell. Rest
of fuel is transferred to
DOE as discharged.

DOE provides incentives
and takes other action to
influencz utilities in
their technology chofces to
salve storage problems.

DOE influence aimed at
system-wide optimization

of reactsr storage chofces
{e.g., consotidation into
repository-compatible cani-
sters, dry storage in
dual-purpose casks, etc.)
Rest of fuel is transferred
to DOE as discharged.

DOE takes a2ction te
require utilities to con-
sulidate majority of fuel
into unsealed repository-
compatidie canisters. DOE
also compensates utflities
for operations perforwed.

DOt takes action to
require utilities to con-
solidate majority of fuel
into repository-compatidle
canisters and seal and
decontaminate the
canisters. DOE also com-
pensates utilities for the
operations performed.

Transportation

Legal weight truck and
190 ton rail casks with
capacities identified in
proposal.

Repgsitories

Lag storage provide
ingide facility.

Recetve majority of fuel
as discharged and consoii-
date at repository.

Load and seal repository
consolidated fuel fnto
site-specific containers.

Reactor-consolidated fuel
handled as 3 special case
{due to non-uniform
canisters used by
utilities).

Improved transportation
system (e.g., higher
capacity casks, overweignt
truck casks, 125 ton

rail casks, etc.}

Improved transportation
system plus utilize dual-
purpose cask to supplement
fleet.

Same as Alternative 2.

Same as Alternative 2.

DOt tskes action to
r2quire utilities to con-
solidate majority of

fuel into repository
site-specific (round)
canisters and sesl and
decontaminate the canisters
the DOE also compensates
utilities for operations
perforsed.

Seme 35 Alterngtive 2,
with casks designed for
site-specific canisters.

Same as Reference.

Same as Reference.

Same as Reference.

Load and seal reactor

consolidated fuel into
modified site-specific
containers {modified to
accommodate canisters).

Utilize dual-purpose casks
to supplement lag storage.

Same as Reference.

Same as Reference.

Same as Aiternative 3.

Sawe as Alternative 2.

Receive canisters
from reactors.

Same as Alteenative 1,

Same as Alternative 2.

Receive from reactors
canisters that have been
cleaned of surface
contamination.

N/A

Same as Alternative 1.

Same as Alternative 2.

Receive from reactors
canisters that have been
cleaned of surface
contamination.

N/A

Load and seal reactor
consolidated fuel into
site-specific containers
{due to site-specific cani-
sters).




fuel from the reactors in the year 2003. Until the first repository begins to
receive spent fuel, there are no Federal activities for the management of
commercial spent fuelj all Federal activities--acceptance, transport, and
disposal--happen at once after repository startup.

Until the first repository starts to accept spent fuel, the utilities
must store their spent fuel at their reactor sites. A nuweber of reactors are
projected to discharge more spent fuel than can be stored in the spent-fuel
storage pools even if the storage pools are reracked to the maximum extent
possible. Additional storage at reactors is required for about 9500 metric
tons of uranium (MTU), distributed over approximately 50 sites.®* The DO does
not take explicit action to influence the methods used by the utilities to
solve thelr spent-fuel-storage problems. It is expected that each utility
with a storage problem will choose from available options of dry storage and
passibly in-pool consolidation the option it deems best for its particular
needs. Although 1t is recognized that some at-reactor consolidation may
occur, in the cost analysis for this case It is assumed that no spent fuel
will be consolidated at the reactors.

Once the first repository begins operations, spent fuel is shipped from
the reactors in legal-weight truck casks or 100-ton rail casks. All reactors
capable ot shipping by rail are assumed to do so. The spent fuel is assumed
to be transported and received by the repositories as intact assemblies.

The repositories in the reference no-MRS system receive the spent fuel
shipped from reactors, prepare It tor disposal by consolidating and packaging
it In digposal contalners, and emplace the loaded disposal containers in the
underground repository. Depeonding on the host rock of the repository, the
consolidated rods may be loaded into a thin-walled canister that is then
filled with an Inert gas like argon and welded closed before being placed in a
thicker-walled disposal container, which is also closed by welding. The
loaded disposal contalner is transferred underground and emplaced. A portion
of the spent fuel that ls assumed to preseant difficulties In consolidation,
such as failed or damaged spent fuel, is not consolidated at the repository.
[nstead, it ig packaged and emplaced intact,

3.2.2 No-MRS System: Alternative 1

Alternative 1 is basically the reference no-MRS system described above
with two general modifications that are currently envisioned as occurring
independently of a decision to develop the MRS facility. One is a modifica-
tion of the transportation system, and the other is increased coordination
between the DOE and the nuclear utilities with respect to the management of
at-reactor spent-fuel storage.

*All projections of spent-fuel inventories in this report are based on
the spent-fuel data base for 1986.°
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The transportation modifications included in alternative 1 are increases
in the capacities of the legal-weight truck and 100~ton rail casks and the use
of overweight truck and 125-ton rail casks where feasible. Many of the other
transportation options discussed in Section 2.2 are still under study by the
DOE, and the results to date do not clearly indicate that these options will
improve the performance of the transportation system, While the specific list
of transportation options may not be complete, the modifications incorporated
into alternative 1 are reasonably available and their effects can be predicted
with reasonable assurance.

As the waste-management system is fucther developed and uncertainties are
resolved, the effects on the waste-management system of various options for
at-reactor storage will become better understood. The DOE should then be able
to foster the adoption of the preferred options by the utilities and to assist
in their implementation. For example, the DOE could develop specifications
for dry storage and in-pool consolidation that will standardize the spent-fuel
shipments recelved by the DOE. In alternative 1, it is therefore assumed that
the DOE provides the utilities with specifications for a repository-compatible
canister, as described in Section 2.1.1 (i.e.,, a canister that minimizes
negative impacts on repository operations). This canister is assumed to be
compatible with at-reactor consolidation and the existing spent-fuel-pool
racks a2s well as the repository disposal containers. The spent fuel shipped
in these canisters will require minimal handling at the repository.

It is difficult to specify how the DOE would express a preference for, or
foster the use of, at-reactor options that might be beneficial to the was:e-
management gystem, Howoever, as in the case of the transportation modifica-
tions in this alternative, the general lmplications of such efforts can be
reasonably assessed. For the purposes of this assessment it is assumed that a
few reactors choose consolidation as a means of accommodating spent fuel that
exceeds their current pool storage capacity. For costing purposes only, it is
further assumed that about 2% percent of the 9500 MTU requiring storage beyond
the current pool capacity in the reference no-MRS system is accommodated by
in-pool consolidation. As a result, about 7000 MTU still requires out-of-pool
storage and about”2500 MTU is accommodated in the spent-fuel pools. With the
limited space in the pools, the spent fuel in existing inventories must first
be consolidated to make space for additional spent-fuel storage (regardless of
whether the additional spent fuel is consolidated). Assuming a fuel-rod con-
solidation ratio of 2:1, that the volume of the non-fuel-bearing components is
reduced by a factor of 6, and also assuming that all additional spent fuel
stored in the pool is consolidated, it is necessary to consolidate approxim-
ately three times the amount of spent fuel that is added to the pool. For
example, to provide in-pool storage for the additional 2500 MTU, the actual
amount of spent fuel that must be consolidated is about 7500 MTU (sce Appendix
A for further details).

Alternative 1| was chosen because it represents the modifications that the
DOE can implement in the Federal waste-management system without significantly
affecting its interfaces with the utilities. This alternative still permits
utilities to elect supplemental storage options that best meet their
individual needs.
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3.2.3 No-MRS System: Alternative 2

Alternative 2 involves the same transportation modifications as alter-~
native 1. However, it assumes a higher level of DOE and utility integration
in the management of at-reactor storage, with the DOE providing incentives and
taking other actions to convince the utilities to choose options that are most
buneficial to the waste-management system. For example, this alternative
assumes for purposes of analysis that the DOE encourages at-reactor consolida-
tion as a means for utilities to reduce requirements for out-of-pool storage.
The canisters used by the utilities for the consolidated rods are specified by
the DOE and are compatible with existing reactor-pool racks; at the reposi-
tory, several canisters arve loaded into specially designed disposal contain-
crs.  The canisters used in alternative 2 are assumed to be bhasically iden-
tical with those specified by the DOE in alternative | (described in Section
2.1 as repositovy-compatible canlaters).

In spite of the DOE's encouragement of at-reactor congolidation, most
utilities are still assumed to use out-of-pool storage., In alternative 2,
therefore, it is assumed that the DOE also takes action to influence out-of-
pool storage, specifically by promoting dual-purpose casks (see Section
2.1.2), which are assumed to be used to provide maximum benefit., That is, at
the reactors the casks are used to store spent fuel in a storage yard until
the repository begins operations; the casks are then shipped directly to the
repository, where they are unloaded; and finally they are integrated into the
transportation cask flect and are used to make many shipments each year, or
the casks are used for lag storage at the repository.

In order to assess the cost impacts of alternative 2, it is assumed for
costing purposes that the the amount of out-ol-pool storage that is accom-
modated through in-pool consolidation increases {rom 25 percent to 5 per-
cent, As a result, about 4800 MIU is accommodated in out-of ~pool storage and
about the same amount is accommodated by consolidating both some of the newly
discharged spent fuel and some of the spent fuel already stored in the pools.
As discussed for alternative 1 (Section 3.2.2), approximately three times the
amount of spent fuel that is added to the pools must be consolidated to
provide the needed space. Therefore, in this alternative about 15,000 MIU of
the spent fuel already stored in the pools is consolidated to provide the
needed space (see Appendix A for further details).

The at-reactor operations discussed above would be applied only to the
spent fuel that presents a storage problem to the utility. The remainder of
the fuel discharged from the reactors, which represents most of the spent
fuel, is shipped to the repositories as intact assemblies. Thus, the repos-
itories receive speunt fuel in two forms: fuel consolidated in repository-
compatible non-sealed canisters and intact assemblies. Because their design
has been integrated with the Federal waste-management system, these canisters
are encapsulated in special disposal containers as a normal repository
operation. As in the reference no-MRS system, the intact assemblies are
consolidated at the repositories and encapsulated into disposal containers.

Alternative 2 was selected for evaluation for two reasons. First, in
comparison with alternative 1, it represents a significant increase in the
involvement of the DOE in at-reactor operations. Second, this involvement is
limited to storage problems that the utilities must address and is based on



voluntary responses to incentives prcvided by the DOE. In short, in alter-
native 2 the DOE takes steps toward influencing the utilities, but limits its
influence to problems that the utilities must in any case deal with.

Another alternative system that was considered and rejected was a system
in which the DOE continues to provide incentives to utilities to persuade them
to consolidate spent fuel beyond the amount required to overcome their spent-
fuel storage problems, The potential benefits to the DOE would be reduced
trangportation requirements (since more consolidated spent fuel can be shipped
in each cask) and reduced repository operations. However, in order for the
benefits to be realized, a large number of reactors must consolidate a signif-
icant portion of their total spent fuel; otherwise, this alternative would not
allow the elimination of consolidation at the repository. Since only about 12
percent of the projected total spent fuel from reactors has been discharged to
date and less than 50 percent will be discharged by the startup of the first
repository, this alternative would require at-reactor consolidation well
beyond the starting date for the first repository, and the only reason for
consolidating would be the incentives provided by the DOE, The results of a
limited study sponsored by the DOE®’ indicate that in some cases utilities
may not continue consolidation beyond their storage management needs and that
utilities without storage problems are very unlikely to volunteer for consol-
idation in response to DOE incentives. This alternative system was therefore
deemed improbable.

3.2.4  No-MRS System: Alternative 3

For this no-MRS system, it is asswmed that the utilities are required to
perform waste~preparation activities beyond thoge needed to alleviate their
storage problems. This system differs from alternative 2 in that the utili-
ties are required to perform waste-preparation activities, whereas in alter-
native 2 they are provided incentives to perform these activities. The in-
stitutional problems associated with this alternative as well as alternatives
4 and 5 are not addressed in this report. [t is simply assumed that, because
of Congressional action or some other reason, utilities are required to per-
form additional functions for the waste-management system,

Alternative 3 incorporates the same modifications as alternative 2 and
also assumes that the DOE is authorized to require at-reactor consolidation
for all spent fuel, using nonsealed repository-compatible canisters. Some
spent fuel that is deemed too difficult to consolidate is excluded, as are
some reactors with constraints that would preclude consolidation for licensing
or economic reasons. However, most of the spent fuel is consolidated at the
reactor site., FEven with in-pool consolidation, some reactors will be unable
to accommodate all of their spent-tfuel discharges in the gpent-fuel pool. It
has been estimated (see Appendix A) that about 2000 MTU of spent fuel will
still require out-of-pool storage. For this alternative, it is assumed that
all this spent fuel is first consolidated and then placed in out-of-pool
storage. As in alternative 2, the DOE also influences utility decisions about
out-of-pool storage by promoting the use of dual-purpose casks; the
transportation-system modifications are the same as in alternatives 1 and 2.
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In alternative 3, the repository receives most of the spent fuel consol-
idated in unsealed repository-compatible canisters. Consolidation is no
longer needed at the repositories, as the canisters received from the reactors
need only encapsulation in disposal containers. Thus the surface-facility
operations of the repository are reduced from those assumed in the preceding
no-MRS alternatives.

3.2.5 No-MRS System: Alternative 4

Alternative 4 is very similar to alternative 3, except that the
repository~compatible canisters are filled with an inert gas, welded closed,
and decontaminated at the reactor sites. The functions of the repositary are
also similar to those in alternative 3, but sealed and decontaminated can-
isters are shipped to the repository, simplifying the unloading of the ship-
ping casks and handling at the repository. Out-of-pool storage requirements
are similar to alternative 3 as well,

Alternative 4 was developed because it represents the next major step
beyond alternative 3 with respect to the relationship between the Federal
waste-management system and utility operations. In this alternative, the
reactors are producing and shipping to the repositories disposal-ready
canisteras, as the MRS facility would (except for the size and shape).

3.2.6 No-MRS System: Alternative 5

Alternative 5 represents the extreme case, where all the functions per-~
formed by the MRS facility are performed at reactor sites. It differs from
alternative 4 in that the spent fuel is consolidated at the reactor sites into
repository-specific (round) canisters, as described in Section 2.1.1. Since
these canisters are not compatible with existing spent-fuel-pool racks, re-
racking is required to accommodate them., As in alternative 4, the canisters
are filled with inert gas, welded closed, and decontaminated at the reactor
sites. The functions performed at the repository are similar to those per-~
formed at the repository with an MRS facility in the system. The sealed,
decontaminated canisters are unloaded, and a single canister is loaded into
each disposal container and sealed.

Alternative 5 represents the maximum involvement of at-reactor operations
with the Federal waste-management system--it requires the production of
repository-specific disposal-ready canisters by the utilities.

3.3 EVALUATION OF REFERENCE AND ALTERNATIVE NO-MRS SYSTEMS

Section 3.2 has described a suite of alternative no-MRS systems that are
based on the various spent-fuel-management options discussed in Section 2.
This section evaluates each of these alternative systems individually and then
compares them with the reference no-MRS system. It begins by defining the
criteria used in the evaluations and comparisons.



3.3.1 Evaluation Criteria

The evaluation of the alternative no-MRS systems and the comparison with
the reference no-MRS system were based on the following criteria:

o Technical feasfibility: Availability and status of the technology
needed for implementing the alternative.

o FEffects on system development and licensing: Effects on the design
and development of the total waste-management gyalem or its elements
(the repository or transportation), licensing and regulatory
requirements, and public acceptability.

o [ffects on system operationt Kffects on the waste-acceptance
schedule, the operation of the transportation system, the operation of
the repository, and the overall operation and efficiency of the total
waste-management system once it is implemented.

o Lffects on system cost: Lffects on the total-~system life-cycle
cost of implementing a safe and environmentally acceptable waste-
management system, including at-reactor costs for alternatives
involving at-reactor spent-fuel management,

e [ffecty on system risk: Effects on the cstimated radiation exposure
that may result from waste-management operations, including the
exposure of bhoth the public and the workers in waste-management
facilities.

These criteria were used as qualitative mecasures of the overall technical,
economic, and institutiounal feasibility of each alternative, including impacts
on the utilities.

3.3.2 Alternative 1

Alternative 1 to the no-MRS system consists of various modifications to
the transportation system that would reduce the number of spent-fuel ship-
ments.  [ts implementation is technically teasible without the development ot
new technologies. There would be an improvement in the operation of the
transportation system, but the effect on the operation of the total system
would not be significant., 8ystem costs, including affected reactor costs,
would be decreased by about $400 to $600 million (see Appendix A). Most of
this decrease is attributable to transportalion-system modifications and would
also occur with an updated MRS system, as discussed later. The reduction in
the number of shipments would reduce public risks for both transportation and
the system as a whole, and the reduction in the exposure of the public to
radiation should result in fanstitutional advantages. Even though the use of
overweight trucks might raise institutional issues and increase regulatory
complexity, the overall institutional effects of this alternative are ex-
pected to be positive. No significant effect on the development of the waste-
management system is expected.
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In summary, alternative 1 shows some overall advantage in comparison with
the reference no-MRS system and represents the current direction of the waste-
management program regardless of the MRS decision (i,e., implementing modif-
ications to from-reactor transportation as their advantages are demonstrated
and continuing to support the development of various at~-reactor storage op-
tions with the expectation of encouraging their implementation when, and to
the extent that, such actions can be shown to be advantageous to the overall
system). For a comparison of this alternative with the MRS system, see
Section 5.

3.3.3 Alternative 2

This system incorporates the same transportation-system modifications as
alternative 1 along with a higher level of DOE involvement in the management
of out-of-pool storage, with the DOE providing incentives to utilities to
choose options that are most beneficial to the waste-management system (e.g.,
consoiidation into repository-compatible canisters and the use of dual-purpose
casks for out~of-pool storage). A number of technical and institutional is-
sues are associated with this alternative., For example, the capability of
at-reactor consolidation has not been fully demonstrated. Furthermore, as
digscussed in Section 7, many utilitics may be unwilling to assume the risks
and liabilities of in-pool consolidation. Moreover, the incentives that the
DOE might offer have not been established and might elicit some public opposi-
tion. The use of dual-purpose casks for dry at-reactor storage also raises
some regulatory issues. While the casks appear to be technically feasible,
there is a major licensing uncertainty--the uncertainty that the NRC will
certify a cask for transportation after it has been used for storage for an
extended period. The overall system benefits of dual-purpose casks also
depend on whether these casks can be made available to thc waste-management
system on a timely basis (see Section 2.1.2 for details).

It is not expected that voluntary incentives provided by the DOE will
significantly increase the number of utilities that choose to consolidate in
comparigon with the reference no-MRS system or altervative 1, and therefore
the overall effects of alternative 2 on system development and operation are
not expected to be significant. In terms of total-system operation, the
waste-preparation functions performed at reactors should decrease the waste-
handling workload at the repository, but the waste-management operations of
the utilities choosing consolidation would become considerably more
complicated and could interfere with normal reactor operations.

In terms of system cost, alternative 2 ig expected to reduce overall
costs by approximately $600-$700 million, primarily through the modifications
in transportation, the same as in alternative 1. The incentive program in-
creases at-reactor consolidation and otherwise reduces the costs of at-reactor
storage. Any savings are likely to be somewhat offset by the DOE's additional
administration costs for the incentive program.

In terms of system risk, alternative 2, like alternative 1, would reduce
public exposure to radiation because of the decreased number of shipments.
(It should be noted, however, that the exposure of the public to radiation
from waste-management operations anywhere--at reactor sites, at the MRS facil-
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ity, in transportation, or at the repository--would be extremely low in all
cases. It would be dominated by the exposure resulting from transportation,
although the exposure would be very low in an absolute sense.) However, the
additional waste-management operations that would be performed at the reactor
sites would increase the occupational exposure,

In summary, the potential development and operation issues that would
result from an active DOE role in influencing utility storage choices do not
appear to be justified by the marginal benefits. In comparison with the
reference no-MRS system, the transportation modifications would produce some
benefits, but the same benefits are obtained from alternative l. Overall, the
institutional problems outweigh the potential benefits, and alternative 2 is,
as a result, less attractive than alternative 1,

3.3.4 Alternative 3

In alternative 3, the technical-feasibility issues are much more complex
than those of the preceding alternatives~-namely, the feasibility of consol-
idating all spent fuel at all reactor sites has not been established. In
addition, substantial licensing activity for these reactor sites would be
required for such extensive consolidation. Institutional issues would become
considerably more significant than they are in alternatives 1 and 2 because of
the requirement that utilities consolidate all of their spent fuel. In addi-
tion to problems concerning authority for compensation for at-reactor opera-
tions, alternative 3 could require legislation to make this requirement man-
datory. Opposition to local waste-preparation operations can be expected at
many of the reactor sites, especially as it would generate low-level waste
that would not be acceptable for disposal at the repository because of its
form (e.g., Liquid) or composition (c¢.g., organic-matter content). In short,
the institutional barriers associated with the DOE requiring full-inventory
consolidation at reactor sites are very formidable.

In terms of effects on system development, alternative 3 entalls signif-
icant issues, especially as it requires an integration of at-reactor activ-
ities with the Federal waste-management system and the development and imple-
mentation of this system at many reactor sites owned by many different util-
ities. The surface facilities of the repository could be simplified because
of the elimination of facilities for consolidationj however, the overall sys-
tem development would be complicated by more complex requirements for reactor
interfaces with both the transportation system and the repository. Moreover,
opposition at many locations might adversely affect the public acceptability
of other portions of the total system (i.e., transportation and the reposi-
tory).

In regard to system operations, alternative 3 would shift a significant
waste-preparation function to reactor sites. One effect of this shift would
be the complexity of coordinating operations at neariy 100 different sites.
There would be commensurate reductions in the number of cask receipts at the
repository and the elimination of rod consolidation operations, thus simplify-
ing the repository surface facilities.
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Many indeterminate costs would be incurred by the utilities if they
undertake large-scale consolidation and canistering. Examples of such inde-
terminate costs are the costs of replacement power in the event at-reactor
consolidation causes a forced plant shutdown, the costs of facility modifica-
tion, and the costs of liability insurance. These costs, which are discussed
in more detail in Appendix A, could be very significant., A rough estimate
(see Appendix A) shows that they could range from $1.2 to $1.6 billion, In
comparison with the reference case, this would increase total-system costs,
including at-reactor costs, by $200-$700 million, although the overall effect
on system costs is unclear because of the uncertainty associated with these
estimates. Because in alternative 3 a significant portion of the cost of
waste management would be shifted to the utilities, the costs of the Federal
waste-management program would decrease by about $1.6-$1.7 billion, but the
utility costs would increase by $1.9-$2.3 billion,

In alternative 3, the radiation-exposure risk to the public would be
nominally decrcased because at-reactor consolidatlon would decrease spent-fuel
shipments, (As mentioned in Section 3,3,3, the exposure of the public in all
cases would be very low in an absolute sense.) On the other hand, extensive
at-reactor consolidation would increase the occupational risk because more
workers would be involved and because at-reactor consolidation would result in
more exposure to radiation than would consolidation at a centralized facility
in a shielded '"hot'" cell equipped with remote-control equipment.

In summary, the overall feasibility of alternative 3 is significantly
less certain than that of the reference no-MRS system., This alternative would
represent a significant intrusion by the DOE into utility operations. The
institutional problems are formidable, and opposition from both the State and
the public can be expected. The licensing that would be required for each
reactor site also constitutes a considerable complication. In addition, util-
ity opposition could be widespread and strong, As a result, this alternative
was judged to be highly undesirable in comparison with the preceding
alternatives.

The overall feasibility of alternative 4 is even more questionable than
that of alternative 3, because of the additional at-reactor operations that
would be required to consolidate spent fuel in sealed and decontaminated
canisters (i.e., filling the canisters with inert gas, closing the canisters
by welding, and decontaminating the canisters). All of the technical, licens-
ing, and institutional problems of alternative 3 apply to alternative 4 as
well, and there are additional difficulties. Performing these operations at
reactor sites presents different technical problems from those of consolida-
tion only, including the necessity of developing specialized equipment for
welding the canisters closed, and technical feasibility on a production basis
has not been demonstrated. Thus, considerable difficulty might be found in
the development of the at-reactor portion of the waste-management system.
LLike the technical difficulties, licensing can also be expected to be more
complicated and potentially affected by State and public opposition. Both
State and public opposition to performing these additional operations at
reactors can be expected to be greater than in alternmative 3. The attitude
of the utilities can also be expected to be more negative.



Like no-MRS alternative 3, alternative & entails significant indeter-
minate costs, including the considerable additional costs of seal-welding the
canisters at reactor sites. The overall system costs, Including the costs
incurred by the utilities, are ecstimated to increase by $2.0-$2.6 billion over
those of the reference no-MRS system. The costs of the Federal waste-
management program are reduced by about $1.6-$1.7 billion, but the costs
incurred by the utilities increase by $3.7-$4.2 billion.

In comparison with the reference no-MRS system, the additional at-reactor
operations will entall the higher at-reactor occupntional risk predicted for
alternative 3 with further increases expected from the additional spent-fuel
handling., As in alternative 3, the risk to the public is negligible.

In summary, increasing the waste-preparation functions performed at the
reactor sites to include seal-welding candsters fncreases the negntive effects
of large-scale at-reactor consolidation on system development, system opera-
tions, and system cost. Thus alternative 4 ig considered to be even less
technically and institutionally feasible than alternative 3,

3.3.6 Alternative 5

In alternative 5, the requirement of producing sealed and decontaminated
repository-specific canisters at the reactor sites presents another major
technical-feasibility issue beyond those assoclated with alternative 4. The
difficulty stems from the requirement to consolidate the spent fuel in sealed
repository-specific eylindrical canisters, which are incompatible with the
existing spent-fuel-pool storage racks and handling equipment. Thus, the
technical feasibility of jwmpiementing alternative % g even more uncertain
than that of alternatives 3 and 4, This alternative also presents the poten-
tial scheduling problem of specifications for repository-specific canisters
not being available when the utilities start consolidation operations. Can-
isters of some other design would have to be used until the design of the
repository-specific canisters is firmly established. In addition ta technical
problems, alternative 5 presents extra management difficulties imposed by the
requirement for repositcry-specific canisters and therefore even greater
opposition by the utilities can be expected. Public and State opposition
would probably be the same as for alternative 4. Other licensing concerns are
expected to be similar as in alternative 4.

The added burden of handling and storing repository-specific canisters
increases the costs incurred by utilities beyond those predicted for alter-
native 4. Some reduction in repository costs is achleved through the use of
the repository-specific canisters. The overall system costs, including all
costs incurred by the utilities, increase by $2.6-$3.3 billion over those of
the reference no-MRS system.

In terms of occupational exposure, alternative 5 is also less attractive
than alternative 4 because the additional at-reactor operations associated
with repository-specific canisters will increase at-reactor occupational
exposure. Public risk would be essentially the same as in alternatives 3 and
4; as already mentioned in Section 3.3.3, it would be extremely low in an
absolute sense in all cases.
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Overall, alternative 5 presents the greatest number of technical, li-~
censing, and institutional issues of all the alternative no-MRS systems anal-
yzed and thus is judged to be the least feasible of all.

3.4 OVERALL COMPARISON

Presented below is an overall comparison of the five alternatives to the
no-MRS system., [ts purpose was to identify the alternative that would best
meet the objectives of the waste-management system and would therctore be Lthe
more likely alternative that the DOE would pursue i€ the MRS facility is not
approved by the Congress. This no-MRS system will be compared with the MRS
system In Section 5. The cowmparisons presented in this section are summarized
in Table 3-2,

The summary evaluations in Section 3.3 indicate that alternative 1 to the
reference no-MRS system has the greatest technical and institutional
feasibility. This alternative incorporates transportation modifications that
reduce system costs and risks. In addition, the voluntary integration that is
achieved between the DOE and the utilities improves the overall efficiency of
out~of-pool storage management., Alternative | maintains the waste-management
structure identified in the Nuclear Waste Policy Act, with the DOE providing
to utilities reseavch and development support for increasing storage
capacities.

Alternative 2 increases the DOE's influence in utility out-of-pool stor-
age to an active role ot providing incentives and taking other actions to
affect utility choices in the management of spent fuel. Because the cholces
are voluntary, the DOF's incentlves are not likely to exert a gignificant
effect on the choices of utilitles; however, the system development and opera-
tions difficulties make the alternative less feasible than alternative 1 from
both a technical and an institutional perspective.

Alternatives 3, 4, and 5, by rvequiring utilities to perform widespread
spent-fuel consolidation, would produce significant negative impacts on the
development, operation, cost, and overall feasibility of the total waste-
management system. While the negative impacts increase with the number of
operations performed at reactor sites (i.e., alternativea 4 and ), all of
these no-MRS alternatives are judged to be significantly less desirable and
likely than the reference no-MRS system to meet the objectives of the waste-
management system.

Overall, alternative 1, which incorporates transportation modificatious
and the DOE/utility integration needed to efficiently manage the utility
spent-fuel storage problem, was found to be the best estimate as to how the
Federal waste-management system could be improved so as to function most

efficiently, effectively, and safely if an MRS facility is not included in the
system,
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TANLE 3-2

COMPARISON OF ALTERNAYIVE NO-MRS SYSTEMS TO THE REFERENCE WO-MRS SYSTEM

System Development

Systewm Operations

System Cost

System Risk

Technical Feasidility

No-MRS System:

Mternstive |

Ninor developmant acti-
vities required for
trangportation systew
{wprovements and 00E-
utility Integration.

Some improvements in
transportation systen
associated with fswar
shipments.

System costy reduced by
$400-$600 mil1fon due to
transportation modifics.
tions.

Reduction in both public
and uccupationsl risk
astociated with fewir
cask shipments.

No new technologies
require developuent,
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No-MRS Systes: Alternative ?

Additions} develop-
went required for

DOE incentive pro-
gram.  Potential devel-
OpReNt work necessary
for NRC Vicensing of
dual-purpose casks.
Public opposition to
incentive program

sy occur,

Increased tevel of coordine-
tion of systems operations
necessary between DOE and
utilities, Minor siwplica-
tion of DOE operations
resuiting from consolidation
at reactors. Stgnificent
increase in operations ot
reactors that are consoif-
dating,

System costs reduced

by $600-$70C million, due
to transportation modifi-
cations snd dusl-purpose
caske.

No stgnificantly difference
from the bonefits schieved
{o Alternative |, Higher
occupational risk associs-
ted with additions! at
resctor consolidation.

No new technologies require
davelopmunt, however, the
capabtiity of at-reactor
consol idation has not been
fully demenstrated.
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Na-MRS System:

Alternative 3

Addittonal develop-
wont required for in-
tegration of utiitties
x24te-preparation
functions into watte.
Mnagement tysiem,
Significant institu-
tions! barriers will
enist with utilities
and oppesition 1s
anpacted from a large
number of affected
States and localities.
Legitiative action
would ha mecessary to
require utilities to
consolidate fuel,

Shift of waste-preparation
functions from DOt to many
reactor aites. Sigat.
ficant demands placed

on at-reactor operatfonal
schedules for fusl handling
and preparation, Coordina-
tion and control problems
asrocioted with consold-

detion at many reactor sites.

Repository conso)idation
operations el{mtnsted,
simplitying repository
operations.

Costs shift from the Federa)
waste-management system to
the utitities. Overel)
aystem costs increase by
$200-$700 @ii1ion, due
Targely to indeterninate
uttifity-reloted costs.

Further reduction in
public risk due to fewer
shipments associated with
consdl ddated fuel, OCcupa-
tiona) risk increases due
to resctor comsolidation,

Significant techaical
1ssues aisociated with
widespread consolidation
at resctory,

Mz MRS System:

Alternative 4

Same 1isues 83 Alterna-
tive 3 plus major

development, licensing,
and fnstitytionat

13sues of ses)-walding
canisters on a produc-
fon basis at reactors.

Samo tasues as Altcrnetive
3 plus diffsculties
atsociated with widespresd
sealing and decontamin-.
ating canistery ot
resctors, Higher demands
placed on reactor opera-
tional schadules for the
handling and preparstion.
Added coordinetion and
control prodlems.

Stmilar to Alternative 3,
there 1s a shift tn costs
from Federal waste-manage-
ment aystem to utilities,
Overal) system costs
incresse by $2.0-42.6
biitien,

Same as Alternative ) plus
further fincrease in occupa-
tonsl risk dus to addi-

tions) handling at reactors.

Same fssues a3 1n Alternative 3
plus new technoiogy development
required for wideipread sealing
and decontamineting cantstery at
resctors,

No-HRS System:

Alternative 5

Seme ssues as Alterna-
tive 4 plus significant
development {stues
st-reactors for incor-
poration of additiona)
in-poot equipment snd
modifications for
repository-spectfic
canisters,

Same {ssues as Alterns-
tive 4 pluy difficulties
assocfated with widespread
storing and handiing of
repository-specitic
canisters st reactors.
Potentially unacceptadle
demands placed on ra-
actor operational schedules
for fuel handiing and
preparation.

Similar to Alternative 4,
with overall system costs
incressing by $2,6-93.3
biltion.

Same as Alternative 4 plus
further increase in occupa-
tional risk due to addi-

tional complenity in handling

operations at reactors.

Same 1ssu2s in Alternative 4.
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4. DESCRIPTION AND EVALUATION
OF THE REFERENCE AND UPDATED MRS SYSTEMS

4.1 REFERENCE MRS SYSTEM

For the purposes of this analysis, the reference MRS system is the waste-
munngement system called the "improved-performance system” in the Mission
Plan” with the waste-acceptance schedule given in the Mission Plan Amend-
ment.” It consists of geologic repositories, a transportation system, and a
facility for monitored retrievable storage (MRS) that is integrated into the
system, A detailed description of the MRS facility is given in the DOE's pro-
posal to the Congress.' As discussed in the Mission Plan Amendment,’ the
MRS facility would start receiving spent fuel in the first quarter of 1998,

Before the start of operations at the MRS facility, a number of reactors
will have spent-fuel discharges in excess of their pool capacity. With the
MRS facility starting in 1998, the amount of out-of-pool storage required is
significantly reduced from the 9500 MIU required in the reference no-MRS system
to about 3000 MTU, distributed over about 30 reactor sites. Although it is
recognized that some at-reactor consolidation may occur, in the cost analysis
tor this cage It is assumed that no spent fuel will be consolidated at the
reactors,

The MRS facility will receive and prepare spent fuel for future emplace-
ment at the geologic repository., The spent fuel will arrive by truck or rail.
The principal waste-preparation function will be spent-fuel consoglidation into
repository-specific canisters, After being loaded with the consclidated fuel
rods, the canisters will be filled with an inert gas and closed by welding.
Being unirorm in size and free of surface contamination with radicactive mate-
rial, these canisters will facilitate handling, shipping, and further packag-
ing at the repository (i.c., loading into disposal containers). The canisters
containing congolidated spent fuel and the non-fuel-bearing hardware removed
from the spent-fuel assemblies during consolidation will be loaded intc high-
capacity 150~ton rail casks and shipped to the repository in dedicated trains.

The spent-fuel-consolidation operations will be performed in a specially
designed waste-handling building that will also have facilities for receiving
the spent fuel and for storing a limited number of canisters pending shipment
to the repository. For the consolidation operations, the waste-handling
building will contain "hot" cells with radiation shielding and remote-control
equipment in order to protect workers from exposure to radiation. All opera-
tions at the MRS facility will be performed in a dry environment rather than
under water. One of the advantages of this approach is that the outer surface
of the canister produced at the MRS facility will be kept free from contamina-
tion with radioactive material.

To accommodate spent fuel received before the repository starts operating
in 2003 and until the repository reaches its design throughput rate, the MRS
facility will include a storage yard in which canisters of spent fuel will be
stored in sealed concrete casks., The casks will allow radiation monitoring
and easy retrieval for eventual shipment to the repository.
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The MRS facility will operate at an estimated throughput of 2650 MTU per
year for most of its operating lifetime. The total throughput is estimated at
about 65,000 MTU during an operating lifetime of 31 years. The onsite spent-
fuel inventory will be limited to 15,000 MTU.

4.2 UPDATED MRS SYSTEM

In order to provide an equitable basis for comparicon with alternative 1
to the no-MRS§ system, the options reviewed in Section 2 have been assessed for
potential benefits {n a system with an MRS facility, This evaluation indi-
cated that, where applicable, the modifications involved in alternative | to
the no-MRS system would be of value in the MRS system as well. These modif-
ications pertain mainly to the transportation system. In addition, increased
coordination between the DOE and the utilities in the management of spent-fuel
storage would also be beneficial,

The transportation modifications that would be beneficial to the refer-
ence MRS system are applicable to the transportation of spent fuel from reac-
tors to the MRS facility. They include the use of overweight trucks, heavy
rail casks, and incrzased-capacity standard-welght casks.

As in the case of alternative 1 to the no-MRS system, it is assumed that
increased coordination between the DOE and utilities results in the use of
limited in-pool consolidation as a means to reduce requirements for out-of-
pool storage. It Is assumed that about 25 percent of the 3000 MTU requirviag
out-of-pool storage is accommodated through in-pool consolidation. Theretore,
about 2300 MTU is accommodated in out-ot-poel storage and about 700 MTU is
accommndated by consolidating some of the newly discharged fuel and some of
the spent fuel alrecady stored In the pools. As discussed in Section 3.2.2,
approximately three times the amount ot fuel that is added to the pools must
be consolidated in order to provide the required space. Therefore, for the
updated MRS system it is assumed that about 2000 MTU of the fuel already
stored in the pooks is consolidated to provide the required space (see
Appendix A for further details).

The system cost and operating advantages of these modifications to the
reference MRS system would be similar to those identified in Section 3 for
alternative 1 to the no~MRS system. Overall system costs, including the costs
incurred by the utilities, aro reduced by about $300 million. Most of this
saving is attributed to the transportation~system modifications. Appendix A
presents the assumptions and calculations performed to estimate these cost
impacts.

Both occupational and public risk would be reduced by the postulated
modifications to the transportation system. As in alternative 1 to the no-MRS
system, the reduction in risk is attributable mainly to the reduction in the
number of cask shipments. As already mentioned, the exposure of the public to
radiation from the waste-management system would be extremely low in all cases.



5. COMPARISON OF THE NO-MRS SYSTEM WITH THE MRS SYSTEM

This section compares the alternative no-MRS system with modifications
for the best overall performance (i.e., no-MRS alternative 1) and the MRS
system, which has been updated to include similar applicable changes. This
comparison is based on the evaluation criteria described ar: used in Sections
3.2 and 3.3,

5.1 TECHNICAL FEASIBILITY

In the proposal to the Congress,' the DOE concluded that the MRS facil-
ity is feasible because it is based on established technologies and its de-
sign, licensing, and coustruction are typical of, but less demanding than,
activities that have been well demounstrated with many other nuclear facili-
ties. Similarly, the waste-preparation facilities in both the modified no-MRS
system and the updated MKS system would use current technology that has been
demonstrated. The potential modifications in transportation and utility
management of at-reactor storage are equally feasible in both the modified no-
MRS system and the updated MRS system.

The technical feasibility of modified no-MRS system and the updated MRS
system is therefore considered to be equivalent.

5,2 SYSTEM DEVELOPMENT AND LICENSING

In comparing the system development and licensing aspects of the modified
no-MR§ system with the modified MRS system, a number of significant differ-
ences are found. From an overall system positicn, the MRS facility becomes a
clear focal point for integrating all predisposal functions, including the
transfer of responsibility for spent fuel from nuclear utilities to the DOE.
It provides earlier experience with key institutional interactions between the
DOE and State and local governments; those interactions can benefit the
repository program.

Because the MRS facility can be licensed and constructed much earlier
than the repository, it provides a more definitive basis for spent-fuel ac-
ceptance schedules from utilities., Also, the MRS facility lessens the like-
lihood that the licensing and the startup of the repository would be affected
by delays in developing the predisposal functions because the MRS facility
would be developed much earlier and at a site independent of the repository.

The mcdified no~MRS system does not provide the development and licensing
benefits that would be obtained with an MRS facility in the waste-management
system. The benefits provided by the updated MRS system make it clearly pref-
erable with respect to system development and licensing.



5.3 SYSTEM OPERATIONS

As in the case of system development and licensing, the updated MRS sys-
tem has distinct advantages over the modified no-MRS system with respect to
system operations. From an overall system perspective, the MRS facility would
provide improvements in system reliability and flexibility. These improve-
ments would be realized by separating spent-fuel acceptance from reactors from
the function of spent-fuel emplacement in the repository and also by adding
significant operational storage capacity to the system. Thus it would provide
flexibility to accommodate changes in the repository schedule or changes in
repository operations without affecting waste acceptance. Another important
improvement would be the increased control over the rate of spent-fuel trans-
fer to the repository, which would enhance the efficiency of repository opera-
tions. In addition, the MRS facility eliminates the requirement for continued
expansion of at-reactor storage capacity.

The MRS facility does require a canister in which the spent fuel is con-
solidated for storage and shipment to the repository; this canister provides
an extra barrier for permanent waste isolation., Without the MRS facility this
canister may not be required. Conversely, the MRS facility reduces surface-
tacility operations at the reposlitory by providing fuel for emplacement in
large rail casks containing sealed and decontaminated canisters of consoli~
dated fuel rather than in smaller truck and rail casks containing intact fuel
assemblies. In comparison with the modified no-MRS system, the updated MRS
system improves the efficiency of emplacement operations by providing the
capability to select fuel from the MRS facility inventory on the basis of its
heat emission.

The application of the transportation improvements made in the modified
no-MRS and updated MRS systems would affect operations by reducing shipment
receipts at any of the DOF facilities. This would reduce facility operations
for cask handling and unloading in both sydtems.

The above comparison of the modified nc-MRS and uypdated MRS systems
. indicates that the system with an MRS facility provides major system-operation
benefits.

5.4 SYSTEM COSTS

The 1987 total-system life-cycle cost (TSLCC) analysis’ published by
the DOE indicates that for the same reference-case repository-site combina-
tion (i.e., sites for the first and the second repository), the incremental
cost of the reference MRS system over the reference no-MRS system ranges from
$1.5 billion to $1.6 billion, depending on the repository site. The TSLCC
analysis also points out that in the reference MRS system the utilities real-
ize cost savings in at-reactor out-of-pool storage because of the earlier
acceptance of spent fuel at the MRS facility, and these savings were estimated
to range up to $1 billion.

As discussed in Section 3 and Appendix A, modification 1 to the no-MRS
system reduces the overall system cost by about $400-$600 million, most of
which is attributable to transportation modifications. Similarly, Section &



discusses the cost benefits associated with the updated MRS system, identify-
ing an overall system-cost reduction of about $300 million, most of which is
also attributable to transportation modifications. A comparison of these
estimates showa that the overall savings accruing to the modified no-MRS
system are about $100-$300 million greater than the overall savings to the
updated MRS system.

As a result of the modifications described in Sections 3 and 4 for the
no-MRS and MRS systems, the difference in overall system costs between these
systems is $1,6-81.9 billion (versus tho $1.5-$1.6 billion estimated in the
1987 TSLCC report’). To put this difference in perspective, the estimated
life-cycle costs for the total waste-management system (TSLCC 1987) range from
approximately $30 billion to approximately $38 billion, depending on the host
rock and the location of the repository and depending on whether an MRS facil-
ity is included in the system. Thus, the estimated incremental cost of in-
cluding an MRS facility in the overall waste-management system is on the order
of 5 percent of the total-system cost. This incremental cost difference is
smaller than the cost differences among repository host rocks and locations.

5.5 SYSTEM RISK

The system risk evaluated in this section refers to the public and the
occupational radiation doses that would result from the spent-fuel-handling
operations at the reactors, the MRS facility, surface facilities at the repos-
itory, and transportation between those facilities. The transportation im-
provements made to both the no-MRS and the MRS systems will contribute to the
objective of keeping both public and occupational exposures to radiation as
low as is reasonably achievable. The reduction in the number of shipmentg
that results from the transportation improvements reduces the public exposure,
and the corresponding reduction in handling requirements at the system facil-
ities reduces the occupational exposure. A comparison of the modified no-MRS
system with the updated MRS system indicates that the occupational exposure
will be slightly higher in the updated MRS system, and the public exposure
will be higher in the modified no-MRS system,

Although the updated MRS system requirves a slightly larger number of
shipments, the average length of each shipment is significantly shorter, and
the resulting number of cask-miles and shipment-miles is significantly lower
than in the modified no-MRS system., The number of cask-miles is estimated to
be more than 60 percent greater in the no-MRS system. Because the MRS-to-
repository shipments are made in multiple-cask dedicated trains, the number of
shipment-miles in the modified no-MRS system is over 140 percent greater than
that in the updated MRS system. These differences cause the increase in the
public exposure that is predicted for the modified no-MRS system.

As already mentioned, the exposure of the public to radiation from waste-
management activities at reactor sites, in transportation, at the MRS facil-
ity, and at the repository would be extremely low in all cases. Public expos-
ure would be dominated by the exposure resulting from transportation, although
this exposure would be very low in an absolute sensge.
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The radiation exposures received by the public from the MRS facility—-
inctuding from normal operations, postulated accidents, and spent-~fuel trans-
portation to and from the MRS facility-~are below the regulatory limits set by
the Nuclear Regulatory Commission in 10 CFR Part 72 (0.025 rem annually for
the maximally exposed individual for normal operations and 5 rem for any
design-basis accldent), The population doses are consistently estimated to bhe
less than | percent of the radiation dose received by the same population
group from naturally occurring background radiation. In summary, the improve-
ments to the no~MRS and MRS systems have not significantly changed the risk
comparison from that presented in the MRS proposal.' The occupational risk
is slightly higher and the public risk is significantly lower with an MRS
facility in the waste-management system.
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6. VIEWS OF THE UTILITIES

Certain parties have questioned whether the construction of an MRS facil-
ity is supported by the U.,S. electrical utilities. This section provides in-
formation on the views expressed by various utilities or representative groups
at Congressional hearings and in other forums. It also discusses the concerns
expressed by certain utilities about performing certain spent-fuel-management
activities at reactor gites rather than the MRS facility.

6.1 SUPPORT FOR THE MRS PROPOSAL

In November 198%, before the MRS proposal to the Congress' was com-
pleted, the GAO asked the 74 utilitles that either own or operate nuclear
power plants for their views of the DOE's plans for an MRS facility and their
plaus to accommodate growing inventories of spent fuel." After receiving 54
completed respounses covering 71 utility companies, the GAO published the
results in a fact sheet.” Of the completed responses, 44 percent supported
an MRS facility and 3l percent opposed it, with 20 percent taking a neutral
position. Almost all of the responding utilities said that they could provide
storage for their spent fuel until 1998, but the provision of storage would be
more difficult after 1998, If a repository is not available by 1998, 52 per-
cent of the respounses said that spent-fuel storage at an MRS facility would be
preferable to at-reactor storvage, and 70 percent indicated that the utility
was willing to pay a share of the MRS costs.

The GAO viewed the results of this rurvey as fandicating that the util-
ities' opiniong vary on the need for an MRS facility. However, it acknowi-
edged that the survey was conducted before the DOF had made its proposal and
since that time nuclear-industry positions indicate "strong support for DOE's
MRS proposal." In particular, the GAO mentions MRS support by the Edison
Flectric Institute (EEL) and notes that the EEI cites several advantages of
integrating the MRS facility into the waste-management system, According to
the EEI, the principal advantage is the requirement to mobilize the DOE's
waste-management development efforts several years before they would be
required for a system with only a repository. The CAO report says that the
FEEI believes thig early focus is edsential because of the duration and cost of
the program.'”

To better understand the views and attitudes of the utilities about
spent-fuel management, the DOE in 1987 sponsored a limited study involving
eight utilities that operate about 20 percent of the nuclear ?OWer plants in
the United States. The results, published in a draft report,’ outline the
benefits of using a central facility, such as the MRS facility that is
specifically designed for waste-management operations and economy of scale, as
opposed to performing these operations at multiple reactor sites not designed
for such activities.

More recently, various representatives of the utilities and/or their
trade associations have explicitly supported the construction of an MRS



facility in testimony at Congressional hearings. The testimony was given on
behalf of the American Nuclear Energy Council, the Edison Electric Institute,
the utility Nuclear Waste Management Group, and the Electric Utility
Companies' Nuclear Transportation Group,''''’

These organizations regard the MRS facility as a vital addition to the
waste-management system--—and an addition that would provide a variety of bene-
fits, such as providing needed flexibility in the planning, design, construc-
tion, and operation of the disposal system and allowing the DOE to focus its
efforts more efflciently and eftfectively by separating the functions of waste

preparation on the surface from those of emplacement underground for permanent
disposal,

These organizations have aleo requested that the Congress act on the
DOE's proposal by not only authorizing and funding the MRS facility but also

by providing incentives to the host State, affected Indian Tribes, and local
communities,

6.2 UTILITY VIEWS ON AT-REACTOR OPTIONS

As already mentioned, in 1987 the DOE sponsored a limited study of
utility views on spent-fuel management. The eight utilities selected for this
study® operate about 20 percent of the nuclear power plaunts in the United
States and represent a wide range of experience in reactor operations and
spent-fuel management, The principal purpose of the study was to ascertain
attitudes and concerns about performing certain spent-fuel-management
activities at reactor sites as part of the Federal waste-management system;
these activities include spent-fuel consolidation and dry at-reactor storage.
The results of the study are summarized below.

The interviewed utilities expressed the following general concerns about
performing new spent-fuel operations at their reactor sites:

® The supervision of additional waste-management functions would
distract management personnel from their responsibilities in reactor
operation.

® New operations create concerns about engineering, safety, the exposure
of workers to radiation, and the frequency of maintenance operations
or equipment breakdowns.

® Additional spent-~fuel-handling and storage-pool operations are likely
to increase the efforts needed to keep the storage pools and equipment
free of contamination with radicactive material.

*The utilities interviewed in this study were the Duke Power Company, the
New York Power Authority, Northeast Utilities, the Portland General Electric
Company, the Public Service Electric and Gas Company, the Southern Califormnia

Edison Company, Southern Company Services, Inc., and the Wisconsin Electric
Power Company.



¢ In the event of a release of radioactive material or other incidents
that must be reported to the Nuclear Regulatory Commission (NRC), it
may be necessary to shut down the reactor, and downtime is of great
concern: because of the need to buy replacement power, it may cost as
much as $500,000 per day. In addition, the utility might be faced
with adverse public reaction and an NRC fine,.

In view of these concerns, the interviewed utilities felt that indesmnification
by the DOE would be necessary for any liability arising from DOE-mandated
activities, including the reimbursement of costs of replacement power, NRC
fines for operational irregularities, and the cleanup for contamination,

The interviewed utilities were also concerned about regulatory require-
ments and the responses of their public utility commissions (PUCs). For
example, they stated that license amendments for large numbers of reactors for
perhaps more than one activity or facility modification might be difficult to
obtain in a timely mannerj they also said that full compensation from the DOE
for costs incurred would be required to satisfy PUC requirements. In addi-
tion, utilities expect varying degrees of public concern about waste-management
activities not previously licensed and pointed out that a license amendment
makes the local communities more conscious of the presence of a nuclear power
plant,

The utilities explained that, because of the differences in physical
facilities among the reactor plants, it would be difficult, and in some cases
prohibitively expensive, to mandate that certain operational activities be
performed by the utilities on behalf of the waste-management system, Specific
concerns about rod consolidation included the following:

® Conflicts in the use of in-pool or pool-side space would arise.

® The floor-loading limits of the spent-fuel storage pools will limit
the quantity of consolidated spent fuel that can be stored.

® Pool equipment is not designed for some of the coperations that may be
necessary, with the potential for creating operating problems.

The general attitude of U.5. utilities on performing additional spent-
fucl-management activities at reactor sites was summarized at recent Congres-
sional hearings:''''’

We question whether electric utilities that operate nuclear
energy plants should be required to perform functions as part
of the high-level radioactive waste-disposal system. There
are tremendous technical, operational, regulatory and institu-
tional barriers to having electric utilities perform these
unctions. Also, it only makes sense to concentrate these activ-
ities at a single location rather than at 72 locations across
the country.



7. COST UNQUANTIFIED IN THE MRS PROPOSAL

The CA0' and others have stated that the cost estimates in the MRS
proposal to the Congress' are not complete because they do not include the
cost of certain elements that have been identified, but not quantified, by the
DOE, These cost elements include the following:

1. Ald to affected localities for mitigating the impacts of the MRS
facility,

2, Consultation-and-cooperation agreements.,

3. Paymeuts equal to State and local taxes,

4. Fees for local, State, and Federal permits and licenses.

5. Costs for transporting spent fuel from reactors to the MRS facility.
6. Costs of gite acquisition,

In regard to item 4, most licensing and permit fees, which are spread
over about 35 y« ra during the licensing and operational phases, are easily
covered by the 25~percent contingency catoablished for design and operation.
In regard to ftem 5, the costs of transporting spent fuel are more properly
evaluated from a total-system pergpective, Transportation costs are included
in the total-system cost analyses. Costs for upgrading roads, railroads, and
bridges are not appropriate since the transportation of gpent fuel to and from
the MRS facility will be accomplished through commercial transport; however,
included in the estimate for the consultation-and-coovperation agreements is
the cost of improvements in the transportation infrastructure. In regard to
item 6, the DOE did provide an estimate in the MRS proposal of $2 million.

The other costs listed above (items 1, 2, and 3) were not quantified in
the MRS proposal because the DOE felt that including them in the proposal was
not appropriate. As explained in the DOE's comments on the GAO report,'
such costs were not specified in the proposal '"to allow the DOE flexibility in
the consultation-and-~cooperation process that will be initiated if Congress
approves the MRS proposal.” An estimate for State and local taxes (or pay-
ments in lieu thercof) was nonetheless included in the proposal documents.
The DOE's comments also pointed out that some of these costs should be deter-
mined by the Cougress "as a matter of national policy and of the value of the
MRS to the waste management system, as opposed to a DOE estimate.' However,
additional information on of these costs is presented in thiy report.

For an MRS facility, the Act does not authorize the DOE to fund C&C
agreements, make payments equal to taxes, or to mitigate impacts (except for
limited impacts on public services). The authority for these expenditures
would come from the legislation authorizing the MRS facility. The legislation
that has been drafted for this purpose directs the DOE to "implement the
monitored retrievable storage proposal and program plan submitted to the
Congress in March 1987, including but not limited to provisions relating to
financial assistance and measures designed to be responsive to the concerns
and recommendations of the State of Teunessee and affected local governments."
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In response to the above-mentioned comments, the DOE has prepared prelim-
inary estimates of the costs unquantified in the MRS proposal. These esti-
mates are given in Table 7-1., The assumptions on which these preliminary
estimates are based are briefly discussed in the text that follows., The au-
thority for these expenditures would come from the legislation authorizing the
MRS facility. Only funds for impact mitigation have already been approved by
the Congress, as they are included in the Act. Other payments to the affected
State and local jurisdictions, although proposed by the DOE, are yet to be ap-
proved by the Congress. Consequently, the costs for these items may be as low
as zero. The table helow presents the low estimates and the estimated range
of costs for the items unquantified in the MRS proposal.

Table 7-1. Estimated MRS Life-Cycle Costs

Estimated cost
Item (millions of dollars)

Impact mitigation/preoperational

financial assiatance 10150
Payments equal to taxes 0-~-400
Consultatlion-and-cooperation

agreementgk __0-150
Total 10700

*This item covers the special provisions discussed in
Section 7.3, It should be noted that all of the items
listed in thig table will be included in the negotiation
of consultation-and-cooperation agreements.

7.1 IMPACT MITIGATION/PREOPERATIONAL FINANCIAI ASSISTANCE

The impact aid authority in Section 141(f) of the Act is restricted to
public services. More general authority is requested in Section 4.3 of the
MRS proposal. During the operational phase, impact mitigation would be
authorized "as under Section i16(c){(2)." For the preoperational phase, the
DOE has proposed to provide financial-assistance payments to address State and
local concerns regarding socioeconomic impacts.

Impact mitigation covers both direct and indirect impacts, such as pos-
tulated negative effects on tourism and industrial recruitment. The items
listed below are examples of the types of programs the State, regions, or
local community might implement in order to offset any indirect negative im-
pacts. These programs are not meant to be all inclusive. They represent
ideas and should be considered only as possible projects subject to applic-



able laws and regulations and any policy guidance that may be provided by the
Congress if it decides to approve the MRS facility.

¢ Provide funding for the upgrading of services like sewer and water
lines.

L Allocate impact-mitigation monies to area chambers of commerce.
® Fund a distinguished fellowship program.

o Fund a job-training program at local technical institutes,

° Conduct public education programs tor area ofticials,

The MRS proposal' also proposes that, duriog the preoperational phase,
financial~agsistance payments be made to State and local governments Lo
"approximate the taxes that would eventually be paid to those governments by a
fully operational MRS facility valued at $1 billion." The level of preopera-
tional assistance would be established by agreement but could range up to $i5
million per year for each of the l0 preoperational years. If authorized, the
life-cycle cost would be up to $150 million,

The total costs for this category would depend on the type of financial
assistance approved by the Congress during the authorization of the MRS facil-
ity. Should preoperational assistance payments be approved, then impact-
mitigation payments would be incorporated within those payments., Should pre-
operational payments not he approved, then impact-mitigation payments would be
limited under Section L41(f) of the Act to mitigating public-services impacts
related to the siting, construction, and operation of the MRS facility. The
socioeconomic analysis contained in the MRS proposal (Volume 2, "The Environ-
mental Asscgsment') indlcates that expenditures for impacts detined within the
limits prescribed in Section L4L1(f) would probably not exceed $10 million for
the life of the facility.

7.2 PAYMENTS FEQUAL TO TAXES

Section 4.3.2 of the MRS proposal' requests that the Congress authorize
the DOE, during the operation of the MRS facility, to make payments equal to
the taxes that State and local governments would receive if the MRS facility
were treated like other real property and industrial activity. Such payments
are authorized for repositories in Section 116(c)(3) of the Act.

Under existing law, MRS contractors would pay use taxes equal to the
sales taxes that would be paid by a private owner. Thus, these taxes fall
outside payments equal to taxes. The considerations used to arrive at pre-
liminary estimates for the important tax-related payments are described below.

Property taxes paid to local governments - $250 million

If such payments are authorized, future property taxes are assumed to be
bounded on the high side by a case for which current tax rates are constant
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and on the low side by a case for which current local government revenues are
constant, Using an initial value of $1 billion for capital cost, a statutory
assessment ratio of 40 percent, and an assumed straight-line depreciation to a
salvage value of $250 million at the end of operation and staying constant
during decommissioning, the life-cycle property taxes are about $300 million
in the constant-rate case and about $150 million in the constant-revenue

case. The midpoint is about $250 million.

Other taxes - up to $100 million

If authorized, thls category would include State and local taxes paid on
taxable activities conducted at the MRS site by the Federal Government--that
is, taxes that, in the absence of sovereign immunity, would be paid by a
private corporation,

When combined, the payments equal to taxes are estimated at up to $350
miilion, With an uncertainty of plus or minus 15 percent, the costs may be up
to about $400 million over the life of the facility,

7.3 CONSULTATION AND COOPERATION (C&C) AGREEMENTS

The authority to enter into a consultation-and-cooperation (C&C) agree-
ments with the State is derived from Section 117, which is referenced by
Section l41(h) of the Act. The purpose of the C&C agreements is to resolve
the concerns of the State or affected Indian Tribes regarding the "public
health and safety, environmental, social, and cconomic impacts."” In addition,
the MRS proposal states that "DOF would fully reimburse the State for reason-
able and direct expenses incurred in assoclation with the MRS facility.”

Steering Committee costs - up to $70 million

I[f the Steering Committee is authorized, it could have an independent
staff. For a staff of eight to ten persons, basic office equipment and space,
and the reimbursement of expenses incurred by the members of the MRS Steering
Committee, the cost is estimated to range from about $500,000 to $1.5 million
per year. The committee is assumed to meet over a period of 40 to 45 years,
and hence the total cost would range between $20 and $70 million.

State inspection - up to $15 million

The proposal indicated receptiveness to State ingpection. Depending on a
number of items that would need to be discussed with the State, provision for
State inspection is estimated to cost $1.5 million, from information provided
by transportation specialists. The operating cost would be about $350,000 per
year for 31 years, assuming three inspectors (to cover two shifts per day, 6
days per week), clerical support, and maintenance. An uncertainty of plus or
minus 20 percent is assumed.

Emergency-preparedness training - up to $7 million

This estimate assumes that a five-person team travels throughout the
State to conduct training programs in counties through which the spent fuel



will move. The estimated cost is about $750,000 per year for the 5 years of
facility construction. A higher cost estimate is also given; this estimate
assumes additional training through the 31-year operating period at an annual
cost of $100,000.

Improvements to the transportation infrastructure ~ up to $60 million

This estimate is based on ugrading the roadways affected by the MRS fac-
illty., As an example, if the Clinch River site proposed by the DOE is se-
lected, the estimated cost ranges from $4% to $60 million. This estimate is
based on estimates by the Tennessee Department of Transportation for pro-
viding four lanes and straightening State Route (SR) 58 and improving brid-
ges. Because SR 95 is curvier and hillier than SR 58, the cost per mile for
SR 95 has been estimated to cost 30 percent more than for SR 58, The cost of
upgrading Bear Creek Road from its intersection with SR 95 to the Clinch River
slte is based on the same cost per mile as SR 38, The total cost for these
projects is estimated to be about $50 million, and an uncertainty of plus or
minus 15 percent is assumed.

These estimates total up to $150 million. The separate high and low
estimates for each item above are added to obtain these totals.
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8. CONCLUSIONS

This report was prepared to provide information to address questions
raised by the General Accounting Office (GA0)’, the State of Tennessee, and
others after the submittal of the DOE's MRS proposal to the Congress.' The
principal topics covered in thig report are (1) the feasibility of achieving
comparable overall waste-management performance without the MRS facility, (2)
the views of the utility industry on the need for an MRS facility, and (3)
estimates of costs unquantified in the MRS proposal. The principal conclu~
sions are summarized below,

8.1 FEASIRILETY OF ACHIEVING COMPARABLE PERFORMANCE WITHOUT THE MRS FACILITY

The GAO and others have objected that the MRS proposal does not explain
how the authorized waste-management system (the reference no-MRS system) could
be modified to function most efficiently, effectively, and safely. Informa-
tion on potential modifications to the authorized system was said to be neces-
sary for a balanced comparison with the improved-performance system.

This report assesses the overall benefits that could accrue to the waste-
management system through various modifications to the no-MRS system. Five
alternative no-MRS systems were postulated by grouping together potential mod-
ifications with similar system-wide impacts. The alternative systems range
from those limited to the Federal waste-management system (no-MRS alternatives
1 and 2) to those involving an increasing progression of waste-preparation
functions performed at reactor sites. The extreme case (alternative 5) exam-
ines the impacts of performing at reactor sites all of the waste-preparation
functionsg that would be performed by the MRS facility,

Each of the alternative no-MRS systems was then compared with the refer-
ence no-MRS system in terms of the following criteria: technical feasibility,
effects on system development and licensing, effects on system operations,
cost, and risk. The results of this comparison indicate that some potential
modifications to the transportation system and the DOE's guidance to the
utilities with respect to the efficient management of at-reactor spent-fuel
storage would result in a no-MRS system (no-MRS alternative 1) that has some
advantages over the reference no-MRS system. The transportation modifications
include the use of higher-capacity standard-welght casks, the linited use ot
overweight truck casks, and the limited use of extra-large rail casks. The
second modification entails increased participation by the DOE in providing
guidance and advice to utilities in regard to at-reactor spent-fuel storage so
that their technology choices are beneficial to the waste-~management system.
These modifications can be implemented in the Federal waste-management system
without significantly affecting the DOE's interface with the utilities. These
modifications would reduce the overall system costs by about $400 to $500
million and also reduce the occupational and public risk of radiation exposure.

Another alternative no-MRS system is one in which the DOE would provide
incentives and take other actions to influence the utilities to choose storage
options that are most beneficial to the waste-management system (no-MRS alter-
native 2). Two options that were considered are spent-fuel consolidation into
repository-compatible canisters and the use of dual-purpose (transportation
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and storage) casks, Alternative 2 represents a significant increase in the
integration of at-reactor operations with the Federal waste-management system.
However, the evaluation of the benefits associated with this increased level
of integration indicates that only marginal cost benefits beyond those pre-
dicted for alternative 1 can be expected, and these benefits are outweighed by
the negative impacts associated with the intrusion of the DOE into the
utilities operations.

Also examined were major increases in the levels of utility participation
in the preparation of spent fuel for disposal (no-MRS alternatives 3, &4, and
5). The evaluations of each of these alternatives gave basically identical
resultst overall system costs would increase; significant institutional and
utility opposition to widespread utility involvement in spent-fuel preparation
can be expected; and subatantial technical feasibility issues would need to be
resolved. These alternatives were found to be less desirable than the refer-
ence no-MR§ system.

No-MRS alternative l--the system with trangsportation modifications and
increaged DOK participation In utillity management of at-reactor storage--was
then compared againgt an MRS system updated to include modifications in
reactor-to~-MRS transportation and increased DOE participation in utility stor-
age choices. This comparigon (Section ) indicates that incorporating these
modifications to the no-MRS system (and equally to the MRS system) would not
significantly aftect the conclusions reached in the MRS proposal about the
need for, and the advantages of, an MRS facility. The advantages of the MRS
facility, as outlined in Section 1 of this report, include improvemeuts in
system development, accelerated waste acceptance, improvements in system
reliability and flexibility, simplification of repository operations, trans-
portation improvements, and institutional benefits.

In summary, a qualitative examination of the question as to whether the
advantages listed above might accrue from alternative no-MRS system config-
urations leads to the conclusion that no realistic combination of projected
technological modifications and varying degrees of shift of waste-preparation
functions from the DOE to the utilities will result in equivalent advantages
or in any substantive way alter the advantages that would accrue to the was'e-
management system as a result cf the MRS facility.

8.2 VIEWS OF THE UTILITY INDUSTRY ON THE NEED FOR THE MRS FACILITY

The case for an MRS as presented to the Congress was based on weighing
benefits against costs. The benefits were judged to be sufficient to warrant
the added costs relative to a no-MRS system configuration. This conclusion
has been endorsed by the utility industry. Through Congressional testimony of
utility representatives,''''? GAO findings, and the results of a limited DOE
study, the following conclusions about the views of the utility industry can
be made:

® The nuclear utility industry supports the need for an MRS facility in
the waste-management system.

® The utility industry can and will implement technological solutions to
the problem of spent-fuel management until the spent fuel is
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transferred under the Act to the Federal Government. The solutions
are, however, likely to vary among the utilities.

® The utilities are not inclined to commit to substantially greater
waste-preparation operations at reactor sites than those required to
sustain the safe operation of the nuclear power plant. This attitude
stems mainly from concerns about institutional, liability, and
licensing issues rather than technological concerns.

® Auy waste-management option that requires extensive at-reactor consol-
idation or other at-reactor operations would require facility modif-
ication and/or operations that encroach on the primary tunction of
reactors-~the generation of electricity,

® Placing additional burdens on nuclear power facilities solely to
decrease the costs of the government's spent-fuel disposal program
would be inconsistent with the intent of the Nuclear Waste Policy Act.

8.3 COSTS UNQUANTIFIED IN THE MRS PROPOSAL

The DOE has been asked to provide estimates for certain costs that were
identified but not quantified in the MRS proposal.' Most of these costs
fall into the general categories of impact mitigation, consultation-and-
cooperation (C&C) agreements, and payments cquivalent to taxes.

These costs were not quantified in the MRS proposal to allow the DOE
flexibility in the consultation-and-cooperation process that will be initiated
if the Congress approves the MRS proposal. Furthermore, some of these costs
should be determined by the Congress as a matter of national policy and of the
value of the MRS facility to the waste-management system, as opposed to a DOE
estimate. The authority for these expenditures would come from the legisla-
tion authorizing the MRS facility. Only funds for impact mitigation have
already been approved by the Congress, as they are included in the Act. Other
payments to the affected State and local jurisdictions, although proposed by
the DOE, may not be approved by the Congress. Consequently, the range of
possible costs for these items may be as low as zero. The table below
presents the full range of estimated costs for the items unquantified in the
MRS proposal.

Estimated cost
Item* (millions of dollars)

Impact mitigation/preoperational

financial assistance 10-150
Payments equal to taxes 0-400
Consultation-and-cooperation agreements 0-150
Total 10-700

*It should be noted that all of the items listed in this table
will be included in the negotiation of consultation-and-cooperation
agreements.
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8.4 SUMMARY CONCLUSIONS

This report has examined three issues related to the need for an MRS fac-
ility in the waste-management system: modifications to the no-MRS system,

views of the utility industry, and unquantified costs in the DOE's proposal to
the Congress.'

The DOF concludes that nothing in this analysis indicates the need for
any substantive change in the DOE's proposal to the Congress. Technological
advances belng made through DOE and industry research and development programs
may improve some waste-management operations, such as spent-fuel consolida-
tion, spent-fuel storage, or transportation. These ongoing development pro-
grams were described in the DOE's proposal to the Congress and are expected to
contribute to the optimization of the waste-management system. The incorpora-
tion of the expected advances into the system does not change the conclusions

reached in the DOE's proposal about technical feasibility or system benefits
and costs.
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APPENDIX A

DEVELOPMENT OF DETAILED COST ESTIMATES FOR NO-MRS AND MRS SYSTEMS

A.1 INTRODUCTION

This appendix contalns the assumptions made and the calculations performed
to estimate the cost impacts of the various alternative No-MRS and MRS systems
analyzed in this report. It should be noted that the costs presented in this
Appendix are preliminary estimates. Some of the equipment and operations
examined in this report have not yet been designed or developed, and therefore
the uncertainty in certain portions of the cost estimates is significant.

The proposed system modifications include consolidation of spent fuel at
the reactor sites (at selected sites to assist utilities in meeting their
individual storage needs, or at all sites to eliminate the need for a
consolidation facility within the DOE waste management system), and the use of
transport casks having capacities much larger than current reference casaks,
Other aspects examined include the coat differences assoclated with using dual
purpose (storage/transport) caska versus using storage-only concrete casks for
at-reactor dry storage. Those elements of the system life-cycle costs that
are sensitive to how much consolidation is performed and to where within the
system it ia performed are estimated for the reference No-MRS and MRS systems
and for the various alternative No-MRE and MRS systems, to permit evaluation
of each system relative to each of the other systems. The cost estimates
contained in this appendix are focussed on those elements of the waste system
life-cycle costs that are sensitive to where within the system consolidation
is performed and to how many assemblies are consolidated at any given
location. Those elements of the system life-cycle costs that are not affected
by these considerations (such as underground facilities and emplacement
activities) are omitted from these analyses. In this regard, system
development and engineering (D&E) costs were assumed to be insensitive to the
various system alternatives analyzed. Also, only that fuel emplaced at the
first repository is included in these analyses. As a result, the costs
presented herein contain fewer elements than do the total system life-cycle
costs (TSLCC) developed and reported annually by the Department. By omitting
those large cost elements that are unaffected by the variations considered in
this study, and by adding elements such as at-reactor storage, the
sensitivities of system life-cycle costs to the proposed variations in system
configuration and performance are more readily discerned and the large
uncertainties associated with examining small differences between large
numbers are reduced.

The system areas evaluated in this analysis of suggested system
modifications, which include facilities and operations necessary for storage
of spent fuel at the reactor sites, transport of the spent fuel through the
federal waste management system, and preparation of the spent fuel for
emplacement but including neither the actual emplacement packages nor the
underground facilities and operations necessary to accomplish emplacement are
illustracted in Figure A-1, The system areas encompassed by the TSLCC are also
shown in the figure, to identify those areas that the TSLCC and this analysis
have in common, and to illustrate those portions of the TSLCC that are
excluded from this analysis, such as the emplacement activities at the first
repository and the transport, preparation and emplacement activities
associated with the second repository.

A-1
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The reference No-MRS system cost elements are base-lined to Scenario 1 of
the MRS Submission to Congress and the reference MRS system cost elements are
base~lined to Scenario 4 of the MRS Submission to Congress.

The results of these analyses are summarized in Section A,2. The detailed
bases and assumptions used in the analyses are discussed in Section A.3., The
detailed analyses and results are presented in Section A.4, A discussion of a
number of potential system costs that cannot readily be quantified is
presented in Section A.5.
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A.2 SUMMARY

The estimated life-cycle costs for packaging and transporting 65,360 MTU
of spent fuel to the first repository are evaluated in this study for the
reference No-MRS system, the reference MRS system, and for alternatives to
those reference systems. The estimated system life-cycle costs, including
both the determinate costs developed In Section A.4 and the indeterminate cost
developed in Section A.5, and shipment-miles and cask-mlles for these systems,
are summarized for comparison in Table A-2.1. Thus, it can be seen that the
alternative MRS system has fewer shipment-miles than any of the No-MRS cases,
reflecting lower risk to the public from transport of the spent fuel. The
total cogst for the system (excluding underground activities at the repository)
exhibits a very shallow minimum across Alternatives 1 and 2 where the improved
cask capacities are applied. The differences in life-cycle cost betwcen the
lowest cost MRS and No-MRS systems (for the same repository) range from about
$1.0 billion to $1.3 billion.

Providing at-reactor canister closure and decontamination {as in No-MRS
System Alternatives 4 and 5) is clearly not cost-effective, compared to the
MRS systems.

Alternatives 3, 4, and 5 also would require all reactors to consolidate, a
situation that is beyond the control of DOE at the present time.



TABLE A-2,1 Comparison of the Reference and Alternative No-MRS and MRS
Systems

Item Basalt _Salt Tuff
Reference No-MRS System

Cost (billions 1985 §) 5.8 6.2 5.4

Shipment-Miles (millions) 86.0 58.4 80.2

Cask-Miles (millions) 86.0 58.4 80.2
No-MRS System Alt. 1

Cost (billions 1985 §) 5.2 5.8 4.8

Shipment~-Miles (millions) 39.9 27.1 37.1

Cask~-Miles (millions) 39.9 27.1 37.1
No-MRS System Alt, 2

Cost (billions 1985 §) 5.1 5.6 4,6

Shipment-Miles (millions) 38.3 26.1 35,7

Cask~Miles (millions) 38.3 26.1 36
No-MRS System Alt. 3

Cost (billions 1985 §) 6.0-6.5% 6.5-6.9% 5.6~6.0%

Shipment-Miles (millions) 30.3 20.9 28.5

Cask-Miles (millionas) 30.3 20.9 28.5
No~-MRS System Alt, 4

Cost (billions 1985 §) 7.8-8.3% 8.3-8.8% 7.4-7.9%

Shipment-Miles (millions) 30.3 20.9 28.5

Cask-Miles (millions) 30.3 20.9 28.5
No-MRS System Alt, 5

Cost (billions 1985 §) 8.6-9.1* 8.8-9.3% 8.2-8.7*

Shipment-Miles (millions) 56.4 14.% 29.0

Cask-Miles (millions) 56.4 14.5% 29.0

Reference MRS System

Cost (billions 1985 §) 6.4 7.0 6.2

Shipment-Miles (millions) 32.2 31.7 32.1

Cask-Miles (millions) 39.6 36.5 39,
Alternative MRS System

Cost (billions 1985 §) 6.1 6.7 5.9

Shipment-Miles (millions) 16.0 15.7 16.0

Cask-Miles (millions) 22.0 19.6 21.4

*These costs include "indeterminate costs" which are discussed in Section
A-5. These indeterminate costs may be higher than estimated herein.
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A.3 BASES AND ASSUMPTIONS

The bases and assumptions utilized in the reference and alternative No-MRS
systems and the reference and alternative MRS systems are presented in this
gection, Those bases and assumptions that are common to all systems are
presented in Section A,3.1, those specific to the No-MRS systems are given in
Section A.3,2, and those specific to the MRS systems are given in Section
A.3.3.

A.3.1 Common Bases and Assumptions
The following bases and assumptions are common to all systems:

® All costs are developed in 1985 dollars, to facilitate comparison with
the information developed in the MRS Submission to Congress (DOE
1987a).

¢ System life-cycle costs include: completion of maximum reracking where
needed; fuel consolidation; canisters; canister closure and
decontamination operations, when appropriate; dry storage of excess
fuel; transport costs; and incremental repository cost differences.

¢ The system life-cycle throughput is 65,360 MIU of spent fuel which is
64 wt% PWR and 36 wt% BWR fuel, The average uranium content of fuel
assemblies is 0,434 MTU/assembly (PWR) and 0.180 MTU/assembiy (BWR).
Only spent fuel and its assocliated hardware is included in this

analysis., Shipment of process wastes other than hardware are not
included.

° All cask-miles and shipment-miles calculaticns are made on a point to
point basis using the methodology developed for the WASTES program
(Shay 1986). Thus, the distances between each reactor site and the
repository or the MRS are computed for each shipment. Similarly, the
distances hetween the MRS and the repository (Basalt, Salt, and Tuff
sltes) are calculated using the same methodology. The WASTES
methodology is also used to calculate the sizes of the cask fleets
required to accommodate the postulated shipments, using cask

turnaround times based on results from the transportation ALARA study
(Schneider 1987).

¢ All pools are assumed to be re-racked to the maximum feasible capacity
and are assumed to be able to accommodate canisters containing
consolidated spent fuel and compacted hardware.

. Service lifetimes of the casks are 25 years (DOE 1986).

° Dual Purpose casks have capacities of 24 PWR/60 BWR intact assemblies
or 40 PWR/96 BWR consolidated assemblies with compacted hardware, and
cost $1.75 million without a carrier, impact limiters, etc. For
transport, an additional $06.75 million will be required for these
ancillary items.

e Metal storage-only casks are assumed to cost $0,08 million/MTU stored

as intact assemblies and $0.053 million/MTU stored as consolidated
fuel and hardware.

VA | J 703



e (Concrete storage casks are assumed to cost $0.06 million/MTU stored as
intact assemblies and $0.037 million/MTU stcred as consolidated fuel
and hardware.

e All fuel inventory data are taken from the Spent Fuel Data Base for
1986 (Heeb 1987).

e All fuel acceptance rates and achedules are taken from the Migsion
Plan Amendment (DOE 1987),

A.3.2 Bases and Assumptions Specific to the No~MRS Systems
The following bases and assumptiona are specific to the No-MRS systems:

Reference No-MRS System

* Dry storage at-reactor is required for 9200 MITU, none of which is
consolidated, As a result of loading each cask at each site fully,
the amount of fuel stored dry is 9410 MIU, distributed over 50 sites
and stored in a 50/50 mixture of metal storage-only casks' and concrete
casks. The small amounts of fuel that might be consolidated
at-reactor are neglected in the analysis of this system,

®  Shipment to the repository is made in 100-ton rail casks, one
cask/vehicle unit per train, via general freight, where rail shipment
is possible, For those sitea not rall-capable, shipment is in 25-ton
truck caska, one cask/vehicle unit per shipment, The truck cask can
carry two PWR or five BWR intact assemblies, and the rail cask can
carry 14 PWR or 36 BWR intact assemblies.

¢ Fuel consolidation at the repository is into media-specific canisters
or waste packages.

No-MRS System Alternative 1

¢ The transport cask fleet reflects designs currently being developed
under the From-Reactors Cask RFP (DOE 1986). Legal weight truck cask
capacities are 3 PWR/7 BWR intact or consolidated. Overweight truck
cask capacities are 4 PWR/14 BWR intact or 6 PWR/14 BWR
consolidated. 100-ton rail cask capacities are 21 PWR/48 BWR intact
or 28 PWR/72 BWR consolidated., 125-ton rall cask capacities are 24
PWR/60 BWR intact or 40 PWR/96 BWR consolidated,

J Sites that would require dry storage for > 350 MTU in 2006 consolidate
their excess fuel into square, rack-compatible canisters and store in
their pools. This results in consolidation of 7400 MIU, distributed
over 5 sites., The remaining sites store their excess fuel intact in
dry casks. As a result of loading each cask fully at each site, the
amount of fuel stored dry is 7050 MTU, which 1s stored in a 50/50
mixture of metal storage-only casks and concrete casks.



All fuel consolidated at the reactor pools is placed into square
canisters that are compatible with the storage racks for intact
assemblies at both PWR and BWR sites. Thus, two slzes of basic
canister are prepared, a PWR and a BWR size. All hardware is
compacted into square canisters, with hardware frcm six PWR assemblies
placed into one square canister and hardware from ten BWR assemblies
placed into two square canisters. The resulting volume-reduction
ratios are 1.5:1 and 1.4:1 for PWR and BWR assemblies, respectively.

All canisters of consolidated fuel and compacted hardware are shipped
unsealed and without decontamination,

No-MRS Alternative 2
Cask Capacities are as given for No-MRS Alternative 1.

Sites that would require dry storage for > 250 MTU in 2006 consolidate
their excess fuel and ctore in their pools. This results in
consolidation of 15,100 MTU, distributed over 13 sites. The remaining
sites store thelr excess fuel (4500 MTU) intact in dry casks., To
provide for the needs of the transportation system for 125-T casks,
about 20 dual purpose casks, containing a total of about 200 MTU, are
utilized, The balance of the fuel (4300 MIU) stored is in a 50/50
mixture of metal storage-only casks and concrete casks.

All canisters of consolidated fuel and compacted hardware are shipped
to the repository unsealed and without decontamination.

No-MRS Alternative 3

All 65,360 MTU of spent fuel at all sites is consolidated at the
reactor sites prior to shipment, into square/half-square canisters.
Rods from two assemblies are placed into each full-square canister,
and rods from one assembly are placed into each half-square canister,
for each fuel type (PWR or BWR). The mix of full-square and
half-square canisters is two half-squares to one full-square canister
of fuel.

All canisters of consolidated fuel and compacted hardware are shipped
to the repository unsealed and without decontamination.

As a resulit of fully loading each dry cask at each site, the total
amount of consolidated fuel and hardware stored dry is 3100 MTU,
distributed over 20 sites. To provide for the needs of the
transportation system for 125-T casks, 10 dual purpose casks,
containing about 150 MIU, are utilized. The balance of the fuel (2950
MTU) stored is in a 50/50 mixture of metal storage-only casks and
concrete casks.

No-MRS Alternative 4

All spent fuel is consolidated as per No-MRS Alternative 3.
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Dry storage requirements as per No-MRS Alternative 3.

A pool-side device is installed to provide the capability to dry,
inert, and seal-weld the closures on the canisters prior to shipment
to the repository. In addition, provisions are made to decontaminate
the exterior surfaces of the canisters after loading into shipping
casks at the reactor sites by flowing a 1liquid decontamination agent
of the LOMI type through the sealed casks, followed by a clean water
rinse,

No-MRS Alternative 5
All fuel 18 consolidated into media-specific canisters at the reactor

sitee prior tc shipment, and are sealed and decontaminated as per
No-MRS Alternative 4.

The capacities of media-specific canisters for consclidated fuel are:
Basalt 4 PWR/9 BWR

Salt 12 PWR/30 BWR

Tuff 2 PWR/5 BWR (square/half-square, one size).

Cask capacities of the improved casks for the medla-specific canisters
are:

LyI OWT 100-T 125-T 150-T

Basalt 1/1 1/1 12/11 16/15 21/19
Salt 0/0 1/1 3/3 5/4 6/5
Tuff 1/1 2/2 14/14 20/20 37/37

A.3.3 Bases and Apsumptions Specific to the MRS Systems

Reference MRS System

Dry storage at-reactor 1s required for 2750 MIU of spent fuel, ncne of
which is consolidated. By fully loading each cask at each site, the
amount of fuel stored dry is about 2800 MTU, stored in a 50/50 mixture
of metal storage-only casks and concrete casks, distributed over 30
sites.

All (65,360 MIU) spent fuel is shipped to the MRS facility, using the
cagsks specified under the reference No-MRS system.

Consolidation of 65,360 MTU of spent fuel is performed at MRS into
media-specific canisters which are sealed, inerted, and decontaminated
prior to shipment. The media-specific canister capacities are:

Basalt (4 PWR/9 BWR), Salt (12 PWR/30 BWR), Tuff (2 PWR/5 BWR).



Shipment from the MRS to the repository is made in 150-ton steel rail
casks, in dedicated trains consisting of five cask/vehicle units
containing fuel and an average of ahout 2 additional cask/vehicle
units containing canisters of compacted assembly hardware per train.
The payload of each cask is the equivalent of 64 PWR or 135 BWR intact
assemblies in Basalt canisters, (60/120) in Salt canisters, and
(58/145) in 1 size square/half-square canisters.

Alternative MRS _System

From-reactor shipments are made in the increased capaclty casks
specified under No-MRS System Alternative 1,

Sites that would require dry storage for » 300 MTU in 1997 consolidate
their excess fuel into square/half-square canisters and store in their
pools, resulting in consolidation of 1750 MTU, distributed over 2
gites. The remaining sites with excess fuel store their fuel intact
in dry casks. By loading each cask fully at each site, the amount
stored dry 1s 2200 MTU with about 100 MTU stored in 10 dual purpose
casks and the remainder (1600 MTU) stored in a 50/50 mixture of metal
storage-only and concrete casks.

The at-~reactor consolidated fuel canisters are sealed and
decontaminated at MRS prior teo shipment t¢ the repository,
Consolidation of the balance of the spent fuel (63,610 MTU) is
performed at MRS into media-specific canisters which are sealed,
inerted, and decontaminated prior to shipment.

Shipment from the MRS to the Repository is made in 150-T uranium rall
casks, In dedicated trains consisting of five cask/vehicle units
containing fuel and an average of about 2 additional cask/vehicle
units containing canisters of compacted assembly hardware per train.
The payload of each cask is the equivalent of 80 PWR or 171 BWR intact
assemblies in basalt canisters (72/150) In salt canisters, and
(74/185) in single-size square/half-square canisters for tuff.



A.4 ESTIMATED COSTS FOR POSTULATED WASTE MANAGEMENT SYSTEMS

The analyses leading to the system life-~cycle costs developed for the
reference and modified No~MRS and MRS systems are described in this section,
The costs estimated for installing lmproved storage racks in those pools still
needing such modifications are developed in Section A.4,1., The costs for
consolidation and canistering of spent fuel at the reactors are estimated in
Section A.4,2. The costs estimated to provide and operate devices for sealing
and inerting the consolidated fuel canisters at-reactor are presented in
Section A.4,3., The estimated costs for providing exterior decontamination of
the sealed canisters at-reactor are given in Section A.4.4, The estimated
costs for dry storage of fuel in excess of pool rack capacities are given in
Section A.4.5, for both Dual Purpose casks, for concrete casks, and for metal
storage-only casks, The estimated costs for transporting the spent fuel from
the reactors to the MRS facility (if appropriate) and to the repository, and
the shipment-miles and cask-miles associated with each of the proposed systems
are given in Section A.4.6., The estimated cost penalties associated with
emplacing square/half-square canisters in the various repository media are
given in Section A.4.7, and a summary compilation of all of these estimated
costs for each proposed system and 1ts alternatives is given in Section A.4.8.

The number of significant figures carried throughout the calculations in
this section are for computational accuracy only, to avoid introducing
significant rounding error into the final results, and do not imply a
comparable precision or confidence in the values.

A.4,1 Estimated At-Reactor Reracking Costs

The costs associated with replacing current pool storage racks with
maximum capacity racks at those sites where this action is needed are
developed in this section,

To accommodate the heavier weight of canisters of consolidated fuel, many
of tha existing storage racke in the spent fuel storage pools at reactor sites
will have to be replaced with stronger, neutron-absorbing racks. The
estimated costs for re~racking a PWR and a BWR pool are given in Table A-4.1.

Information on pool racks contained in the Spent Fuel Data Base,
maintained for DOE by PNL, suggests that of the 105 pools under consideration,
78 have either re-racked with high-density racks or plan to do so. There is
no indication whether these racks will be suitable for storage of canisters of
consolidated fuel. Thus, there is a range of from 27 to 105 pools that could
require re-racking. For this analysis, it is assumed that 27 pools will
require re-racking, with an average cost of $6.5 million each, for a total
system cost of about $170 million in 1985 dollars.

For No-MRS Alternative 5, additional rack alternatives are needed at all
105 sites to accommodate temporary storage of one cask-ioad (125-Ton cask) of
media-specific canisters. These alternatives are estimated to add about $60
million to the reracking costs, for a total of $230 million for Alternative 5.
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TABLE A-4.]1 Estimated Storage Pool Re-Racking Costs(a)

Iten __P¥WR __ . BYR
Assumed Pool Area (sq.ft,.) 1225 1000
Assumed initial capacity
(assemblies/MTU) 6607360 1300/250
Re-Racked Capacity
(assemblies/MTU) 1370/640 30207580
New Rack Cost ($ million) 4,6 5.2
Licensing and Installation 1.6 _ 1.6

($ million)
Total Estimated Coat ($ millions) 6.2 6.8

(a) Data from Table D.6, Appendix D, MRS Submission to
Congress (DOE 1987ea).

It may be necessary to perform a rather complex seismic/stress calculation
on the re-racked pools and surrounding structures to asgsure that the
additional welght of the canisters of consolidated fuel does not produce
fallure of the pool structures during a design-basis seismic event. The cost
of these analyses and the costs of possible building structural reinforcements
to satisfy the seismic criteria are not included in the above estimate.

A.4.2 Estimated At-Reactor Consgolidation and Canistering Costs

For this analysis, it is assumed that consolidation/canistering equipment
is purchased, installed, and operated in selected pools. Estimated capital
and licensing costs have been reported (Beeman 1986) and are given in Table
A-4.2, together with estimates of the associated operating costs. It should
be recognized that these costs are highly site-specific. Experience at one
site (Garrity 1984) suggests that litigation delays due to intervenors may
effectively prevent a utility from proceeding with consolidation at a given
site or, as a minimum, greatly increase the costs associated with obtaining
the appropriate license amendments.

The 65,360 MTU of spent fuel with the characteristicse postulated for this
analysis (64 wt% PWR, 36 wtX BWR, 0.434 MTU/PWR assembly, 0.180 MTU/BWR
assembly) consists of about 96,000 PWR and 131,000 BWR assemblies,
respectively. Consolidating into the two-size square/half-square canisters,
with 2 half-square canisters to each full-square canister for fuel, and all
non—-fuel-bearing assembly hardware compacted into square canisters (6
PWR/canister, 5 BWR/canister) results in about 72,000 fuel plus 16,000
hardware PWR canisters and 98,000 fuel plus 26,000 hardware BWR canisters, for
a total of 212,000 canisters over the system life cycle. Consolidating into
the single size



TABLE A-4.2 Estimated At-Reactor Spent Fuel Consolidation Costs

Item Cost Bagils Estimated System Cost
{miliions of 1985 dollars)
System Alt 1 Alx 2 Alt 3,4,5 Alt MRS
No. of Sites 5 13 105 2
Capital Equipment $2.5 million/site(a) 12.5 32.5 262.5 5
Licensing $0.1 million/site(a) 0.5 1.3 10.5 0.2
Operations
Direct Labor $6.30/kgV 46.5 95.1 441.8 11.0
and Overhead
Maintenance 2.4% of caplital cost, 4,8 12,5 163.8 1.9
& Insurance annually, for 16, 16,
26 and 12 years,
respectively

Decommissioning 10% of capital cost 1.3 3.3 26,3 _0.5

Subtotal(b) 66 145 905 19
Contingency (40%) (b) 26 o8 62 12
Total Consolidation Cost 92 203 1267 26

(excluding canister coats)cb)

Canister Costs

(8quare-Only){b) 21 42 NA
(Square/Half—Square)(b) 234 8
(Basaltg(b) 142
(Salt)(b) 76
(Tuff) (Single-Size/Half—Square)(b) 152

(a) Beeman 1986
(b) Values rounded off to millions of dollars

square/half-square canisters (2 PWR/5 BWR) results in about 72,000 fuel plus
16,000 hardware PWR canlisters and 39,000 fuel plus 10,000 hardware PWR
canisters, for a total of 137,000 over the system life cycle. The cost of
these canisters has been estimated to be $1100 each. While the PWR and BWR
canisters and the square and half-square canisters differ in size, the
fabrication and QA costs are judged to totally overshadow the small
differences in materials costs. Therefore, a single value for all four
canister sizes is a reasonable simplification.

Canister Costs

In the original MRS proposal, system costs were estimated for the three
geologic-media-specific canister configurations for Basalt, Salt, and Tuff.
The numbers of canisters and the associated costs for using each of these
canisters and for using the one-size and two-size square/half-square canisters
in the overall MRS system costs are evaluated here.
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Formulae have been developed to calculate the numbers of canisters
required for each canister type., These formulae have the following form:

0 f assemb 8 to congolid plus
(No. of consol. assemblies/canister) fuel

(No.. . .of ansemhlien _to consolidate)
(No, of intact assembliea/canister X hardware compaction ratio) hdwr,

In the square/half-square concepts, the fuel term is also multiplied by the
following ratlo:

No, __of square + No, of half-square canisters
No. of square canisters

wkich in this analysis was equal to 3/2. The formulae for the various
canisters are listed in Table A-4.3, The results of applying these formulae
to the 96,000 PWR and 131,000 BWR assemblies assumed to be consolidated are
also presented in Table A-4.3. The costs of providing these numbers of
canisters are given in Table A-4.4.

TABLE A-4,3 Formulae and Numbers of Canlisters Required for 65,360 MTU

Canister Type Formulae (8) Numbers of Canisters(d)
Required
PWR -BYR_ _PWR _BWR Total
Basalt N/3 7N/45 32,200 20,400 52,500
Salt N/9 3.5K/7% 10,700 6,100 16,800
Tuff (One-Size 118/12 19N/150 88,400 49,700 138,000
Square/Half-Square)
Two-size Square 2N/3 3.5N/5 64,300 91,600 156,000
Two-size Sq/H(c) 11N/12 19N/20 88,400 124,000 213,000
{(a) Based on the consolidation and packing efficiencies discussed in
Section A.4.2. N is the number of intact assemblies to be
consolidated,
(b) Assumes every assembly of the 65,360 MIU system Input is consolidated.
(c) Incorporates 2 half-square canisters per 1 full square canister, for
fuel, and full-square canisters of hardware only.
(d) Values rounded to 3 significant figures.
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TABLE A-4.,4 Estimated Costs for Canister Configurations Containing 65,360 MTU

Canister Cost

Number of Coat/Canister (millions of 1985$)
Canister Type = _Canlsters (1985 dollars) = . . _1.tal Cost .
Basalt 52,000 2,700 142
Salt 16,800 4,500 76
Tuff (One-Size 138,000 1,100 152
Square/Half-Square)
Two-size Square 156,000 1,100 172
Two-slize Sq/H 213,000 1,100 234

A.4.3 JEstimated At-Reactor Canlater Closwre Conts

The costs assoclated with including canister closure and exterhal
decontamination in the MRS functions performed at the reactor site are
presented below. It must be recognized that neither of these operations have
been developed beyond the conceptual de sign stage. Thus, the estimated costs
contain a larger degree of uncertainty than do the consolidation cost
estimates,

Closure of a caniater filled with spent fuel while in the storage pool
includes the ateps of removing the pool water from the canister, drying the
canister interior and the contained fuel, evacuating and backfilling the
canister with an inert gas, seal welding the closure, and leak-testing the
weld, These operations require either that one end of the canister be
elevated above the pool surface within a shielded enclosure or that the
operations be performed in a dry underwater "bell"”, 1In either case, remote
operation is required. For this analysis, a conceptual, shielded, poolside
work station was assumed for these operations. A rough estimate of about $2.9
million per unit was’”made for the capital and installation costs of such
equipment, based on preconceptual sketches. The total estimated costs
agsgoclated with procuring, installing, operating, and decommissioning this
equipment are given in Table A-4.5.

It must be recognized that installation of the conceptual closure
equipment may not be feasible at some or many pools, due to the large weight
of the shielded enclosure. If the enclosure could not be installed,
construction of a small, dry hot cell might be required, with transfer casks
to move the canisters from the pool to the cell, This latter concept would
result in significantly higher costs and greater effort to accomplish canister
closure.



TABLE A-4,5 Estimated At-Reactor Canister Closure Costs

Item Cost Basis Estimated Cost
(millions of 1985 dollars)
Capital Equipment 105 poola @ $2.9 million 305
Licensing 105 pools @ $0.3 million 32
Operation
Direct Labor 65,360 MTU @ $1.00/kgU 65
Overhead 40% of direct labor 26
Maintenance 2.4% of capital cost, annually 191
& Ingurance for 26 years
Decommissioning 10% of capital cost 3l
Subtotal 650
Contingency (40%) 260 _
Total Estimated Canister Closure Costs 910

A.4.4 Estimated At-Reactor Canister Decontamination Costs

To provide a product comparable to that produced by the MRS facility, the
sealed canisters must also be decontaminated on their exterior surfaces prior
to shipment to the repository. This operation presents some interesting
difficulties if attempted wit h the canisters still in the pool, since the
pool water, which 18 normally contaminated, would have to be excluded from
contacting the canister surfaces following decontamination, One approach
would be to construct some kind of small hot cell at the aite for performing
the decontamination and subsequent loading into the shipping casks. This
approach does not appear viable at most reactor sites, An alternative
approach which might prove feasible is the following: The canisters are
loaded into the shipping cask in the normal fashion, the cask closed and
placed on a decontamingtion pad adjacent to the pool area. The pool water is
removed from the cask interior, which is flushed with clean water.
Subsequently, a stream of decontamination solution of the non-aggressive LOMI
type (Bradbury 1983) is circulated throughout the cask interior for a time
sufficient to remove the contaminants from the canister and cask interior
surfaces. The solution 18 then removed, the cask interior is flushed again
with clean water, drained, dried, inerted, and shipped to the repository.

Since many reactors are moving toward perliodically decontaminating their
primary piping systems and the reactor vessel interlor using LOMI-type
processes, the capability for providing and processing the decontamination
solutions may be in place at many reactors when needed. If so, the
incremental cost would be so small as to be negligible. However, if a
dedicated system must be installed at each site to provide the solutions and
provide the processing of those solutions after use, the incremental costs
could be significant. Commercial systems are currently in use throughout the
industry for decontaminating small segments of piping systems and portions of
steam generators prior to maintenance activities. The costs of providing such
a system at each of the reactor sites are estimated to be on the order of $1
to $3 million per installation, plus annual operating costs of about $50,000
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over a 20-year period, for a total system cost for at-reactor canister
decontamination in the range from $200 to $400 million (assume $300 million).

A.4.5 Estimated At-Reactor Dry Storage Costs

From examination of the data from the Spent Fuel Data Base (Heeb 1987),
storage requirements and assoclated costs for casks, site alternatives, and
licensing are estimated for all of the systems considered in this report.

Reference No-MRS System - Assuming the Mission Plan Amendment receipt rates
and schedules (DOE 1987), the amount of fuel in excess of maximum reracked
capacities peaks in the year 2006, with a total of 9200 MIU requiring dry
storage, distributed over about 50 sites, For this analysis, the amount of
fuel consolidated at the reactor sites {s assumed to be negligible. Loading
each storage cask at each site fully results in about 9400 MTU being stored.
Using a 50/50 mixture of metal storage-only caska and concrete casks (@
$60,000 per MIU, ave.) the estimated cost 1s about $640 million. These
estimates neglect any additional operating costs associated with storing and
maintaining these casks on-site.

No-MRS System Alternative 1 - Sufficient fuel is consolidated at 5 sites to
permit storing 25% of the total excess fuel in the pools at those sites. The
balance of the excess fuel (7050 MTU) is stored in dry casks, distributed over
42 sites. Using a 50/50 mixture of metal storage-only and concrete casks, the
estimated cost is about $490 million.

No-MRS System Alternative 2 - Sufficient fuel 1s consolidated at 13 sites to
permit storing 50% of the total excess fuel in the pools at those sites. The
balance of the excess fuel (4500 MIU) is stored in dry casks, distributed over
34 gites, Utilizing about 20 dual-purpose casks and a 50/50 mixture of metal
storage-only casks and concrete casks, the estimated cost is $340 million.

No-MRS System Alternative 3 ~ Dry storage is required at about 20 sites, &ll
of which is consolidated. Fully loading storage casks at each site would
result in storing 3100 MTU. Utilizing about 10 dual purpose casks and a 50/50
mixture of metal storage-only casks and concrete casks, the estimated cost is
$190 million.

No-MRS System Alternative 4 - Essentially identical with Alternative 3,

No-MRS System Alternative 5 ~ Since the media-specific canisters are loaded
one cask-load at a time, consolidation is performed one cask load at a time.
Thus, the fuel 1s stored intact until then, requiring approximately the same
quantities of dry storage as in the reference No-MRS System, at a cost of
about $640 million if a 50/50 mixture of metal storage-only casks and concrete
casks are used.

Reference MRS System — With the MRS beginning to accept fuel in 1998 at the

MPA rates, the quantity of fuel in excess of the maximum reracked capacities
peaks in the year 1997. Loading the excess fuel intact into a 50/50 mixture
of metal storage-only and concrete casks s&nd filling each cask fully results
in storing 2800 MTU distributed over 30 sites. The estimated cost is about

$210 million.
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Alternative MRS System - Dry storage for intact assemblies 1s required, at 28
sites, Filling each cask fully results in storing 2200 MIU. Storing 100 MTU
in dual purpose casks and the remaining in a 50/50 mixture of metal

storage-only casks and concrete casks, the estimated cost is about $180
million,

A.4.6 Estimated Transportation Costs for the Postulated Waste Managemens
Systems

The costs of transporting the canistered spent fuel and compacted
non-fuel-bearing hardware from the reactor sites to the repository were
calculated using the WASTES program (Shay 1986) methodology. The criteria for
acceptance for shipment from a given reactor site were: 1) the maintenance of
Full Core Reserve capacity in the pool, and 2) 0ldest Fuel First. The costs,
cagk-miles, shipment-miles, and cask fleet sizes were calculated for shipment
to all three geologic media sites (Hanford, Basalt; Deaf Smith, Salt; Yucca
Mountain, Tuff). The rail shipments were made in trains carrying 1
cask/vehicle unit, in general freight service.

Reference No-MRS System

Each rail cask contained 14 intact PWR assemblies or 36 intact BWR
assemblies, The truck shipments consisted of single cask/vehicle units
snipped in sole-use service. FEach truck cask contained 2 intact PWR
asgemblies or 5 intact BWR assemblies. The shipping was initiated in 2003 at
the rates defined in the Mission Plan Amendment (DOE 1987), and 65,360 MIU of
spent fuel and associated non-fuel-~bearing hardware were delivered to the
first repository. The results of these calculations are shown in Table A-4.6.



TABLE A-4,6 Transportation Calculation Results for the Reference No-MRS

System
Item Basalt salt Tuff
Number of Shipments LWT 33,500 33,500 33,500
100T 5,800 5,800 5,800
Shipment-Miles LWT 72 49 67
(millions) 100T X T 9 A3
Total 86 58 80
Cask-Miles LWT 72 49 67
(millions) 100T A4 9 13
Total 86 58 80
Number of Casks LWT 61 41 59
in Fleet 100T 32 28 31
Cask Fleet Cost LWT 61 48 59
(millions of 1985%) 100T _80__ 10 18
Total 141 118 137
Shipment Cost LWT 565 404 531
(millions of 1985%) 100T 469 362 452
Total 1034 766 983
Total System Transport Cost* 1180 880 1120

(millions of 1985%)

No-MRS System Alternative 1

Approximately 7400 MTU (~11.3 wt%) of the 65,360 MTU system throughput is
consolidated at-reactor into square canisters prior to shipment.

The casks used in the reference system are replaced with a fleet of casks
having increased capacities, as given in the following listing.

Legal Weight Truck (LWT) 3 PWR/7 BWR intact, 3 PWR/7 BWR consolidated

Over Weight Truck (OWT) 4 PWR/14 BWR intact, 6 PWR/14 BWR consolidated
100-ton Rail Cask 21 PWR/48 BWR intact, 28 PWR/72 BWR consolidated
125-ton Rail Cask 24 PWR/60 BWR intact, 40 PWR/96 BWR consolidated

Ail shipments are made as single cask/vehicle units, in general freight
service. The results of these calculations are given in Table A-4.7.

* Values rounded to tens-of-millions of dollars.



TABLE A~-4,7 Transportation Calculation Results for the No-MRS System
Alternative 1

Item Basalt Salt Tuff

Number of Shipments  LWT 670 670 670

owT 14,150 14,150 14,150

100T 440 440 440

125T 2,930 2,930 2,930
Shipment-Miles LWT 2 1 2
(millions) OwT 30 20 28
100T 1 1 1
125T 7 5 7
Total 40 27 38
Cask-Miles LWT 2 1 2
(millions) OWT 30 20 28
100T 1 1 1

125T 2 . 2.
Total 40 27 38
Number of Casks LWT 2 2 2
in Fleet OWT 23 19 22
1o0T 3 3 3
125T 17 15 17
Cask Fleet Cost LWT 2 2 2
(millions of 1985%)  OwWT 23 19 22
100T 8 8 8

1257 43 38 43
Total 76 67 75
Shipment Cost LWT 14 11 14
(millions of 1985%)  OWT 269 192 251
100T 42 34 41

125T 289 221 277
Total 614 458 593
Total System Transport Cost® 690 530 660

(millions of 1985%)

No-MRS System Altexnative 2

Approximately 15100 MTU (~23.1 wt%) of the 65,360 MTU system throughput is
consolidated at-reactor into square canisters prior to shipment in the

increased capacity cask fleet, The results of these calculations are given in
Table A-4.8.

% Values rounded to tens-of-millions of dollars.
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TABLE A-4,8 Transportation Calculation Results for the No-MRS System
Alternative 2

Iten Basalt Salt Tuff
RNumber of LWT 670 670 670
Shipments OWT 13,600 13,600 13,600
100T 430 430 430
125T 2,810 2,810 2,810
Shipment-Miles wT 2 1 2
(millions) OWT 29 20 27
100T 1 1 1
1257 R 4 6
Total 39 26 36
Cagk-Miles LWT 2 1 2
{millions) OWT 29 20 27
100T 1 1 1
1257 1 4 __ 6
Total 39 26 36
Number of Casks LWT 2 2 2
in Fleet OwWT 21 16 20
100T 3 3 3
1257 17 15 17
Cask Fleet Cost LYt 2 2 2
(millions of 1985$) owY 21 16 20
100T 8 8 8
125 13r 11* 13
Total 44 37 43
Shipment Cost LWT 14 11 14
(millions of 1985%) OWT 254 179 236
100T 41 33 40
125T 277 211 265
Total 586 434 555
Total System 630 470 600

Transpert Cogtk*
(millions of 1985%)

*Cost of equipment for transport. Casks costed under dry
storage.,

**Values rounded to tens-of-millions of dollars.

No-MRS System Alternative 3 and 4

All 65,360 MIU of spent fuel is consolidated at-reactor into
square/half-square canisters prior to shipment. The results of these
calculations are given Table A-4.9.
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TABLE A-4.9 Transportation Calculation Results for the No-MRS System
Alternatives 3 & 4

Item Basalt ~ _Salt —Juff
Number of Shipments LWT 670 670 670
OWT 11,000 11,000 11,000
100T 330 330 330
125T 1,850 1,850 1,850
Shipment-Miles LWT 2 1 2
(millions) owT 23 16 22
100T 1 1 1
125T 4 3 4
Total 30 21 29
Cask-Miles LWT 2 1 2
(millions) OWT 23 16 22
100T 1 1 1
125T b 3 .4
Total 30 21 29
Number of Casks LWT 2 2 2
in Fleet OWT 21 16 20
100T 3 3 .3
125T 11 9 10
Cask Fleet Cost LWL 2 2 2
(millions of 1985%) OWT 21 16 20
100T 8 8 8
125T g% 1* 8"
Total 39 33 38
Shipment Cost LWT 14 1l 14
(millions of 1985%) OWT 217 153 203
100T 33 27 33
125T _185 _la _178
Total 449 333 428
Total System Transport Cost*¥ 490 370 470

(millions of 1985%)

*Cost of equipment for transport. Casks costed under dry storage.
**Values rounded to tens-of-millions of dollars.

No-MRS System Alternative 5

All 65,360 MTU of spent fuel is consolidated into media-specific

canisters at-reactor prior to shipment. The results of these calculations are
given in Table A-4.10.
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TABLE A-4,10 Transportation Calculation Results for the No-MRS System
Alternative $

Item Basalt Salt Tuff

Number of LWT 750 0 660
Shipments OWT 23,300 7,600 10,800
100T 310 390 430
125T 1,600 1,700 2,350
Shipment-Miles LWT 2 0 2
(millions) OWT 50 11 21
100T 1 1 1
1257 . I e -
Total 57 15 29
Cask-Miles LWT 2 0 2
(millions) OWT 50 11 21
100T 1 1 1
125T - < - -
Totsal 57 15 29
Number of Casks LWT 3 0 2
in Fleet OWT 43 11 17
100T 3 3 3
125T 10 8 14
Cask Fleet Cost LWT 3 0 2
(millions of 1985%) OWT 43 11 17
100T 8 8 8
125T 23 . 20 62
Total 79 39 89
Shipment Cost LWT 16 0 14
(millions of 1985%) OWT 457 107 191
100T 30 31 40
1257 166 130 218
Total 669 268 463
Total System Transport Cost¥ 750 300 550

(millions of 1985%)

*Values rounded to tens-of-millions of dollars.

Reference MRS System

All 65,360 MIU of spent fuel is shipped intact to the MRS facility where
it is consolidated into media-specific canisters prior to shipment to the
repository.

In the MRS system, two different transportation links are involved in
delivering the spent fuel and associated hardware to the repository. The
first transport occurs from the reactor sites to the MRS facility, and is
performed using the same 25-ton and 100-ton casks as were utilized in the
reference No-MRS analysis, with cask capacities limited to 2 PWR/5 BWR and 14
PWR/36 BWR assemblies in the truck and rail casks, respectively.
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The second tranaport occurs from the MRS facility to the repository, and
1s performed using 150-ton rall casks, in dedicated trains carrying five
cask/vehicle units containing fuel, and an average of about 2 additional casks
containing compacted hardware, per train, The payload of each cask is the
equivalent of 64 PVWR or 135 BWR intact assemblies in Basalt canisters,
(60/120) in Salt canluters, and (58/145) in Tuff (single-size
square/half-gsquare) canisters,

The costs of transporting the canistered spent fuel and compacted
non-fuel-bearing hardware from the reactor sites to the repository were
calculated using the WASTES program (Shay 1986) methodology. The criteria for
acceptance for shipment from a given reactor site were; 1) the maintenance of
Full Core Reserve capacity in the pool, and 2) Oldest Fuel First. The costs,
cask-miles, shipment-miles, and cask fleet sizes were calculated for shipment
to the MRS facility and then on to each of the three geologic media sites
(Hanford, Basalt; Deaf Smith, Salt; Yucca Mountain, Tuff)., The shipping was
initiated in 1998 to the MRS and in 2003 to the repository, at the rates
defined in the Mission Plan Amendment (DOE 1987). The results of these
calculations are shown in Table A-4.11.
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TABLE A-4.11 Transportation Calculation Results for the Reference MRS System

Item Basalt Salt Tuff
Number of Shipments LWT 33,500 33,500 33,500
Reactor/MRS 10GT $,800 5,800 5,800
MRS/Repository 150T 490 540 510
Shipment-Miles (millions) LWT 26 26 26
Rx/MRS 100T 5 5 5
MRS/Repository 1507 ! L 1
Total 32 32 32
Cask-Miles (milllons) LWT 260 20 26
Rx/MRS 1007 5 ) 5
MRS/Repository 1507 9 b -
Total 40 37 39
Number of Casks in Kleet LWT 28 28 28
Rx/MRS lo0T 16 16 16
MRS/Repository 1507 20 20 20
Cask Fleet Cost LWT 28 28 28
(millions of 1985%) 100T 40 40 40
150T 25 99 55
Total 123 123 123
Shipment Cost LWT 240 240 240
(millions of 1985%) 100T 228 228 228
150T 286 231 . 302
Total 754 699 770
Total System Transport Cost 877 822 893

(millions of 1985%$)

Alternative MRS System

The cask capacities used in the alternative MRS system are: LWT (3/7);
OWT (4/14) intact, (6/14) consolidated; 100-T (21/48) intact, (28/72)
consolidated; 125-T (24/60) intact, (40/96) consolidated; 150-T (80/171)
Basalt, (72/150) Salt, (74/185) Tuff.

The effects of using the increased capacity casks on the transport costs
in the MRS system, plus the consolidation of 2.8% of the fuel at-reactor are
reflected in the results of the WASTES calculations summarized in Table A-4.12.



TABLE _A-4,12 Transportation Calculation Results for the Alternative MRS

System

Item

Number of Shipments
Reactor/MRS
MRS/Repository

Shipment-Miles (millions)
Rx/MRS

MRS/Repository

Cask~-Miles (millions)
Rx/MRS

MRS/Repository

Number of Casks in Fleet
Rx/MRS
MRS/Repository

Cagk Fleet Cost
(millions of 1985%)

Shipment Cost
(millions of 1985$)

Total System Transport Cost
(millions of 1985%)

*Cost of equipment for transport,

LWT
OWT
100T
125T
150T

LWT
OWT
100
12571
150T
Total

LWT
OWT
1007
1257
150T
Total

LWT
OwT
100T
1257
1%0T

LWT
OWT
l100T
125T
150T
Total

LWT
OWT
100T
125T
150T
Total

Basalt
670
14,500
460
3,000
390

129
24
149
—243
554

624

Salt Tuff
670 670
14,500 14,500
460 460
3,000 3,000
440 400
1 1
11 12
1 1
2 2
o .
16 17
1 1
12 12
1 1
2 2
- 6
21 22
3 3
16 16
3 3
11 11
20 20
3 3
16 3
8 8
28 28
15% 13*
70 70
9 9
129 129
24 24
149 149
189 229
500 540
570 610

Casks costed under dry storage.



Transportation Cost Sensltivity Analysis

Transportation cost sensitivity analyses were performed to assess the
cost impacts of two transportation modifications discussed in Section 2, The
first analysis examines the use of overweight truck shipments, the second
examines the use of all rail shipments from the reactors, The results of
these analyses are summarized below.

A sensitivity analysis was performed using the transportation
calculations for the No-MRS scenario with no at-reactor consolidation, using
the {mproved capacity casks and shipping to the basalt repository, to explore
the changes in transport system costsy that would result from making all truck
shipments in lepal weight truck casks, When 41l truck shipments are made
using legal welght casks, the calculated cost for truck transport is about
$550 milllon. Using overwelght truck shipments from all of the truck-limited
sites that can accommodate an overwelght cask and using legal welght casks
only at those sites that cannot handle the overweight casks, the transport
costs are calculated to be about $350 million. Thus, exclusive use of legal
weight truck casks from those sites limited to truck shipment would increase
the transport system costs by about $200 million.

A sensitivity analysis was performed using the transportation
calculations for the No-MRS scenario, using the reference casks and using the
improved capacity casks, to explore the potential transport system cost
savings If all fuel were shipped using rall casks. For the basalt repository
(maximum shipping costs), making all shipments in rail casks, using the
reference capacity casks, would reduce the transport system costs by about
$200 million, Using the improved capacity casks presently under development
and making all shipmenty in rall casks, the transport costs would be reduced
by about $20 million. A review of an earlier analysis of site shipping
capabilities (Konzek 1986) shows that upgrading those sites for which
upgrading to rail transport appears feasible would cost at least $200
million., Thus, the upgrade costs, using the reference capacity casks, would
be about equal to the transport system savings. Using the improved capacity
casks, the upgrade costs would be about ten times larger than the transport
system savings.



A.4,7 DLstimated Cost Impacts on MRS and Repository Operations

It is anticipated that the packaging of the square and square/half-square
canisters will be less efficient in the emplacement packages at the
repository, and would result in an Increased emplacement cost for those
canisters as compared with the medla-gpecific canisters, Estimates of these
penalties were made by the repository projects during the Common Canister
Study analyses (Weston 1986). Those estimates, adjusted for the slightly
larger amount of spent fuel (65,360 MTU versus 62,000 MTU) considered in this
analysis were:

Basalt (+ $231 million ), Salt (+ $122 milllon ), and Tuff (- $39 million)

Since Tuff has changed its configuration recently, this correction should be
zero for Tuff. For those cases where small amounts of fuel are consolidated

at the reactors, these estimates are gscaled downward proportionately, and
become:

Mod 1 (11.3 wt%) Basalt (+$26 M), Salt (+$14 M), Tuff ($0 M)
Mod 2 (23.1 wt%) Basalt (+§53 M), Salt (+$28 M), Tuff ($0 M)
Mod MRS (2.8 wt%) Basalt (+$6 M), Salt (+$3 M), Tuff ($0 M)

These estimated costs are based on the emplacement packape designs that were
current during the Common Canister study time period and may well change for
different package desligns.

The effect on the scope and cost of operations at the MRS and the
repoultory are dlaplayed in Tables A-4.13 and A-4.14 ftor the No-MRS syatems
and the MRS systems, respectively. For those cases where 100% of the
consolidation was performed at the reactors, the costs of the consolidation
function were deleted from the repository operating costs entirely. For those
cases where lesser amounts (~11%, ~23% or ~3%) of the fuel is consolidated at
the reactors, small reductions in consolidation costs were made to account for
not having to supply canisters for that fuel as part of the consolidation
operation. Since the canisters have to be closed and decontaminated at the
facility (MRS or repository), the basic operating costs are unaffected.



TABLE A-4,13 Effects of Various Amounts of At-Reactor Consolidation on the
Costs of Reposaitory Surface Activitles in the No~-MRS System(a)

C_Gogt (miilion $)(R)

Waste Balance Emplacement
System ___ _Handling._ of Plant _Penalty Total

Reference

Basalt 1670 1780 NA 3450

Salt 2630 1510 NA 4140

Tuff 1740 1300 NA 3050
_Alternative 1(b)

Basalt 1650 1780 30 3460

Salt 2620 1510 10 4150

Tuff 1720 1300 0 3030
Alternative 2(¢)

Basalt 1640 1780 50 3470

Salt 2610 1510 30 4150

Tuff 1700 1310 0 3010
Alternative 3(d)

Basalt 800 1440 230 2470

Salt 1520 1410 120 3060

Tuff 860 1200 0 2060
Alternative 4(e)

Basalt 8060 1440 230 2470

Salt 1520 1410 120 3060

Tuff 860 1200 0 2060
Alternative 5(f)

Basalt 800 1.40 NA 2240

Salt 1520 1410 NA 2940

Tuff 860 1200 NA 2060

(a) Data from gpreadsheets supportling DOE 1987bh,

(b) 11.3 wt% consolidated at-reactor into square canisters,

(c) 23,1 wt% consolidated at-reactor into square canisters,

(d) 100 wt% consolidated at-reactor into square/half-square canisters,
unsealed.

(e) 100 wt% consolidated at-reactor into square/half-square
canisters, sealed and decontaminated.

(f) 100 wt% consolidated at-reactor into media
specific canisters, sealed and decontaminated.

(g) All values rounded off to tens-of-millions of dollars. Some rows
may not sum exactly due to rounding.



TABLE A-4.14 Lffects of 2.8 Welght-Percent At-Reactor Congolidation on the

Costs of MRS and Repository Surface Activities in the MRS

System(a)
Gost (million $)(d)
Repository
MRS Waste Balance Emplacement

System facility Handline _ of Plant Penalty Total
Referencei™s

Basalt 2730 800 1440 NA 4970

Salt 2730 1520 1410 NA 5670

Tuff 2730 860 1200 NA 4790
Alterpative(s)

Basalt 2730 800 1440 10 4980

Salt 2730 1520 1410 10 5670

Tuff 2730 860 1200 0 4790

(a) Data from spread sheets supporting DOE 1987bh.
(b) 100 wt% consolidate at-MRS into media-specific canisters.

(c) 2.8 wt% consolidated at-reactor into square/half-square, 97,2 wt%

consolidated at MRS into media-speciiic canisters.
(d) All values are rounded off to tens-of-millions of dollars,

rows may not sum exactly due to rounding.

A.4.8 Summary of Batimated System Costs

The detailed cost estimates discussed earlier in this section for the No-MRS
and MRS systems consldered in these analysis are summarized in Tables A-4.15

and A-4.16.



ltem
——OYStemM
Pool Re-Racking
Consolidation

Canister Costs At-Reactor
Square Only
Square/Half-Square
Basalt

Salt
Tuff (One Size Square/

Half~Square)

At-Reactor Dry Storage

Transportation Costs
Basalt

Salt

Tuff

Canister Closure
Exterior Decontamination
Repository Activities
Basalt
Salt
Tuff
Totals
Basalt

Salt
Tuff

Estimated System Cout (milliopy of 198% doll arg)(®)

Ref, Alto 1 AL, . Alt, 3 Alt, Alt. 5
170 170 170 170 170 230
0 90 200 1270 1270 1270
0 20 40 NA NA NA
0 0 0 230 230 0
0 0 0 0 0 140
0 0 0 0 0 80
0 0 0 0 0 150
640 490 340 190 190 640
1180 690 630 490 490 750
880 530 470 370 370 300
1120 660 600 470 470 550
0 0 0 0 910 910
0 0 0 0 300 300
3450 3460 3470 2470 2480 2240
4140 4150 4150 3060 3060 2940
3050 3030 3010 2060 2060 2060
5440 4920 4860 4820 5740 6490
5840 5440 5380 5300 6210 6680
4980 4460 4370 4400 5320 6120

(a) All values are rounded off to the tens-of-millions of dollars. Some
columns may not sum exactly due to rounding.
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TABLE A-4,16 Summary of Rstimated Cests for The MRS Systems

Estimated System Cost
(millions of 1985 dollars)(a)

DR 6 4 <3 | B Reference  Alternative MRS
Pool Re-Racking 170 170
Consolidation 0 30
Canigster Costs At-Reactor 0 10
At-Reactor Dry Storage 210 180
Transportation Costs
Bagalt 880 620
salt 820 570
Tuff 8990 610
MRS and Repository
Activities
Basalt 4970 4980
Salt 5670 5670
Tuff 4790 4790
Totals
Bagalt 6230 5990
Salt 6370 6630
Tuff 6070 5790

(a) All values are rounded off to the tens-of-millions of dollars. Some
columns may not sum exactly due to rounding.



A.5 INDETERMINATE COSTS OF WASTE SYSTEM NO-MRS ALTERNATIVES

The cost estimates In the foregoing subsections represent the definitive
costs which can be estimated with reasonable accuracy based on the projected
characteristics of the modified waste systems. There is, however, an
additional class of system costs associated with system alternatives or new
construction that cannot be fully quantified until both the system
alternatives themsclves and their interfaces with industrial, financial and
governmental segments of the economy have been defined and evaluated,

The additional, "indeterminate" costs considered in this section are
those which could, and likely would, be introduced by Federal imposition of
responsibilities on utilities, impact mitigation payments, etc.,, which would
be chargeable to the Nuclear Waste Fund,

Tt 1s normal practice in preparing cost estimates of large projects to
allow for these indeterminate costs by including a contingency, usually
expressed as a percentage of the total determinate costs, The size of the
contingency is dependent on the degree to which the system can be defined. As
the project development progresses and its system characteristics and
interfaces become better known, some of the "Indeterminate" costs can be
identifled and Included in the definitive cost estimate; thus, a smaller
contingency may be used at that point,

In the case of alternatives to the No-MRS system, the problem becomes
more complicated. System alternatives take the form of alternatives at a
large number of reactor sites, each of which may react differently with
interfacing sectors of the national economy. Projection of the ancillary
costs assoriated with projects of this nature becomes much more difficult,

The likely categorlies of indeterminate costs which may be experienced in
alternatives to the No-MRS system are discussed in the following subsections,
and approximate ranges of the cogt impacts which might occur system-wide are
estimated for each system modification included in this report, based on
avajlable Information and engineering judgment. The magnitude of these cost
effects can be expected to vary from reactor to reactor, and some may vary in
magnitude from one year to the next. Furthermore, cogt estimates could not be
developed at this time, without added information, for several cost categories
that could potentially add significantly to total costs, Thus, the system
cost range projections given should be viewed only as first-order, system-wide
estimates, and as probably lower than actual costs could be,

Cost ranges for the categories considered are discussed below. They are
summarized in Table A-5.3, at the end of this subsection.

A.5.1 Replacement Power Costs

A major characteristic of the alternatives considered for the No-MRS
system involves the progressively more intensive in-pool fuel handling and
packaging operations at the reactor sites. These operations take up
increasing proportions of the time available for use of the storage pools
between refuelings of the reactor cores. Under these conditions, even minor
scheduling delays In these operations at a reactor could delay the start of
refueling operations, and thus extend the scheduled fueling shutdown of the
reactor. These delays could arise from minor malfunctions that delay access
to the pool to major mishaps including possible radioactive releases or major
equipment breakdowns that result in suspension of pool operations.
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Interferences such as this could even precipitate NRC-ordered shutdowns until
the interference with operations is removed., At an individual reactor, such
delays could extend from minimal times to several days or even weeks;
system-wide, the delays might average from a small fraction of a day to one
day per reactor per year,

An electrlic utility Is obligated to mect the demands for electric power
which are {mposed upon it, Loss of generation from a reactor (as from any
generating unit) must therefore be made up by replacing it with power
generated elsewhere, elther from another unit in the same utllity or by
purchase from another utility., Typlcally, this replacement power commands a
premium price, considerably above that for power normally produced by the unit
that is out of service, Thus, the costs of replacement power can mount
quickly. McLeod 1987 has estimated these replacement power costs to range
from $200,000 to $800,000 per day, averaging about $400,000 per day. The NRC
periodically publishes compllations of replacement power costs for differing
areag of the Unit ed States,

Over the lifetime of spent fuel consolidation operations in the system,
the costs for replaced power from such reactor shutdownga can become
significant, For example, assuming that 100 reactors undertake consolidation
operations and that outages resulting from such interference with normal
operations average 0,3 days per reactor per year, the total costs for
replacement power could range from $150 million to $600 million, with an
average value of $300 million. 1f the forced delays averaged one day per
reactor each year, costs could be as high as $2 billion,

Interference with reactor operations would be increasingly likely as the
fraction of fuel consolidated increases or when the handling operations become
more complex. It is increasing likely, therefore, that additional waste
management actlivities, such a s at-reactor canister closure and
decontamination or the use of large, round, repository-specific canisters,
would inrerfere with power production, Thus, the $150-600 million cost range
estimated for full consolidation would drift higher when the additional
responsibilities are imposed. While these costs cannot presently be
quantified, the ranges of increased costs indicated in Table A-5.3 for these
situations appear reasonahle based on engineering judgment,

AS502 Pederal Gont _ObLligationy. Lrow Use. ot Dual-Purpese Gosks

Alternatives 2 through 5 to the reference No-MRS system {involve, among
other things, the inducement of utilitles to use dual-purpose casks "to their
maximum benefit", For purposes of thls analysis, the "maximum benefit" is
assumed to be achleved when the dual-purpose casks are purchased from the
utilities for use in trangsportation, eliminating the need for DOE to purchase
an equal number of the 125-ton dedlicated shipping casks, which are assumed to
be identical in design to the dual purpose casks. Costs were explored for
cases involving more intensive use of dual-purpose casks, up to a mandated
100% usage for all storage and shipment functions. However, the high costs of
using casks qualified for shipment. but used only for single trips without
re~-use, would result in inordinately high system costs. Therefore, the use of
these casks in numbers beyond those which could be assimilated into the
transportation fleet was not considered.
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Direct Assimilation of Casks Into Transportation Fleet

Transportation analyses for the waste system Indicate that up to 20 of
the 125-ton casks can be effectively used In the transportation fleet, If
purchased at the right times. These casks, licensed for transportation, are
assumed to cost $1.75 million each. The added equipment needed for transport
(including impact 1imiters, personnel barriers, and rall carg) would cost an
additional $750,000 for each cask; it is assumed that DOE would furnish this
equipment directly, Thus, up to $50 million would be involved in the
purchases and equippage. The DOE could save an equivalent amount by avoiding
the purchase of an equal number of dedicated casks of the same capaclity for
the transportation fleet, However, a progra. would need to be implemented for
assuring the expedited recertification of the dual-purpose casks for
transportation uge following the storage period. This program, involving
demonstrations of adequacy for transportation use in lieu of normal
recertification, la eatimated to involve development costs of about $10 to $15
million,

It is assumed that the technology involved in cask recertification would
be based on state-of-the-art techniques such as ultrasonic imaging. This
technique 1s used, among other applications, In NRC-required inspection of
reactor pressure vessels for assessment of integrity, for similar assessments
of industrial pressure vessels, for "viewing" in liguid sodium-filled vessels,
and for assessment of integrity and bearing capability of support columns in
buildings undergoing renovation. It could be a likely candidate for cask
recertification inspections. It is assumed that the techniques used, possibly
including an ultrasonic imaging technique combined with other automated
technigues, could be applied to verify both integrity of the cask and
elasticity of the 1lid seals (therefore confirming ability to maintain a
tightly-sealed condition).

The ultimate process chosen would need to compete economlically with the
manual processes of unloading the casks, performing the required examinations,
and reloading; these are estimated at about $4.00 per kgU (intact fuel), or
about $40,000 per cask. Additional costs may accrue because of competition
for pool operationsg”among the various tasks of reactor operation and of fuel
consolidation and packaging. However, for this report, the automated
inspection 1s assumed to be competitive with manual inspect ion and to cost

about $40,000 per cask. An additional $2500 per cask in NRC fees would be
required.

For the assumed use of 20 dual-purpose casks, the costs of
recertificacion would thus amount to about $1.5 million, in addition to the
$10-$15 million development cost,

A.5.3 Costs Associated with Mandated Facility Alternatives

Alternatives 3 through 5 to the reference No-MRS system involve Federally
mandated fuel preparation functions including near-universal fuel
consolidation, closure and decontamination of canisters, and use of large,
repository-specific canisters at the reactors., The costs associated with
these functions were included in earlier paragraphs, including capital costs
of the required equipment and the operating costs involved.



The performance of these additional functions at-reactor would also
involve alternatives to the reactor pools and associated structures and
equipment. Costs for these alternatives, in a mandated situation, would be
chargeable to the Waste FMund. Approximate costs for the majority of these
activities were included in the costs estimates in Subsection A.4.

However, two cost categories cannot be definitively evaluated within the
scope of this analysis. These are the costs of strengthening pool structures
to safely carry the weight of a full load of consolidated fuel, and the more
localized strengthening required to support the equipment for in-pool canister
closure (the equipment for each pool is estimated to weigh about 25 tons),
Added to these costs would bhe the costs, at each site involved, of the complex
seismic/stress analyses requlred., Any pool modifications required, and the
costs involved, are highly site-specific and must be determined by the
detailed structural/selsmic analyses as noted. Therefore, although the costs
involved in these categories may be significant, no estimate could be
developed,

A.5.4 Added Tax Payments by Utilities

The consolidation, packuglng and storage of spent fucl at-reactor would
result in significant additions to the capital valuation of the nuclear power
plants and to annual expenses incurred at the plants, as indicated in Section
A.4, The utilities performing these operations would be asubject to added
taxation by states and local jurisdictions based on the additional work
performed.

The levying of taxes will vary considerably from state to state because
of the wide variances in tax bases and differing financial structures among
power plant owners, For illustrative purposes, taxes were assumed to be based
on a property tax of 40 mills (4%) annually per (undeprecliated) dollar of
added capital valuation at the reactors for performance of the additicnal fuel
preparation activities, Valuation bases for estimation of the tax levies and
insurance premiums (following paragraph) were taken from Subsection A.4 and
are summarized in Table A-5.1,

The tax levy would, in this illustrative example, be applied both to the
plant capital additions associated with spent fuel handling and packaging, and
on capital additions to make provision for out-of-pool dry storage of fuel.
The estimates of taxes are based on estimated storage requirements and costs
given in Subsection A.4.5.

The dry storage methods assumed for at-reactor storage are 1)
storage-only casks, consisting of a 50%-50% mixture of steel and concrete
storage casks throughout the system, and 2) dual-purpose casks, steel casks
which are initially used for at-reactor storage and later are incorporated
into the Federal fleet of spent fuel transport casks. While the illustrative
40-mill levy is assumed to be applied to all such casks while in service at
the reactor sites, there is conslderable uncertainty as to how long these
casks would be in use at a gsite. Once the repository has commenced
acceptance, it is assumed that DOE would want to convert any dual-purpose
casks in storage service to transportation service as soon as feasible. It is
likely that use of these casks at a utiljty site would involve a DOE-utility
agreement for their early conversion to transport service. ©On the other hand,
a utility would resist delivering fuel that they had stored In a storage-only
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cask, preferring instead to ship spent fuel from the storage pool, to make
room for more freshly discharged fuel, For purposes of this estimate, the
storage-only casks were assumed to have an average at-reactor service life of
15 years; the dual-purpose casks were assumed to have an average at-reactor
service life of 5 years. The plant capital additions used in fuel handling
and packaging have an estimated service life of 26 years., The amounts of
estimated tax payments on capital additions te storage, detailed in Table
A-5.2, range from a maximum of about $384 million for the No-MRS reterence
case and Alternative 5, to $112 million for No-MRS Modification 3 and 4, in
which all fuel was assumed to be consolidated and dry storage nceds markedly
reduced. The reference MRS case was estlmated to Incur storage taxes of $125
million, and for MRS Alternative 1 the estimate was $107 million,

The tax payments indicated in Table A-5.2 are included in the summary of
indeterminate costs given in Table A-5.3,

A.5.5 Liability Coverage for Utilities

Utility representatives, in recent Congressional testimony and in other
communications, have made it clear that their utilities would expect full
indemnification for any liabilities they might be exposed to {n performance of
work required by the Federal government. This would include not only
indemnification against liability from accidents arising from these
operations, but defense agalnst and reimbursement for NRC flnes, PUC actions,
ete., relating to the mandated work, Support for public relations activities
and legal defenae agalnat Intervenors and others could also loglically be
fncluded.,

it has been traditional in proximal cost estimates for nuclear facilities
to allow 0.45% of the plant capltal cost as an annual insurance premium cost,
This amount is assumed to cover industrial property and liability insurance as
well as nuclear liability insurance. The addition of responsibility for
consolidation of fuel and canister preparation at reactors, while it
introduces additional risks, is not likely to affect the balance between
capital expenditure and insurance premium costs inferred by the 0.45%
relationship. The added operational liability associated with possible NRC

fines and other contingencles cannot be estimated at this time, and hence is
marked "indeterminate",

A.S5.6 Summation of Indeterminate Costs

As was noted in the preceding discussion, several of the categories of
indeterminate costs cannot bhe estimated even as cost ranges at this time.
Those which can be estimated, however, could add significantly to the
definitive costs discusged in Subsection A.4. As shown in Table A-5.3, the
range of added costs for Alternative 2 of the No-MRS system is only from $231
to $236 million. However, with increased responsibility for at-reactor
functions (Modification 3 to 5), the additional costs can range from $1
billion to over $2 billion, and could go markedly higher. Cost ranges for the
various modifications are given in the Table. Under appropriate conditions
the cost categories marked as "indeterminate" in the table could of themselves
provide significant additions to those costs estimated.



Table A-5.1 Estimates of Increased Capital Yaluation

ge~-v

Costs in millions of dollars (a)
Cost Item No-MRS Modification MRS Mod.
Pool Reracking Ref 1 2 3 4 5 Ref 1
{Sect. A.&4.1):
Plant Capital Additions 170 170 170
At-Reactor Dry Storage
(Table 5.2)

Capital Costs 640 430 340 200 200 640 210 180
Consolidation
{Table A-4.2)
Capital Equip 263
Licensing 11

40% Contingency 109

Total 383 380 380 380 380
Canister Closure

{Table A-4.5)

Capital Equip 309
Licensing 32

40% Contingency 136

Total 477 480 480
Decontamination Equip 200 200
(Sec. A.4.4)
Total Capital Valuation 640 490 720 750 1430 1870 210 180

(a) A1l vaiues are rounded off to the tens-of-miliions of dollars. Some

columns may not sum exactly due to rounding.



Table A-5.2 Estimates of Tax Payments on At-Reactor
Dry Storage Capital fosts

6€--V

Costs in millions of dollars (2}
Ory Storage Tax Payments
Storage Capita?l on Cask Type:
No-MRS Mod {MTU) Yalue Storage Dual P. Total
A ]
Ref. 9400 640 380 380
Mod. 1 7050 490 290 290
Mod. 2
Stg. Casks 4300 320
D. P. Casks 200 20
Total 4500 340 190 7 200

Mod. 3 and 4 (Consolidated fuel)

Stg. Casks 2950 180

D. P. Casks 150 19

Total 3100 190 110 4 110
Mod. 5 9400 640 380 380
(Same Regts
as Ref. Case)
MRS Mod:
Ref. 2800 21C 130 130
Mod.1 2200 180 117 110

{a) A1l values are rounded off to the tens-of-millions of doliars.

columns may not sum exactly due to rounding.
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Costs in millions of dollars (a)
Cost Item Estimated Costs for System Modification:
No-MRS Cases MRS Cases

CASE: Ref. At} Alt 2 Alt 3 Alt & Alt § Ref Alt1
Replacement 150-600 250-750  300-80C
Power Costs (a)
Use of Dual-Purpose Casks

Assimilation into 10-20 10-20 10-20 10-20

Transportation Fleet
Facility Modification {Indeterwinate)
Costs
Tax Obligations {b)

Added Plant Capital 756G 1280 1280

Storage Capital 380 290 200 110 380 389 130 110

Costs

TABLE A-5.3

Indeterminate Costs in No-MRS System Activities

Cost Components

Replacement costs for power lost in
extended outages

Expedited licensing program;
automated inspection

Analysis and strengthening of pool
structures

40 mills (4%) annually on
increased capital valuation



{-v

TABLE A-5.3 (Con't)
Indeterminate Costs in Ho-MRS System Activities

Costs in millions of dollars ()

Cost Item Estimated Costs for System Mod{fication:
No-MRS Cases MRS Cases

CASE: Ref. Mod 1 Mod 2 Mod 3 Mod 4 Mod 5 Ref Mod 1 Cost Components
Added Liability
Insurance Premiums (¢}

Plant Additions 90 140 140 Increased 1iability

premium (c)

Storage Casks 3 20 20 10 10 30 10 10

Other liabilities {Indeterminate} NRC fines, adverse

PUC actions, defense
against intervenors,
etc.

TOTALS

4:g 310 230-240  1160-16520 2090-2590 2150-2650 130 110

{a) Cost ranges for estimated "average” loss of operating time. Upper-range outages could resuit in replacement costs of $2 billion or more.

(b} Taxes assumed to be levied annually at 4G mills (43) per dollar of capital additions.

{c) Liability premiums based on added capital values to plant and to storage facilities as shown in Section 4. Annual premiums based on 0.45% of
capital valuation.

{d) A1l values are rounded off to the tens-of-millions of dollars. Sowe columns may not sum exactly due to rounding.
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Appendix B

DESCRIPTION AND EVALUATION OF POTENTIAL MODIFICATIONS
TO _THE WASTE-MANAGEMENT SYSTEM

A number of questions have been raised coucerning alternatives for the
handling, packaging, storage and transportation of spent fuel which could be

utilized in the reference no-MRS system, potentially improving the performance
of that system.

The potential modifications can be grouped in four main categories:
® Expanded storage at reactor sites

¢ Transportation modifications

e Use of Federal Interim Storage (FIS)

® Expanded lag storage at the repository

The MRS proposal to the Congress includes a complete description and
evaluation of most of the potential modifications available in the groups
listed above. These descriptions and evaluations are contained in Appendix A
and Appendix D to Volume II of the MRS proposal to the Congress. During the
period since the preparation of the MRS proposal, additional information has
become avalilable from a aumber of the DOE and DOF-utility waste-management
research and development programs.

This appendix reviews the potential modificatlions that have been
described and evaluated in the MRS proposal and provides additional informa-
tion that has become available on these potentfal options. This appendix also
containsg a description and evaluation of a few potential modifications that
were not included in the MRS proposal.

B.1 REVIEW OF POTENTIAL MODIFICATIONS EVALUATED IN THE MRS PROPOSAL

As mentioned, Appendix A and Appendix D of Volume Il of the MRS proposal
evaluate many potential modifications to the waste-management system. The
potential modifications that were evaluated fall into the following categories:

® Expanded lag storage at the repository to provide a buffer between
waste acceptance and waste emplacement.

® FExpanded storage at reactor sites, either by adding modular dry
storage or in-pool consolidation of spent fuel, to provide contingency
storage if repository operations were delayed.

® The use of larger shipping casks and multicask shipments, thereby
increasing the tonnage per shipment and reducing the number of
separate shipments.
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The summary conclusions determined in the MRS proposal with respect to
these potential modifications are provided below.

Expanded at-reactor storage to provide a system contingency in case of
changes in the scheduled startup of the repository is a viable modification,
There are two general ways that at-reactor storage can be expanded: by
providing dry storagej or by consolidating the spent fuel to increase the
capacity of the existing storage pool. 'The former is the more costly. The
latter would necessitate the development and execution of contractual agree-
ments between the DOFE and each participating utility that would encompass such
areas as responsibilities, liabilities, licensing, facilities, staffing, and
costs. There is no assurance that any utilities will be interested or willing
to participate in such arrangements.

Modifications to the transportation system (i.e., using larger casks and
multicask shipments) could be implemented to reduce the number of cross-
country shipments and lower overall trangportation impacts because of the
reduced number of shipment-miles. However, implementing some of these options
would necesasitate upgrading facilities and equipment at many reactors. The
cost of these modiflcations cannot be assessed at this time because of the
site-specific character of the at-reactor upgrading, and because some insti-
tutional interactions would be required for most of the modifications. Im-
plementing muiticask shipments from reactors would generally increase sched-
uling difficulties and transportation cost due to the increase in nontransport
time for the casks.

Expansion of lag storage at the repository would provide the operational
decoupling that the MRS facility provides, i.e., it would allow independent
operation of acceptance and emplacement and would thus improve the reliability
and efficiency of the system. [t would not, however, separate the development
of the waste acceptance, transportation, and packaging functions from the
repository development process (site selection, characterization, licensing,
and construction) since all of the repository facilities are subject to a com-
mon (10 CFR 60) license. Consequently, this option would not allow the early
and increased spent-fuel receipt that the MRS facility provides., The cost of
adding storage at the repository site is assumed to be identical to the cost
of adding storage at the MRS site. This option would not, by itself, provide
any benefits to the transportation function.

B.1.1 Expanded Storage at Reactor Sites

Expanding storage capacity at reactor sites could provide the contingency
storage that would be needed if the repository is delayed. Three methods for
expanding storage capacity at reactors are available: reracking for high-
density storage, fuel consolidation, and dry storage. The first two involve
expanding in-pool capacity, while the last requires storage outside of the
pool. For this analysis, it is assumed that all reactors have been reracked
to the maximum extent possible. Consequently, this option will not be
discussed further.

B.1.1.1 Modular Dry Storage

Spent fuel that exceeds In-pool capacity could be stored in dry storage
modules that are kept at the reactor site. Dry storage methods include metal
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casks, drywells, silos, and vaults., These methods are described in Appendix D
of Volume II of the MRS proposal together with their relative costs.
Typically, dry-storage methods at reactors are more costly on a per-kilogram
of contained uranium (kgU) basis than in-pool consolidation.

B.1.1.2 Spent-Fuel Consolidation and Canistering

Spent-fuel consolidation is the process of separating the fuel-bearing
components (spent-fuel rods) from the nonfuel-bearing components (assembly
hardware) and placing the rods into a canister in a more compact array, thus
reducing the space required to store spent-fuel rods by about one-half.
Consolidation can also be used to provide a more compact waste form for dry
storage (e.g., casks) as well, At-rcactor consolidation is generally con-
sidered as a means to alleviate the spent-fuel storage problem at reactor
sites} however, it has also been suggested as an alternative to consolidation
in the federal portion of the waste-management system, There are three alter-
natives for at-reactor consolidation and canistering:

¢ At-reactor consolidation into a utility-selected canister,
® At-reactor consolidation into a repository-specific canister.

¢ At-reactor consolidation into a repository-compatible canister
that is also compatible with reactor pool racks.

The utility-selected canister could, and likely would, be different in
size from reactor to reactor, resulting in a variety of canisters that would
not tit together well within the repository-specific disposal container. The
repository-specific canister may not be identified until after a significant
amount of spent fuel will have been consolidated to meet storage needs. This
material might then have to be recanistered. Only the third alternative would
actually permit canistering activities to proceed without the risk of the
produced canisters being incompatible with the final repository-specific
disposal container.

Each of the alternatives requires the utilities to perform the initial
preparation and packaging of spent fuel, a respousibility assigned to the DOE
by the Nuclear Waste Policy Act. The DOE could contract with utilities to
pecform this function, which could include some arrangement to appropriately
reimburse the utilities. The reimbursement should be related to the costs
avoided by the DOE when the utility provides canisters of consolidated spent
fuel instead of intact fuel assemblies. The maximun avoided cost would occur
when all utilities perform the consolidation function, thus eliminating the
need for such a facility at the repository. However, there is no assurance
that all utilities would be willing or able to perform this function. The
feasibility of performing the consolidation function and storing consolidated
fuel in a particular spent-fuel storage pool depends on structural, thermal,
and seismic constraints for that pool. In addition, consolidating spent fuel
in a reactor pool creates the potential for degrading the water quality for
the reactor pool, and adding to the background radiation level of the pool.

It is unlikely that consolidation would be a feasible or attractive option for
all utilities.
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Each of the alternatives for consolidating spent fuel at reactor sites
would shift the location of this spent-fuel preparation step from the federal
government site (either the MRS facility or the repository) to the utility
sites, This shift creates several important tradeoffs that are common to each
of the above alternatives,

Fach of the alternatives for at-reactor consolidation and canistering are
described in more detail below.

At-Reactor Consolidation into Utility-Selected Canisters

Utilities would most likely select a canister for consolidated fuel that
would be compatible with their existing pool storage racks., Typically, each
canister would hold the equivalent of two intact assemblies but would fit into
the same rack space as a single intact assembly. The hardware from the dis-
assembly process would most likely by compacted into a similarly-sized can-
ister and also stored in the pool! racks. Thus, a variety of reactor-specific
canisters would be created which would not necessarily fit well together in
the repository's disposal contalaer. In additlon, these canisters would
probably not be seaied and inerted because systems capable of evacuating,
backfilling with an Inert gas, and seal-welding canlsters underwater in the
storage pools have not yet been demonstrated. These latter functions would
probably have to be performed at the repository or the canister removed and
discarded. Working over storage pools, consolidation workers would receive
higher radiation doses than would be received at an MRS facility because of
higher radiation levels over the pools,

At-Reactor Consolidation into a Repository-Specific Canister

In this alternative, the utilities would have to load the consolidated
fuel roads into a repository-specific canister, which would be designed to fit
efficiently into the repository's disposal container. The dimensions of the
canister and the internal loading arrangements will be governed by the nature
of the disposal medium and, therefore, may not be defined sufficiently early
for the utility to.provide an appropriate canister. An incorrect choice could
result in the early-design canisters having to be repackaged. In addition, a
repository-specific canister could be much larger in dimension and in total
weight than would be a canister that fits within the pool storage racks. As a
result, some new racks specifically designed for the canisters would have to
be installed in the pool, and additional procedures and equipment would have
to be put in place to ensure the safe handling and criticality safety of the
large canisters.

At-Reactor Consolidation into a Repository-Compatible Canister That Is Also
Compatible with Reactor Pool Racks

With this alternative, the utilities would consolidate fuel rods into
canisters that are compatible with proposed repository disposal containers.
The canister sizes also would allow the disposal package characteristics to be
changed without requiring repackaging as knowledge of the disposal medium
improves and requires such changes. One such canister concept considered for
this alternative is the square/half-square configuration as proposed by WUS
Corporation in its PRDA studies, where two assemblies are consolidated into a
full-square canister and one assembly is consolidated into a half-square
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canister. One canister size would be used for pressurized water reactor (PWR)
assemblies and a smaller canister size would be used for boiling water reactor
(BWR) assemblies. 1Two half-square canisters would occupy approximately the
same space as a single full-square canister, permitting a variety of geometric
arrangements and improving the packing efficiency of the canisters within the
repository disposal container.

B.1.2 Transportation Modifications in the No-MRS System

A series of changes to the transportation system were evaluated that
would provide benefits similar to the MRS system by reducing the number of
digcrete shipments moving through the system. This reduction would be
achieved by (1) using larger casks, and (2) combining casks into multicask
shipments. The primary effect of these modifications would be to improve the
degree of control that could be exercised over the transportation system,
i.e., by reducing the number of cross~country shipments to the repository.

Implementing these modifications could reduce the total shipment-miles in
the no-MRS system. These modifications will generally require use of new cask
or handling technology, facilities such as marshalling yards, investments at
utilities to improve existing reactor facilities, and some additional handling
of spent fuel outside of contained areas, The total cost implications of
these options have not been evaluated at this time, as most have not yet been
designed in detail.,

All of these modifications to the transportation system could be imple-
mented in the MRS system and could lead to turther reductions i{n transporta-
tion Impacts for that system as well as the no-MRS system.

Fach of the modifications s described below, along with preliminary
information on the potential feasibility and reductions in transportation
impacts (cask-miles and shipment-miles), costs, and radiation dose effects.

B.1.2.1 Increased Use of Rail Transport

Recent studies of cask-handling capability at existing reactors have
shown that many reactors are limited in their ability to handle large rail
casks. These limitations stem from such factors as inadequate crane lifting
capacity, lack of a rail sur onto the site or into the reactor building, and
structural limitations of the storage pool.

Two methods for increasing the use of rail transport for shipments
originating from reactors are discussed in this section:

® Upgrade rcactor facilities to provide direct rail access (e.g., by
adding rail spurs and modifying crane capacity).

® Transfer spent fuel to large rail casks outside the pool using
smaller transfer casks loaded in the storage pool and, if necessary,
transport the large casks by truck ("heavy-haul") to the nearest rail
access point.

Of these alternatives, the first can be accomplished without new tech-
nology development or application. Upgrading reactor-handling capabilities



would require retrofitting or recertifying present equipment to handle heavier
rail casks. Also, reactors that do not have rail service into the reactor
site would need that service. The second alternative would require dry-cask
transfer methods to he developed and certified. This technology is currently
being investigated, especially for its use as a method to load storage units
that could be used at reactor sites. The cost, risk, and feasibility of this
alternative are uncertain at this time. 'Heavy-haul" has been used many times
to move heavy components such as reactor vessels onto sites without rail
access, but has not yet been used for spent-fuel shipments, Fach alternative
is discussed in more detail below.

Upgrade Reactor Sites To Provide Direct Rail Access

A recent study has estimated that 41 of 127 reactors do not have active
rail lines or do not have the capability to receive, handle, and load a rail
cask. Of these 4l plants, 12 plants would require extensive structural
modifications within the reactor or fuel-handling buildings to upgrade rail
capability. The remaining 29 reactors are limited to truck shipping because
they are not provided with rail access to the site. These plants would
require rail spurs to be built between the reactor site and the nearest rail
point, distances ranging from 1 te 50 miles. Seventeen of these reactors were
judged to be the most likely candidates for upgrades because they would
require less than 10 miles of new rail spur construction and have no known
requirements for constructing bridges or tunnels. In many of these cases,
additional studies would be required to assess the structural sufficiency of
the pools, cranes and cask-~handling areas before the first rail-cask handling
seqguence could commence.

Dry~-Cask Transfer and Heavy-Haul Methods

This alternative involves the transfer of spent fuel between casks in a
dry environment and/or transfers of loaded spent-fuel casks between transport
vehicles. Spent fuel from reactors not having rail cask receiving and loading
capability could be loaded into a transfer cask (about the size of a truck
cask) in the reactor pool using conventional methods. This loaded transfer
cask would be removed from the reactor building and the spent fuel could be
transferred directly (in a dry environment) to a large rail cask. Several
transfer cask loads would be required to fill the rail cask. [f there is not
rail access at the reactor site, this rail cask would be heavy-hauled by truck
to a nearby rail access point where it would be transferred onto a rail car.
Some reactors could load the rail casks in their existing pool, but may not
have onsite rail access. For these reactors, the rail transport cask would be
heavy-hauled by special truck to a nearby rail access point where it would be
transferred into a rail car.

The overall result of this alternative would be a shift from truck to
rail transport. This shift would decrease the number of shipments and
cask-miles, but require additional spent-fuel handling and transfer activities
at or near the reactor facility.

B.1.2.2 Use of Extra-Large Rail Casks

The use of extra-large rail casks (125 to 150 tons loaded) in the no-MRS
system would significantly reduce the total cask-miles traveled as well as the



total number of shipments required. The actual percentage reduction that may
be obtained in cask-miles and in the number of shipments is directly propor-
tional to the relative cask capacities. The majority of reactors that are
currently listed as having rail-cask-handling capabilities can handle rail
casks having a loaded weight between 100 and 125 tons. As a result, the use
of these casks would be limited, or their widespread use would require modif-
ications to rail-cask-handling capabiliti~~ or the implementation of dry-cask
transfers at most of the reactors currently in operation in the United States.

B.1.2.3 Multicask Shipments

The total number of shipments and shipment-miles in the waste-management
system can be reduced by combining single~cask shipments into larger multicask
shipments.

Several alternatives for combining shipments were considered and are
briefly described below.

Truck Convoys

This method of combining shipments would require individual truck
shipments of spent fuel to be marshalled at either individual reactors or a
centralized yard. The combined shipments would then travel as a convoy to the
repositery. This marshalling of truck shipments would, in effect, reduce the
number of separate shipments of spent fuel on the highways.

Combining Rail Shipments at Marshalling Yards

Individual rail shipments ftrom reactors could be combined into fewer,
larger shipments to the repository by coordinating shipments from reactors
near centralized marshalling yards. This would allow an opportunity for
combining individual shipments into a single train and would minimize the
total waiting time of casks at the marshalling yard.

Scheduling Multicask Shipments from Reactors

By scheduling to receive more than one cask of spent fuel at a time from
each reactor and by combining the multiple casks in a single shipment, the
numbher of separate shipmenta could be reduced,

Inherent in each of these options is the added amount of nontransport
time that occurs for individual casks. This increased nontransport time is
incurred either at the reactor, where loaded casks are idle while awaiting the
loading of subsequent casks, or at the marshalling yards, where early arriving
casks remain idle while awaiting the arrival of other casks to be added to the
shipment. This increased nontransport time lengthens the average total time
required for a trip for casks and requires that more casks be added to the
cask fleet to ship the same amount of spent fuel in an equivalent time. These
extra casks will add to the overall cost (capital and maintenance) of shipping
the spent fuel.

All of these alternatives require differing degrees of planning, schedul-
ing, and control of operational parameters. No new technology is required for
the implementation of any of these options.



B.1.2.4 Use of Overweight Truck Shipments

The capacities of truck casks are generally limited by the gross vehicle
weight limits rather than by physical volume constraints. Thus, the size of
truck shipments could be increased, with corresponding reductions in the
number of such shipments, by using overweight rather than legal-weight
shipments.

One complication with this alternative is that the regulations and
statutes governing overweight truck shipments are not consistent throughout
the United States, but vary from State to State., This results in more complex
scheduling and interactions to ensure that the overweight shipments are con-
sistent with the regulations of the various States along the routes. Over-
weight shipments might alsc be constrained to operate only during certain
times of the day or at reduced speeds, resulting in a net reduction in
shipment speed. Some States also do not allow overweight truck shipments
during the winter months because of possible damage to highways. The DOE is
continuing to investigate and refine the scheduling and regulatory compliance
issues associated with this option.

B.1.3 Expanded Lag Storage at the Repository

Lag storage capability could be added to the first respository to provide
some of the same benefits that are provided by the MRS system. For example,
the waste-acceptance process would be insulated from disruptions in repository
emplacement. [f the storage capablility were licensed separately from the
underground portion of the repository, spent fuel could also be received
earlier and contingency storage could be provided in case of some types of
delays in repository startup or diminished emplacement capability. Present
designs of repository surface facilities include a 3-month operational buffer
(750 MTU), which is sufficient to ensure smooth functioning during normal
emplacement operations, to unload the transportation syvstem during slowdowns
or brief stoppages in emplacement activities, and to maintain emplacement
operations during brief disruptions of the transportation system.

To accelerate the initial gspent-fuel-acceptance rates in the no~MRS
system, expanded lag (buffer) storage at the repository could be provided.
The spent-fuel acceptance rate at the repository during the first 5 years of
operation is controlled by the rate at which the underground emplacement ex-
cavations and operations progress after NRC licensing. (Completion of reposi-
tory surface facilities also affects the lower acceptance rate but to a lesser
degree.) The amount of storage that could be provided to accelerate the
acceptance of spent fuel while not impeding repository construction cannot be
predicted at this time. The licensability of such storage prior to repository
operating approval could also be a major obstacle to its implementation,
considering the constraints incerporated into the Nuclear Waste Policy Act.
The Act prohibits the construction and operation of an MRS facility or FIS in
a State in which a repository site is located. Also, to avoid characteriza-
tion as a separate facility, the lag storage would have toc be licensed in the
same action as the repository. Thus, fuel acceptance in meaningful quantities
could not begin much in advance of repository disposal activities; in other
words, lag storage could not effectively separate the DOE's acceptance of
spent fuel from the schedule of spent-fuel acceptance at the repository.



B.2 ADDITIONAL INFORMATION ON POTENTIAL MODIFICATIONS EVALUATED IN THE MRS
PROPOSAL

During the period since the preparation of the MRS proposal, additional
information on the potential modifications evaluated in the MRS proposal has
become available from a number of DOE and DOE-utility programs on waste-
management research and development, The additional information is in two
general areas: at-reactor consolidation and transportation modifications,
This section reviews the developments in these areas.

B.2.1 Additional Information on At-Reactor Consolidation

The consolidation of spent fuel in reactor pools has been proposed as a
feasible and cost-effective means to increase pool storage capability., Recent
small-scale demonstrations iandicate that consolidation may be both feasible
and economically attractive; however, the experience at present is too small
to confidently estimate either the cost or the feasibility of large-scale
applications of the process. Confident estimates will require data from
larger-scale projects,

The experlence to date with in-pool demonstrations has been variable.
Five companies have designed in-pool consolidation equipment, and each has
teamed up with one or more utilities to test and refine the systems., All of
the development and experience has focused on PWR fuel consolidation--no
efforts to consolidate BWR fuel have been made. The demonstration programs
that have been performed to date can be summarized as follows:

¢ The Westinghouse Electric Corporation has designed an automatic
system that pulls all rods from an assembly at once, and it has
worked with the Duke Power Company on four PWR assemblies at the
Oconee plant in November 1982. Westinghouse now has a contract with
the Northern States Power Company to consolidate about 40 PWR
assemblies at the Prairie Island plant. This "hot'" demonstration
program is reported to have been initiated in October 1987.

¢ Combustion Engineering (C-E) has an automated system that pulls one
rod at a time or one row at a time. A cold demonstration of the
equipment was completed in December 1986. C-E completed a "hot"
damonstration program at tha spent-fuel pool of the Millstone 2 plant
(Northeast Utilities). Six PWR assemblies were consolidated, with a
2:1 compaction ratio achieved for each assembly. Northeast Utilities
has a goal of eventually consolidating the entire pool inventory if
approval from the NRC is obtained. C-E also has a contract with the
Virginia Power Company to consolidate about 48 PWR assemblies at the
Surry plant.

o The Nuclear Assurance Corporation (NAC) uses an elevator in the fuel
pool to raise and lower assemblies and canisters, and rods are pulled
one at a time. NAC worked with the Rochester Gas and Electric
Corporation (RG&E) on six PWR assemblies from the Ginna plant at West
Valley in December 1985 and February 1986. NAC and the Tennessce
Valley Authority had planned a rod-consolidation demonstration of
about 12 BWR assemblies at Browns Ferry, but this has been deferred
indefinitely.
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e The U.S. Tool & Die Company (UST&D) has designed a system using a
funnel to guide and control the path of each fuel rod as it is drawn
from the assembly into the storage canister, UST&D worked with RG&4E
to complete consolidation of the PWR assemblies from Ginna at
Battelle Columbus Laboratories in October 1985.

¢  The Proto-Power Corporation ugses a computer-controlled {ndexing
system and a single rod transfer system and has worked with the Matne
Yankee Atomic Power Company to refine the equipment. A 'cold" test
of the equipment has been done, but Maine Yankee has no plans for a
“hot" demonstration in the near term.

In 1986, General Electric also indicated it might be consldering rod
consolidation at its Morris spent-fuel storage facility. GE has done fuel
reconstitution and has talked to the NRC staff about consolidation at Morris.
The future of GE's plans is uncertain, however, because of the company's
decision in October 1986 to pull out of the waste-services business.

In each of these cases, the vendor's equipment has been designed for an
optimum 2:1 compaction, but most efforts have so far had mixed success. Where
2:1 consolidation has been achieved, the tradecffs have been low production
rates, substantial wan-hours, or high costs. Vendors agree that there is
still a good bit or work needed to optimize the systems. The more recent
demonstration by C-FE was encouraging: a 2:1 consolidation ratio was achieved
with reasonable production rates. The experience to date on achieving the
desired compaction ratio ig summarized below.

¢ At Oconee in 1982, two assemblies containing 208 rods each were
consolidated into one canister. The other two assemblies (which were
the first two worked on), however, were not successfully loaded into
one canister: there were 33 stray rods because of a malfunction with
one of the machines,

® NAC only succeeded in consolidating six Ginna assemblies into five
canisters at West Valley. Only 109 of the 179 rods in the first
assembly were loaded into the first canister. The next three
canisters were loaded with 251, 251, and 276 rods, however, for a
consolidation of about L.4:1. The fifth canister was loaded with 187
rods but was not completely loaded. According to NAC, the loading of
the fourth canister--with 276 rods--was equivalent to a consolida-
tion of 1.8:1 because of the space taken up by thermocouplers and
other instrumenting devices.

o UST&D succeeded in consolidating five Ginna assemblies into
two-and-a-half canisters at Battelle Columbus Laboratories' West
Jefferson facilities.

®¢ C-E succeeded in consolidating six PWR assemblies into three
canisters at Northeast Utilities' Millstone 2 plant.

Several utilities are considering fuel consolidation, and a recent
limited study by NAC of utility preferences showed that utilities are willing
to consider consolidation to meet their own storage requirements prior to the
inception of Federal acceptance of spent fuel. Although the limited NAC



study indicated a willingness among utilities to consolidate to relieve their
own storage problems, it also indicated strong objections to voluntary
consolidation to achieve benefits elsewhere in the waste system, even if
substantial incentives were provided.

The interest of the nuclear utility industry in in~pool consolidation is
isolated to specific operating units as follows:

¢ The Duke Power Company is primarily considering dry storage to meet
short-term needs for Oconee in mid-1989 but is also investigating
consolidation technologies,

®  The Consumers Power Company plans to rerack the spent-fuel pool at
the Palisades plant and has indicated plans to seek a license amend-
ment to store consolidated fuel. Consumers will need additional
storage space at Palisades in 1989,

Other utilities potentially interested in at rod-consolidation projects
are the Wiscongin Electric Power Company, Baltimore Gas & Electric Company,
Florida Power & Light Company, New York Power Authority, and Philadelphia
Electric Company.

The utility licensing situation with the NRC is an evolving one. No
generic or vendor-gpecific topical report has been submitted to the NRC for
in-pool consclidation equipment. The position taken by the utilities--and so
far not disputed by the NRC--is that consolidation itself does not need to be
licensed by the NRC because the operations involved would be within utilities’
technical specifications in most cases. Unless a change in technical specif-
ications is required, 1t appears that consolidation is allowed under 10 CFR
50.59.

However, a license amendment is required if a ntility will be increasing
its in-pool storage capacity through consolidation. Since this is the primary
reason for undertaking at-reactor consolidation, a utility's decision to
consolidate will have to include an assessment of the factors associated with
an operating license amendment. The experiences of Maine Yankee Atomic Power
Company in attempting to attain a license amendment for this purpose are not
encouraging. A summary of their efforts is provided below.

L In 1979, Maine Yankee submitted to the NRC a detailed safety analysis
and application for approval. A local antinuclear group petitioned
for leave to intervene and was admitted.

® In 1980, the necessary supplements were filed. At that point, the
State of Maine also petitioned for leave to intervene and was
admitted.

¢ By mid-1983, Maine Yankee could gsee no end to the licensing process-~
a trial date had not been set.

Maine Yankee currently has no plans to pursue consolidation, although it
believes that consolidation and in-pool storage of consolidated fuel is
technically and economically viable. Similarly, Northeast Utilities applied
to the NRC for a license to consolidate (and store in the spent-fuel pool) the



entire spent-fuel inventory at its Millstone 2 plant. The NRC, however,
granted this utility the very limited authority to consolidate (and store)
only up to 10 assemblies. The licensing problems encountered by Maine Yankee
and Northeast Utilities are probably not unique.

B.2.2 Additional Information on Transportation Modifications

Since the preparation of the MRS proposal, a number of additional poten-
tial transportation modifications have been developed through various DOE
programs. These potential modifications are described and evaluated below,

B.2.2.1 Llarger-Capacity Standard Casks

Responses from commercial vendors to the recent request for proposals
(RFP) for cask designs have confirmed that it is possible to design a new
generation of truck and train casks that would have a much higher capacity
than previous designs of the same weight and size. The train cask used in the
MRS proposal was assumed to have a capacity of 14 PWR or 36 PWR spent-fuel
assemblies, and the reference truck cask was assumed toc have a capacity of 2
PWR ar 5 PWR assemblies. The recent RFP responses, however, have suggested
that new-generation cask capacities would be 21/48 for train and 3/7 for
truck. These larger-capacity standard casks would significantly affect system
development. A smaller cask fleet would be needed, and the design and opera-
tion of receiving facilities could potentially be based on handling fewer cask
arrvivals. It is important to recognize that the bhenefits of most other poten-
tial modifications to the transportation system would be reduced by the use of
larger-capacity casks because the number of casks and cask shipments would be
lower.

System operations would be simplified because fewer cask trips would be
required. System costs would be reduced because fewer casks would be ac-
quired, maintalned, and decommissioned, and fewer casks would be transported,
resulting in lower transportation costs.

System risks would be greatly reduced. Most radiation exposure is
incurred in cask loading and maintenance operations. Far f[ewer handlings
would be necessary with the larger-capacity standard casks. The risk of
radiation exposure of the public would also be reduced by the smaller number
of casks being shipped,

Preliminary annlyses have shown these casks Lo be technically feasible,
and no obstructiony to institutlonal acceptance have been identified.

B.2.2.2 Dedicated Trains from Reactors

Rail shipments could be made in dedicated trains that would carry no
other commodity. These trains would operate directly from a reactor to the
repository. The dedicated~train alternative should not be confused with the
multicask alternative. Multicask shipments are characterized by a number of
casks moving as a set, which could move by either general freight or dedicated
trains.

Dedicated trains would have a woderate effect on system development, with
primary benefits coming from a greater control over the arrival and departure
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scheduleg, which would allow receiving facilities at the repository to be
designed for a lower "surge' rate and for greater predictability and control
of routing, which would allow institutional efforts to be focussed on fewer
geographical areas. Dedicated traing would simplify system operations by
allowing the scheduling and routing of trains to meet the DOE's needs rather
than the railroads' convenience,

System costs might be slightly Increased by dedicated trains, although
the higher over-the~road cost of dedicated traing could be partially balanced
by significauntly higher over~the-road speeds and reduced stopped times. The
greater control over the arrival and departure of trains would allow the
receiving facilities to be designed for lower surge capacity.

System risks would be reduced by dedicated trains, for both occupational
and nonoccupational radiological risks. Occupational and nonoccupational
nonradiological risks may be slightly increased, reflecting the presence of
additional trains (as compared to the pregence of just additional cars if
regular traing were uged) on the rail network,

Dedicated traing ave technically feasible and arve in everyday use in the
railroad industry for certain commodities and equipment types. A specialized
form of dedicated train, called a "special train,” has been used in various
nuclear fuel shipments, notably tor the Cooper and the Monticello plants.
Dedicated tralns are assumed to provide all transportation from the MRS
facility to the repository.

B.2.2.3 Pick-Up Trains

Pick-up trains could pick up casks from two or more reactors before
proceeding to a repository. This contrasts with the reference no-MRS system,
where it is expected that shipments to a repository will be composed of casks
from only one reactor site, except for those instances where railroads, by
coincidence or tor their own operational purposes, might combine the shipments
on a single train.

A pick-up train is a form of "dedlcated train', Pick~-up trains could
allow some of the benefits of dedicated tralos by providing greater control
over the shipments, and of multicask shipments by providing economies of scale
and reducing shipment wmiles, without incurring waiting time at a single
reactor site while several casks are loaded consecutively.

The effects of pick-up trains on system development would be mostly
limited to the resolution of institutional considerations. Since pick-up
trains require a gathering of casks from several or more reactors, most casks
would not be moved by the shortest or the most-direct route to the repository
and would incur some waiting time at another reactor while the next cask is
added to the train. Public opposition to the increase in cask-miles could be
expected, as could utility opposition to the requlirement to "store' another
utility's fuel during the time that the train is being made up. In fact, the
NRC might require an amendment to each utility's license to allow it to
temporarily "store'" the spent fuel from other utilities that is in the casks.
A recent survey of utility managers indicates strong opposition to the use of
pick-up trains for these reasons.



System operations would be greatly complicated by the use of pick-up
trains, as very precise scheduling and coordinating of shipments would be
required so that shipment problems affecting one utility would not affect the
others. Successful application would require precise scheduling many months
ahead, the unfailing ability of utilities to ready shipments for pickup, and
perfect coordination and cooperation between utilities, railroads, and the DOE,

Pick~up trains would probably have a higher system cost than regular or
dedicated~train shipments from a single reactor because of operating ineffic-
fencies such as numerous short rail hauls and time spent waiting for other
casks, Some savings would be realized for reducling waiting time as compared
to assembling an equal number of loaded casks at a single reactor site.

B.3 EVALUATION OF POTENTIAL MODIFICATIONS NOT INCLUDED I[N THE MRS PROPOSAL

Two potential modifications to the waste-management system that were not
evaluated in the MRS proposal are Federal interim storage (FIS) and the use of
dual-purpose (transportable-storage) casks. This section describes and
evaluates these alternatives.

B.3.1 Federal Interim Storage (FIS)

There are provisions in the Nuclear Waste Policy Act to assist the com-
mercial nuclear power reactors that are unable to reasonably provide adequate
storage capacity on site when needed to ensure the continued, orderly opera-
tion of such reactors. This Federal storage capability is limited to 1900 MTU.

The Act makes it clear, however, that the primary responsibility for pro-
viding interim storage for spent nuclear fuel rests with the individual util-
ity owning reactors by maximizing, to the extent practical, the effective use
of existing storage facilities at the site and by adding new on-site storage
capacity in a timely manner where practical. For those commercial nuclear
power reactors that have pursued all alternatives for additional spent-fuel
storage without solving thelr storage difficulties, applications can be made
Lo transter spent nuclear fuel to Federal storage facilities, Such arrange-
ments in the form of contracts with the DOE are required to be enacted not
later than January 1, 1990, There is no evidence at this time that any
utility plans to make an application for FIS. [t should be noted that, before
applying for transfer of fuel to FIS, the utility must request and receive
from the NRC a determination that it has exhausted all other spent-fuel
storage options.

The impacts of FIS on the total DOE spent-fuel storage requirements would
be minimal in terms of system operations advantages. FIS must be fully
supported by assessments against utilities using the services. Costs will
depend heavily on factors such as the site and the storage technology. The
use of Federal storage would introduce additional handling and transportation
costs resulting from spent-fuel movement from reactors, to Federal storage
facilities, and finally to the repository.

There are potentials for marginally increasing public risk due to the
increase in transportation cask miles and also some increase in occupational
worker radiation exposure due to additional handling of spent fuel in an
uncanistered form.
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There are no technical limitations in the transfer of spent fuel to
licensed Federal storage facilities. There could be some institutional
difficulties from State, [ndian Tribes, and local groups because of additional
transportation and storage activities. There is a restraint within the Act
(Section 135(a)(2) that precludes Federal storage in any State in which there
is a candidate site for a repository.

In summary, there does not appear to be any evidence that utilities
owning civilian nuclear power reactcrs are considering Federal interim storage
as a means of solving on-site spent-fuel storage shortfalls, It should be
recognized that this storage concept is only a near-term stop-gap measure and
was proposed pending the development and demonstration of new technologies;
that is, it was never intended as a long-term safety valve,

B.3.2 Dual-Purpose Casks

The concept of the dual-purpose storage cask, which has been under study
by the DOE for several years, is a variant of the metal storage cask alter-
native in which the same cask in which spent fuel is stored is later used to
transport the fuel directly from the storage field to the MRS facility or the
repository. In essence this arrangement amounts to storage in a metal storage
cask, and, if needed, the cask could then be placed in service as part of the
transportation fleet or serve as lag storage at the repository.

The system impacts of the dual-purpose cask are in many instances
identical with those of the metal storage-only cask. The potential additiona!l
services of the dual-purpose cask, however, generate unique impacts.

The basic feasibility of the dual-purpose cask concept depends on its
certification for transportation use after extended periods in storage. Cur-
rent NRC interpretations of thelr regulations could preclude certification
under those circumstances. There is currently no evidence as to whether such
certification could be expected in the future with any degree of confidence,

Dual-purpose casks could either he furnished to utilities by the DOE or
purchased by the utilities and later repurchased by the DOE. Several related
concerns of equity, quality control, and records pertaining to certification
would be involved in these proceedings.

The dual-purpose casks under consideration would weigh about 125 tons and
have a capacity of 24 PWR or 60 BWR integral assemblies or 40 PWR or 96 BWR
consolidated assemblies.

System development would be affected by the adoption of the dual-purpose
cask as design and engineering of the casks would have to be accelerated to
ensure that the casks are available to meet near-term storage needs while
maintaining compatibility with the transportation and repository systems that
are still being developed. Additicnally, to gain full benefit from the use of
these casks in the regular transportation fleet, their development would need
to preempt the acquisition of most of the transportation-only cask fleet.

Dual-purpose casks would offer a minor reduction in the occupational and
public risk of radiation exposure as a result of eliminating the rehandling of
fuel at the reactors and the slight increase in cask capacity resulting in
fewer shipments.
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