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FOREWORD

This report on the use of dry-cask-storage technologies at the sites of
civilian nuclear power reactors has been prepared by the U.S, Department of
Energy (DOE) in response to the requirements of the Nuclear Waste Policy
Amendments Act of 1987 (P.L. 100-203). 1In particular, Section 5064 of the
Amendments Act directs the Secretary of Energy to conduct a study and eval-
uation of using these technologies for the temporary storage of spent nuclear
fuel until such time as a permanent geologic repository has been constructed
and licensed by the Nuclear Regulatory Commission (NRC). In conducting this
study, the DOE is required to consider such factors as costs, effects on human
health and the environment, effects on the costs and risks of transporting
spent fuel to a Federal facility, and the extent to which the Nuclear Waste
Fund can and should be used to provide funds for at-reactor storage. In
addition, the DOE is to consult with the NRC, include the NRC's comments in
the report, and solicit the views of State and local governments and the
public.

The initial version of this report was issued in September 1988 for
review and comment by State and local governments, utilities, other interested
parties, and the Public. It was also submitted to the NRC for review and
comment. After comments were received, responses to the comments were
prepared, and the report was revised as appropriate., The final report
includes synopses of the conments and the DOE’s responses; it also reproduces
each of the comment letters in full.

Before being formally submitted to the Congress, the final report will

again be sent to the NRC for review and comment, The NRC's final comments
will accompany the formal submittal of thisg report to the Congress.
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REPCRT OF THE DRY CASK STORAGE STUDY




EXECUTIVE SUMMARY

This report was prepared in response to Section 5064 of the Nuclear
Waste Policy Amendments Act of 1987 (the Amendments Act—Public Law
100-203), which directs the Secretary of Energy to conduct a study of the
use of dry-cask-storage technology for storing spent fuel at the sites of
civilian nuclear reactors until a geologic repository is available. 1In
conducting this study, whose results are being reported to the Congress,
the Secretary was to consider .such factors as costs, effects on human
health and the environment, and the extent to which the Nuclear Waste
Fund can and should be used to provide funds for at-reactor storage. In
addition, the Secretary was to consult with the Nuclear Regulatory Com-
migsion (NRC), include NRC comments in the report, and solicit the views
of State and local governments and the publiec.

The study performed in response to these requirements was based
largely on data published by the DOE or the NRC or included in documents
issued by the DOE. Among the DOE documents are the 1987 MRS proposal to
the Congress* and a subsequent report, prepared to supply the Congress
with additional information on the MRS facility.** Because in evaluating
dry storage at reactor siteg it is necessary to take into account other
options for meeting storage needs, this study covered all forms of at-
reactor storage. : :

EVALUATION OF COSTS AND OTHER IMPACTS
- Fer evaluatinglcosts and impacts the DOE used the following approach:

1. The DOE estimated the additional at-reactor storage capacity
that would be required to accommodate spent fuel until it ig
removed from a reactor site. This required projecting how much
spent fuel will be discharged, estimating existing storage cap-
acities, and considering the rate at which spent fuel will be
removed from reactor sites by acceptance into the DOE’'s waste-—
management system.

2. The DOE identified and evaluated various options for increasing
at-reactor storage in terms of design features, spent-fuel-
handling operations, costs, and potential effects on the health

*U.S. Department of Energy, Monitored Retrievable Storage Submission
to Congress, DOE/RW-0035, Vol. 2, Washington, D.C., 1987.

**|.S. Department of Energy, Additional Information on Monitored
Retrievable Storage, DOE/RW-0166, Washington, D.C., 1987.




and safety of the public and the reactor workers. The options
evaluated included the consolidation of spent-fuel assemblies
and several methods for dry storage.

3., The DCE evaluated the potential effects of the various options
for at-reactor storage on transportation.

Estimates of additional at-reactor storage requirements

The additional-storage requirement is defined in this report as the
quantity of spent nuclear fuel that exceeds the maximum storage capacity
at a given reactor site. In particular, in this report the DOE assumed
that the additional-storage requirement is represented by all the spent
fuel that cannot be accommodated in spent-fuel pools that have been
reracked to provide the maximum possible capacity (while maintaining a
full-core reserve) for storing intact (i.e., unconsolidated) spent fuel.

The cumulative aggregate requirements for additional storage range
from 12,200 to 20,000 MTHEM. The inventory of spent fuel stored at
reactor sites peaks within 4 years of the projected start of spent-fuel
acceptance by the DOE in 2003. However, after the year 2007 an increase
in storage capacity will be required at a number of reactor sites because
the rates at which these reactors discharge spent fuel will exceed the
rate at which the spent fuel is removed from their sites. As a result,
the cumulative additional-storage requirements continue to increase and :
do not peak until the years 2012 and 2016 for the lower and the upper - *
bounds, respectively. The number of reactor sites requiring additional’
spent-fuel storage ranges from 54 (in the year 2012) to 67 (in the year
2016). Since some nuclear power stations consist of several reactors
located at the same site, the number of reactors requiring additional i
storage capacity is higher, 83 to 107 in the years 2012 and 2016, res- i
pectively. Moreover, the additional-storage requirements are not evenly ;
‘distributed among reactors. ' For the lower-bound storage requirements,
29 of the 54 reactor sites with additional-storage requirements need 200
MTHM or less, but a few have much greater requirements. For the upper-
bound storage requirement, 37 of the 67 sites need more than 200 MIHM.
{For comparison, 200 MIEM is about 40 percent of a typical pool capac-—
ity, or the equivalent of about 20 typical dry storage casks loaded with
intact spent fuel.)

The estimate of additional-storage requirements is affected by a
number of factors, including the projections of spent-fuel discharges,
the capacity of the storage pocls, and the timing and rate of spent-fuel
acceptance by the DOE. The uncertainties associated with each of these
factors are addressed in the study. The factor that has the most signif-
icant effect is the timing of acceptance by the DOE: a 5-year accelera-
tion or delay of the reference date of 2003 respectively decreases or
increases the additional-storage requirements by more than 50 percent.

Evaluation of dry—storagé concepts

The technology for dry storage has been demonstrated. Though the
concepts examined in this study differ somewhat in technical maturity, no
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significant technical problems are expected. The available technologies
are metal casks, dual-purpose casks that can be used for both storage and
transportation, concrete casks, horlzontal concrete modules, and modular
concrete vaults.

The identification and evaluation of various concépts for dry at-
reactor storage were based on published reports as well as experience in
both the United States and other countries. The experience of the U.S.
utility in- dustry involves .the storage of spent fuel in metal casks and
concrete modules; the experience in other countries includes storage in
metal and concrete casks. :

 Metal storage casks. , The storage of spent fuel in.metal casks is
the most mature of all the technologies currently available in the United
States for dry storage; it has been demonstrated in the United States
since 1984, and a cask-storage facility at one reactor was licensed in
1986. Metal casks are large and specially designed for temporary stor-
age. When the spent fuel is to be transported to a waste-management
facility, it will be transferred from the dry-storage cask into an NRC~
certified transportation cask. It is also conceivable that certain
metal-storage-cask designs could be certified by the NRC for one-time
shipment of spent fuel to a waste-management facility. .

Dual-purpose casks. Dual—purpose casks are similar to the metal
casks described above, but they would be used for storage at the reactoer
site, transportation to a DOE waste-management facility, and possibly lag
storage at- the DOE facility. Their use would potentially eliminate the
handling operations needed to transfer the spent fuel from storage casks
to transportation casks. Dual purpose casks have not been implemented
in the United States at this time; however, they are being used in the
Federal Republic of Germany.

Concrete storage casks. Concrete casks are similar to the metal
casks, except that the body is made of heavily reinforced concrete with
an inner metal liner for containment. .The casks are either ventilated or
unventilated. Concrete casks have not been implemented in the United.
States, but have been used extensively in Canada. Demonstrations involv-
ing the heat-transfer and shielding performance of concrete casks are
presently in progress in the United States. .

Horizontal concrete modules. Horizontal concrete modules are de-
signed to store spent fuel in large stainless-steel canisters that are
filled with a cover gas and sealed inside a concrete module. As of
December 1988, one dry-storage facility that uses horizontal concrete
casks had been licensed and coustructed, and at least three other facil-
ities are at various stages of development.

Modular concrete vaults. A modular-concrete-vault system consists
of a vertical array of tubes in which intact spent-fuel assemblies are
stored. These tubes are shielded and protected on all sides by the sur-.
rounding concrete. This concept has been used in the United Kingdom for
approxlmately 17 years. To date, this concept has not been implemented
in the United States, but has been approved by the NRC staff for use with
nitrogen as the cover gas.
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Evaluation of in-pocl storage concepts

Two options are available for increasing the capacity of existing
storage pools: reracking the pools and consolidating the spent-fuel rods
into more-compact arrays. Reracking involves the storage of intact
spent-fuel assemblies closer together. It has been extensively used by
the utilities, and the estimates of additional-storage requirements are
based on the assumption that reracking has already been used to maximize
the capacity of the storage pools. Consclidation involves removing the
spent-fuel rods from the hardware that holds them together in an assembly
and rearranging them into more-compact arrays. Six demonstrations of in-
pool rod consclidation have been performed in the United States. These
demonstrations achieved a rod-consolidation ratio of up to 2:1, but none
hag yet achieved effective compaction and packaging of the non-fuel-
bearing hardware that is left after consolidation; typically this hard-
ware also takes up pool space, thereby reducing the effective consclida-
tion ratio. .

Licensing of storage-increase options

Under 10 CFR Part 72, a major document to be submitted as part of
the license application for a dry-storage facility is the safety anal-
ysis report (SAR), whose purpose is to demonstrate the safety of the dry-
storage facility design under the conditiong specific to the reactor site
in question. In practice, vendors of dry-storage systems have attempted
to enhance the marketability of their designs by submitting topical
reports of their designs to the NRC in advance of utility gubmittals ef
site-specific license applications. Although the NRC staff's review of
a topical report is not a licensing action, topical reports reviewed and
approved. by the NRC staff may be referenced in the SAR for a site-
specific licensing application. This can shorten the time involved in
licensing because the NRC staff can focus its safety reviews during the
licensing process to ensure that the site use and proposed facility
operations are safe, rather than having to devote a significant effort
to review the design. If a site-specific application involves differ-~
ences or discrepancies with respect to the design deseribed in an ap-
proved topical report, additional analyses may be required by the NRC.
Despite the potential benefit of using a design whose topical report has
already been approved, the site-specific licensing process includes an
opportunity for a pubIic hearing and is subject to intervention through
litigation, As a result, the process may entail the delays that have
been experienced by some utilities in obtaining amendments to their
reactor—operating licenses. Limited experience with licensing to date
hasg required 2 to 4 years to obtain a license in the absence of signif-
icant intervention. At present, allowing about 2 years for licensing
appears reasonable when an NRC-approved technology is involved.

The NRC staff is currently developing a proposed rule for considera-
tion by the Commission; this rule would amend 10 CFR Part 72 to provide
a process for the issuance of generic certificates of compliance for dry-
storage casks. A utility with a nuclear-plant license issued under 10
CFR Part 50 could regigster with the NRC to store spent fuel in KRC-

. certified casks and to use these casks for storage without further cask-
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certification activities: This proposed rule cQﬁId?significantIy reduce
the licensing-related activities that are currently required to provide
dry storage at a reactor site. It is possible for the NRC to develop a
similar rule for dry-storage systems other than casks, but no NRC an-
nouncement to this effect has been made at this time. '

To date, the NRC has granted licenses for storage in metal casks and
in horizontal concrete modules., In addition, the NRC staff has approved
a topical report for the use of medular concrete vaults and is evaluating
a topical report on concrete casks. Storage in concrete casks has no -
apparent deficiencies that would preclude its approval by the NRC. How-
ever, a potential issue is the structural integrity of concrete at the
temperatures expected in the cask.

To use metal casks designed for dual-purpose service, a utility will
have to obtain an NRC license for storage under 10 CFR Part 72 and have
the cask certified by the NRC under the transportation regulations in 10
CFR Part 71. Some metal-cask vendors have indicated that they plan to
apply to the NRC for transportation certificates. Some designers of
casks have incorporated features and used materials that may make it pos-
sible to certify these casks for transportation under 10 CFR Part 71.
However, the licensing and certification of these casks will have toc ad-
dress concerns about using the casks for transportation after extended
use for storage.

The licensing process for rod consolidation is different from the
one described for dry storage in that dry cask storage involves a new
license under 10 CFR Part 72, while consolidation, where it increases
the number of assemblies permitted to be stored in the pool, involves an
amendment to the 10 CFR Part 50 license. To the extent that utilities
have consolidated spent-fuel rods as a demonstration, they have performed
these limited consolidations under 10 {FR 50.59. First of all, the tech-
nology itself, consclidation, does not need approval from the NRC because
the fuel-handling operations involved are typically within the scope of
those authorized in the operating license for the reactor. But, in order
to increadse the capacity of a storage pool, a utility must apply for an
operating-license amendment that authorizes such an increase. Storage in
the pools is covered under the reactor-operating license issued by the
NRC under -10 CFR Part 50. Thus, the license issued under 10 CFR Part 50
must be amended in a formal licensing action. To date, one reactor has
obtained such a license amendment.

Estimated costs

- The cost estimates were extracted from cost estimates provided by
vendors, utilities that are currently developing storage facilities, and
other DOE studies that currently exist in the literature. Cost uncer—
tainties were typically not available but are illustrated by variations
in the reported cost estimates. Cost estimates may vary for several
reasons, including differences in accounting methods, site-specific dif-
ferences, and varying estimates of achievable cost reductions due to
technology advancements or improvements in production methods. The cost
estimates provided in this report are intended only to estimate the
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likely system-wide costs resulting from at-reactor storage requirements
and are not intended to be used by a utility for the selection of a
storage technology.

In this context, the DOE feels that a high degree of certainty is
associated with the unit-cost range presented. While site-specific
factors may cause some sites to incur higher costs than the high-range
cost estimates, and technological evolution may result in the possibility
of lower-cost storage at some sites, it is regarded as unlikely that the
system-wide average unit costs will be outside the range presented.

The estimates of costs for at-reactor storage are associated with
large uncertainties, partly because some of the technologies are not yet
fully mature and partly because it is not possible to draw conclusions
about which storage methods are likely to be chosen by the utilities.
Because it is not possible to determine how much of the additional stor-
age capacity is likely to be provided by a particular storage method, the
analyses of costs used assumptions that bound the ranges of unit impacts
for all of the storage options.

The estimated unit costs for each option, in dollars per kilogram of

"heavy metal, are as follows:

Capaéity increase
Storage technology 100 MTHM 300 MTEM 1000 MTHM

Consolidated fuel stored

in reacter pool 40-75 30-50 NAX
Metal casks 60-115 55<105 55-100
Concrete casks . 50-110 45-95 45-85
Horizontal concrete
modules - _ 60-80 45-60 40-55
" Modular concrete : :
.vaults 105-155 70-105 45-70

*An increase of 1000 MTHM is not applicable to rod
consclidation because at a typical reactor not much more
than approximately 350 MTHM of additional storage space can
be gained through consolidation,

*

The unit costs of dual-purpose casks are estimated to be slightly
higher than those of the metal casks because of such factors as cask
modifications and certification requirements. These additional costs
are about $7 per kilogram of heavy metal more than for metal storage
casks for unconsolidated fuel and about $5 per kilogram of heavy metal
more than for storing consolidated Euel in metal casks.

In estimating the aggregate costs of at-reactor storage, the ap-
plication of the unit-cost ranges for each storage technology is net



straightforward, partly because the level of confidence that the lower—
bound cost for a technology can be achieved varies among the storage
technologies. Several cost estimates were therefore developed for this
study. These estimates consist of the unit-cost range for a storage
technology that has been fully evaluated and demonstrated in the United
States (the current design of the metal storage cask), the cost reduc—
tions expected from future technology improvements that are believed to
be likely, and the lowest cost believed to be achievable in the future
for any of the technologies examined in this report.

In addition to the large uncertainty in unit costs, the aggregate
cost of additional at-reactor storage has a source of uncertainty result-
ing from uncertainties about the aggregate storage requirements and their
distribution among reactor sites. For the lower bound of the storage
requirements with the spent-fuel-acceptance case used as the "reference
case” for the purposes of this study only {(a repository-only system that
starts spent-fuel acceptance in 2003), the aggregate cost for proven
technology is about $950 million to about $1.3 billion, the cost with
likely technology improvements is about $700 million, and the lowest cost
believed achievable in the future is about $470 millicn. For the upper
bound of the storage requirements with the reference case, the aggregate
cost for the proven technology is about $1.5 billion to just about $2.1
billion; the cost with likely technology improvements is about $1.1 bil-~
lion; and the lowest cost believed to be achievable is about $800 mil-
lion. These estimates of the aggregate costs of at-reactor storage would
be decreased or increased by more than 50 percent if spent-fuel accept-
ance by the DOE, assumed to start in the year 2003 in the reference case,
is accelerated or delayed by S years because of the effect of such ,
acceptance-schedule changes on additional-storage requirements.

Health-and-safety impacts

In the "Waste Confidence Decision,"” the NRC reported finding "rea-
sonable assurance that spent fuel...can be stored safely and without
significant enviroumental impacts" in reactor storage pools or in inde-
pendent spent-fuel storage installations.* The NRC's findings were sup-
ported by experience in more than 80 individual safety evaluations of
spent-fuel storage facilities. A bibliography on this topic is included
in Appendix A. For both dry storage and reactor-pool storage, the NRC
stated its belief that current storage technologies are capable of pro-
viding safe storage for at least 30 years beyond the expiration of the
operating license. The NRC also concluded that the possibility of a
major accident or sabotage at a spent-fuel-storage facility with
radiological consequences for the public is extremely remote.

These findings are supported by the environmental assessments pre-
pared by the NRC for the two dry-storage facilities that have been

*U.5. Nuclear Regulatory Commission, "Waste Confidence Decision,“
Federal Register, Vol. 459, No. 171, August 31, 1984,




licensed to date in the United States. These facilities are at the sites
of the H. B. Robinson reactor in North Carolina and the Surry reactor in
Virginia. The annual dose commitment received under normal operating
conditions by the "nearest real individual” is estimated at approximately
0.4 millirem for the H. B. Robinson site and about 0.00006 millirem for
the Surry site. These dose commitments represent less than 2 and 0.0003
percent, respectively, of the appllcable regulatory limit in 10 CFR
72.67. The estimated dose for Surry is lower than that for H. B, Robin-
son because the nearest real individual is considerably farther away (1.5
miles. as compared with 0.3 mile) from the dry-storage facility.

The dose estimates for other reactor sites will depend on various
site-specific factors, such as the dry-storage technology that is used,
the quantity of spent fuel that is stored, the distance at which the

nearast real individual" is located, the size of the exposed population,

and atmospheric conditions. However, the estimates presented above for
the H. B. Robinson and the Surry sites support the generic caleculations
that have been made for the variocus dry-storage technologies and indicate
that the radiation doses expected to result from dry storage at reactor
sites are extremely low.

Transportation impacts

The last of the impact analyses examined potential effects on spent-
fuel transportation to a DOE waste-management facility. The results
indicate that none of the evaluated dry-storage options would signific-
antly affect transportation unless the spent fuel is consolidated. For
transportation, intact spent fuel that is stored in casks or other dry-
storage devices must be transferred to the same type of shipping cask
that would be used for intact spent fuel stored in pools. Thus, no mod-
ifications to the transportation system are needed, and there are no
changes in the tramsportation operations or in the number of shipments
required for a given quantity of spent fuel. If the spent fuel is con-
solidated, some reductions in the number of shipments can be achieved,
depending on the design of the transportation casks.

The use of dual-purpose casks for storing and subsequently trans-
porting the spent fuel may decrease the number of transportation-only
casks that are required. However, the overall cost and risk impacts on
the transportation system would be minimal.

USE OF THE NUCLEAR WASTE FUND

The second objective specified for this study by the Amendments Act
requires the DOE to consider "the extent te which amounts in the Nuclear
Waste Fund...can be used, and should be used, to provide funds to con-
struct, operate, maintain, and safeguard spent fuel in dry cask storage"”
at reactor sites.

The Nuclear Waste Policy Act of 1982 does not appear to authorize
the use of the Nuclear Waste Fund for providing direct financial support
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for storage at reactor sites. It specifies {Section 302(d)) that expen-
ditures from the Nuclear Waste Fund may be made only for purposes of
radicactive-waste disposal and related activities; the latter specific-
ally exclude short-term, or interim, storage. If interim storage is
needed before the DOE begins to accept spent fuel,: the DOE is to use a
separate fund established for that purpose——the Inter:m Storage Fund.
There are restrictions, however, on the use of the Interim Storage Fundj
they require utilities to be certified eligible by the NRC, to enter into
contracts with the DOE before January 1990, and to pay the DOE the full
cost of providing such interim storage.

The DOE will consider mechanisms whereby the utilities can realize
benefits resulting from at-reactor spent-~fuel-management activities if
such activities can be demonstrated to be beneficial to the overall
waste-management system. Systems-integration studies being conducted by
the DOE are examining the potential for at-reactor activities to contrib—
ute to the goals of the waste-management system. As these efforts pro-
ceed, the DOE will discuss them with potentially affected parties and
factor them, as appropriate, into program planning, facility design, and
future recommendations to the Congress.

VIEWS OF THE NRC AND THE PUBLIC

The initial version of this study was distributed for review and
comment by the NRC, State and local governments, the utilities, other
interested parties, and the public. It was then revised as appropriate
in response to the comments received (see Part II--Record of Comments and
Responses). This final report will also be submitted to the NRC for
final review and comment.



Chapter 1

INTRODUCTION

This chapter presents the legislative requirements for this study,
states the objectives of the study, and discusses the approach used to
achieve the objectives. It also explains the organization of the report.

1.1 LEGISLATIVE REQUIREMENTS FOR THE STUDY

The Nuclear Waste Policy Amendments Act of 1987 {the Amendments
Act—Public Law 100-203), Section 5064, requires the Department of Energy
(DOE) to study and evaluate dry-cask-storage technology for the temporary
storage of spent nuclear fuel at the sites of civilian power reactors un-
til a geologic repository is available for receiving the spent fuel. In
conducting this study, whose results are to be reported to the Congress,
the Secretary of Energy was to consider such factors as costs, effects on
human health and the environment, and the extent to which the Nuclear
Waste Fund can:.and should be used to provide funds for at-reactor stor-
age. In addition, the Secretary was to cousult with the Nuclear Regula-
tory Commission (NRC), include the NRC's comments in the report, and sol~
icit the views of State and local governments and the public.

The DOE has been supporting the development of dry at-reactor stor—
age in accordance with the requirements of the Nuclear Waste Policy Act
of 1982 (NWPA--Public Law 97-425}. Section 218 of the NWPA required the
Secretary of Energy to establish a demonstration program, in coopera-—
tion with the private sector, for dry storage at reactor sites. The
Secretary was also to undertake a cooperative program with the utilities
to encourage the development of technologies for consolidating the spent
fuel into more-compact arrays to increase the capacity of the storage
pools existing at reactor sites.

To meet these provisions of the NWPA, the DOE established a storage
program that included participation in cooperative demonstration programs
with utilities as well as cost-shared research-and-development programs
at Federal facilities., Considerable progress in this program has been
achieved. For example, dry-storage demonstrations and research at the
DOE's Idaho National Engineering Laboratory and the Pacific Northwest
Laboratory contributed to the NRC's granting two utilities licenses to
construct and operate dry-storage facilities (independent spent fuel
storage installations) at the sites of two reactors. The operation of
these facilities will demonstrate the technical feasibility and the
economics of adding storage capacity in metal or concrete modules at
reactor sites. The feasibility of in-pool consolidation has also been
successfully demonstrated, and now the nuclear industry is proceeding
independently with its development.
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Since both dry-storage and consaolidation technologies can be used to
increase at-reactor storage capacity, dry-storage concepts as well as rod
consclidation for storage in spent-fuel pools are examined in this study.

1.2 THE OBJECTIVES OF, AND THE APPROACH USED IN, THIS REPORT

The Amendments Act specifies two principal objectives for the dry
cask storage study. This section states those objectives and briefly
describes the approaches used to meet them., It also discusses the
review-and-comment process for this report.

1.2.1 Evaluation of costs and impacts

The first objective of this study is to meet the the following
requirement of the Amendments Act: in conducting the study the Secretary
is to consider—

The costs of dry cask storage, the extent to which such
storage at reactor sites will affect human health and the envi-
ronment, the extent to which the storage on the sites of civi-
lian nuclear power reactors affects the costs and risk of trans-
porting spent fuel to a central facility such as a monitored
retrievable storage facility, and any other factors the Secretary
considers appropriate.

To achieve this objective, the following approach was used:

1. Estimates were made of the additional at-reactor storage cap-—
acity* that would be required to accommodate spent fuel until a
geologic repository becomes available.

2. Dry storage methods for at-reactor storage were identified and
evaluated in terms of design features, spent-fuel-handling oper-
ations, costs, and potential effects on the health and safety of
both the public and the reactor workers. These methods include
in-pool storage with consolidation and dry storage in casks,
modules, or vaults.

3. The potential effects of the various at-reactor storage options
on transportation were evaluated.

#The requirements projected in this report for additional spent-fuel
storage are based on the assumption that the storage pools of all
reactors will be reracked to store the maximum number of intact spent-
fuel assemblies that can be accommodated in the existing pools.
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The consolidation of speht—fuel rods was considéred'aé a method for
increasing the capacity of both storage pools and dry-storage designs,

The estimates and evaluations performed in this study were based on
existing data. They were largely derived from various analyses and doc-
~ uments published by the DOE and its contractors or included in documents
issued by the NRC., Among the DOE documents are the MRS proposal to the
Congress' and a subsequent report, prepared to supply the Congress with
additional information on the MRS facility.’ The descriptions of var-
jous dry-storage methods as well as options for expanding in-pool storage
capacity are based on the literature, experience in the United States and
in other countries, and the results of research sponsored by the DOE.

1.2.2 The use of the Nuclear Waste Fund

r .
The second objective specified for this study by the Amendments Act
requires the Secretary to consider--

The extent to which amounts in the Nuclear Waste Fund...can
be used, and should be used, to provide funds to construct,
operate, maintain, and safeguard spent fuel in dry cask
storage at the sites for civilian nuclear power reactors.

This objective was addressed by separately considering two questions:

1. 1Is the DOE authorized under the Nuclear Waste Policy Act of 1982
{Public Law 97-425), which established the Nuclear Waste Fund,
 to provide monies from the Fund for dry at-reactor storage?

2. When and under what conditions would it be appropriate to use
monies from the Fund for at-reactor storage?

The first question was addressed by examining the applicable provi-
sions of the NWPA, the legislative history of the NWPA, and records of
Congressional hearings. The second question was addressed by considering
{1) the circumstances under which menies from the Fund should be author-
ized and made available for at-reactor storage and (2) reviewing the
DOE's policy on support for utility initiatives.

1.2.3 Processg for review and comment

As required by the Amendments Act, the initial version of this re-
port was distributed for review and comment by State and local govern-
ments, utilities, other interested parties, and the public. It was also
submitted to the NRC for review and comment. After the comments were
received, the report was revised as appropriate. Synopses of the com-
ments and the DOE's responses are presented in Part II of this report.
This final report will again be submitted to the NRC for review and will
be submitted to the Congress together with the final NRC comments.
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1.3 OQRGANIZATION OF THE REPCRT

This report consists of three parts. Part I is the body of the
report. Part Il is a comment-response document that presents synopses of
the comments received by the DOE on the initial version of the report and
the DOE's responses; it also contains an index of comments and responses.
Part III reproduces each of the comment letters.

The remainder of Part I of this report is divided into six chapters.
Chapter 2 provides background information, and Chapter 3 presents esti-
mates of the requirements for additional storage. Chapter &4 describes
the various options that are available for increasing the capacity of
storage pools and for providing dry storage; it alsc discusses the costs
of each option. Chapter 5 presents estimates of the potential aggregate
costs for all U.8. reactors with additional-storage requirements, dis-
cusses potential effects on human health and the environment, and exam-
ines potential effects on the transportation system, Chapter 6 considers
the use¢ of the Nuclear Waste Fund for providing additional at-reactor
storage. Chapter 7 contains a summary and conclusion. Part I ends with
Appendix A, which presents some additional information requested by the
reviewers of the initial version of the report.
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Chapter 2

BACKGROUND

To provide background information that may be beneficial in under-
standing this report, this chapter begins by briefly discussing the stor-
age of spent fuel at reactor sites, including both methods for increasing
the capacity of existing spent-fuel pocls and methods of dry storage. It
then briefly examines the licensing of at-reactor storage.

2.1 THE STORAGE -OF SPENT FUEL AT REACTOR SITES

After being removed from ‘the reactor, the spent fuel is stored under
water in a storage pool at the reactor site. Typically, about one-third
of the fuel assemblies in a reactor are removed and replaced by fresh
fuel once every fueling cycle. At present, utilities are using fueling
cycles of 12 to 24 months, depending on the reactor type, fuel, and
operating conditions.

The storage pools at reactors are designed to store a limited amount
of spent fuel, with the pools of many older reactors being smaller than
those of new reactors. (When the pools at these reactors were designed,
it was assumed that the spent fuel would be removed in a few years for
chemical reprocessxng to recover uranium and plutonium.) The Standard
Review Plan' used by the staff of the Nuclear Regulatory Commission
(NRC) in reviewing reactor-license applications specifies that the min-
imum design capacity of the storage poel should be sufficient to accom—
modate one full reactor core and the maximum quantity of spent fuel that
is discharged in one fueling cycle. As.prudent operating practice, most
utilities reserve in each storage pool sufficient space to accommodate
one full reactor core. Thus, the term “storage-pool capacity" means the
amount of spent fuel that can be accommodated in the pool while maintain-—
ing a "full-core resérve.®

Ultimately, if there is not enocugh space in the storage pool to
accept a planned discharge of spent fuel, the utility must either remove
from the pool some of the spent fuel that has been stored there or stop
operating the reactor. In some cases, if the utility is operating
nuclear power plants at several different sites, the spent fuel removed
from the pool may be shipped to another site for storage in a pool that
has sufficient space. Such "transshipment,” however, is not available
for most reactors, and it provides only a temporary solution for a
limited amount of spent fuel. In the past, transshipment has usually
encountered significant public resistance. 1In this study, transshipment
is not considered to be .an optlon of choice for those utilities for which
it is available.

Since according to the DOE's draft 1988 Mission Plan Amendment’ a
geologic repository for the permanent disposal of the spent fuel is not
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expected to be available until the year 2003,* a number of utilities may
be faced with a shortage of storage capacity for their spent fuel. The
storage capacity can be increased by increasing the capacity of the
storage pools or by providing dry storage outside the pool. In-pool
capacity can be increased by changing the racks that hold the spent-fuel
assemblies inside the pool and by consolidating the fuel rods into more-
compact arrays.

2.1.1 Increasing in-pool capacity

Initially, the racks that hold spent-fuel assemblies in the storage
pools were not designed to maximize the amount of spent fuel that can be
stored in a pool. The storage capacity of a spent-fuel pool can be in-
creased by reracking the pool--that is, changing the configuration of
the racks that hold the spent-fuel assemblies in a manner that satisfies
criticality and other constraints, as discussed below.

Criticality is the ability of an array of nuclear fuel to sustain a
neutron chain reaction.® Since it could cause a large increase in the
heat-generation rate of the fuel, criticality could result in significant
damage to the fuel, an increase in radiation dose rates, and possibly
large releases of radioactive material. For this reason, great care is
given in the design and the licensing of nuclear facilities to ensure
that an inadvertent criticality event will not occur. According to cri-
teria promulgated by the NRC,* facilities for spent—fuel storage must
" be designed to prevent, by a safe margin, the occurrence of criticality
even under accident conditions, and this may limit the quantity of spent
fuel that can be stored in a given pool as well as the configuration in
which it is stored.® '

In terms of criticality, the amount of fuel that can be stored in-
side a given storage pool depends on both the geometric configuration of
the fuel and on the materials used in the storage racks. Geometrically,
the single most important factor is the spacing between the spent-fuel
assemblies. Usually the racks provide more spacing than is needed to
preclude a potential for criticality, and therefore more spent fuel can
be accommodated if the standard racks are replaced with racks providing
closer spacing. To provide even closer spacing without creating a

*According to the DOE's draft 1988 Mission Plan Amendment,? the
Federal waste-management system will include, in addition to the geologic
repository, a facility for monitored retrievable storage (MRS), as
autherized by the Nuclear Waste Policy Amendments Act of 1987. The
integrated schedule for this authorized system shows that the MRS
facility will start accepting spent fuel in 2003, but it may be possible
to accelerate this schedule.



potentlal for cr1t1cal1ty. it is necessary to use’ tatks that contain
neutron-absorbing materials (principally boron carbide)’®'®, use racks
that depend on water and stainless-steel flux traps, or impose fuel-
burnup requirements to preclude criticality.

Besides criticality, a number of other factors must be considered in
reracking. One of the most important is structural strength--that is,
the ability to safely support the weight of the additional spent fuel.
Others include ability to meet the NRC's seismic criteria, heat genera-
tion and pool cooling, shielding from radiation, water cleanup, and abil-
jty to accommodate in-service inspection.

' Reracking is usually the initial choice of utilities for increasing
storage capacity at reactor sites because the technology for reracking.
ig fully developed and reracklng is usually the least expensive of all
available options. At the sites of U.S. civilian reactors, high-density
racks that permit the minimum spacing between spent-fuel assemblies have
been installed in nearly all spent-fuel storage pools where an evaluation
shows that the pools can support the additional weight of more fuel as-
semblies.”*®. Such reracking has typically increased pool capacities
from one and one-third reactor cores up to four and one-third cores.’

Rod consolidation, another option for increasing in-pool capacity,
involves mechanically removing the fuel rods from the hardware that holds
them together in a spent-fuel assembly and rearranging them in a more
compact array inside a metal canister. At-reactor consolidation is per-
formed under water in the spent-fuel-storage pools.

Like rerackxng, the storage of consolidated rods is constrained by
the structural strength and seismic characteristics of the storage pool.
However, with consolidation the potential for criticality is lower than
it is in reracking for the storage of intact spent-fuel assemblies. This
is because in an intact assembly the spacing between the fuel rods is
carefully designed and maintained to enhance nuclear reactivity while in
the reactor core. The closely packed array of spent~-fuel rods that
results from consolidation has a lower reactivity than 1ntact assemblies,
even though the density of the fissile materials is higher.®

2.1.2 Dry-storage concepts

In addition to expanding in-pool capacity, the capacity of at-
reactor storage can be increased by providing dry storage in various
types of casks, modules, or vaults located outside the pools. Such dry-
storage concepts include metal casks, concrete casks, horizontal concrete
modules, modular concrete vaults, and dual-purpose casks. Dry storage
can accommodate either intact spent-fuel assemblies or canisters of.con-
solidated spent fuel. A more detailed description of the concepts and
the operations involved in their use is given in Chapter 4.

The metal casks that could be used at reactor sites are usually
large casks designed for temporary storage. When the spent fuel is to be
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transported to a waste-management facility, it would be transferred from
the storage cask to a shipping cask. However, it is also conceivable
that certain metal storage cask designs could be certified by the NRC for
a one-time shipment of spent fuel to a waste-management facility.

Concrete storage casks are similar to the metal casks, except that
the body of the cask is made of heavily reinforced concrete. Unlike
storage in metal casks, storage in concrete casks has not yet been li-
censed by the NRC at any site; however, a topical report on this technol-
ogy has been submitted to the NRC staff and is being reviewed.

For storage in horizontal concrete modules, spent fuel is encap-
sulated in metal canisters that are then emplaced in concrete modules.
The use of this dry-storage technology has been licensed by the NRC for
use at one reactor site. A license application for another site has been
submitted, and there are firm plans to implement this technology on at
least two additional reactor sites,

A modular concrete vault consists of a vertieal array of tubes in
which intact spent-fuel assemblies are stored. These tubes are shielded
and protected on all sides by concrete. To date, this concept has not
been implemented in the United States, but the NRC staff has approved the
topical report submitted for this system by a prospective vendor.

Dual-purpose casks are similar teo the metal casks described above,
but they would be used for gtorage at the reactor site, transportation
to a DOE waste-management facility, and possibly lag storage at the DDE
facility. Their use would eliminate the handling operations needed to
transfer the spent fuel from storage casks to transportation casks. How-
ever, the dual-purpose concept has not yet been licensed by the NRC, and
there are issues still to be resolved before obtaining NRC certification
for transportation after extended use for storage.

The spent fuel that will be stored in any of these dry-storage sys-
tems will not be fuel that has just been discharged from a reactor: it
will be fuel that has been stored in a spent-fuel pool for at least one
year {most likely several years) to diminish its radiocactivity and the
rate of heat generation. All freshly discharged spent fuel will be
stored first in the spent-fuel pool. Thus, if dry storage is to be used
at a reactor site where the spent-fuel pool is filled te capacity, it
will be necessary to remove from the pool spent fuel that has been stored
under water for at least a year and transfer it to dry-storage facili-
ties. The spent fuel will be removed by loading it into a storage cask
under water, inside the pool, lifting the loaded storage cask from the

-pool, and transferring the cask to the dry-storage facilities. Alterna-

tively, a transfer cask could be used for removing the spent fuel from
the storage pool, moving it to the dry-storage facilities, and loading
it into the dry-storage cask, module, or vault. All of these removal-
and-transfer operations would be scheduled to take place when no other
operationg are required or are under way in the storage pool. In addi-
tion, in scheduling these operations, it would be necessary to ensure
that the necessary operating personnel are available.
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2.2 NRC LICENSING CONSIDERATIONS

Except for the consolidation and storage of small amounts of spent
fuel, the methods digcussed in this report for increasing at-reactor
storage will require licensing by the NRC. Licensing considerations are
important because licensing can be a protracted process. This section
briefly discusses the regulations and the processes that are expected to
be applied in licensing the various options considered in this report.

A formal licensing action includes an opportunity for a public hear-
ing and is subject to intervention through litigation. As a result, a
formal licensing action may entail the delays that have been experienced
by some utilities in obtaining amendments to their reactor-operating

licenses.

An example of such a delay can be seen in the experience of the
Pacific Gas & Electric Company, which wished to rerack the storage pools
of its Diablo Canyen plant and in October 1985 applied to the NRC for a
license amendment allowing an increase in the quantity of spent fuel
stored in the pools.” In February 1986, three intervenors asked the
NRC to hold hearings on the proposed reracking, but, as allowed by the
Atomic Energy Act and the NRC's implementing regulations._the NRC . ap-
proved the license amendment before holding the hearings. The interve-
nors asked the Ninth Circuit Court of Appeals to review the NRC's deci-
sion, and in September 1986, the court ruled that the NRC had vioclated
its regulations. Public hearings before an Atomic Safety and Licensing
Board were then held to address the technical concerns of the inter-
venors. The board determined that the concerns of the intervenors were
unfounded, and in QOctober 1987 the NRC reissued the license amendment.
However, one of the intervenors appealed the NRC's décision and asked
for a delay in the reracking. In response, both the Atomic Safety and
Licensing Board and the Ninth Circuit Court of Appeals agreed to review
the NRC's decision but denied the delay request. These decisions allowed
the utility to begin reracking the Diablo Canyon storage pools while the
appeal proceeds, but by mid-1988 the appeal process had not been
completed. '

In another instance,® a delay was experienced in a licensing

action involving an increase in pool storage through consolidation. When
the Maine Yankee Power Company submitted in 1979 an application to the
NRC for an amendment to its operating license, a local antinuclear group
petitioned for leave to intervene and was admitted. By 1980, the neces—-
sary supplements were filed, but at that point the State of Maine alsa
successfully petitioned for leave to intervene. By mid-1983 no trial
date had been set, and the utility, seeing no end to the licensing proe-
ess, abandoned the project. The utility currently has no plans to pursue
consolidation as a means of increasing its at-reactor storage capacity,

As already mentioned, spent fuel can be stored either in a pecol or
in dry-storage facilities. Though both types of storage may be used at
the same reactor site, they are subject to different NRC regulations.
This is because the spent-fuel pool is considered to be an integral part
of the nuclear power plant. Dry-storage facilities, on the other hand,
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are independent facilities that are considered not to be an integral part
of the plant.

Storage in spent-fuel pocls is included in the license issued for
the nuclear power plant by the NRC under 10 CFR Part 50, "Domestic
Licensing of Production and Utilization Facilities."” Dry storage in an
independent spent-fuel storage installation (ISFSI) at reactor sites or
elsewhere ig subject to the regulations contained in 10 CFR Part 72, i
"Licensing Requirements for the Independent Storage of Spent Nuclear Fuel
and High-Level Radicactive Waste."”

Consolidation where it increases the number of assemblies permitted
to be stored in the spent fuel pool involves an amendment to the 10 CFR
Part 50 license. To the extent that utilities have consolidated limited '
numbers of spent-fuel rods as a demonstration, they have performed these
consolidation programs under 10 CFR 50.59.

The NRC staff has indicated that, for demomstration purposes, small
quantities of spent fuel (up to 50 fuel assemblies) can be consolidated
and stored under the provisions of 10 CFR 50.59% without the need for
license amendments or changes in technical specifications.'® Under 10
CFR Part 50.59, the licensee may *‘conduct tests or experiments not de-
scribed in the safety analysis report without prior Commission approval,
unless the propesed change, test or experiment involves a change in the
technical specifications incorporated in the license or an unreviewed
safety question.”

i
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In the case of dry at-reactor storage, which is governed by the NRC
regulations in 10 CFR Part 72, the process is different from that fer an
amendment to a license issued under 10 CFR Part 50. Under 18 CFR Part
72, a major document to be submitted as part of the the license applic-
ation for a dry-storage facility is the safety analysis report (SAR),
whose purpose is to demonstrate the safety of the dry-storage facility
design under the conditions specific to the reactor site in question. In
practice, the vendors of dry-storage systems have attempted to enhance
the marketability of their designs by submitting topical reports on their
designs to the NRC in advance of utility submittals of site-specific
license applications. 'Although the NRC's review of a topical report is
not a licensing action, topical reports reviewed and approved by the NRC
may be referenced in the SAR for a site-specific licensing application,
thereby offering the possibility for reducing the time involved in the
licensing process.

The topical report includes a description of the design and generic
applications and operations for which it is to be used. The topical
report must provide extemsive information about the technology, including
a safety analysis report and comprehensive test data. The NRC 's staff
review and approval of the topical report does not constitute a formal
licensing action and is therefore not subject to intervention.

Upon approving a topical report, the NRC staff issues a letter of
approval to the vendor for the dry-storage design and its proposed
generic applications as covered by the report. As of mid-1988, the NRC



staff had approved topicil reports for three typéS'qf metal storage casks
and one design each for horizontal concrete modules and concrete modular
vaults. A topical report for a concrete storage cask has been submitted
to the NRC for review.

Under the current provisions of 10 CFR Part 72, an application for
a license to construct and operate an at-reactor dry-storage facility
(i.e., an ISFSI) is to include a safety analysis report. This report
must contain a detailed description and discussion of the major struc-
tures and the operating characteristics of the facility, including a
detailed designj an analysis and evaluation of the design and the per-
formance of the structures, systems, and components important to safety;
and supporting information and data compiled in prior demonstrations of
the performance of the structures, systems, and components important to

safety.

If a utility elects to establish an at-reactor dry-storage facility
that uses a technology previously reviewed and approved by the NRC staff
in a topical report, the license application may reference the NRC-

staff-approved design. Morever, many of the additional requirements of

10 CFR Part 72 for technical information in the application can be sat-
isfied by citing the information reviewed and approved by the NRC in
licensing the nuclear power plant under 10 CFR Part 50. This information
includes the technical qualifications of the applicant, a description and
safety assessment of the site, and a description of the applicant's plans
for coping with emergencies. Such incorporation by reference signifi~
cantly simplifies and streamlines the process of obtaining an NRC license
for a dry-storage facility that is based on a technology previously
approved by the NRC staff, ' '

As of December 1988, two utilities had obtained NRC licenses under
10 CFR Part 72 for dry-storage facilities. One of these facilities uses
Castor V/21 metal storage casks approved by the NRC staff, and in the
future it may use metal casks supplied by other vendors. The second
facility uses the NRC-staff-approved horizontal conecrete storage modules.
(The latter technology is alsc proposed for use in a dry-storage license
application by a third utility and has been selected for implementation
on at least two other reactor sites.)

Most of the design options currently available for at-reactor stor-
age are invelved in the ongoing DOE-sponsored demonstration and coopera-
tive programs authorized in Section 218 of the NWPA. The NWPA provides,
as an objective of this program, the establishment of "one or more tech-
nologies that the Commission may, by rule, approve for use at the sites
of civilian nuclear power reactors without, to the maximum extent prac-
ticable, the need for additional site-specific approvals by the Commis-
sion."

Consistent with this objective, the NRC staff is currently develop-—
ing a proposed rule for consideration by the Commission; this rule would
amend 10 CFR Part 72 by providing a process for the issuance of generic
certificates of compliance for metal and concrete dry-storage casks.,
This process is conceptually analogous to the NRC's certificates of

!
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" ecompliance for tramsportation casks. Such a certification, in contrast
to the letter of approval for a topical report, represents a formal
regulatory action.

The proposal under development envisions an amendment to 10 CFR Part
72 to specify the following process for the vendors of dry-storage casks
and the utilities planning to use the casks:

& The vendor of the storage cask would submit to the NRC an <y
application for a certificate of compliance for the use of its

. cask in the storage of spent fuel. The content of the applica-

: tion would be similar to that of the topical report that is now

required by the NRC.

# A utility with a nuclear-plant license issued under 10 CFR Part
50 could register with the NRC to store spent fuel in NRC-~
certified casks and use these casks for storing spent fuel at the
reactor site without further licensing activitieg if there are no
unreviewed safety issues. The license issued by the NRC under 10
CFR Part 50 would constitute evidence of compliance with other -
regulatory requirements for dry storage, such as safeguards and
security.

If the developers and vendors of casks certified by the NRC for dry
storage desire to expand the usefulness of these casks to include spent-
fuel transportation, they must obtain NRC certificates of compliance for
using the casks in transportation applications regulated under 10 CFR
Part 71, "Packaging and Transportation of Radiocactive Material.” To date
no dual-purpose casks have been approved by the NRC staff for the storage
and transportation of spent fuel.

r——— aees

S e e At

I-24



10.

11.

12,

REFERENCES R

U.S. Nuclear Regulatory Commission, U.S. Nuclear Regulatory Commis-
sion Standard Review Plan, NUREG-0800, Rev. 3, Office of Nuclear
Reactor Regulation, Washington, D.C., 1981,

U.S. Department of Energy, Draft 1988 Mission Plan Amendment,
DOE/RW-0187, Washington, D.C., 1988.

U.S. Nuclear Regulatory Commission, Generic Environmental Impact
Statement on Handling and Storage of Spent Light Water Power Reactor
Fuel, NUREG-0575, Vols. 1~3, Washington B.C., 1979.

U.S. Nuclear Regulatory Commission, *Domestic Licensing of Produc-
tion and Utilization Facilities,™ 10 CFR Part 50.

Electric Power Research Institute, Behavior of High-Density Spent-
Fuel Storage Racks, EPRI NP-4724, Palo Alte, Calif., 1986.

A, B, Johnson, Jr., W. J. Bailey, and K. Klein, "Wet Storage in the
USA: Recent Experience and Directions," in Long Term Wet Spent
Nuclear Fuel Storage, IAEA-TECDOC-418, International Atomic Energy
Agency, Vienna, Austria, 1986.

R. A. Clark, U.S. Nuclear Regulatory Commission, letter dated June
16, 1982, to J. H. Garrity, Maine Yankee Atomic Power Company,
"Safety Evaluation and Environmental Impact Appraisal Regarding
Maine Yankee Spent Fuel Storage,” Docket No. 50-30%.

W. J. Bailey, Status of Rod Consolidation, PNL-5122, Pacific North-
west Laboratory, Richland, Wash., 1986.

U.8. General Accounting 0ffice, Information on the Reracking of the
Diablo Canyon Spent Fuel Storage Pools, GAO/RCED-88-79FC, Washing-—
ton, D.C., 1988,

U.S. Department of Energy, Additional Information on Monitored
Retrievable Storage, DOE/RW-0166, Washington, D.C., 1987.

E. J. Mroczka, Northeast Nuclear Energy Company, letter dated August
11, 1987, to U.S. Nuclear Regulatory Commission, "Millstone Nuclear
Power Station, Unit 2, Fuel Consclidation Program; Section 50.59
Evaluation of the Consolidation Process,”™ Docket Nos. 50-336, B12563.

R. R. Calabro, R. E. L. Stanford, and J. McBride, "Utilities View
the Spent Fuel Storage Problem," in Proceedings of the American
Nuclear Society International Topical Meeting on Spent Fuel Storage
Options, Savannah, Georgia, September 27-29, 1982.

I-25



13. K. M. Wasywich, J. D. Chen, J. Freire-Canosa, and S. J. Nagqvi,
“Examination of Intact and Defected Irradiated CANDU Fuel Bundles
Stored up to 30 Months in Moist Air at 150°C," in Proceedings of
the Third International Spent Fuel Storage Technology Symposium/
Workshop, CONF/860417, U.S. Department of Energy, Washington, D.C.,
1986,

s
?.
:
!
?
1
)
i
{
£
i
Z.
!

P T

[-26



Chapter 3

.ASSESSMENT OF REQUIREMENTS FOR ADDITIONAL AT-REACTOR STORAGE

The pools that are used to store spent fuel at reactor sites have
limited capacities. The cumulative quantity of spent fuel that exceeds
the maximum storage-pool capacity for intact spent-fuel assemblies is the
additional-storage requirement. In particular, ia this report it was
assumed that the additional-storage requirement is represented by all the
spent fuel that cannot be accommodated in spent-fuel pools that have been
reracked to provide the maximum possible capacity for intact spent-fuel
assemblies. -

This chapter presents estimates of the additional-storage require-
ments and the basis for this estimate. It briefly examines the principal
factors that affect the additional-storage requirements, explains how the
requirements were estimated, and shows the geographic distribution of the
requirements. . :

3.1 FACTORS AFFECTING ADDITIONAL-STORAGE REQUIREMENTS

. Both the magnitude and the duration of additicnal-storage require-
ments for each reactor are determined by three basic factors: (1) the
cumulative spent-fuel discharge; (2) the number of intact spent-fuel
assemblies that can be accommodated in the spent-fuel pool, and (3) the
rate of spent-fuel removal from the reactor site. Each of these factors
is briefly discussed below.

3.1.1 Forecasts of spent-fuel discharges .

For a given reactor, the quantity of spent fuel discharged depends
on the reactor’'s energy production and the amount of energy production
per unit of fuel. Uncertainties are associated with the projections of
both of these amounts. :

The amount of energy production per unit of fuel, usually called
"burnup,” also varies among nuclear power plants and to some extent for
a given plant. In recent years, there has beeh a trend toward higher
burnup levels (mere energy produced per unit weight of fuel), and eco-
nomic factors favor the continuation of this trend. The designs and
compositions of the nuclear fuel rods are being changed to allow higher
burnup levels at most reactors. The extent to which this trend will
continue--and hence what the average burnup will be--is subject to some
uncertainty. :

1-27



Each utility that owns a nuclear power plant has operating plans
that quantify the factors discussed above. For each reactor, the utili-
ties report operation forecasts to the Energy Information Administration
(EIA) of the Department of Energy (DOE) in a mandatory survey that uses a
standard form (the DOE Nuclear Fuel Data Form RW-859). Information from
these utility reports (submitted in 1987) was used in this study as the
basis for developing a forecast of spent-fuel discharges for the future.
This forecast, based on plants currently operating or under construction,
is referred to as the "aggregate RW-859 forecast.”

Since the operating plans for reactors are not always achieved and
the time needed to construct a nuclear power plant is generally increas-
ing, the aggregate RW-859 forecast may be an optimistic forecast of
nuclear-energy production, with an upward bias in projected spent-fuel
discharges. For this reason, the EIA prepares a series of nuclear-energy
generation and spent-fuel forecasts that are based on industry-average
performance and on slightly more pessimistic assumptions about the com-
pletion of plants now under construction.' Several forecasts are pre-
pared, differing primarily in the long-term assumptions about U.S. eco-
nomic growth, electrical energy demand, and the share of electrical
energy produced by nuclear plants.

In addition to the aggregate RW-85% forecast, three EIA spent—fuel
projections, made in 1987, were considered in this analysisj all three
assumed that burnup would continue to increase in the near future. The
three forecasts considered are the no-new—orders case, the lower refer—
ence case, and the upper reference case (Figure 3-1). Spent—fuel dis-
charges are shown in metric tons of heavy metal (MFAM), a common measure
that refers to the heavy-metal content (principally uranium and pluto-
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Figure 3-1. Projections of cumulative spent-fuel
discharges.
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nium). As the name implies, the no-new-orders chgei like the aggregate
RW-839 forecast, is based only on the plants currently operating or under
construction. The lower reference case and the upper reference case are

‘based on different assumptions about the numbers of new reactor orders

peginning after the year 2000.

- For this study, the 1987 EIA no-new-orders case was used as the
lower bound on projections of spent fuel discharges. The aggregate
RW-859 forecast was used as the upper bound. Even though forecasts based
on EIA's upper reference case show greater spent fuel discharges beyond
tbe year 2013, this difference is due to discharges from reactors not yet
ordered. These reactors are commonly assumed to be designed for life-of-
plant storage. o _ o :

3.1.2 'Haximum pool capacities

In addition to the quantity of spent fuel that is discharged, the
projected additional-storage requirements depend on the maximum storage-
pool capacities. Like the data on projected spent-fuel discharges, in-
formation about curreat pool-storage capacities and .estimates of the
maximum achievable pool capacities for intact spent-fuel assembliesd were
obtained from the utilities in the RW-BS9 survey. These estimates of the
maximum achievable pool-storage capacity are based on studies performed
by the utilities. In some cases, additional studies could reveal methods
of achieving additional storage capacity in the existing pool space.

The projected requirement for additional storage is assumed to begin
when the pool can no longer maintain a full-core reserve. The maximum
pool capacities reported in the utility survey were estimated in studies
and engineering evaluations that were based on the existing understanding
of storage technologies and practices. However, these estimates could
change because alternative storage programs and options are being eval-
uated by utilities as ways of increasing their storage capacity. Conse-
quently, the time at which additional storage capacity is needed by indi-
vidual utilities may change.

it should be noted that a comparison of the maximum pool capacities
estimated by the utilities shows a large variation among reactors in the
loading of the storage pools-—that is, the metric tons of heavy metal
stored per unit of pool floor area. However, the variation may be at-
tributable to the fact that pools of identical design may have different
maximum capacities because of site-specific conditions, such as the seis-
mic characteristics of the site.

3.1.3 Removal from the reactor sites

All of the spent fuel discharged from reactors and stored at reactor
sites will be removed when the DOE accepts the spent fuel and transports
it to a Federal waste-management facility (i.e., a facility for monitored




retrievable storage (MRS) or a geologic repository).® This acceptance
will diminish and eventually eliminate the additional-storage require-
ments. How much and when such acceptance will affect the additionai-
storage requirements will depend on the acceptance schedule and the cri-
teria for allocating the acceptance among the reactor sites.

Spent-fuel acceptance by the DOE will affect not only the magnitude
of the additional-storage requirements but also the timing and the loca-
tion. The reference spent-fuel-acceptance case that was used solely for
the purposes of this study assumes that the spent fuel will be accepted
for disposal in a geoclogic repository, with acceptance beginning at an
annual rate of 400 MTHM in 2003 and increasing to 900 MIHM in 2006, 1800
MTHM in 2007, and 3000 MTEM in 2008. In addition, spent-fuel-acceptance
allocations are based on assigning the highest priority to the oldest
spent fuel on an industry-wide basis, as defined in the Annual Capacity
Regort.3 Although an MRS facility was authorized by the Nuclear Waste
Policy Amendments Act of 1987 and is an integral part of the DOE's waste-
management system, the reference case for this study assumes that there
is no MRS facility. This assumption was made because the Amendments
Act, in its directions for this study, calls for an evaluation of "dry
cask storage at the sites of civilian power reactors until a geologic
repository is available for receiving spent fuel.” Three alternative-
acceptance cases were included in this study in order to examine how
the time at which spent-fuel acceptance starts and the ramp-up of the
acceptance rate affect additional-storage requirements and costs (see
Section 3.2.2). These three alternative-acceptance cases do include
an MRS facility; they are based on the spent-fuel acceptance rates for
the MRS facility and on the start of spent-fuel acceptance in the years
1998, 2003, and 2008. The annual spent-fuel acceptance rates for the
MRS facility were assumed to be the same as those given in the draft
1988 Mission Plan Amendment?: 1200 MTHM in the first 2 years of oper-
ation, 2000 MTHM in the 3rd and 4th years, 2700 MTHM in the 5th through
the 22nd years, and 2620 MTHM in the 23rd year.

3.2 CUMULATIVE REQUIREMENTS FOR ADDITIONAL STORAGE

Since the factors affecting additional-storage requirements (spent-
fuel discharges, maximum pool capacities, and acceptance by the DOE) are
subject to uncertainty, a realistic projection of the probable overall
magnitude and timing of additional-storage requirements must reflect
variations in these factors. This section explores potential variations
in each factor and the effects of each on the magnitude and timing of
additional-storage requirements. This analysis leads to a range of
additional-storage requirements--a range that is used to bound the cost
impacts discussed in Chapter 5.

*As explained in the draft 1988 Mission Plan Amendment,? the
authorized waste-management system includes a geologic repository and an
MRS facility.

O



. 3.2.1 Cumulative additibnal-storage requirement§ £fér the reference

spent-fuel-acceptance case ’

Estimates of additional-storage requirements for the reference case
were based on the following assumptions for the three factors that in-
fluence the magnitude and the timing of these requirements:

1.

Spent-fuel discharges. It was assumed that the aggregate RW-859
forecast represents the upper bound for spent-fuel discharges in
the future and the EIA's no-new-orders case represents the lower
bound. These two forecasts were used to develop upper- and
lower-bound estimates of additional-storage requirements.

Maximum pool capacities. The data supplied by the utilities in
the EIA surveys were used to estimate the maximum storage cap-
acity available at each reactor for storing intact spent-fuel
assemblies, B

Removal from reactor sites. It was assumed that the removal of
spent fuel from reactor sites would proceed at the following
annual acceptance rates for the repository: 400 MTHM beginning
in 2003, increasing to 900 MTHM in 2006 and 1800 MTHM in 2007,
and in 2008 reaching the design rate of 3000 MTHEM, which would
be maintained thereafter.

The cumulative aggregate requirements for additional storage range
from 12,200 to 20,000 MIEM (Figure 3-2) for the upper and the lower
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Figure 3-2. Rangs of additional-storage requirements for

the reference spent-fuel-gcceptance case
{repository starting in 2003},
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bounds on the spent-fuel-discharge forecasts, respectively. The storage
inventory peaks within &4 years of the start of waste acceptance for per-
manent disposal (by the time the acceptance rate reaches its full design
level). However, after the year 2007 an increase in storage capacity
will be required at a number of reactor sites because the rates at which
these reactors discharge spent fuel will exceed the rate at which the
spent fuel is removed from their sites. As a result, the cumulative
additional-storage requirements continue to increase and do not peak
until the years 2012 and 2016 for the lower and the upper bounds on the
spent-fuel-discharge forecasts, respectively.

As shown in Figure 3-3, the number of reactor sites requiring addi-
tional spent-fuel storage ranges from 54 {in the year 2012) to 67 (in
2016). Since scme nuclear power stations contain several reactors
located at the same site, the number of reactors requiring additional
storage capacity is higher, 83 to 107 in the years 2012 and 2016, respec-—
tively. Selected data from the projections for additional-storage re-
quirements for the reference case are given in Table 3-1.

The number of reactors requiring additional storage capacity was
also recently projected by the National Asscciation of Regulatory Util-
ity Commissioners (NARUC) in a report4 on a survey conducted in June
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- Figure 3-3. Number of reactor sites with additional-

storage requirements with the reference spent-fuel
acceptance case {repository starting in 2003).
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Table 3-1. Summary of additional-storage #équirements for the
reference spent-fuel-acceptance case (repository startup in 2003)

Low High
Parameter estimate estimate

Cumulative additional-storage

requirement (MTHM) 12,220 20,000
Number of reactors : 83 107
Number of reactor sites _ 54 67
Year of peak additional-storage

requirement 2012 2016
Year additional storage is eliminated 2032 2036
Average length of storage (years) ' 13 : 15

and July 1987. The results of the NARUC survey indicate that, if current
utility plans for reracking are implemented &nd spent-fuel acceptance by
the DOE does not start until 2003, the spent-fuel pools of 63 reactors
will reach capacity in the year 2003, This number is consistent with the
projections used in this report for the year 2003.

3.2,2 Effects of alternative waste-acceptance schedules

The changes in additional-storage requirements that result from var-
ying schedules for starting the removal of spent fuel from reactor sites
were examined for the upper and the lower bounding cagses. In these
alternative-acceptance cases, the removal of spent fuel from the reactor
sites was assumed to start in 1998, 2003, and 2008 at the reference
ramp-up rates for the MRS facility. The case where acceptance begins in
the year 2003 at the MRS acceptance rate represents the authorized DOE
waste-management system as described in the draft 1988 Mission Plan
Amendment.® To provide perspective, additional-storage requirements
were also estimated for the situation where no spent fuel is removed from
reactor sites.

The results of these sensitivity analyses are presented in Figure
3-4, which shows that the start of spent-fuel acceptance by the DOE sig-
nificantly affects additional-storage requirements. Summary data for
these analyses are presented in Table 3-2.

How additional-storage requirements are affected by ramping up the
annual acceptance rate can be seen by comparing the reference case (a
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Figure 3-4. Effects of alternative spent-fuel-acceptance
schedules onthe cumulative aggregate additional-storage
requirements.

repository-only system that starts spent-fuel acceptance in 2003) with
the alternative-acceptance case where an MRS facility starts acceptance
in 2003. In comparison with the reference case, the accelerated MRS
ramp—up rate reduces the requirements for additional at-reactor storage
by 2440 to 3790 MTHM.

3.2.3 Effects of spent-fuel-acceptance allocation

In the reference schedule, the spent-fuel-acceptance allocation
is based on assigning the highest priority to the oldest fuel on an
industry-wide basis, as defined in the Annual Capacity Report.’ As a
result of using this basis, at some reactor sites the spent-fuel removal
will reduce or eliminate requirements for additional storage, while at
other sites—-sites that do not have the oldest fuel but do require addi-
tional storage capacity—-the requirements will increase. Thus, the cum-
ulative inventory of spent fuel in additional storage is less than the
cumulative requirement for additional storage capacity.

The actual sequence in which spent fuel is accepted by the DOE's
waste-management system may differ from the oldest—fuel-first acceptance
allocation. There are uncertainties about this sequence, and these un-
certainties are related to such factors as the possible trading of ac-
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ceptance priorities among the utilities or the priority that may be given
to reactors that are decommissioned or shut down. These and similar is-
sues are addressed in the Annual Capacity Report.® If the actual ac-
ceptance of spent fuel is based on a criterion other than “oldest fuel
first,” then it may affect not only the additional-storage requirements
of individual reactor sites but also the aggregate additional-storage
requirements, resulting in either an increase or a decrease in the cum-
ulative additional-storage requirements.

Table 3-2. Summary of additicnal-storage requirements
for alternative-acceptance cases with an MRS facility
in the system and MRS ramp-up rates

Start of acceptance by the DOE
Parameter : 1998 2003 2008 None?

Aggregate additional-storage
requirement (MIEM)

Low estimate 4530 9780 17,230 32,090
High estimate 7650 16,210 26,430 42,450
Year of peak storage inventory
Low estimate 1999 2004 2009 " NA
High estimate 2002 - 2005 2009 NA
Year storage requirement is
eliminated X '
Low estimate 2025 . 2030 2035 NA
High estimate 2029 2034 2039 NA
Average length of storage
{years)
Low estimate 9 12 14 Na
High estimate 13 15 17 NA
Rumber of reactors
Low estimate 51 73 G8 107
High estimate 68 101 112 115
Number of reactor sites :
Low estimate 34 49 62 66

High estimate : 43 64 70 71

®NA = not applicable.
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3.3 DISTRIBUTION OF ADDITIONAL-STORAGE REQUIREMENTS

Because the maximum capacities of reactor pools are not related to
the projected cumulative discharges, the additional-storage requirements
are not evenly distributed among reactor sites. As shown in Figure 3-5,
for the lower-bound storage requirement, 29 of the 54 reactor sites with
requirements for additional storage have requirements of 200 MTHM or
less, but a few have much greater requirements. For the upper-bound
storage requirement, the distribution of requirements among reactor sites
is similar, with 37 of the 67 sites having a requirement of more than 200
MTHM. (For comparison, 200 MTHM is about 40 percent of a typical pool
capacity, or the equivalent of about 20 typical dry casks of intact fuel.)

The additional-storage requirements were aggregated State by State
to illustrate the geographic distribution. Table 3-3 shows the distribu-
tion of the range of additional-storage requirements by State for the
reference and alternative spent-fuel acceptance cases. The geographic
distribution of the maximum additional-storage requirements for the
reference case is shown in Figure 3-6.
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Figure 3-5. Site-by-site distribution of additional-storage requirements for the
reference spent-fuel-acceptance case.
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Table 3-3. State distribution of %ﬁe:range of

additional-storage requirements
{(Metric tons of heavy metal)

Reference case*

1998 start 2003 start 2008 start

State {2003 start}
Alabama 180-750 0-10 50-540 420-1210
Arizona 70-330 0-0 10-230 250-580
Arkansas 170-300 ¢-50 100-210 240-350
Califernia 650-860 270-450 560-740 800-1020
Colorade®
Connecticut 3B0-550 180-23¢ 320-450 500-690
fFlorida 370-620 200-250 320-4%0 560-820
Georgia 240-680 0-20 110-490 546-1010
Iowa &0-120 0-18 40-90 100-1&0
Itlinois 2400-3470 1230-18190 2040-29590 3160-4310
Kansas 0-40 t-0 6-2¢ 10-120
Loutsiana in-210 g-0 o-140 180-41¢0
Maine . 100-160 10-40 70-130 - 140-210
Maryland A50-520 170-250 320-43D 480-620
Massachusetts 1£0-230 70-110 - 138-Y50 210-260
Michigan 770-1120 270-470 £10-940 1000-1440
Minnesota 260-1350 100-150 219-2%0 320-420
Mississippi 280-400 2¢-170 250-360 3&0-500
Missouri 20-130 0-¢ 16-50 100-209
Nebraska 210-320 20-80 150-250 270-340
Kew York 370-770 50-160 290-600 620-1049
New Jersey 370-650 70-1&0 300-500 560-92¢0
Kew Hampshire 0-110 0-8° 0-50 0-178
North Carglina 550-850 250-380 480-670 780-1100
Dhig 160-290 70-12¢0 130-230 230-460
GOregon 0-70 0-0 0-30 50-140
Pennsylvania 1090-196% 190-690 800-1580 1480-2550
South Carolina 1010-1280 600-760 880-1100 1250-1540
Tennessee 7%0-1170 240-570 640-1010 1050-1490
Texas -0 . -0 0-0 0-80
Vermont 20-60 o-0 10-50 84-130
Virginia 700-94n 3o0-46n 590-810 B90-1180
Hashington 240-36D 80-1580 200-300 320-440
30-80 150-290 320-520

Wisconsin 210-350

ARepository-only waste-management system,

in 2003 at the repssitory acceptance rates.
Bwaste-management systems with an MRS factlity,

starting in 1998, 2003, or 2008 at the MRS ramp

14

with waste-acceptance starting

with waste acceptance
-up rates. :
The high-temperature gas-cooled reactor in Colorado is expected to

require a small amount (approximately 10 MTHM} of additiona] storage capacity.
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Figure 3-6. Distribution by State of the maximum additional-storage
requirements for the reference spent-fuel acceptance case.
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Chapter 4

OPTIONS FOR INCREASING AT-REACTOR STORAGE

The available options for increasing the capacity of spent-fuel
storage at reactor ‘sites include reracking at-reactor storage pools, con-
structing new storage pools, installing dry-storage systems, and perform-
ing rod consolidation. Since reracking is widely accepted as a safe,
feasible, and economical method, it is assumed that reracking has already
been implemented at reactor sites. The construction of new pools is not
considered because it is not economically competitive,

This chapter discusses the remaining options for increasing the cap-
acity of spent-fuel storage at reactor sites: dry-storage systems and
in-pocl rod consolidation. In-pool consolidation can be used to increase
the capacity of the storage pool. Furthermore, an available option for
increasing storage capacity is consolidating rods for storage in dry-
storage systems. Each option is presented by providing a brief descrip-
tion and briefly discussing such topics as demonstration and applica-
tions, licensing status, and estimated unit costs. The unit costs are
nominally in 1988 dollars, but the costs obtained from some references
may have been estimated for an earlier recent year. However, because of
the uncertainties in the costs, the costs were not escalated for any
inflation.

This chapter ends with a brief review of the various factors that
might affect a utility's choice of a particular spent-fuel storage op-
tion. Although it is not possible at present to draw conclusions about
vhich storage methods are likely to be chosen, this issue was examined
because information on which methods are likely to be chosen would im-
prove the accuracy of the predictions, in Chapter 5, of the aggregate
costs of providing additional storage capacity for all U.S. reactors
that require it. The last section of this chapter alsc summarizes
utility responses to questions about their plans for providing addi-
tional storage capacity and their studies of available options.

4.1 CANDIDATE METHODS FOR DRY AT—REACTDR STORAGE

Since 1982 several research-and-demounstration projects have been
undertaken, under cooperative agreements between the Department of Energy
(DOE), several utilities, and the Electric Power Research Institute to
develop dry-storage technologies. Dry storage is particularly attractive
to utilities because it does not require large initial capital outlays:
all forms of dry storage are essentially modular and can be implemented
in steps, one cask or module at a time.

An initial capital cutlay is nonetheless necessary. It is needed. to

construct the dry-storage facility, which entails the preparation of the
site, the installation of central monitoring and security systems, and
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the construction of concrete storage pads if casks are used or some other
supporting structure. Alsc needed in some cases is the procurement of
specialized equipment, such as transporters for moving loaded storage
casks to the storage pads.

Described in this section are dry-storage methods based on the use
of metal, dual-purpose, and concrete casks; horizontal concrete modules;
and modular concrete vaults., Of these methods, metal casks, horizontal
concrete modules, and modular concrete vaults have been reviewed by the
Nuclear Regulatory Commission (NRC). Concrete casks are being reviewed
by NRC. The discussion of each method covers the design and operatiom,
testing and demonstration, licensing status and issues, and the estimated
unit costs of at-reactor storage.

4,1.1 Metal dry-storage casks

In the United States, the storage of fuel in metal casks is the most
mature of all the methods available for interim dry storage. It involves
loading intact or consolidated spent fuel into metal dry storage casks.
The metal casks are large and heavy vessels equipped with an internal
fuel basket for holding the spent—fuel assemblies. Their use has been
tested and demonstrated in the United States since 1984,

4,1,1.1 Description of typical metal dry-storage casks

A typical metal cask for dry spent-fuel storage is shown in Figure
4-1. The cask is approximately 16 feet long and 8 feet in diameter; it

s
j Cell
. Basket

|| -~ Neutron
Shield

Figure 4-1. Conceptual design for a typical metal storage cask.
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weighs 100 to 125 tons loaded with unconsolidated or consolidated spent
fuel from boiling-water reactors (BWRs) or pressurized-water reactors
(pWRs). The body of the cask is usually made from forged steel, nodular
cast iron, or lead and stainless steel. The walls of the cask are suf-
ficiently thick to provide shielding from gamma radiation. In additionm,
the body is surrounded by a shield of neutron-absorbing material, which
. may be polyethylene, or a resin. The external surface of the cask may be
either smooth or finned to enhance cooling. Two to four trunnions -are
usually located on each end of the cask for lifting and rotating.

The inside cavity of the cask contains fuel baskets that can store
21 to 33 PWR spent~fuel assemblies (i.e., about 9 to 14 MTHM) or 45 to
70 BWR spent—fuel assemblies (about 8 to 12 MTHM) or the same numbers of
canisters containing consolidated PWR or BWR spent-fuel rods. The bas—
kets are normally fabricated from borated stainless steel, stainless
steel clad with borated aluminum plates, borated aluminum, aluminum clad
with borated aluminum plates, or various combinations of stainless steel,
copper, aluminum, and boron.

The NRC typically uses the conservative assumption that the fuel
loaded into the casks for storage is equivalent to fresh fuel (no
burnup--see Chapter 3). As a result, the assembly-to-assembly spacing
inside the storage cask cannot be minimized and the amount of spent fuel
that can be stored in the casks is reduced. The DOE, cask vendors, and
utilities are developing methods for verifying the burnup of the spent
fuel to get credit for burnup; this would increase the number of assem—
blies that can be stored in the cask or eliminate the need for a neutron
absorber, thereby reducing the unit cost (i.e., the cost per kilogram of
heavy metal stored) of the cask. : .

The metal storage casks are usually closed and sealed with two lids
to provide secure containment for the radiocactive material in the spent
fuel. To provide double-seal containment, the lids normally contain two
seals made of metal, an elastomer, or a combination of these materials.

In using metal storage casks, two methods can be used for loading
the spent fuel into the storage cask. The usual method, approved by the
NRC, is wet loading; it requires using a crane large enough to lift a
fully loaded metal storage cask weighing 100 to 125 tons. In this
method, a metal storage cask is moved to the cask-loading area of the
storage pool. Once the metal storage cask is in the pool, spent fuel,
either intact or consolidated, is lifted with remotely controlled equip-
ment from the storage racks and loaded into the fuel baskets in the
cask. When the cask is fully loaded, the lid is installed and the cask
is drained as it is raised from the pool. The cask is then moved to a
decontamination pad, where the lid is secured and the cavity of the cask
is vacuum dried. The cask is then filled with a cover gas (e.g., helium
or nitrogen), and leaktightness is confirmed. The exterior surfaces of
the cask are decontaminated by washing, and the cask is moved to a nearby
dry-storage facility. A transporter is used for moving the cask.

The second method,-dry loading, has been demonstrated in the United
States without actual fuel assemblies in horizontal concrete modules
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(Section 4.1.4) and used abroad (Section 4.4.2), but, as discussed in
Section 4.1.1.3, it has not been reviewed by the NRC staff or developed
and used for metal-cask storage in the United States. Dry loading re-
quires using a transfer cask, which is moved to the cask-loading area of
the pool, loaded with spent fuel, vacuum dried, and decontaminated as
described above for the storage cask in wet tramnsfer. The transfer cask
is then moved tc the dry-storage facility, where a metal storage cask has
been placed on the storage pad. A fuel-transfer collar is secured to the
storage cask, and the transfer cask is positioned on top of the collar,

A spent-fuel assembly is lowered from the transfer cask, through the col-
lar, and into the storage cask. This process is repeated until the stor-
age cask is fully loaded. The storage cagk is then vacuum dried and
filled with a cover gas. When dry loading is used, it may be necessary
to first insert the fuel assemblies into canisters, depending on the
mechanism for mating the transfer cask to the storage cask.

Dry loading could be used at reactor sites that do not have cranes
large enough for the heavy storage casks. The transfer casks can be
custom designed for the cranes available at a particular reactor site.

In terms of storage-pad area, metal casks will typically require
approximately 25 square feet per metrie ton of heavy metal if positioned
in a vertical orientation. A horizontal cask orientation would require
significantly more area per metric ton of heavy metal than vertical
storage.

4.1.1.2 Testing, demonstration, and applications

Since 1984, four types of metal storage cask have been tested in the
United States, and storage in one type of cask has been demonstrated at
a licensed dry-storage facility at a reactor site. One of the casks was
tested with both unconsolidated and consolidated fuel. In general, the
objectives of these tests were to (1) determine the operating limits of
the cask and provide data for licensing, (2) gain experience in loading
and handling the casks, (3) identify potential improvements in cask de-
signs, and (4) evaluate the computer codes used to predict the heat-
transfer and radiation-shielding performance of the casks.

Performance tests with unconsolidated fuel. One of the four tested
casks was the REA-2023 cask manufactured by Ridihalgh, Eggers, and Asso-
ciates for the storage of BWR fuel. The test, sponscred by the DOE and
the Electric Power Research Institute, was performed in 1984 and 1985 at
the General Electric Company's Morris storage facility.''’ The per-
formance test was conducted by loading the cask with 52 assemblies of
unconsolidated BWR spent fuel and testing the cask in both vertical and
horizontal positions. In some tests the inside cavity contained no cover
gases; in others, helium or nitrogen was used. The results showed that
the heat-transfer performance was excellent under all conditions. The
loading of the cask was performed inside the Morris storage peol, under
conditions representative of those found at many reactor sites. The
results indicated that the cask could be handled at many reactor sites
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and could, with minor dgsign refinements for shi@iﬁing, be used for the-
safe storage of spent fuel at a licensed storage facility.

In 1984, the Virginia Power Company entered into a cooperative
agreement with the DOE and the Electric Power Research Institute to test,
at the Idaho National Engineering Laboratory, the performance of three
different metal casks for storing PWR fuel: the Castor ¥/21 cask mar-
keted by General Nuclear Systems, Inc., the TN-24P cask manufactured by
Transnuclear, Inc., and the MC-10 cask manufactured by the Westinghouse
Electric Corporation. In addition tec the general objectives stated
above, these tests were conducted to support the utility's efforts to
obtain an NRC license for a dry-storage facility at the site of the two
Surry reactors.

The tests, performed in 1985 and 1986, indicated that all three
casks could be safely handled and loaded and, with very minor refine-
ments, used at reactor sites for the safe storage of spent fuel. .The
shielding performance met design expectations, and the heat-transfer
performance of the casks was exceptionally good: measured temperatures
were lower than predicted in the topical reports.

Performance tests with consolidated fuel. In January and February
1988, the DOE, in cooperation with the Electric Power Research Insti-
tute, sponsored a performance test with consolidated fuel. This test,
also conducted at the Idaho National Engineering Laboratory, was essen-
tially identical with the test described above except that the cask was
loaded with 24 canisters of spent-fuel rods consolidated from 48 PWR
assemblies. The canisters of consolidated fuel were loaded into the
same TN-24P metal steorage cask that had previously been tested with in-
tact {unconsolidated) spent fuel., Preliminary results indicate that the
heat-transfer performance of the cask was exceptional, and the shielding
performance was satisfactory. When consolidated fuel was used, the
neutron-dose rates measured on the exterior surface of the cask surface
were slightly higher than those measured with intact fuel, but were gen-
erally less than 100 millirem per hour. Minor refinements in neutron
shielding coculd substantially reduce the dose rates if desired. The
gdmma-dose rates were low; they were significantly lower than those for
intact fuel because the canisters of consolidated fuel did not contain
the major sources of gamma radiation--the end fittings from the assembly
hardware, which had been removed during consolidation,

The test confirmed that metal storage casks can be used to safely
store consolidated spent fuel. A topical report describing the details
of the test will be published in late 1988.

Licensed demonstration. In July 1986, after approximately & years,
Virginia Power cbtained from the NRC a license for dry storage (i.e., an
independent spent-fuel storage installation) at the Surry site.?**

Three Castor V/21 casks were subsequently loaded with unconsolidated fuel
in the storage pool of the Surry reactor, and their use was successfully
demonstrated in 1986 and 1987. Virginia Power also plans to use casks
from other vendors in these licensed demonstrations. Up to three casks
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from different vendors and possibly with fuel baskets receiving fuel-
burnup credit will be demonstrated from 1988 through 1990.

As of mid-1988, Virginia Power had six loaded Castor V/21l casks on
the storage pad of the Surry dry-storage installation. The utility plans
to place two or three more loaded casks a year on the storage pad.

4.1.1.3 Licensing issues and status

Topical reports have been approved by the NRC staff for four metal
storage casks: the Castor V/21 cask, the MC-10 cask and the
NAC26-ST and NAC28-ST casks {manufactured by the Nuclear Assurance Cor-
poration). The NRC has granted a license to Virginia Power to operate
a dry-storage facility at its Surry plant, storing spent fuel in Castor
v/21 casks. The Castor IC cask is being used in the Federal Republic of

Germany (Section 4.4.1), but its vendor has not submitted the final top-
ical report to the NRC.

Examples of issues addressed during the review of metal casks by
the NRC are the ability of the selected materials to retain integrity in
service; shielding designs and materials; fuel-basket designs and mate-
rials, including neutron absorbers; lid designs and sealing techniques;
and lifting-hardware designs. Examples of site-specific issues addressed
during the NRC review of the site-specific license application are
storage-pad design and safeguards, the detection and correction of leak-
ing cask lids, seismic effects on storage pads and casks, procedures for
loading and transporting casks to the storage pad, the radiation doses
received by the workers and the public, and maintenance procedures.
These issues had been resolved by the time the license was granted or
before fuel loading. '

As already mentioned, the utilities, the DOE, and vendors are at-
tempting to optimize the design and the capacity of the metal storage
casks by eliminating or minimizing the need for neutron poison 75% and
by minimizing the assembly-to-assembly spacing. To this end, the util-
ities, the DOE, and vendors of casks are attempting to obtain NRC
approval of credit for fuel burnup. '

The dry—loading method for metal storage casks has not been licensed
or reviewed by the NRC because it has not been proposed in license ap-—
plications. However, because the handling operations would differ from
site to site, it may not be possible to address dry loading generically
in a cask topical report (see Chapter 2).

4.1.1.4 Estimated unit costs of at-reactor storage in metal casks

The storage of spent fuel in metal casks is a proven and commerci-
ally available technology. Casks have been built, purchased, and loaded
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with spent fuel. Althﬁﬁgh some uncertainty aboﬁf‘gost does remain, the
.uncertainty is associated with manufacturing practices and market con-
siderations rather than technical factors.

. The costs for storing spent fuel in metal casks include NRC licens—
ing; the construction of the storage facility, including the concrete
storage pads; cask purchase; and the cost of loading and unloading spent
fuel from casks. The major contributor to the unit cost of storing spent
fuel in metal casks is the cost of purchasing the casks. This cost will
depend on the total number of casks that a vendor manufactures and on the
extent of competition, both competition between the vendors of metal
casks and competition from alternative storage technologies. .

Using reported values,’ the licensing-related costs were assumed
to range from $300,000 to $1 million. The range for inmitial facility
costs was derived from an estimate of $1.2 million for a 300-MTHM storage
facility with central monitoring and security systems and $300,000 for a
cask transporter. These estimates were used as the mid-point of the cost
range, with the low cost one-third lower and the high cost one-third
higher. Moreover, the costs were assumed to be evenly divided between
initial fixed and quantity-dependent costs, the variable portion depend-
ing on the capacity of the storage facility.

Estimates for cask purchase costs are available from several reports
in the literature. The DOE currently owns four casks, each one with a
nominal cost of $1 million. The cask-purchase unit cost for these casks
therefore ranges from about $90 to $105 per kilogram of heavy metal.
Barnhart'® cites $80 to $50 per kilogram of heavy metal, but expects
a decrease to between $60 and $70 per kilogram if sufficient competition
develops. Wakeman® cites current cask costs of $70 to $100 per kilo-
gram of heavy metal; he expects the cost to be between $50 and $70 in the
future. Other sources'' cite a wide range of current and potential
costs based on competition and cask optimization. Their estimates range
from about $50 to $100 per kilogram of heavy metal. For this study, the
cask costs were estimated to range from $50 to $90 per kilogram of heavy
metal, on the assumption that a sufficient number of casks will be pur-
chased to reduce the cost by 15 percent below the cost of the four casks
owned by the DOE. The low cost is also based on the assumption that the
capacity of the casks will increase because credit for burnup will be
allowed.

L 2 S —

The cost of loading the casks and placing them on the storage pad
may vary significantly, depending on utility practices, but are small in
comparison with the cost of the cask. In this study, the values used for
the loading and placement cost are based on available estimateg®''® and
range from about $1 to $2 per kilogram of heavy metal, The cost of un—
loading the cask at the end of service was assumed to be the same as the
loading and placement cost.

As shown in Table 4-1, the total fixed costs, including licensing
costs and 50 percent of the initial facility costs, range from $800,000
to $2 million, and the total variable costs {(i.e., cask costs and oper-
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ating costs) range from about $55 to $95 per kilogram of heavy metal.
For a capacity increase of 100 MTHM, the average unit cost is estimated
to range from about $60 to $115 per kilogram of heavy metal. At 1000
MTHM, the average unit cost is estimated at about $55 to $100 per kilo-
gram of heavy metal, with over 90 percent of this cost being the cask-
purchase cost. '

4.1.2 Dual-purpose storage-and-transportation casks

The dual-purpose cask is a variation of the metal cask. In this
method the metal cask that has been used for storage would also be used
to transport the spent fuel to a Federal waste-management facility. In
order to use the casks for dual-purpose service, a utility must obtain
a storage-facility license under 10 CFR Part 72 for storage and have
the cask certified by the NRC under the regulations promulgated for
transportation in 10 CFR Part 71. The option of loading spent fuel into
a cask, storing it for a long period of time, and shipping the fuel to
a DOE facility without unloading and transferring the spent fuel to a
shipping cask is especially attractive to utilities because of the
significant decrease in handling. The potential uses of the cask in the
waste-management system {for transportation or lag storage) make the
option attractive to the DOCE if these casks can be incorporated into the
waste-management system in time to preclude the DCE's purchasing other
casks.

Table 4-1. Factors used in estimating the unit-cost range
for storing intact spent fuel in metal storage casks

Low cost High cost
Factor Fixed Variable Fixed Variable

NRC licensing - $300,000 $1,000,000
Storage facility

Fixed cost $500,000 $1,000,000

Variable cost? 2 3
Cask costs® 50 S0
Loading and placing the cask®"® 1 2
Unloading the cask® 1 2
Total costs -

Total fixed cost $800,000 $2,000,000

Total variable cost® 54 97

3cost in dollars per kilogram of heavy metal.
"Wet loading is assumed.
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4.1.2.1 Description of dual-purpose casks

Dual-purpose casks are very similar in concept to metal storage-
only casks. Their size and shape will not differ greatly from those of
storage-only casks, and the description of a storage-only cask in Section
4.1.1.1 is applicable to a dual-purpose cask.

Some storage-cask vendors have indicated that they plan to apply to
the NRC for transportation certificates. Some designers of casks have
incorporated features and use materials that may make it possible to
certify a cask for transportation under 10 CFR Part 71. However, the
difficulties of certifying a large cask for transportation should not be
underestimated.'? . :

To meet transportation requirements, some storage-only casks may
also need slight modifications in the lid and sealing system, even though
most of these lid systems are designed to meet transportation require-
ments. The modifications may be needed to ensure that after long-term
storage the condition of the seals will be acceptable. It is desirable
to have a sealing system that will not require inspection or replacement.

The spent-fuel basket and the body of the cask may also need
changes. Materials with better structural properties may be required to
meet the severe accident conditions that a transportation cask must meet
under the NRC's regulations.

5.1.2.2 Demonstration and applications

Dual-purpose service has not yet been approved in the United
States. Dual-purpose casks have been approved for use in the Federal
Republic of Germany (see Section 4.4.1),

The DOE is conducting a program to demonstrate dual-purpose service
with two casks. Designed by Transnuclear, Inc., these casks will be used
to ship PWR and BWR fuel from West Valley, New York, to the Idahc Na—
tional Engineering Laboratory. The process of NRC certifiecation has been
initiated, and the demonstration is scheduled for fiscal year 1989, The
demonstration will provide experience for other applications to the NRC
for dual-purpose cask certification. However, the demonstration involves
using the casks first for transportation and then for subsequent storage
and hence will not address the issue of transportation after extended
periods of storage (Section 4.1.2,3).

4.1.2.3 Certification and licensing

In 1986 and 1987, the vendor of the Castor casks, General Nuclear
Systems, Inc., inquired of the NRC about a transportation license for the
Castor V/Z1 storage cask. The NRC immediately identified two issues
regarding the Castor V/21 cask: (1) the physical properties and specif-
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jeations for the fuel baskets (borated stainless steel) and (2) the use
" of nodular cast iron for the body of the cask. The first issue may be
resolved through the development of suitable materials. For example,
Carpenter Technology of Reading, Pennsylvania, is advertising borated
stainless steel with improved structural characteristics.'® This mate-
rial, however, will need to be standardized by the American Society for
Testing and Materials (ASTM) and the American Society of Mechanical Engi-
neers (ASME) before it will be accepted by the NRC. In regard to the
second issue, a technical review group was set up by the NRC to inves-
tigate the acceptability of nodular cast iron for transportation casks.
It was concluded that, because of the lack of some critical information,
nodular cast iron should not be used at this time as the primary struc-
tural material in spent-fuel shipping casks. This conclusion by the
review group did not rule out future reconsideration of this conclusion,
should the additional information be made available during future cask-
certification activities.®*

The preceding discussion covers the concerns initially identified
by the NRC in regard to dual-purpose casks. It is expected that the
licensing of these casks will alsc have to address concerns related to
using the casks for transportation after an extended period of storage.
Some spent fuel might need storage for 10 to 20 years before transporta-
tion to a Federal waste-management facility. The DOE is therefore spon-
soring a study to determine-the effects of a long-term normal storage
cycle on the performance of a storage cask in transportation. Included
in this study are the effects of radiation, corrosion, and heat on both
the cask and the spent fuel. The objective is to identify the storage-
eycle effects that can affect the transportation performance of a cask
and options for meeting transportation requirements after the storage
cycle. Life-cycle exposure estimates will also be included.

The plans of storage-cask vendors to apply for transportation cer-
tificates will depend to a great extent on the demand for large dual-
purpose storage-and-transportation casks.

5.1.2.4 Estimated unit costs of dvwal-purpose casks

In terms of unit cost per kilogram of heavy metal, the cost of a
dual-purpose cask is about $7 more than the cost of a metal storage
cask for intact spent-fuel assemblies.'' The additional ceost includes
amortization, engineering, design, and licensing and incorporates an
allowance of $1 per kilogram of heavy metal savings resulting from the
assumption that the dual-purpose cask would not have to be unloaded and
the contained fuel would not have to be inspected and then loaded into a
shipping cask. Presumably the dual-purpose cask would be licensed under
two different NRC regulations: the regulations promulgated for storage
(10 CFR Part 72) and the regulations governing transportation (10 CFR
Part 71).

I-50

-k

R b it '

PRI

e

P 3o . T



+ p =

o o #‘ =
4.1.3 Concrete dry-storage casks

L

Dry at-reactor storage in concrete casks is similar to storage in
metal casks.. Conceptual designs'® for interim- or lag-storage sys-
tems indicate that concrete storage casks may be economically and tech-
nically competitive with metal casks. At the present time, at least one
utility has indicated interest in implement1ng concrete casks at a
reactor site.

4.1.3.1 Description of concrete dry-storage casks

Concrete dry storage casks are similar to metal casks except that
the body of the cask is made of heavily reinforced concrete with an inner
metal liner for containment. There are two basic conceptual designs for
concrete casks: unventxlated and ventllated.

A conceptual design for an unventilated concrete storage cask is
shown in Figure 4-2., Such a cask can accommodate 9 PWR or 25 BWR intact
spent-fuel assembLies or the same numbers of canisters containing consocl-
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Figure 4-2, Conceptual design for an unventilated concrete storage cask.
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jdated rods. The cask is approximately 8.5 feet in diameter and 18 feet
long; it weighs about 90 tons when loaded.

The body of the cask is made of heavily reinforced concrete, and
its walls are thick enough to provide shielding from gamma radiation.
Special concretes have been developed to withstand high temperatures
(230°C), freeze-and-thaw conditions (-20 to +30°C),.a 961°C fire for
7.5 minutes, and the impact of a cask dropping from a height of 30
feet.'® Devices like radial rebar and heat pipes can be used to en-
hance the heat-dissipation capability of the cask. Lugs for lifting
the cask are normally attached to the top of the cask.

‘Concrete casks have an inner steel liner between the concrete body
of the cask and the fuel basket. The spent-fuel baskets are similar to
those of metal storage casks and are usually made from stainless steel,
though aluminum or combinations of copper and other metals may also be
used.

The lids of concrete casks may be concrete shield plugs inserted
into each storage cell of the fuel basket and covered with a metal
1id!® or thick metal lids bolted to the body of the cask much the same
as for metal casks.'®

Ventilated concrete casks are essentially the same as the unventil-
ated ones, but they contain inlet and outlet air-flow ducts near the

Exhaust

|

T
| 2T

N
nl Canistar/Fuel Bashet
Yoo
-]
) .
IR Loy Air Gap
=i Iy
S5 M
=S Inner Liner
> -
L »
> .
A ! Outer Liner
’- r

Concrete
! Pedestal

High Density Concrete

4——|ntake

R A X D

Figure 4-3. Conceptual design for a ventilated concrete storage cask.
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pottom and the top.”® The bottom intake duct (Figure &-3) opens into

an empty space between the concrete and the inner steel liner. HKeat from
the spent fuel inside the cask is transferred to the air in this space;
as its temperature increases, the air becomes less dense and flows up
through the space and out the exhaust ducts. The dominant heat-transfer
mechanism from the inner metal liner is air convection. This reduces the
amount of heat that flows through the concrete and results in a lower
temperature in the concrete. A ventilated cask dissipates more heat per
unit area than an unventilated cask, and therefore more fuel can be
stored in a ventilated cask. '

Being designed to store more fuel, ventilated concrete storage casks
are larger than unventilated casks. They are approximately 12 feet in-
diameter and 20 feet long. When loaded with 17 PWR or 50 BWR unconsol—
idated spent-fuel assemblies or canisters of consolidated rods, they
wveigh approximately 125 tons. :

In the case of concrete storage casks, dry transfer is somewhat more
likely to be used than for metal casks (see Section 4.1.2.1) because with
the same amount of spent fuel a concrete cask is heavier than a metal
cask and because it may be more difficult to decontaminate the surface of
a concrete cask than that of a metal cask.

4.1.3.2 Testing and demonstration

Storage in concrete casks has not yet been commercially demonstrated
in the United States. However, the casks have been successfully used in
spent-fuel storage tests performed in the DOE's E-MAD testing facilities
at the Nevada Test Site.

The DOE is currently negotiating to sponsor tests of the heat-
transfer and radiation-shielding performance of two concrete casks manu-
factured by Nuclear Packaging, Inc., and Reedy Associates.'® The casks
are similar to the unventilated and ventilated casks shown in Figures #4-2
and 4-3 and are described in detail in Reference 16. According to cur-
rent plans, the performance tests will be identical with those described
in Section 4.1.1.2 for metal storage casks except that only vertical
casks will be tested. The tests are planned to be performed at the DOE's
cask-testing facility at the Idaho National Engineering Laboratory and
are scheduled to be completed in late fiscal year 1989 or early fiscal
year 1990, '

4.1.3.3 Certification and licensing

Only one vendor of concrete casks, Nuclear Packaging, Inc., has
submitted a topical report to the NRC.'’ This report was submitted in
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November 1987. The review by the NRC staff started in early 1988 and
will take some time to complete; therefore, licensing issues are not
known at present, However, the experience from licensing a horizontal
conerete module'® indicates that the major issues may be the structural
strength of the concrete and the ability to decontaminate the external
surface of the cask because the decontamination of concrete is more
difficult than that of metal. Experience with using concrete at high
temperatures is limited, and this issue received significant attention
during that licensing review (see Section 4.1.4.3). Because concrete
casks are similar to metal casks, other issues should not be sig-
nificantly different from those addressed in the NRC staff reviews of
metal casks.

T R i e . S - h

4.1.3.4 Estimated unit costs of at-reactor storage
in concrete casks

Tt

Costs for dry concrete casks are still evolving, and the available
information indicates a broad range of cost uncertainty. In the United
States, the technology of concrete storage casks is not as mature as that
of the metal casks. If the development of the technology is successful,
the cost of fabricating concrete casks is expected to be less than the
cost of fabricating metal casks.

As in the case of metal casks, the costs for storing spent fuel in
concrete casks include NRC licensing; the construction of the storage
facility, including concrete storage pads; cask purchase; and the cost
of loading and unloading spent fuel from casks. The major contributor
to the unit cost is the purchase price of the concrete cask. The pur-
chase price will depend on the total number of casks that a vendor
manufactures and on the amount of competition, both competition between
venders of concrete casks and competition from alternative storage tech-
nologies.

Assuming that the technology is approved by the NRC, the cost of !
licensing individual concrete-cask-storage facilities should be the same
as that of licensing facilities that use metal casks. For this report,
the licensing-cost estimates were based on available information and
assumed to range from $300,000 to $1 million. Several estimates of
cask-purchase costs are available.''''*®''? For this report, the cost
of the cask was assumed to vary from about $40 to $60 per kilogram of
heavy metal. The storage-facility costs should be about the same as for
metal casks, and the initial facility cost was assumed to be identical
with those given in Section 4.1.1.4 for metal storage casks, with a
midpoint of $1.2 million for a 300-MTHM installation and $300,000 for
a cask transporter.

v e p Ll
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The cost of loading and placing concrete casks on storage pads may
vary significantly, depending on utility practices, but are small in
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comparison with the cost of the cask. The loading costs will depend on
whether the concrete casks can be loaded in the reactor's storage pool or
must be loaded dry outside the pool. If the casks can be loaded in the
pool, the unit loading and cask-placement cost will be slightly higher
than that for metal casks because of the lower capacity of the concrete
cask. The cost for wet loading will probably be lower than for dry

logding.

For the high cost estimate it was assumed that dry-cask~loading
activities will include loading the spent fuel into a canister inside the
storage pool, loading the canister into a transfer cask, moving the
transfer cask to the storage area, and transferring the canister into the
concrete cask. This is a conservative cost assumption for this technol-
ogy. From recently reported information,'' the loading-equipment cost
was assumed to consist of a fixed cost of $250,000 and variable costs,
per kilogram of heavy metal, of $3 and $1.50 for labor and for equipment
leasing, respectively. These variable costs would be incurred during
both loading and unloading operations. The cost of the equipment needed
for loading the spent fuel into canisters inside the storage pool is
estimated at $150,000, and the variable cost of this. operation, including
the canisters, is about $10 per kilogram of heavy metal. Therefore, the
wet-loading cost, $1 per kilogram of heavy metal, was used for the low
cost estimate, and the dry-loading cost was used for the high cost
estimate.

As shown in Table 4-2, the total fixed costs range from $800,000 to
$2.4 million, and the total variable costs range from about $45 to $85
per kilogram of heavy metal. For a capacity of 100 MTHM, the average
unit cost is estimated at about $50 to $110 per kilogram of heavy metal;
for larger capacities, it is estimated at approximately $45 to $85 per
kilogram of heavy metal. . i

4.1.4 Horizontal concrete modules

In horizontal concrete storage modules, the spent fuel is kept
inside a sealed stainless-steel canister that is filled with helium or
nitrogen, and the canister is protected and shielded by a concrete
-module. The heat generated by the spent fuel is removed by radiation,
conduction, and natural couvection through air channels in the concrete
module.

One independent spent-fuel storage installation that uses horizontal
concrete modules has been licensed and constructed, and at least three
additional installations are being designed. All of the systems use the
horizontal-modular-storage system (NUHOMS) manufactured by NUTECH and are
designated either NUHQMS-07 or NUHOMS-24, depending on the number of
assemblies stored in a module.
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Table &4-2. Factors used in estimating the unit-cost range
for storing intact spent fuel in concrete storage casks

High cost

Low cost
Factor Fixed Variable Fixed Variable

NRC licensing $300,000 $1,000,000
Storage facility

Fixed cost $500,000 $1,000,000

Variable cost? 2 3
Dry-loading equipment

Fixed cost $250,000

Variable cost? 3
Canning cost for déy loading

Fixed cost $150,000

Yariable cost?® 10
Cask costs? 40 61
Loading and placing the cask® i 4
Unlcading the cask® 1 fA
Total costs )

Total fixed cost $800,000 $2,400,000

Total variable cost? 44 85

20gst in dollars per kilogram of heavy metal.

4.1.4.1 Description of horizontal concrete modules

As shown in Figure 4-4, the major components of the NUHOMS system
are a stainless-steel canister, a concrete horizontal storage module, a

transfer cask, and a special-purpose trailer.

The canister includes an

internal basket for maintaining the assemblies in a safe configuration.
The transfer cask provides shielding from radiation and protects the
canister as it is moved from the storage pool to the dry-storage facil-
ity. The special-purpose trailer is used to carry the loaded transfer
cask to the dry-storage facility and provides the precise alignment
required to mate the transfer cask with the concrete storage module;

it contains a hydraulic ram for loading the canister into the concrete

module., The module grovides radiation shielding and protects the

. + 0,21
canister in storage.” ’
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Figure.4-4. The generic horizontal modutar storage system (NUHOMS).

The concrete-module dry-storage facility also contains a central monitor-
ing and security system. In terms of storage-pad area, horizontal con-
crete modules will typically require approximately 50 to 450 square feet
per metric ton of heavy metal, depending on the capacity of each module.
Typically a 254-PWR-assembly module requires about 50 square feet of

area. o

In the NUHOMS-07 system, a canister holds seven PWR spent-fuel
assemblies. This capacity was based on accepting S5-year-old spent fuel
generating 1.0 kilowatt per assembly. The fuel basket inside the can-
ister contains a neutron-absorbing material, In the NUHOMS-24 system, a
canister can accommodate 24 assemblies of 10-year-cld PWR fuel generating
0.66 kilowatt per assembly, and the fuel basket may or may not contain
neutron-absorbing materials. The use of neutron-absorbing materials in
the basket assembly will depend on the NRC's acceptance of burnup credit
in the canister's criticality analysis (see Section 4.1.4.3).
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Spent-fuel assemblies are loaded in the fuel basket of the canister,
and a shielding lid is placed on the open end of the canister. The can-
ister is vacuum dried, and the lid is sealed. The canister is filled
with helium to prevent fuel oxidation during storage. It is then loaded
into a transfer cask, which is placed on a trailer and transported to the
dry-storage facility. At the horizontal concrete module, the lid of the
transfer cask is removed, the transfer cask is precisely aligned with the
docking port on the module, and the canister is pushed into the module by
a hydraulic ram. To complete the installation, a 2-inch-thick steel door
is lowered and welded in place to cover the docking port on the storage
module.

4.1.4.2 Testing, demonstration, and applications

The NUEOMS-07 system was selected by the Carolina Power & Light Com-—
pany (CP&L) for its H. B. Robinson nuclear power plant. To demonstrate
this system, CP&L entered into a cooperative agreement with the DOE in
March 1984, other participants in the project being the vendor {NUTECH)
and the Electric Power Research Institute. The objective of the demon-
stration project was to license, construct, and verify the performance
of a dry-storage facility. The construction of the first three modules
was completed in July 1987. As part of the demonstration program, a
data-acquisition system was provided and a pattern of thermocouples was
installed. in twe of the modules and two of the canisters. Before load-
ing spent fuel, electric heaters will be used to perform a series of
tests to verify the performance of the system under both normal and ac-
cident conditions. After spent fuel has been loaded, performance will be
monitored for a predetermined period. The first module was scheduled to
be loaded with spent fuel in December 1988, with additional loadings to
follow in March 1989.

The NUHOMS system designed for the H. B. Robinson site differs in
several respects from the generic system described in the NRC-approved
topical report. One difference is a change in the configuration of the
concrete storage modules: instead of being arranged in two rows, the
modules will be deployed in a single row. This change was made in order
to facilitate using the NRC-certified General Electric IF-300 transpor-
tation cask as the transfer cask: the change eliminated the need to in-
stall a port in the cask. With the modules arranged in a single row,
the hydraulic ram can be used from the rear of the module to pull the
canister from the transportation cask, whereas in the generic design the
canister is pushed into the module through a port in the end of the on-
site transfer cask.

The complete installation at H. B. Robinson is licensed for eight
modules, three of which have already been constructed. The construction
of the remaining five modules is scheduled to start in 1989.
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The NUEOMS-24 system has been selected by the Duke Power Company for
its Oconee site. The system to be developed at Oconee is essentially the
generic'system that is described in the topical report. If licensed by
the NRC, the QOconee facility will have a capacity of up to 88 horizontal
concrete dry-storage modules. Since each module will contain 24 PWR
spent-fuel assemblies, the total capacity of the system will be 2112 as-
semblies, or slightly less than 1000 MTU. ' '

Buke Power plans to begin construction in April 1989, and seven mod-
ules are scheduled to be loaded in 1990. Six modules will be loaded in
1991, and four to five modules will be loaded each year until the author-
ized capacity is reached. ' ' '

The Baltimore Gas & Electric Company recently selected the NUHOMS-24
system for its Calvert Cliffs facility. Fuel loading is scheduled to
begin in 1991, with 24 modules being loaded during the first phase and 8
modules being loaded every other year until the DCE accepts the spent
fuel. ' '

4.1.4.3 Licensing status and issues 3

The Carolina Power & Light Company submitted its license application ;
for the NUHOMS-07 dry-storage facility at the K. B. Robinson site in Feb- -
ruary 1985. The NRC issued an environmental assessment and a finding of t

no significant impact?? in March 1986, and the license went into effect
on August 13, 1986. An application for an amendment allowing a reduction
in the boron content of the fuel-guide sleeves in the canister was sub-
mitted in October 1986 and approved by the NRC in April 1987. The facil-
ity is licensed for a total of 56 spent-fuel assemblies {eight modules},
and the license is for 20 years. '

Examples of the issues addressed during the NRC's review of horizon-
tal concrete modules are the ability of the selected materials to retain
integrity in service, with emphasis on the concrete and its allowable
operating temperature; shielding -designs and materials; basket designs
and materials, including neutron absorbers; canister-closure designs;
and cooling-duct designs. Examples of site-specific issues are storage~
pad design and safeguards, seismic effects on storage medules and pads,
transfer-cask design, procedures for loading and transferring spent fuel
to modules, the radiation dose received by workers and the publici and
- maintenance procedures, including the inspection of the concrete after
the first 5 years of operation. These issues had been resolved by the
time the license was granted. :

The topical report for the NUHOMS-24P system to be used by Duke
Power was submitted to the NRC along with a license application for the
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Oconee dry-storage facility in March 1988.°%*** One of the key li-
censing issues is predicted to be the criticality analysis, since the
analysis takes credit for fuel burnup and the fuel basket of the can-
ister does not contain neutron-absorbing material. This issue was not
addressed in the NRC staff's review of the topical report for the
NUHOMS-O7P system’' or the Carolina Power & Light Company's license
application because Carolina Power & Light did not ask to take credit
for burnup. Other significant issues are expected to be similar to
those raised by the NRC for the NUHOMS-07 system.

&.1.4.5 Estimated unit costs of at-reactor storage in a horizontal
concrete module

o A Y -{pj“,..gpwgn_»_\m,?_ o &

The total-system cost for the NUHCOMS system to be constructed at
Duke Power's Oconee site is estimated at $40 million for a capacity of
almost 1000 MTHM.?® This was used for the low-cost estimate in this
report, and the high cost was set to be one-third higher than the low
cost,
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A portion of the $40 million was assumed to be the initial cost.
As a result, the unit cost per kilogram of heavy metal will be higher for
smaller storage installations. The initial costs were assumed to in—
clude licensing-related costs, the costs of a transfer cask equipped with
a hydraulic ram and a cask transporter, and the initial-cost portion of
the central monitoring-and-security system. The licensing-related costs
were assumed to be similar to those for metal storage casks, which are
estimated to range from $300,000 to $1 million. The transfer cask was
assumed to cost $1 million. Both the cask transporter and the central
monitoring-and-security system were assumed to be similar to those re-
quired for metal storage casksj their fixed cost is estimated at
$500,000.

These limited cost data were used to develop Table 4-3. The unit
costs per kilogram of heavy metal depend on the capacity of the dry-
storage facility and range from about $60 to $80 for a capacity of 100
MTHM and from about $40 to $55 for a capacity of 1000 MTHM.

L
i
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4.1.5 Modular concrete vaults

R

The modular concrete vaults use sealed metal tubes inside a concrete
structure. Inside the sealed tubes, the spent fuel is kept under a cover
gas of nitrogen or air. A topical report for such a system was submitted
to the NRC by Foster-Wheeler Energy Applicatioms, Inc., in September
1986.2° The report was approved by the NRC in March 1988 for a system
using nitrogen as the cover gas. ‘
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Table 4-3., Factors used in estimating the unit-cost range
for storing intact spent fuel in concrete modules

Low cost High cost
Factor Fixed Variable Fixed Variable
NRC licensing $300,000 $1,000,000
Storage facility (fixed cost) $500,000 : $1,000,000
Transfer cask with a hydraulic- '
ram system $1,000,000 . $1,000,000
Overall variable cost® _ 40 ' 50

Total | © $1,800,000 40  $3,000,000 50

®Cost in dollars per kilogram of heavy metal.

4.1.5.1 Description of modular concrete vaults : i

Modular concrete vaults consist of metal fuel tubes vertically f
arrayed and housed in a concrete structure (Figure 4-5). Each tube will
store a single assembly of unconsolidated spent fuel, and each module
will store up to 83 PWR or 150 BWR assemblies. Individual modules that
can store up to 200 spent-fuel assemblies can alsoc be constructed.

The fuel tubes, made of carbon steel, are shielded and protected on
all sides by the surrounding concrete structure, Each fuel tube pene-
trates the upper concrete shield that opens into the floor of a fuel-
handling bay and is sealed by a removable shield plug. Above the array
of tuel tubes in the fuel-handling bay, a shielded fuel~handling machine
moves on a trolley to transfer a spent-fuel assembly from a cask-handling
area at one end of the structure to any fuel tube in the array. Each
fuel tube is connected to a common manifold leading to a gas system that
fills the tube with the cover gas and subsequently maintains the cover
gas. The walls of the concrete structure have built-in cooling channels
to promote cocling by convective air flow around the fuel tubes. The
cask-handling area is designed to accommodate standard truck shipping
casks. The other end of the concrete structure is designed for easy ex-
pansion of the system by the construction of more modules.

- The minimum installation consists of two module arrays, the cask-
handling area, and the shielded fuel-handling machine. The maximum size
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Figure 4-5. Conceptual design for a modular vault storage system.

of the system is technically unlimited, but for the purposes of the top-
ical report, the installation is limited to five modules. The space
required for modular coucrete vaults is on the same order as that for
spent-fuel storage pools.

In operation, the spent fuel from the reactor storage pool is
trangferred to the modular dry-storage system in a standard transporta-
tion cask. The cask is moved into the cask-handling area, its lid is
removed, and it is positioned under a loading port in the floor of the
fuel-handling bay above. The fuel-handling machine is positioned above
the loading port, a docking ring is deployed to mate with the port, and
a shielding skirt is lowered to cover the interface. When all is ready,
the fuel-handling machine removes the shield plug from the loading port,
hoists a fuel assembly into its fuel cavity, and reinstalls the shield
plug in the loading port. The fuel-handling machine then traverses the
module until the desired fuel tube is reached. When the fuel-handling
machine is positioned over the fuel tube and the docking process is com-
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pleted, the machine removes the shield plug from the fuel tube, lowers
the fuel assembly into the tube, and reinstalls the shield plug. The
fuel tube is connected to the gas manifeld, purged, and filled with the
cover gas. The fuel asgsembly can be moved from dry storage back to the
transportation cask by reversing the sequence.

4.1.5.2 Applications

& dry-storage system similar to that of the Foster-Wheeler vault has
been used in the United Kingdom, but mot in the United States. At pres-
ent, no utility has indicated that it plans to implement this dry-storage
option.

4.1.5.3 Licensing status and issues

The NRC staff recently (March 1988) approved the Foster-Wheeler mod-
ular concrete vault system, provided it is used with nitrogen as the
cover gas. The NRC staff ruled that there is insufficient evidence that
air is a safe storage medium and no allowable air-storage temperature has
been established. However, the NRC staff did not reject the contention

.that continued research in this area may result in their approval of

storage in air. When nitrogen is used as the cover gas, the NRC staff

recommended that a 5-year lifetime be assumed for the O-ring seals in the

nitrogen-supply system and recommended that this service life be verified
through testing during the operation of a modular concrete vault.

Another technical issue was the criterion used for concrete operat-
ing temperatures--criterion ACI-216-R-81 of the American Concrete Insti-
tute. The NRC accepts ACI-349-80 as the criterion for concrete operating
temperatures, the limit being 150°F, but not ACI-216~R-81.  The NRC staff
also suggested that the ventilation and offgas systems be enhanced to
increase reliability and recovery under abnormal conditions. Because the
normal operating temperature of the concrete in the modular vaults is
expected to be less than 150°F, meeting the criterion acceptable to the
NRC should not be a problem. ' :

The site-specific issues that were identified by the NRC staff and
will receive attention in license reviews include the adequacy of oper-
ating procedures, the adequacy of acceptance tests and maintenance pro-
grams, and predictions of the radiation exposures received by the public
and by workers at the dry-storage facility. These issues are of the same
type as the issues raised during the NRC staff's review of metal storage
casks and horizontal concrete modules. None of these issues was con—
sidered to be a serious obstacle to the implementation of a modular con—
crete vault. The United Kingdom experience with modular vaults (see Sec-
tion 4.4.3) has led Foster-Wheeler Energy Applications to believe that
vaults are a safe, economical interim storage method.
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4,1.5.4 Estimated unit costs of modular vault storage
at reactor sites

There is no U.S. experience with vault storage to substantiate the
cost estimates available in the literature. Thus the cost estimates
should be considered as more uncertain than those of storage technologies
that are more developed in the United States, such as the metal casks. ;
However, there is a great deal of experience in designing, constructing, 1
and operating modular concrete vaults in the United Kingdom.
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In a recent presentation, Foster-Wheeler’® cited total unit costs
for developing and operating their system. Assuming 10 years of storage,
the total unit cost per kilogram of heavy metal--including licensing,
construction, and operation--was estimated at $110 for a capacity of 100
MTHM, $55 for a capacity of 500 MTHM, and $50 for a capacity of 1000
MTHM. These costs were taken as the lower bound for this report; the
upper bound was assumed to be 1.5 times the lower estimate.

4.2 IN-POOL ROD CONSOLIDATICN

Rod consolidation is an option for a more efficient use of the
existing space in spent-fuel storage pools; it could also be used with
dry storage. This section discusses the purpose and application of rod
congolidation, the process, the operating experience, and licensing is-
sues. The estimated unit costs of rod consolidation are also provided.

4,2,1 Purpose and application of rod conscolidation

B b IR

The primary purpose of in-pocol rod consolidation is to reduce the
volume of waste and thereby increase the capacity of pool-storage or
dry-storage systems. In consolidation, the spent—fuel rods are removed
from the assemblies that hold them together and loaded into canisters in
a closer array. The non-fuel-bearing components (NFBC) of the assembly
hardware that are left after consolidation (e.g., grid spacers, guide
tubes, end fittings) are compacted to reduce their volume. Discussions
of consolidation, therefore, often refer to three ratios: the rod-
consolidation ratio, which is the ratio of assemblies consclidated to
canisters of fuel rods; the hardware—compaction ratio (i.e., the volume-
reduction ratic), and the total consolidation ratio, which combines the
rod-consolidation ratio and the hardware-compaction ratio.

4.2.2 Description of rod consolidation

In rod consolidation, all the fuel rods are removed from the fuel-
assembly hardware that normally maintains a required spacing between the
rods and arranged in a close-packed array in a metal canister without any
standard fuel-assembly spacer grids (Figure 4-6). The process is per-
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Figure 4-6. Rod consolidation.

formed mechanically. After the fuel rods have been removed, the assembly
hardvare (the top and bottom end fittings and the other non-fuel-bearing
components) are compacted. The compacted components are loaded into a
storage canister similar to, or identical with, the canister used for the
consolidated rods. Both the fuel-rod and the non-fuel-bearing canisters
can then be placed in pool storage racks or &8 dry-storage system. .

Under design conditions, all of the rods from two assemblies would
be loaded into one canister, thereby yielding a rod-consolidation ratie
of 2:1. Together with a hardware-compaction ratio of 10:1, a 2:1 consol-
idation ratio would significantly decrease the required number of pool or
dry-storage locations. Thus, for example, 10 assemblies would be coneol-
idated into five rod canisters and the non~fuel-bearing hardware com-
pacted intc one canister, decreasing the number of required storage slots
from ten to six. The resulting ratio of storage-location use is 10:6, or
1.67:1; that is, 1.67 assemblies are stored in the space previcusly oc-
cupied by one unconsclidated assembly,

The technical issues associated with rod consolidation are primarily
related to operational considerations that will affect the economics of
this technology. They include the difficulties of extracting the rods
from the assemblies, loading them into canisters in a tighter array, and
compacting and packaging the non-fuel-bearing hardware-—and performing
all of these operations practically and economically without interfering
with the operations of the reactor.

As explained below, the consolidation of spent-fuel rods has been

demonstrated on a limited basis in the United States, but no production-
scale campaigns have occurred. Rod-consolidation ratios up to 2:1 have
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been attained, but there is very little experience in successfully com-
pacting, packaging, and storing the non-fuel-bearing hardware. Further
development and demonstration of the practicality and economics of cou-
solidation are needed to make it attractive for large-scale use.

4.2.3 Demonstration

Six rod-consolidation demonstrations with spent fuel have been
conducted in the United States. The DOE has participated in most of
these demonstrations, which have involved several participants and
sponsors, including equipment vendors and utilities.

One of the demonstrations was conducted by the Duke Power Company
and the Westinghouse Electric Corperation; it took place during October
and November 1982 in the spent-fuel storage pool of the Oconee nuclear
power plant in South Carolina.’®’?’ Four spent PWR fuel assemblies
were consolidated with Westinghouse equipment. After the top end fit-
ting was removed, all the fuel rods in an assembly were pulled and
consolidated simultaneously, achieving a. rod-consclidation ratio of 2:1.
The non-fuel-bearing components were sheared into small sections and
hyir??lically compacted, yielding a hardware-compaction ratio of at least
6:1.

A demonstration was conducted by the Maine Yankee Atomic Power Com-
pany and the Proto-Power Corporation im August 1983.2%°2% One PWR
spent-fuel assembly from the Maine Yankee reactor was consolidated in the
spent-fuel storage pool with Proto-Power Corporation equipment, which was
designed for removing individual rods and inserting them into a canister.
A rod—-consolidation ratio of 1.6:1 was achieved. This demonstration did
not include compaction for the non-fuel-bearing hardware.

The third demonstration, by the Rochester Gas & Electric Company and
the Nuclear Assurance Corporation (NAC), was conducted during December
1985-February 1986 in the spent-fuel storage pool of the Western New York
Nuclear Service Center in West Valley, New York.'° ®® Its spomsors
included the Empire State Electric Energy Research Corporation, the New
York State Energy Research and Development Authority, the Electric Power
Research Institute, and the DOE. Six assemblies from the R. E. Ginna
pressurized-water reactor were consolidated with NAC equipment. All of
the assemblies contained some defective fuel rods. The rods were pulled
and loaded into a canister one at a time. The highest rod-consolidation
ratio obtained was 1.8:1. No rods were dropped or broken, which provides
some evidence that rod breakage can be expected to be a relatively in-
frequent occurrence. °**® This demonstration did not include the cem-
paction of non-fuel-bearing hardware.

Rochester Gas & Electric participated with U.S. Tool and Die, Inc.,
in a demonstration conducted during August-October 1986 in the spent—fuel
staorage pool of Battelle Columbus Laboratories in Ohio.’®”’* This
project was an extension of the demonstration described in the preceding
paragraph and was sponsored by the same organizations. Five PWR assem-
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blies from the R, E. Ginna reactor were consolidatéd with equipment de-
veloped by U.S. Tool and Die. This equipment pulls a row of rods at a
time and guides.them through a funnel into a canister. All of the fuel
assemblies contained some defective rods, but the system was able to
achieve rod-consolidation ratios ranging from 1.8:1 to 2.0:1. During
this demonstration, one or two rods appeared to release some small gas
bubbles, but none of the releases was large enough or radicactive enough
to set off detector alarms at the surface of the pool. The non-fuel-
bearing hardware was not compacted in this demonstration. Rochester Cas
& Electric received a license to store consolidated spent fuel in the
storage pool of its Ginna reactor in December 1985. -

The Northeast Utilities Service Company and Combustion Engineering,
Ine., conducted a demonstration in August and September 1987 in the
spent-fuel storage pool of the Millstone Unit 2 reactor in Connecti— _
cut.’* *7  The spousors of this project included the DOE, the Electric
Power Research -Institute, and the Baltimore Gas & Electric Company. Six
PWR assemblies were consolidated with Combustion Engineering equipment.
The rods were pulled a row at a time, and a rod-consolidation ratio of
2:1 was achieved. However, problems were encountered with the compaction
of the non-fuel-bearing components. Once those problems are resolved,
the demonstration will be completed. As explained in more detail in the
next section, in March 1988, Northeast Utilities received from the NRC a -
license amendment authorizing the storage of consolidated fuel.

. The last demonstration was conducted by the Westinghouse Electric
Corporation and the Northern States Power Company. It took place in.
October and November 1987 in the spent-fuel storage pool of the Prairie
Island nuclear power plant in Minnesota.’®~*° Using Westinghouse
equipment, the fuel rods from 36 PWR assemblies were consolidated into
18 canisters. In this demonstration, the upper and the lower end fit-
ings were removed and all of the rods were simultaneously pushed out of
the assembly and into a transition canister. Intentionally included in
the demonstration program was a bowed assembly.’® The non-fuel-bearing
hardware remains to be compacted. The objective of the initial part of
this demonstration was to achieve a rod-consolidation ratio of 2:1 (which
was achieved) and to provide data needed to support larger-scale efforts.
The utility's long-term plan is to consolidate about.250 fuel assemblies
each year, starting in 1989 and continuing until 1000 fuel assemblies
have been consclidated. A recent article’ reported that Northern
States Power is waiting until the compaction of the non-fuel-bearing com-
ponents is complete before it decides to go ahead with the 1000-assembly
consglidation program.

In summary, the consolidation of irradiated spent-fuel rods has been
demonstrated on a limited basis in the United States, but no production-
scale campaigns have been conducted. Rod-consolidation ratios of up to
2:1 have been attained with irradiated spent fuel. There is very limited
experience in treating, packaging, and storing the NFBC waste resulting
from the consolidation process. Even though the Northeast Utilities
Service Company recently received a license to store consolidated fuel in
the Millstone storage pool, further development and demonstration of the
practicality and economics of consolidation systems is needed to make
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them attractive for large-scale uses. There has been no large-scale
experience with extended wet or dry storage of consolidated fuel rods,
but problems are not expected. The world's first storage experience with
consolidated spent fuel is represented by the in-pool storage of the
consclidated fuel rods (with consolidation ratios of up to 2:1) from four
assemblies at the Oconee Nuclear Station; these consolidated rods have
been in wet storage since -late 1982.

In August 1987, the Electric Power Research Institute (EPRI) issued
a request for proposals for the treatment, packaging, and storage of non-
fuel-bearing scrap from rod consolidation in reactor pools. EPRI has
stated that cost, operational practicality, and overall consolidation
efficiency are likely to be highly dependent on the manner in which the
non-fuel-bearing waste is treated, packaged, and stored. To date, the
range of alternative methods that may be used for this purpose has not
been well quantified. This initial work was awarded, in February 1988,
to the Rochester Gas & Electric Company and addressed only concept devel-
opment and the evaluation of technologies for handling the non-fuel-
bearing waste., Future work is expected to continue into an in-pool
demonstration phase.

4.2.4 Licensing status and issues

As explained in Chapter 2, if consolidation is used to increase the
number of assemblies stored in the spent-fuel pool, an amendment to the
utility's license under 10 CFR Part 50 is required. To the extent that
utilities have consolidated rods as a demonstration, they have performed
these limited consolidations under 10 CFR 50.59. The application for the
amendment must include a safety analysis for review and approval by the
NRC staff. This analysis must cover all the potential impacts of stor-
ing the consolidated fuel, including such factors as the potential for
nuclear criticality, the structural strength of the pools and the racks,
seismic design, thermal-hydraulic characteristics, and radiation safety.

The criticality analysis for storing consolidated fuel must use con-
servative assumptions, including worst-case values for mechanical param—
eters like the center-to-center spacing of the fuel or the thickness of
the neutron-absorbing material. The factors of concern in the struc-
tural and seismic area include the load on the floor of the pool, local
stresses on the racks, and the stresses the racks may experience {if
struck by a canister when an earthquake occurs during loading). The
thermal-hydraulic analysis must demonstrate that no bulk boiling may
occur in the pool and that the design heat load of the pool-cooling sys-
tem is not exceeded. The radiation-safety analyses are to include the
effects of various postulated accidents, such as the accidental dropping
of a transportation cask into the pool or a fuel-handling accident.

Included among the licensing issues are those related to safeguards.

The safeguards issues pertinent to rod consolidation have been reviewed
in a 1982 report.*' A major concern involves the ability to (1)
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accurately establish the amount of nuclear fuel 'present in each con-
tainer of consolidated rods and (2) provide a means of verifying, on a
routine basis at appropriate intervals, that the fuel continues to reside

in the container.

As already mentioned, the Maine Yankee Power Company did experience
a licensing delay after submitting an application to the NRC for an
operating-license amendment allowing the storage of additionmal fuel after
consolidation. The delay, due to intervention first by a local anti-
nuclear group and later the State of Maine, caused the utility to abandon
the consolidation project. : :

Rochester Gas & Electric received a license to store consolidated
spent fuel in the storage pool of its Ginna reactor in December 1985.
Constraints on the total number of consolidated assemblies to be stored
are imposed by the capacity of the peol’'s cooling system.

The Northeast Utilities Service Company recently (March 1988)
received a license amendment®’ allowing the storage of consolidated
fuel in the spent-fuel pool of Millstone Unit 2. The license amendment,
issued under 10 CFR Part 50, authorizes the storage of consolidated fuel
in 688 locations in the storage pool. The utility’s goal is to eventu-
ally consolidate all the fuel that is stored in the poel. That opera-
tion could begin as soon as 1990 and will have to start by 1997, when a
full-core reserve can no longer be maintained in the spent-fuel poel of
Millstone Unit 2.7

4.2.5 Estimated unit costs of rod consclidation

This section discusses the estimated costs of consolidating spent
fuel for storage in reactor spent-fuel pools. Although consolidation has
been demonstrated, a significant technical uncertainty remains about the
compaction and disposal of the non-fuel-bearing hardware. A fairly broad
range of costs has been cited by proponents and by utility representa-
tives interested in rod consolidation. The costs are likely to retain
a large measure of uncertainty until significantly large demonstrations
under at-reactor conditions have been completed. The costs associated
with the treatment, packaging, and storage of the non-fuel-bearing hard-
ware are highly uncertain at present and are being investigated by the
Electric Power Research Institute and the utilities. The costs for con-
solidating spent-fuel rods must be better known than they are today
before utilities are likely to implement consolidation on a large scale.

The cost for at-reactor consolidation includes the cost of complying
with NRC licensing requirements, the acquisition and installation cost of
consolidation and compaction equipment, the cost of consolidation opera-
tions, and the cost of canisters for the consolidated rods and the com-
pacted non-fuel-bearing hardware. For this report it was assumed that
the hardware canisters are the same as those for the consolidated rods
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and that they will be stored and disposed of in the same manner as the
canisters of conscglidated rods.

The currently available information indicates that the cost
of the license—amendment action would range from $200,000 te $500,000.
Equipment costs are expected to vary directly with the level of complex-
ity and automation. For this report, a cost of $1.5 million to $2.5 mil-
lion was derived from available information on the designs and the cost
estimates developed to date. Operating costs will depend somewhat on the
type of fuel. The unit cost is higher for BWR spent fuel because, though
the consolidation operation is similar for both BWR and PWR fuel, a typ-
ical BWR assembly contains much less uranium (only about 40 percent) than
a typical PWR assembly, and hence the cost per kilogram of heavy metal is
higher. For this analysis, operating costs per kilogram of heavy metal
were assumed to range from $5 to $7 for PWR assemblies and from $6 to 38
for BWR fuel. :

9,43,44

The final cost item is the cost of canisters for the consolidated
rods and the non-fuel-bearing components. These canisters will be sized
to fit into the existing spent-fuel storage racks. According to the
available information, the cost of a canister for PWR fuel is expected to
range from $2400 to 33600, and the cost of a BWR-fuel canister is assumed
to vary between $1800 and $2700. Canisters for BWR fuel cost less than
canisters for PWR fuel because they are smaller.

The unit costs of storage space gained by consolidation are highly
dependent on the total consolidation ratioc that is attained. In this
report, the low-cost estimates were based on total consolidation ratios
of 1.67 and 1.54 for PWR and BWR fuel, respectively. These ratios were
assumed to represent high consolidation ratios and would be obtained by
attaining a consolidation ratio of 2:1 for the spent-fuel rods, a com-
paction ratio of 10:1 for the non-fuel-bearing components, and a compac~
tion ratio of 20:1 for BWR fuel channels. Assuming that the PWR-to—BWR
weight ratio is the same as in the general spent-fuel population (i.e.,
a ratio of 2:1), the weighted-average consolidation ratio is 1.63. How-
ever, there is significant uncertainty as to whether compaction ratios of
10:1 can be achieved for the non-fuel-bearing components. Thus, to ob-
tain the high-cost estimates, a weighted average ratio of 1.50 was as-
sumed for the low consolidation ratio; this ratiec is based on a 50-per-
cent increase in the number of canisters loaded with non-fuel-bearing
components. :

As indicated in Section 4.2.3, efforts have been started by EPRI
and the utilities to look at other methods for the disposal or storage of
non-fuel-bearing components so that the consolidation ratio of the spent
fuel is truly 2:1. The costs associated with these other dispesal or
storage alternatives would be included in the consolidation costs. These
studies have not been completed, but the identification of economical
alternatives could lLead to lower consolidation costs.

The cost factors described above are summarized in Table 4-4. The
fixed costs range from $1.7 million to $3 million, and the variable costs
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er kilogram of heavy metal consolidated range from $9 to $14 (weighted-
average for PWR and BWR fuel), :

The costs discussed above apply to the quantity of spent fuel that
is consolidated, but for storing the consolidated rods in a spent-fuel
pool, the important consideration is the unit cost, in dollars per kilo-
gram of heavy metal, of storage-capacity expansion. This quantity is
highly dependent on the consoclidation ratio. With the high consolidation
ratio for PWR fuel (20:12), 20 PWR assemblies can be consolidated and
stored in 12 storage slots, for a gain of 8 slots., Thus, to gain one
slot, it is necessary to consclidate 2.5 PWR assemblies. For BWR fuel,
with the high consolidation ratio of 20:13, it is necessary to consol-
idate 2.B6 assemblies for a gain of one storage slot; this is equivalent
tc a weighted average of 2.6, With the low consolidation ratio, three
times as many assemblies must be counsclidated on a weighted-average
basis. As shown in the table, the fixed-cost range remains $1.7 million
to $3.0 million, but the variable unit cost, per kilogram of heavy metal,

Table 4-4. Factors used in estimating the unit-cost range
for consolidating spent fuel for in-pool storage

Low cost High cost
Factor : Fixed Variable Fixed Variable
NRC licensing - - .. $200,000 $500,000
Equipment and installation $1,500,000 $2,500,000
Total fixed cost $1,700,000 $3,000,000
Operating laber® .
PWR fuel _ 5 7
BWR fuel : 6 ' 8
Cost of canisters® K :
PWR fuel . : $2400 $3600
BWR fuel $1800 $2700
Total variable costs
Per kilogram of heavy metal
consolidated ' '
PWR fuel 8 12
BWR fuel - o 12 15
Weighted average 9 ' 14
Per kilogram of heavy metal
gained
PWR fuel . 20 34
BWR fuel . : : : 3% 60
Weighted average : 25 43

*Cost per kilogram of heavy metal.
*Cost per canister. '
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of storage-capacity expansion ranges from $25 to $43, or 2.6 to 3 times
the original range for variable costs.

The unit cost, per kilogram of heavy metal, for storing consolidated
rods in the pool ranges from about $40 to $75 for capacity expansions of
100 MIHM and from about $30 to $45 for an expansion of 350 MTHM. The
latter quantity, 350 MTHM, is essentially the maximum amount of addi-
tional storage that can be gained with the high consolidation ratio for
a pool with an unconsolidated-fuel capacity of 1100 PWR assemblies (509
MTHM) or 3500 BWR assemblies (638 MTHM). With the lower consolida tion
ratio of 1.5, the maximum storage gain is about 270 MTHM. The high-cost
estimates for expansions of more than 270 MTHM are based on higher
consolidation ratios with the high cost factors.

4.3 DRY STORAGE OF CONSOLIDATED FUEL

Some proponents of dry storage propose the storage of consolidated
fuel in dry modular storage. In early 1988, the DOE and the Electric
Power Research Institute sponsored a performance test that confirmed
that consolidated PWR spent fuel can be successfully stored in metal
casks (see Section 4.1.1.2). A formal report is scheduled for late 1988.

The economic benefit of storing consclidated fuel comes from a more
effective use of the storage modules because their capacity is increased.
The least cost for each unit of storage would be realized by a utility
that has already installed consolidation equipment but cannot accom-
modate all of its spent fuel in the storage pool and must provide some
dry storage.

If a utility has not already installed consolidation equipment,
the fixed cost of consolidation would also need to be recovered in order
for consolidation to be cost effective for dry storage. A cost-benefit
analysis would be needed for each specific case, and the cost benefit
would depend on the amount of storage required at the specific site.

4.4 DRY-STORAGE EXPERIENCE IN OTHER COUNIRIES

Four foreign countries--Canada, the Federal Republic of Germany,
Switzerland, and the United Kingdom--have undertaken major efforts in dry
storage, and these efforts have directly influenced the implementation of

dry-storage technology in the United States. Canada is demonstrating the-

use of concrete storage casks for both storage and transportation. The
Federal Republic of Germany tested and demonstrated two types of metal

cask for dual-purpose service in the early 1980s. These casks were the
Castor I cask marketed by General Nuclear Systems, Inc., and the TN-1300
cask of Transnuclear, Inc. Switzerland tested and demonstrated the use
of metal storage casks in 1983 and is currently using a Castor cask for
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storing spent fuel from an experimental reactor. The United Kingdom has
peen storing spent fuel in modular concrete vaults for approximately 17
years. Bach of these programs is briefly discussed below.

a.h.l Cask tesﬁs and demonstrations in the Federal Republic of Germany

- The Federal Republic of Germany has conducted several tests and
demonstrations of several Castor casks (Castor IA, IB, and IC; Castor
AVR; Castor KRB-MOX; and Castor WWER 1000) and a TN-1300 cask. The
objective was to verify the performance of dual-purpose storage-and-
transportation casks, optimize cask-handling procedures, and expand the
data base on the integrity of spent fuel.'® The results confirmed both
the performance of the casks and the maturity of the technology. The
Germans are now concentrating on optimizing the casks.

As a result of the successful tests and demonstratiens, the away-~
from-reactor storage facility at Gorleben received a license to store
fuel in the Castor I casks, which will first be used to transport the
fuel to Gorleben. - :

The Federal Republic of Germany plans to store the spent fuel at
central facilities for approximately 40 years. During that time, the
fuel would either be reprocessed or converted to some other waste form.
Eventually the fuel will be encapsulated in containers designed for per-~
manent disposal®® and emplaced in a geologic repository. '

- BT

The German cask tests and demonstrations were partly responsible for
the Castor IC and Castor V/21 casks being the first casks to be approved
by the NRC for spent-fuel storage in the United States.

4.4.2 Dry cask storage in Switzerland

In 1979, the Swiss started a dry-cask—storage program for spent fuel
from an experimental reactor. The reactor was being decommissioned, and
an alternative to pool storage was required for a complete shutdown of
the reactor. Mainly because of the short time needed to provide dry cask
storage and the small quantity of spent fuel (one cask load}, a Castor I
metal cask was selected.®’ :

The experimental-reactor fuel was consolidated with a 1.5 reduction
in volume. Since the weight and the size of the Castor cask did not al-
low the cask to be lowered into the spent-fuel pool of the experimental :
reactor, the consolidated fuel was loaded into the Castor cask by the :
dry-loading method described in Section 4.1.1. A 2~year monitoring
period followed the dry loading, and, after its successful completion,
a license to transport and store the fuel at a nearby away-from-reactor i
storage facility was granted. The cask was transported to the storage i
facility in 1985.°° - ' f
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4,4,3 The Canadian dry-storage program

In 1974, Atomic Energy of Canada Limited (AECL) began a development-
and-demonstration program for dry storage in concrete casks at its
whiteshell Nuclear Research Establishment (WNRE).®®'®’ Analyses and
experimental tests have confirmed that concrete casks have wide margins
of safety in shielding from radiation, that the concrete retains its
integrity after repeated freeze-and-thaw cycles, and that the cask meets
both safety requirements under potential accident conditions and safe-
guards requirements. In addition, the use of dry loading with a transfer
cask eliminates the need to load the casks in reactor pools. Because of
their excellent performance, AECL has decided to use concrete casks for
storing all the spent fuel from the WR-1, Gentilly Unit 1, and Douglas
Point reactors. The concrete-cask storage facility at Gentilly Unit 1
has been given a license.

More recently, Ontario Hydro has undertaken a program to assess the
feasibility of using concrete casks for storing, transporting, and ?os—
sibly disposing of spent fuel from the CANDU heavy-water reactors., '

A concrete integrated cask {CIC} was designed. The cask will be approx-
imately 8 feet in diameter and 12 feet long; when loaded, it will weigh
75 tons. The walls of the cask will be made from a special high-density
concrete mix with rebar reinforcement. The reinforced-concrete body will
be lined on both the inside and the outside with carbon steel. Trunnions
will be attached to the body for lifting. A4 lid, also made from the
reinforced concrete, will be bolted to the body of the cask and sealed
with conventional elastomer and metal seals.

Ontario Hydro believes that the concrete integrated cask is feasible
and could become an important alternative method for spent-fuel storage,
transport, and possibly disposal.ts A two-phase demonstration program
for the concrete integrated cask has been started. Two such casks will
be built for storage demonstrations starting in 1988. Two additional
casks are planned for transportation testing in 1989,

Experience with licensing foreign technologies in the United States

(see Section 4.1.2.3) indicates that it may be very difficult to obtain
a transportation certification for concrete casks.

4.5.4 HModular-concrete—vault storage in the United Kingdom

Two types of modular concrete vault have been used at the Wylfa
Magnox power station in North Wales to provide temporary storage for
spent fuel before reprocessing. The first three vaults, with a capacity
of 83 MTHM each, have been operating for approximately 17 years. Fuel
elements are placed in tubes backfilled with carbon dioxide, and the heat
generated by the fuel is removed from the tubes by the natural convection
of air across the exterior surfaces of the tubes. This cempletely pas-—
sive system has proved to be very reliable, and no degradation of the
fuel has been detected. The maintenance and operation of the faciiity
require very limited personnel support.
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The second type of ‘modular concrete vault (350 MTHM each) used at
Wylfa has a forced-air cooling system. The design of this modular con-
crete vault eliminates the need for the carbon dioxide cover gas. The
atmosphere inside the vaults is maintained at a slightly negative pres-
sure by means of an exhaust fan discharging to the atmosphere. A& filter
system, with redundancy, is’ provided to ensure that atmospheric contam-
ination does not occcur. The maximum temperature of the fuel in air is
less than 150°C under normal operating conditions. Newly discharged
spent fuel whose temperature would exceed 150°C is first stored in a
modular concrete vault that is filled with carbon dioxide and then
transferred to the air-cooled system when the decay heat has decreased
to an acceptable value. The modular concrete vault with the forced-air
cooled system has been effectively operated since 1979. The activity
levels of the discharged air have been at background levels. Main-
tenance requirements are minimal, and the radiation exposures of the
workers have been very low.

The United Kingdom's Central Electricity Generating Board, in con-
junction with the South Scotland Electricity Board, is in the process of
completing the final design for a new centralized vault system. This
vault system will store spent fuel from the British advanced gas reactors
for periods of up to 50 years. :

4.5 FACTORS THAT MIGHT AFFECT CHOICES OF STORAGE OPTIONS AND THE
ATTITUDE OF THE UTILITIES :

. It is possible to identify the factors that utilities are likely to
consider in choosing among the various dry-storage concepts, but the
results cannot be generalized. It is also possible to compare some of
the concepts in terms of some factors, though it is not possible to do a
systematic comparison, nor is it possible to confidently generalize these
comparisons for the electric-utility industry at this stage of technology
development and implementation. :

In addition to briefly reviewing the most important of these fac-
tors, this section discusses the results of surveys questioning utilities
about their plans for providing additional storage capacity and their
studies of available optiocns.

4.5.1 Factors affecting the choice of a storage concept

In choosing from among the various dry-storage methods, a utility is
likely to base its decision on such factors as the maturity of the con-
cept, the time needed to implement the concept, ecounomics, site-specific
conditions and limitations, its operating philosophy, its corporate ex-
perience, and public opinion. These Factors are briefly reviewed in this
section.
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4,5.1.1 The maturity of the concept

Although the basic technical feasibility of almost all of the con-
cepts described in this chapter has been demonstrated, there are differ-
ences in the maturity of the concept. In terms of maturity, dry storage
at present has an advantage over in-pool rod comsolidation, as discussed
in Chapter 4. Therefore, for utilities requiring large-scale relief in
the near term, the relative maturity of the dry-storage concepts offers
an option with less technical risk. However, because of the recent
demonstrations of in-pocl rod consolidation, the perceived advantage of
dry storage may be temporary and thus relevant only to the utilities that
must provide additional at-reactor storage capacity in the near future.

4.5.1.2 Time needed for implementation

Even for concepts with comparable technical maturities, the time
needed for implementation will differ. The activities requiring the most
time include planning and various associated analyses, the design of the
dry-storage facility, obtaining an NRC license, and the development of
the dry-storage facilities.

The planning, analysis, design, and licensing of a storage system
are likely to take at least 2 years, depending on the degree of interven-
tion. Once all of the technologies have been accepted and licensed, no
technology is likely to have a significant advantage in this regard. Be-
cause they have been approved, metal storage casks, horizontal concrete
modules (NUHOMS), or modular concrete vaults offer more certain imple-
mentation schedules.

Whatever the dry-storage option, it will be necessary to construct
a dry-storage facility at a designated part of the reactor site, This
facility must have an adequately prepared site with adequate access and
utilities; a central monitoring and security system and other safeguards
that may be needed; equipment like cranes and transporters; and, in the
case of storage in casks or concrete modules, concrete storage pads.
Although the dry-storage facilities are not complex, their planning,
design, site preparation, and construction can be expected to¢ require
about a year.

Rod consolidation would require the design, licensing, fabrication,
and installation, in or near the storage pool, of the equipment needed
for removing the rods from the assembly hardware, loading the rods into
canisters, and controlling the operation. Monitoring equipment in addi-
tion to that already present in the pool may also be needed. At the
current stage of its development, it is impractical to estimate a “typ-
ical” schedule for acquiring and installing this equipment. Moreover,
the installation of the equipment in an area that is used in reactor
operations would probably complicate the installation., Difficulties in
scheduling the installation so as to minimize interference with reactor
operations and the actual time required for the installation are expected
to vary with the site.
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A possible option would be to use the servicés ‘6f vendors who would
provide temporary consolidation services when needed, using equipment
that is moved from site to site. This option might considerably simplify
and shorten the process of installing the consolidation facilities, and
it might make consolidation attractive in terms of implementation.

4,5.1.3 Rate of processing

The rate at which the spent fuel can be processed for storage {i.e.,
the rate at which a cask, horizontal concrete module, or modular concrete
vault can be loaded or spent fuel consolidated) might favor one method
versus another. In general, at the current phase of concept maturity,
cask loading can be performed at a higher production rate (about 2 MTHM
per day) than consolidation (less than 1 MTHM per day). This operating
advantage could be important for those utilities that must accommodate

‘significant amounts of spent fuel on a tight schedule or where access to

the pool is limited. It is also possible that certain conditions that
are specific to a particular reactor site, such as the absence of large
cask~handling cranes or an insufficiently large storage-pool building,
would require the use of small casks, in which case the consolidation
rate may exceed the cask-loading rate.

4.5.1.4 Interference with reactor operations

Being in the business of efficiently generating power, the utilities
are reluctant to undertake any secondary activities that could interfere
with the operation of their nuclear power reactors~-that is, the produc—
tion of electrical power. Thus, in selecting a storage concept, the
degree of interference with reactor operations may dominate the other
factors.

4,5.1.5 - Costs

Given that all safety requirements are met, the utilities will at-
tempt to minimize the costs of additional at-reactor storage. As already
discussed, the unit costs of providing additional storage capacity may
differ significantly among the various storage options, and significantly
lower costs may lead to systematic preferences for certain concepts.

When an attempt is made to predict what storage methods the util-
ities would choose if cost were the main consideration, the results are
largely indeterminate. First, as already discussed, there is substantial
uncertainty in the unit costs of each concept. Thus the capacity "break-
point" where the unit costs of one technology become lower than those of
another is not well known. Even if it is assumed that all utilities
would seek to minimize costs, ignoring other factors, the uncertainty
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of unit costs and the distribution of quantities over sites prevents
meaningful conclusions about which storage methods are mest likely to be :
chosen. :

4.5.1.6 Publie opinion

Public opposition may cause significant delays in the implementation
of a concept when implementation requires an NRC license for an indepen-
dent storage installation or an amendment to the operating license for
the reactor. Both of these licensing actions provide opportunities for
participation by the public through hearings and comments, and opponents
can extend the process through appeals. Although there is very little
direct experience with the licensing of dry at-reactor storage (see,
however, Sections 2.2 and 4.2.4), the experience with the licensing of
nuclear power plants and with license amendments indicates that public
opposition can be easily incited and intervention can cause considerable
delays in formal licensing actions. In addition to wishing to avoid _
licensing delays, a utility may choose a storage method that has less “
potential for public opposition in the interest of maintaining good
public and community relations.

4.5.2 Results of surveys

Two recent surveys have attempted to collect information about the
current at-reactor-storage practices of the utilities as well as their
plans for dry at-reactor storage and consolidation. One of these was
the annual survey conducted by the DOE's Energy Information Administra-
tion (EIA)} to collect information on storage-pool capacities and spent-
fuel inventories (see Chapter 3). The other was a survey conducted in
June and July 1987 by the National Association of Regulatory Utility
Commissioners (NARUC). The NARUC survey cbtained data for 118 nuclear
reactors.

ot ———————

The principal conclusions of these surveys®®'*!

as follows:

can be summarized

e A large portion of the responding utilities whose storage pools
will reach full. capacity before 1958 have not extensively studied
options for increasing capacity and have no current plans to
increase their at-reactor storage capacity.*

*Many of the reactor sites owned by these utilities will not fully
use up their current storage capacity until the middle to late 1990s, and
the planning and implementation of an increase in storage capacity are
not expected to take more than 5 years. Thus, it is not unreascnable
that these utilities have not yet developed any definite plans.
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¢ The majority of the utilities that have #tudied storage-increase
options have considered both dry storage and rod consclidation.

¢ Very few utilities report having reached firm conclusions about
preferred storage technologies.

4.5.3 Summary,

Though it is possible to identify variocus factors that utilities are
likely to consider, it is not possible te draw conclusions about which
storage methods are likely to be chosen. At present, dry-storage methods
have an advantage in technical maturity and schedule, but the long-run
economics for many sites with additional-storage requirements of between
100 and 350 MTHM may ultimately favor consolidation. However, there is
considerable uncertainty about unit costs, which control the relative
economics, and even greater uncertainty about other site~ or utility-
specific factors that may be involved. These uncertainties appear to be
reflected in the responses of utilities to questions about their plans
and studies on storage methods.
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Chapter 5

POTENTIAL IMPACTS AND COSTS OF DRY CASK STORAGE AT REACTOR SITES

In directing the Department of Energy (DOE) to perform this study
of dry cask storage at reactor sites, the Nuclear Waste Policy Amendments
‘Act of 1987 specifically required the Secretary of Energy to consider
costs, the extent to which such storage will affect human health and the
environment, the extent to which such storage will affect the costs or
risks of transporting spent fuel to a central waste-management facility,
such as a facility for monitored retrievable storage, and any other fac-
tors deemed appropriate. This chapter addresses these requirements by
presenting bounding estimates of costs and potential impacts on trans-
portation, These quantities represent the aggregate costs and impacts
expected to result from providing additional storage capacity for all
-U.S. reactors that need additional capacity. Aggregate impacts on human
health and the environment are not presented because the information
needed to calculate these impacts is not available. However, it is pos-
sible to conclude from the information available for individual storage
technologies and particular reactor sites that the aggregate impacts on
human health and the environment will be so small as to be negligible,
representing only a small fraction of the doses received from natural
background radiation. Furthermore, the impacts of at-reactor storage on
human health and the environment have been examined by the Nuclear Regu-
latory Commission (NRC),' which found that no significant impacts are
expected.

The cost estimates presented here are associated with large uncer-
tainties, partly because some of the technologies are mot yet fully
mature and partly because it is not possible to draw conclusions about
which storage methods are likely to be chosen by the utilities. It is
possible to identify the factors that utilities are likely to consider
in choosing among the various dry-storage concepts. It is also possible
to compare some of the concepts in terms of some factors, but it is not
possible to do a systematic comparison, nor is it possible to confidently
generalize these comparisons for the electric-utility industry at this
stage of technology development and implementation. As a result, because
it is not possible to determine how much of the additional storage cap-
acity is likely to be provided by a particular storage method, the anal-

yses of costs and impacts used assumptions that bound the ranges of unit

impacts (costs and radiation doses) for all of the storage options.

5.1 ESTIMATED AGGREGATE COSTS OF PROVIDING ADDITIONAL AT-REACTOR STORAGE

This section presents bounding estimates of the aggregate costs of
providing additional at-reactor spent-fuel storage at all U.S. reactors
that will need additional storage capacity. These estimated overall
costs do not include any of the costs to be incurred by the DOE's waste-
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management system, such as the cost of transporting the spent fuel to
waste-management facilities or the costs of permanent disposal in a
geologic repository.

As discussed in Chapter 4, the cost analysis was largely based on
cost estimates reported by utilities and storage-equipment vendors at
various meetings and seminars. No new engineering-cost estimates were
developed for this report. Since most of the cost estimates are for
developing technologies with little operating experience, the uncertainty
in the actual costs of implementing these technologies is quite large.
This uncertainty is illustrated by the large range of unit-cost estimates
presented for the various technologies in (hapter 4.

The bounding estimates of aggregate costs are based on the high- and
low—cost estimates of the unit cost of providing at-reactor storage for a
given increase in storage capacity. The unit cost is an average based on
the unit costs given in Chapter &4 for the various storage options and is
shown in Table 5-1. :

Table 5-1. Range of unit-cost estimates for
additional-storage requirements
{Costs in dollars per kilogram of heavy metal)

Capacity increase
Storage technology 100 MTHM 300 MTHM 1000 MTHM

Consolidated fuel stored

in reactor pool? 40-75 30-50 NA®
Metal cask 60-115 55-105 55-100
Concrete cask ' 50-1190 45-95 45-85
Horizontal concrete

module 60-80 45-60 40-55
Modular concrete

vault 105-155 70-105 45-70

*The unit costs are based on the cost for an
additional storage slot created in the storage pool.
From 2.6 to 3 spent-fuel assemblies must be consoli-
dated for each additional storage slot.

°An increase of 1000 MTHM is not applicable to
rod consclidation because at a typical reactor not
much more than 350 MTHM of additional storage space
can be gained through consolidation.
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In estimating the aggregate costs, the application of the unit-cost
ranges for each storage technology is not straightforward. First, it is
expected that in selecting a storage technology the utilities will con-
sider cost, and therefore the most expensive technelogies are probably
not representative of those likely to be implemented. However, the
choice of technology is not likely to be based solely on cost, and there-
fore the lowest unit costs will not always be applicable. Finally, the
level of confidence that the lower-bound cost for a technology can be
achleved varies among the Storage technologies. For these reasons, sev-
eral cost ranges were developed for .this study, as explained below. The
bounds of the unit-cost ranges are shown in Figure 5-1 as a function of
storage-capacity increase. '
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160 4

140 -

=
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€ 1204
3 _
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s ‘q 7 Lower bound 1
g oo
§ 40 4 Lower bound 3
£
=5 20 o
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Storage-capachy increase (MTHM)

Figure 5-1. Aggregate unit-cost rénges as & function of
_storage-capacity increase.

The shaded region in Figure 5-1 represents the unit-cost range for
8 storage technology that has been fully proved and demonstrated in. the
United States. This technology is the current design of the metal
storage cask--that is, a cask designed without taking credit for fuel
burnup (Section 4.1.1.4), Assuming that several hundred casks will be
required, the cask-purchase price should range from $70 to $90 per kilo-
gram of heavy metal (Section 4.1.1.4). This price is about 1S percent
lower than the price paid for the casks used in cooperative-agreement
demonstrations cosponsored by the DOE. The resulting unit costs range
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from about 375 to 3100 per kilogram of heavy metal for storage-capacity
increases of more than 300 MTHM. For convenience, the lower bound for
the proven-technology range is labeled "lower bound 1" in the discussion
and tables that follow.

- Just below lower bound 1 in Figure 5-1 is a curve that represents
the cost reductions expected from technology improvements that are
believed to be likely. For metal storage casks, these likely improve-
ments include the increased capacities and less-expensive fuel baskets
that would result from the NRC's allowing credit for fuel burnup; they

also include the successful demonstration of other technologies, such as

concrete modular storage components, but not necessarily at their lowest
current cost estimates. This lower bound is represented by the lowest
cost estimate for dry storage in metal casks and a middle range for con-
crete technologies. For convenience, this lower bound is labeled simply
"lower bound 2.%

The lowest curve in Figure 5-1 further reduces the lower bound to
the lowest cost estimated for any of the technologies discussed in
Chapter 4. This lower bound has two components: for storage-capacity
increases of 70 to 350 MTHM, it represents the lowest cost estimated for
storing consolidated spent fuel in pools, whereas for storage—capacity
increases of less than 70 or more than 350 MTHM, it represents the lowest
cost estimated for horizontal concrete modules., As discussed in Section
4.2.5, at reactors with typical storage-pool capacities, 350 MTHM is ap—
proximately the maximum additional in-pool capacity that can be gained by
consolidating the fuel rods. This bound is labeled “lower bound 3" in
Figure 5-1.

To determine the dependence of the unit cost on storage-capacity ex-
pansion, the four unit-cost bounds discussed above were used to estimate
costs for the midpoints of 50-MTHM capacity intervals. For example, the
unit-cost point estimates for a 25-MTHM capacity increase were used for
all sites with additional-storage requirements of less than 30 MTHM, the
unit-cost point estimates for 75 MTHM were applied to sites with
additicnal-storage requirements of 50 to 100 MTHM, ete.

The costs thus estimated for the additional-storage requirements of
all U.S. reactors are summarized in Tables 5-2 and 5-3 for two different
assumptions about the aggregate additional-storage requirements {Chapter
3). Table 5-2 presents the estimated unit costs for the lower—bound
additional-storage requirement, and Table S5-3 gives the estimates for the
upper-bound requirement. The estimates in both tables are based on the
reference case used for this study—spent-fuel acceptance by the Federal
waste-management system starts in 2003 for disposal in a repository
{i.e., there is no MRS facility in this system). For each 50-MTHM cap-
acity interval, the tables show the number of sites whose additional-—
storage requirement falls within that interval, the total additional
capacity required by all sites whose requirement is within that interval,
and the four point estimates of cost.
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Table 5-2., Estimated éggregate costs of provi&ihg'at-reactor storage
to meet the minimum projected additional-storage requirements
with the reference spent-fuel-acceptance case

Storage requirement

Capacity  Number Total _Estimated agaregate cost*

increase of tncrease Upper - {ower Lower Lower

{MTHM) sites needed {MTHM} bound . bound 1 bound 2 bound 3
0-50 10 190 s 20 16 14
50-100 8 590 ) 73 50 k.1 - 28
100-150 & 800 90 64 48 3
150-200 3 840 91 66 50 29
200-250 5 1120 118 87 65 iz
250-308 4 j100 115 8s 63 34
00- 350 § 1630 168 124 91 49
3150-400 3 1110 13 84 62 43
400-450 3 430 43 33 24 18
450-500 ¥ 450 49 37 27 21
500-550 2 1080 110 83 &1 45
550-600 1 580 59 44 32 24
600-650 1 &30 L 63 47 k1 26
&50-700 0 - - -— R -
700-750 0 —— - - - -
750-800 1 788 77 £9 43 31
800-850 1 820 8t 62 45 13
850-900 g === —== == == ==
Totatl 54 12,220 1285 245 m 458

Average untt cost per
kilogram of heavy metal $105 877 457 433

'“For a discussion of the minimum projected requirements, see the dis-
cussion of the no-new-orders case in Chapter 3.
Saggregate cost in mitlions of dollars.

In addition to the large uncertainty in unit costs for at-reactor
storage increase, the aggregate cost of providing additional at-reactor
storage has an additional source of uncertainty resulting from the
uncertainty about the aggregate additional-storage requirement and its
distribution among reactor sites. As discussed in Chapter 3, the
storage-requirement uncertainty is affected by uncertainties in future
spent-fuel discharges, the maximum capacities of at-reactor spent-fuel
pools, and the start and rate of spent-fuel acceptance by the DOE. With
the reference case for spent-fuel acceptance, the requirement for addi-
tional at-reactor storage ranges from about 12,200 MTHM at S& sites to
about 20,000 MTHM at 67 sites. For the lower bound of the storage re-
quirement with the reference spent-fuel-acceptance case, the aggregate
cost with the proven-technology range (i.e., the upper bound and lower
bound 1 in Figure 5-1) is about $950 million to $1.3 billion. Lower
bound 2 is about $700 million, and lower bound 3 is about $470 million.
For the upper bound of the storage requirements with the reference spent-
fuel-acceptance case, the aggregate cost with the proven—technology range
is between about $1.5 billion and just about $2.1 billion. Lower bound 2
is about $1.1 billion, and lower bound 3 is about $800 million. These
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cost estimates for the reference spent-fuel-acceptance case are shown in

Figure 5-2. :

The time and the rate at which DOE waste-management facilities begin $
accepting spent fuel significantly affect additional-storage requirements
in terms of the timing and the magnitude of the peak requirement; this in

turn affects the aggregate cost of increasing at-reac

te satisfy the requirements., The estimated aggregate costs of additional 1
at-reactor storage for the three alternative-acceptance cases are given
in Table 5-4. These alternative cases are based on the assumption that
an MRS facility is included in the waste-management system and that

spent-fuel acceptance starts in 1998, 2003, or 2008 at the ramp—up rates

of the MRS facility.

Table 5-3. Estimated aggregate costs of providing at-
to meet the maximum projected additional-storage requirements §
with the reference spent-fuel-acceptance case?

tor

storage capacity

reactor storage |

. i

Capacity  Number Total o, B

tncrease of increase Upper Lower Lower Lower
(MTHM} sites needed (MTHM} bound bound bound 2 bound 3

0-50 9 270 47 29 23 21

50-100 6 420 52 36 27 20
100-150 12 1510 171 121 91 59
154-200 3 52¢ 56 41 31 18
200-250 8 1340 141 105 78 44
250-300 3 810 84 62 46 25
300-350 4 1280 133 a7 72 .38
350-400 3 1090 11 83 . &1 47
400-450 9 1660 17¢ 126 93 70
450-500 4 1950 196 147 109 81
500-550 2 1830 i 104 78 58 42
550-500 3 1706 171 128 54 70
600-650 1 618 . 61 45 34 25
§50-700 - i} ——— -- - - -
700-750 2 Y420 142 1827 78 57
750-800 k| 2340 213 . 176 128 o4
a800-850 { ~—— - - - -
850-500 (] -—- - - - -
930-950 0 -——— - - - -
950-1000 1 980 97 74 54 39

1000-9%993 | 1080 107 81 59 43

Total . &7 20,000 2026 1535 1135 793

Average umit cost per

kitogram of heavy metal $104 $77 $57 $40

AFar a discussion of the maximum projected requirements, see the dis-

cussion of the no-new-orders case in Chapter 3.
BAggregate cost in millions of dollars.
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High storage requirement
”::;::1.05!
2.0 Blllicn 2080 Upper bound
£ 1540 Lower bound . :
'z’_ j Figure 5-2. Estimated aggregate costs {in billions of dollars} of
e increasing at-reactor storage capacity with the reference
_ 1230 % spent-fuel-acceptance schedule {repository startup in
i _ 1149 Lower bound 2 2003). The cost estimates are given for the upper bound
1.0 Blifion ' and for lower bounds 1, 2, and 3 for the low estimate of
N storage requirements {left} and the high estimate of
' i nts {ripht).
790 Lower bound 3 storage requirements {right)
o0 .
ap———
470
k]
Table 5-4. Estimates of the aggregate costs of at-reactor storage for
the alternative-acceptance cases with an MRS facility :
in the waste-management system and MRS ramp-up rates
(Costs in millions of dollars}
Start of Aggregate cost
spent-fuel Storage requirement Upper Lower Lower Lower
acceptance Description MTHM bound bound 1 bound 2 bound 3
1998 Minimum 4,530 500 360 © 270 180
' Maximum 7,650 830 600 ' 450 310
2003 Minimum 9,780 1040 760. 560 390
. Maximum 16,210 1700 1250 930 640
2008 Minimum 17,230 1800 1330 ‘980 680
Maximum 26,430 2720 2010 . 1480 1040

For the given ramp-up rate, if acceptance begins 5 years before
2003, the aggregate cost of additicnal at-reactor storage may be reduced
by about $200 million to about $900 million, depending on the assumptions
about the aggregate additional-storage requirements and the unit cost of
orage. If acceptance begins in 2008, the cost may be $300
million to $1 billion higher than the cost for acceptance in 2003. The
cost ranges for each of the bounds are shown in Figure 5-3.

additional st
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increasing at-reactor storage capacity for three alterp 'Y
spent-fuel-acceptance schedules {i.a., threa differg

MRS startup dates). The overlap of ranges is deriy

Cost (biiions of dollasm)
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MRS startup dats

5.2 IMPACTS ON HUMAN HEALTH AND THE ENVIRONMENT

This section discusses the potential impacts on human health and the
environment of providing additional storage capacity at reactor sites.
No significant impaots are expected from at-reactor storage under normal
operating conditions or under the conditions of various accidents that
can be postulated to involve spent fuel. The finding of no significant
impacts was made by the NRC in its Waste Confidence Decision,' and it
is supported by more recent data on at-reactor storage technologies.

In its Waste Confidence Decision of August 31, 1984, the NRC'
stated that "the Commmission finds reasonable assurance that, if neces-
sary, spent fuel...can be stored safely and without significant envi-
ronmental impacts” in reactor storage pools or in "independent spent-fuel
storage installations." For dry storage, the NRC expressed confidence
that "dry storage installations can provide continued safe storage.'" The
NRC also concluded that the possibility of a major accident or sabotage
with offsite radiological impacts at a spent-fuel storage facility is
extremely remote. : '
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The aggregate impacts on health and the environment are not gquan-
tified in this report because the calculations require data that are
not available, such as the location of the person defined as the 'mear-
est real individual™ for each reactor site and the total number of people
that might be affected. However, this section does present the radia-
tion doses that were estimated by the NRC in environmental assessments
prepared for the two reactor sites at which dry-storage facilities have

_ been licensed and installed, and the estimates are compared with the ap-—

plicable regulatory limits and the exposures resulting from natural back-
ground radiation and from normal reactor operations. Although radiation

. doses are affected by various site-specific factors, the estimates for

these two sites can be used to draw general conclusions about the poten-
tial radiological effects of dry storage.

5.2.1 Radiological impacts

This section begins by briefly explaining why no significant radio-
logical impacts are expected from the storage of spent fuel and then
reviews the safety of pool storage, dry storage, and consolidation. The
potential risks of accidents and acts of sabotage are also included. The
discussion is largely based on the NRC's findings in the Waste Confidence
Decision’ and the final generic environmental impact statement on the
handling and storage of spent fuel.?

The NRC has specified in 10 CFR Part 72 limits for the radiation
exposure that the public may receive from dry-storage facilities (i.e.,
independent spent-fuel storage installations}; these limits are the same
as the standards preomulgated by the U.S. Environmental Protection Agency
in 40 CFR Part 190. In addition, the NRC has specified that the limits
for exposures received by workers at the reactor site are the same as
those specified in 10 CFR Part 20. To protect the workers at the reactor
site, consideration is given in both the design and the operation of dry-
storage facilities to keeping radiation exposures as low as reasonably
achievable (ALARA). The NRC requires that the topical report include a
discussion of how the ALARA criterion has been met in the design of the
storage technology.

5.2.1.1 The éafet§ éharacteristics of spent fuel

Spent-fuel storage either in spent-fuel pools or in dry-storage
systems does not pose significant risk to workers at the reactor site
or to the general public. The_factors that contribute to the safety of
storage include the physical characteristics of the spent-fuel rods as
well as the design and construction of the storage facilities and the
equipment used in handling the fuel. As a result, multiple barriers are
provided against the release of radicactive material.

The first barrier against the release of radicactive material is
found in the form of the spent.fuel itself: the fuel pellet is a ceramic,
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oxide that has a very low scolubility in water, and it provides a sub-
stantial impediment to the disgpersion of radicactive material.

The second barrier is the metal cladding that encapsulates the fuel
pellets. In addition to housing and protecting the fuel pellet, the
cladding provides containment for the gaseous radionuclides that are en-
gendered during irradiation in a reactor. These gaseous nuclides include
carbon 14, iodine 129, krypton 85, and tritium. The cladding used for
most nuclear fuel in the United States is Zircaloy--a zirconium-based
alloy that is resistant to corrosion under both reactor operating condi-
tions and pool-storage conditions. The extent to which the fuel cladding
can be relied on as a barrier depends on its integrity, and inspection
techniques are available for detecting most spent fuel rods with cladding
defects, though the detection of every defective fuel rod cannot be
ensured.

5.2.1.2 The safety of storage in spent-fuel pools

‘In the case of storage in spent-fuel pools, additional barriers
against the release of radioactive material are provided by the strue-
ture of the pools (concrete walls lined with stainless steel), the water
in the pool, the water-purification system of the pool, the building
that houses the pool, and the ventilation system through which all air
released from the building is filtered. During reactor licensing, the
spent-fuel pools must be shown to meet various NRC criteria pertaining
to design, structural strength, nuclear c¢riticality, shielding, etc. In
addition to providing a containment barrier, the water in the pocl pro-
vides shielding against gamma radiation. Though a depth of 7.5 feet of
water is sufficient to maintain the radiation-dose rate at the surface of
the pool below the limit specified in regulations, approximately 10 feet
of water is maintained over the fuel during fuel-handling operations to
further reduce radiation exposures. Typically, about 25 feet of water
is maintained above the spent fuel when it is in the storage racks.
These pools have been operated for many years at hundreds of reactor
sites throughout the world without significant risk.'™*

In its Waste Confidence Decision,' the NRC coucluded that spent
fuel can be stored safely and without significant envirconmental impacts
for at least 30 years beyond the expiration of the operating licenses of
the reactors. This finding was supported by the NRC's experience in con-
ducting more than 80 individual safety evaluations of spent-fuel storage.
In particular, the NRC noted that the cladding of the spent fuel is high-
ly resistant to failure under the conditions of pool storage, and the NRC
cited up to 18 years of continuocus-storage experxence for Zircaloy-clad
fuel. :

At the end of the plant operating life, the reactor operating li-

cense may be amended to allow continued storage of spent fuel in the
reactor pool under a “possession-only' license pursuant to 10 CFR Part 50,
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5.2.1.3 The safety of dry at-reactor storage

In the case of dry storage, barriers against release are provided by
the structure of the storage device (e.g., a thick-walled concrete cask)
and the seals used in the storage system. As a result, dry storage sys-
tems are designed to prevent gaseous as well as particulate and liguid
releases. Three separate components must fail before radicactivity can
‘escape to the atmosphere: (1} the cladding of a fuel rod, (2) the inner
or primary seal, and (3) the outer secondary seal. The dry-storage sys—
tems are also provided with thick concrete or metal shielding to reduce
the external-radiation-dose rate to extremely low levels.

Numerous investigations of the behavier of spent fuel in dry storage
have been or are presently being undertaken in the United States and
other countries. These investigations include performance tests that
were conducted to demonstrate that various dry-storage casks can be sat-
isfactorily handled and loaded.s" QOther investigations have focused
ou the demonstration of dry storage where the spent fuel is kept under an
inert atmosphere and under air as well as the establishment of tempera-
ture limits for extended storage in these environments,® '!

In the Waste Confidence Decision,' the NRC stated its belief that
current dry-storage technologies are capable of providing safe storage
for spent nuclear fuel for at least 30 years beyond the expiration of the
operating license. The NRC pointed out that, though the experience with
dry-storage sys--tems is less than that with pool storage, the under-
standing of the material-degradation processes experienced in pool stor-
age should be applicable to dry storage. Moreover, dry storage involves
a simpler storage technology than does pool storage. Pool storage relies
on active systems——pumps, renewable filters, and cooling systems--to
maintain safe storage, and on maintaining a chemical composition of the
water that inhibits corrosicn. ‘Dry storage, on the other hand, requires
little or no reliance on active systems and does not need water. The NRC
also noted' that the modular character of dry-storage installations
facilitates maintenance or the correction of mechanical defects, if any
should occur.

Although spent-fuel-storage systems are designed to minimize radio-
activity releases to the atmosphere and no significant quantities of
radicactivity are released under normal operating condjtions, there is a
potential for releasing small quantities of the gaseous radionuclides.
This would occur when a fuel rod becomes perforated as a result of rough
handling, mechanical damage, or randem failure.

To protect the general public from radiation exposures related to
dry at-reactor storage, the NRC has specified in 10 CFR Part 72 a minimum
distance (about 330 feet (100 meters)) that must be established and main-
tained between a dry-storage facility and the nearest boundary of the
controlled area. (A controlled area is established at every nuclear
power plant to protect the public from exposure to radiation and radio-
active materials. No member of the public may reside within the con-
trolled area, and access to the area is restricted at all times.) To
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provide a greater margin of safety, the NRC requires that estimates of
the potential radiation doses that may be received by a member of the
public under accident conditions be based on the assumption that the
person receiving the dose is at the boundary of the controlled area.

" For at-reactor storage, the NRC has established in 10 CFR 72.67 and
72.68 the following regulatory limits for exposing members of the public
to radiation:

1. During normal operating conditions and "anticipated cccur-
rences,"” the annual radiation-dose equivalents received by the
nearest "real individual" {as opposed to a hypothetical person)
are not to exceed 25 millirem to the whole body, 75 millirem to
the thyroid, and 25 millirem to any other organ.

2. Under the conditions of a "design-basis accident,” any indi-
vidual located on or beyond the nearest boundary of the con-
trolled area is not to receive a radiation dose greater than 5
rem to the whole body. '

In the case of the radiation exposures received from at-reactor
storage by workers at the reactor site (i.e., individuals in restricted
areas}, the following radiation-dose limits specified in 10 CFR Part 20

apply:

1. No more than 1.25 rem per calendar quarter to the whole body,
the head and trunk, active blood-forming organs, the lens of the
eyes, or the gonads.

2. No more than 18.75 rem per calendar quarter to the hands and
forearms or the feet and the ankles.

3. No more than 7.5 rem per calendar quarter to the skin of the
whole body.

As examples of the potential radiation doses that have been calcu-
lated for actual dry-storage facilities at reactor sites, the paragraphs
that follow present estimates made by the NRC of (1) the annual dose com—
mitment received by a member of the public under normal operating condi-
tions, (2) the collective annual dose received by the exposed population,
and (3) the collective occupational dose. These estimates are given in
the environmental assessments prepared by the NRC for the only two dry-
storage facilities that had been licensed by the end of 1988: a dry-
storage facility at the H. B. Robinson site,'? which uses a horizoutal
modular concrete system, and the facility at the Surry site,'® which
uses metal storage casks. Although these estimates are site specific,
they are believed to be reasonably representative of the doses that would
be received from the use of these technologies at other reactor sites.
(The estimated doses that would be delivered to a member of the public
under accident conditions are discussed in Section 5.2.1.4.)

For the H. B. Robinson site, which is located in North Carolina, the
annual dose commitments received under normal operations by nearby resi-
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dents and site workers were calculated under conservative and design-
basis assumptions: maXimum radiation-dose rates at the surface of the
storage module of 31 millirem per hour for neutrons and 81 millirem per
hour for gamma rays, a maximum fuel burnup of 33 gigawatts-days per
metric ton of heavy metal, spent fuel that has been out of the reactor
for at least 5 years before storage, and the emplacement of five dry-
storage canisters per year. Under these assumptions, the annual dose
to the nearest real individual from air-scattered radiation from eight
dry-storage canisters is estimated at about 0.4 millirem'? (see also
Section 5.2.1.4). The nearest real individual in this case is located
0.3 mile away from the boundary of the controlled area, and the esti-
mated dose represents less than 2 percent of the applicable regulatory
limit in 1Q CFR 72.67.

The population living within 1 mile of the dry-storage facility at
the H. B. Robinson site consists of about 500 people. The collective
annual dose commitment for this population from the dry-storage facility
was estimated at about 0.009 man-rem.'’ This calculation was made for
the persons living within 1 mile of the dry-storage facility because both
direct radiation and air-scattered radiation are rapidly attenuated with
distance, and hence people living farther away receive much less expo-~
sure. The estimated radiation dose represents less than 0.3 percent of
the radiation dose received by the same population from the operations
of the H. B. Robinson reactor and less than 0.02 percent of the radiation
dose received by the same population from natural background radiation.
Natural background radiation in the region of the United States in which
the H. B. Robinson site is located averages about 100 millirem per year.

The NRC environmental assessment'’ also analyzed the maximum col—
lective occupational doses for both the operation of the dry-gtorage
facility and the construction of additional modules. The results show
that the maximum collective occupational dose received from .operations
is 27 man-rem per year, which is léss than 3 percent of the annual oc-
cupational dose from reactor operations. From the construction of
additional modules, the maximum collective occupational dose is much
smaller, 0.1 man-rem per year. '

For the Surry site,'® which is in Virginia, the NRC estimates a
maximum annual dose commitment to the nearest ‘real individual of about
0.00006 millirem, or less than 0.0003 percent of the limit specified in
10 CFR 72.67. The dose estimates were calculated under the fellowing
assumptions: maximum radiation-dose rates at the surface of the storage
module of 7.8 millirem per hour for neutrons and 22,3 millirem per hour
for gamma rays, a maximum fuel burnup of 35 gigawatts-days per metric
tone of heavy metal, spent fuel that has been out of the reactor for at
least 5 years before storage, and the emplacement of four casks per year.
The estimated dose is lower than the estimate for the H. B. Robinson
reactor because the nearest real individual is considerably farther away
(1.5 miles as compared with 0.3 mile) from the dry-storage facility than
the individual at the H. B. Robinson site. The collective dose commit—
ment for the 48 persons living within 2 miles of the Surry site is
estimated at 0.000003 man-rem per year. This is less than 1 percent of
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the radiation dose delivered by normal reactor operations and more than
10,000 times less than the dose received by the same populaticon from
natural background radiation. (The natural background radiation in the
region of the Surry site is about 100 millirem per year.) The maximum
occupational exposure at Surry is estimated at 23 man-rem per year for
normal operations (about 1 percent of the dose received from normal
reactor operations) and about 64 man-rem for slab coasktruction.

The dose estimates for other reactor sites will depend on various
site-specific factors, such as the dry storage technology that is used,
the quantity of spent fuel that is stored, the distance at which the
"nearest real individual” is located, the size of the exposed population,
atmospheric conditions, etc, However, the estimates presented above for
the H. B. Robinson and the Surry sites support the generic calculations
that have been made for the various dry-storage technologies and indicate
that the radiation doses expected to result from dry storage at reactor
sites are extremely low: they represent a very small fraction of the
regulatory limits, a small fraction of the doses delivered by natural
background radiation, and a small fraction of the doses received by the
public and workers from normal reactor operations.

5.2.1.4 Potential risks of accidents and acts of sabotage

The NRC has examined the potential risk experienced by the public
from major accidents or acts of sabotage at spent-fuel storage facili-
ties. In its Waste Confidence Decision,’ the NRC concluded that the
possibility of such accidents is extremely remote because of the char-
acteristics of spent-fuel storage, including the benign nature of the
storage environment and the absence of any conditions that would provide
a driving force for the dispersal of the radloactlve material in a manner
that would allow it to reach the public.

The upper-bound radiation doses that would be delivered by acci-
dents at dry-storage facilities have been caliculated for both the H. B.
Robinson and the Surry sites. For the H. B. Robinson site, the upper-
bound dose at the boundary of the controlled area is estimated at 1.2
millirem to the whole body and the thyroid, whereas the nearest resident,
who lives 1600 feet south of the postulated accident site, would receive
0.4 millirem to the whole body and the thyroid.'? These estimates were
calculated under the assumption that the accident would release 60 per-—
cent of the noble gases and 5 percent of the particulates present in the
spent fuel, These doses are less than 0.03 and 0.0l percent, respecti-
vely, of the regulatory limit specified in 10 CFR 72.68. For the Surry
site, the upper-bound doses delivered by an accident to a person at the
boundary of the controlled area, assuming that all of the noble-gas in-
ventory {e.g., krypton 85) is released, would be 4 millirem to the whole
body and the thyroid,'® or less than 0.08 percent of the regulatory
limit,
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5.2.1.5 Safety of rod Ebnsplidation ﬁ?fRi

The safety and environmental acceptability of consolidating and
storing canisters of fuel rods in storage pools have been demonstrated
on a2 limited scale in safety analyses, NRC safety evaluation reports,
and experience.'® However, since at-reactor consolidation is at a
less-advanced stage of development than dry storage, there are few pub-
licly available documents on the occupational doses {(and other radio-
logical impacts) associated with at-reactor comnsclidation. '

5.2.2 Nonradiological impacts on the environment

No significant additional nonradiological impacts that could adver-
sely affect the environment are expected from at-reactor storage, even
if spent fuel is stored beyond the expiration of the reactor's operating
license.' The nonradiological environmental impacts aesociated with
site preparation and the construction of storage facilities are and
will be considered by the NRC at the time the license application for a
storage facility is received.

5.3 IMPACTS OF AT-REACTOR STORAGE OPTIQONS ON TRANSPORTATION

In the Nuclear Waste Policy Amendments Act, the Congress directed
the DOE to evaluate the extent to which storage at reactor sites would
affect the costs and risks of transporting spent fuel to central waste-
management facilities, such as a facility for monitored retrievable
storage. This evaluation was performed by comparing potential effects
on transportation costs and radiation exposures against those of a
reference system.

The reference transportation system was assumed to consist of a
fleet of legal-weight truck casks and standard-weight (100-ton) rail
casks used in a shipping campaign of approximately 35 years. The spent
fuel would be accepted as intact assemblies at the reactor site. The
average shipping distance for each shipment was calculated for distances
of 1000 and 2000 miles. '

The results of the evaluation, briefly summarized in this section,
indicate that most of -the dry-storage options described in this report
(metal storage casks, concrete casks, horizontal concrete modules, and
modular concrete vaults) would have no effect on transportation. If
these storage options are used, the stored fuel will be transferred to
a transportation cask for shipment, and the transportation system will
be virtually identical with the reference system. '

The remaining twe options for expanding at-reactor storage, the use

of dual-purpose metal casks and rod consolidation, could affect trans-—
portation, and their effects are summarized in the sections that follow.
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the general public, neither option

rtation risk to ; . : -

In fﬁfﬁsvgfatgigig?ican: effect, because in all cases the radiclogical
:g:k frzm transportation is so low as to be negligible.

5.3.1 Potential effects of using dualépurpose casks

As described in Section 4.2, if certain techunical and licensing
issues can be resolved, metal casks could be used for the dual purpose
of storing spent fuel at reactor sites and for transporting the fuel by
rail to a Federal facility if the NRC certifies such casks for trans-
portation. Such dual-purpose use could reduce the number of transporta-
tion casks required for the DOE's transportation fleet.

It was assumed that dual-purpose casks could be used for transporta-
tion from the reactor sites that have direct access to a railroad and
rail-handling capabilities or barge. If dual-purpose casks are used to
accommodate all of the additional-storage requirements at these reactors,
up to 1150 such casks (10,700 MTEM) would be needed for the upper—bound
storage requirements of these reactors. The maximum benefit from using
these dasks for transportation would be realized if a sufficient number
of utilities agree to transfer the ownership of their dual-purpose casks
in time to preclude the purchase of transportation casks by the DOE. The
resulting savings could reach approximately $25 to $35 million dollars
over the lifetime of the transportation system. To achieve this savings
only 28 to 34 casks would need to be transferred to the DOE over the life
of the system. Further cost savings could be realized if, in addition to
using some of these casks in its transportation fleet, the DOE will use
other dual-purpose casks at its waste-management facilities for lag stor-
age. The economic advantages and disadvantages of these casks are dis—
cussed in a recent report.'?®

The transportation risk to the general public, in terms of both

radiological and nonradiological effects would not be affected by the use
of dual-purpose casks.

5.3.2 Consolidation effects on transportation

After consolidation, the spent-fuel rods and the compacted non-fuel-
bearing components are loaded into canisters. These canisters are fewer
in number, and their physical and radiological characteristics differ
from those of the original assemblies. For example, a canister that con-
tains the consolidated rods from two assemblies will be slightly less
than twice as heavy and contain a larger source of neutrons than an as—
sembly, and canisters of compacted non-fuel-bearing components will con-
tain a larger source of gamma radiation than the consolidated-fuel canis-
ters. The higher-energy gamma source (primarily resulting from cobalt-60
activation of the end fittings) will result in higher gamma-dose rates at
the surface of the cask. The isotopic characteristics of the non-fuel-
bearing hardware from PWR spent fuel have been summarized by Luksie.'®
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In evaluating the potential effects of consolidation on transporta-
tion, it was assumed that the consolidated fuel rods and the compacted
non-fuel-bearing hardware components are shipped in the same casks as
those used in the reference system, with capacities adjusted as appro-
priate for consolidated fuel rods and hardware. Because of the weight
limit for unrestricted rail transport (263,000 pounds), the maximum N
weight—-adjusted rail-cask capacity for spent fuel allows an increase of
33 to 50 percent in the quantity of spent fuel that can be shipped, de-
pending on the type of fuel. (For PWR fuel, the capacity increases from
21 to 28 assemblies; for BWR fuel, the capacity increases from 48 to 72
assemblies.) .

For the transportation of consolidated spent fuel, the present de-
sign capacities of truck casks are limited by weight; that is, if can-
isters of consolidated fuel are loaded into all available basket loca-
tions inside the cask, the resulting gross vehicle weights will exceed
the allowable weight limits for trucks (i.e., 80,000 pounds). Thus, the
weight-adjusted capacity for the legal-weight truck cask remains un-—
changed. The present designs for truck casks are limited by weight to
only three PWR or seven BWR assemblies regardless of the form--intact or
consolidated——in which they are transported. Thus, weight restrictions
will allow a truck cask to carry no more than one canister of consoli-
dated PWR fuel and one unconsolidated PWR assembly or three canisters of
consolidated BWR fuel and one unconsolidated BWR assembly. '

In the case of the compacted hardware, the limitations are related
not to weight but to the radiation characteristics. It is possible that,
because of the high gamma content of these materials, cask capacities
will be limited beyond the weight limits.

However, if consolidation is extensively used for at-reactor stor—
age, it is assumed that the casks used by the DOE to transport spent fuel
from reactor sites will be modified to increase their capacities and to
optimize the design in other ways. The increase in the capacities of the
casks will reduce the number of shipments. The reduction in the number
of shipments will be accompanied by a proportional reduction in the )
radiation exposure received by the general public from transportation
under normal conditions, although, as already mentioned, this exposure
will be negligible.

The DOE is currently conducting studies to determine the magnitude
and the nature of the modifications to be considered in designing trans-
portation casks for consolidated fuel. These studies are directed at
optimizing the cask designs, determining the weight limitations, and
determining the magnitude of gamma-ray sources in compacted hardware.
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Chapter 6

USE OF THE NUCLEAR WASTE FUND TO SUPPORT
_ADDITIONAL AT-REACTOR STORAGE

Section 302(c) of the Nuclear Waste Policy Act of 1982 (NWPA--Public
Law 97-425) established in the Treasury of the United States a separate
fund, to be known as the Nuclear Waste Fund. This fund is to consist
mainly of revenues realized through the collection of fees for waste dis-
posal. The fees are to be paid by the owners and generators of civilian
spent fuel and high-level radicactive waste and are to be sufficient to
ensure full recovery of the costs of waste management, The NWPA speci-
fies the fees to be paid ianto the Nuclear Waste Fund, gives directions
for its management, and directs the Secretary of Energy to report annu-
ally to the Congress on the adequacy of the fee collected for the Fund.
None of these requirements was changed by the Nuclear Waste Pol1cy Amend-
ments Act of 1987 (the Amendments Act--Public Law 100-203).

One of the objectives of this study. as required by the Amendments
Act, is to consider the extent to which amounts of the Nuclear Waste Fund
"can be used, and should be used, to provide funds to construct, operate,
maintain, and safeguard spent nuclear fuel in dry storage at reactor
sites.” This objective was addressed by separately considering two ques-
tions: '

1. Is the DOE authorized under the NWPA to provide monies from the
Nuclear Waste Fund fo; dry at-reactor storage?

2, ¥When and under what conditions would it be appropriate to use
. monies from the Nuclear Waste Fund for dry at-reactor storage?

The first question was addressed by examining the applicable provisions
of the NWPA, the legislative history of the NWPA, and records of Congres-
sional hearings. The second question was addressed by considering (1)
the circumstances under which monies from the Nuclear Waste Fund should
be authorized and made available for at-reactor storage, including the
potential advantages and dxsadvantages of using the Fund for this pur-
pose, and (2) reviewing the DOE's policy on support for utility
initiatives,

6.1 CAN THE NUCLEAR WASTE FUND BE USED FOR AT-REACTOR STORAGE?

The NWPA requires the DOE to develop, obtain a license for, and
operate geologic repositories for the permanent disposal of spent fuel
and high-level radicactive waste* in a manner that protects the health

*For convenience and brevity, the term *waste” will henceforth be
used in this chapter to mean both spent nuclear fuel and high-level waste.
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and safety of the public, maintains the quality of the environment, and
is cost effective. To ensure that the cost of such disposal is borne by
the persons responsible for generating spent fuel and high-level radio-
active waste, Section 302 of the NWPA established the Nuclear Waste
Fund.

The Secretary of Energy is to report annually to the Congress on
the adequacy of the fee collected for the Nuclear Waste Fund. This an-
nual appraisal has been published in a series of documents entitled
Nuclear Waste Fund Fee Adequacy: An Assessment. The fee is deemed ade-
quate if the analyses show a reasonable range of scenarios in which the
fees paid by the utilities over the life of the waste-management system
and any interest earned on funds that are invested will be sufficient to
cover all the costs incurred for the disposal of the waste. If an ad-
justment in the fee is deemed advisable, the Secretary of Energy is to
advise the Congress and recommeund a change.

As stated in the NWPA, expenditures from the Nuclear Waste Fund are
to be made 'only for purposes of radioactive waste disposal activities
under titles I and II of the Act....”™ According to Section 302{(d) of the
NWPA, these activities include the following:

(1) the identification, development, licensing, construc—
tion, operation, decommissioning, and post-decommissioning
maintenance and monitoring of any repository, monitored
retrievable storage facility or test and evaluation facil-
ity constructed under this Act;

{2) the conducting of nongeneric research, development,
and demonstration activities under this Act;

(3) the administrative cost of the radiocactive waste
disposal program;

{4) any costs that may be incurred by the Secretary in
connection with the transportation, treating, or packaging
of spent fuel or high-level radiocactive waste to be dis-

- posed of a repository, to be stored in a monitored retriev-
able storage site or to be used in a test and evaluation
facility;

(5) the costs associated with acquisition, design, mod-
jification, replacement, operation, coustruction of facil-
ities at a repository site, a monitored retrievable storage
site or a test and evaluation facility site and mecessary
or incident to such a repository, monitored retrievable
storage facility or test and evaluation facility.

(6) the provision of assistance to States, units of gen-
eral local government, and Indian tribes....™

Section 302(d) of the NWPA also stipulates that "no amount may be
expended by the Secretary under this subtitle for the construction or
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.. . i
expansion of any fac1lity unless such. construction or expansion is ex—
pressly authorized by this or subsequent legislation.”

Since activities related to waste disposal are not specifically lim-
ited to those listed in Section 302 of the NWPA, the DOE has some discre-
tion in making expenditures from the Nuclear Waste Fund. However, no
express authority is provided in the NWPA for the use of the Nuclear
Waste Fund to support short-term, interim storage. Instead, the NWPA
states in Section 131(a){l) that—

Persons owning and operating civilian nuclear power reactors
have the primary responsibility for providing interim stor-
age of spent nuclear fuel from such reactors, by maximiz-
ing, to the extent practical, the effective use of existing
storage facilities at the site of each civilian nuclear
power reactor, and by adding new onsite storage capacity in
a timely manner where practical.

The apparent intent of the Congress not to use the Nuclear Waste
Fund for interim storage is alsc supported by the legislative history
of the NWPA. For example, acceptable uses of the Fund were summarized
in the House of Representatives by Representative Udall as follows:'

The Nuclear Waste Trust Fund will be isolated from other
Federal programs, and will not be used to finance any ac-
tivities other than repository development. Even nuclear
fuel cycle activities such as spent fuel reprocessing, or
interim spent fuel storage, which may relate indirectly to
permanent disposal, are prohibited from being pald for by
the Trust Fund,

In the event that Federal assistance is required for the interim
storage of spent fuel, a separate Interim Storage Fund is to be estab-
lished under Section 136(c) of the NWPA. The Interim Storage Fund is to
consist of fees paid by the owners and generators of spent fuel that re-
quire assistance for interim storage and from appropriations made by the
Congress. Limited DOE assistance, supperted by expenditures from the
Interim Storage Fund, is to be provided only if the NRC determines that—

(A) adequate storage capacity to ensure the continued
orderly operation of the civilian nuclear power reactor
at which such 'spent nuclear fuel is generated cannot
reasonably be provided by the person owning and operating
such a reactor at such site, or at the site of any cther
civilian nuclear power reactor operated by such person,
and such capacity cannot be made available in a timely
manner through any method described in paragraph (B); and

(B) such person is diligently pursuing licensed al-
ternatives to the use of Federal storage capacity for the-
storage of spent nuclear fuel expected to be generated by
such a person in the future...[Section 135{(b)}].
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The licensed alternatives include the expansion of storage facilities at
the site of the reactor; the construction of new or additional storage
facilities; the acquisition of modular or mobile equipment, including
storage casks; and and shipment of spent fuel to the site of another
reactor owned by the generator of the spent fuel,

If the need for interim storage is supported by such an NRC finding,
Section 136(a) of the NWPA authorizes the DOE to enter into contracts
with the owners and generators of the spent fuel to provide storage for
the spent fuel. According to Section 135(a}, storage is to be provided
through (1) the use of available capacity at Federal facilities, (2) the
acquisition of any modular or mobile storage equipment (e.g., storage
casks) for use at the site of the reactor or at a Federal facility, and
(3) the construction of storage capacity at any site of a civilian
reactor. '

However, the total capacity of such interim storage is not to exceed
1900 metric tons of heavy metal. The interim-storage option is further
limited in that the DOE cannot contract for such storage after January 1,
1930 (Section 136(a) of the NWPA). To date, no applications for interim
storage have been received.

In summary, it was the apparent intent of the Congress that the
Interim Storage Fund--and not the Nuclear Waste Fund--should be used by
the DOE where necessary to provide assistance to qualified utilities
entering into contracts before 1950 for the interim storage of limited
quantities of spent fuel during the period before the DOE is able to
dispose of the waste. -

The expansion of at-reactor storage capacity is addressed in Sec-
tion 218 of the NWPA, which requires the DOE to "establish a demonz:ira-
tion program, in cooperation with the private sector for the dry storage
of spent nuclear fuel at civilian nuclear power reactor sites, with the
objective of establishing one or more technologies that the Commission
may, by rule, approve for use at the sites of civilian nuclear power
reactors without, to the maximum extent practicable, the need for addi-
tional site-specific approvals by the Commission." In addition, the DOE
is to enter into cooperative agreements with utilities and to establish
a8 research-and-development (R&D) program. Under Section 218(d)}, the DOE
may contribute no more than 25 percent of the total costs of the demon-
stration program. Aall remaining costs of the program are to be paid by
the utilities involved or from the Interim Storage Fund.

The DOE fulfills these requirements of the Act by supporting generic
R&D activities and cooperative programs with the utilities to develop and
demonstrate licensable technologies. The generic R&D program is conduct-
ing research directed at establishing the technical bases needed to 1i-
cense new concepts for spent-fuel storage. The cooperative demonstration
program is performing demonstrations of dry and wet storage at reactor
sites. The DOE's Office of Civilian Radicactive Waste Management has
entered’into cooperative agreements with the Carolina Power and & Light
Company, the Northeast Utilities Service Company, the Rochester Gas &
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Electric Corporation, and the Virginia Power Comﬁ&hy for licensed demon-
strations of dry-cask-storage technologies or rod consolidation.

In conclusion, the NWPA does not appear to authorize the DOE to use
the Nuclear Waste Fund for providing interim storage, and, as stated in
Section 111{(a)}{5}), "the generators and owners of high-level radicactive
waste and spent nuclear fuel have the primary responsibility to provide
for, and the responsibility to pay the costs of, the interim storage of
such waste and spent fuel until such waste and spent fuel is accepted by’
the Secretary of Energy in accordance with the provisions of this Act.®
It is the DOE's position that the utilities are responsible for stering
spent fuel at reactor sites until an operating Federal facility is
available to accept the fuel.?

6.2 SHOULD THE NUCLEAR WASTE FUND BE USED FOR AT-REACTOR STORAGE?

As explained above, the DOE is not currently authorized to use
monies from the Nuclear Waste Fund for providing spent-fuel storage
at reactor sites. However, the DOE could seek such authorization if
appropriate.

The Nuclear Waste Fund consists mainly of revenues collected
through fees levied on the generators and owners of spent fuel and high-
level waste. Established by Section 302(a) of the NWPA, the fees are to
produce sufficient revenue for the full recovery of costs for the devel- N
opment and operation of the waste-management system. The fee specified r
in Section 302(a) for electricity generated in nuclear reactors is 1.0
mil per kilowatt-hour, and the utilities have been permitted to charge
this cost to their ratepayers. These fees are to be evaluated and ad-
justed as necessary to maintain their adequacy to supply the above-
mentioned revenues.,

The primary issue that needs to be considered is equity among
utilities, Providing funds to enhance the spent-fuel storage capabili-
ties of one or even several utilities may represent limited benefits for
the total population of reactors, raising concerns about the feasibility
of using the Nuclear Waste Fund for this purpose. The Congress seems to
have anticipated this by the provisions of Sections 135 and 136 of the
NWPA for interim storage. The NWPA specifies that, if Federal interim
storage is approved in a particular instance, the participating utility
must pay for such storage on a full-cost-recovery basis. As explained
in Section 6.1, such payments are made into the Interim Storage Fund.

Whether the costs of dry at-reactor storage are paid directly by
utilities or by the Nuclear Waste Fund, they will invariably be paid by
the ratepayers. An important factor to consider, however, is cost ef-
ficiency. Using the Nuclear Waste Fund to cover the costs of at-reactor
storage would entail administrative costs incurred by the Federal Govern-
ment. Consequently, the overall cost for dry at-reactor storage would be
increased by the amount of the additional administrative burden.
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The DOE has expressed its willingness to consider support for at-
reactor spent-fuel-management activities that provide significant demon-
strable savings to the Nuclear Waste Fund. After examining the possible
circumstances under which it would be appropriate to use the Nuclear 3
Waste Fund to provide funds to construct, operate, and maintain spent-
fuel storage facilities and safeguard spent fuel in storage at reactor
sites, the DCE has determined that the Nuclear Waste Fund should be used
to support at-reactor storage only when such storage provides overall
benefits to the waste-management system and not as a means of providing
direct agsistance to utilities in their at-reactor storage activities.

Systems-integration studies being conducted by the DOE are examining
the potential for at-reactor activities to contribute to the goals of the
waste-management system. As these efforts proceed, the DOE will discuss
them with potentially affected parties and factor them, as appropriate,
into program planning, facility design, and future recommendations to the
Congress.

N
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Chapter 7

SUMMARY AND CONCLUSION

The preceding chapters of this report have examined the expected
requirements for dry cask storage at reactor sites, the various technol-
ogies that are available for such storage, potential costs and other
impacts, and the extent to which monies from the Nuclear Waste Fund can
and should be used for such storage. This chapter briefly summarizes
the main results reported in this document. It also identifies some
additional factors that should be considered in evaluating at-reactor

storage. '

7.1 ESTIMATED REQUIREMEﬂTS.FOR ADDITIONAL AT-REACTOR STORAGE

The cumulative aggregate requirements for additional storage range
from 12,200 te 20,000 MTHEM for the upper and the lower bounds on the
spent-fuel discharge forecasts, respectively. For the reference case
(spent~fuel acceptance by the repository begins in 2003), the storage
inventory peaks within 4 years of the start of spent-fuel acceptance by
the DOE. However, after the year 2007 an increase in storage capacity
will be required at a number of reactor sites because the rates at which
these reactors discharge spent fuel will exceed the rate at which the
spent fuel is removed from their sites. - Consequently, the cumulative
additional-storage requirements continue to increase and do not peak
until the years 2012 and 2016 for the lower and the upper bounds, res-
pectively. The number of reactor sites requiring additional spent—fuel
storage ranges from 54 {(in the year 2012) to 67 {in the year 2016).
Since some nuclear power stations contain several reactors located at
the same site, the number of reactors requiring additional storage
capacity is higher, 83 to 107 in 2012 and 2016, respectively.

For the three alternative-acceptance cases examined in this report,
the removal of spent fuel from the reactor sites was assumed to start in
1998, 2003, and 2008 at the reference ramp-up rates for the MRS facility,
The case where acceptance begins in the year 2003 at the MRS acceptance
rate represents the authorized DOE waste-management system. A comparison
of this case with the reference case (repository-only system) shows that
the accelerated MRS ramp-up rate would reduce the additicnal-storage
requirements by 2440 to 3790 MTHM.

Because the maximum storage capacities of reactor pools are not
related to the projected cumulative discharges, the additional-storage
requirements are not evenly distributed among reactor sites. For the
lower-bound storage requirement, 29 of the 54 reactor sites needing
additional storage in the reference case need 200 MTHM or less, but a
few need much more. For the upper-bound storage requirement, 37 of the
67 sites need more than 200 MTHM, (For comparisom, 200 MTHM is about
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40 percent of a typical pool capacity, or the equivalent of about 20 typ-
ical dry casks of intact fuel.)

7.2 TECHNOLOGIES FOR AT-REACTOR STORAGE

This study examined the options that could be implemented at the
sites of U.S5. civilian reactors for storing spent fuel, including rod
consolidation to increase the capacity of existing storage pools. The
dry-storage options are metal casks, concrete casks, horizontal concrete
modules, modular concrete vaults, and dual-purpose casks that can be used
for both storage and transportation. Although the various options differ
somewhat in their technical maturity, no significant technical problems
are expected. Both intact and consolidated spent fuel can be sStored in
these devices. To date, storage in metal casks and storage in horizontal
concrete modules have been licensed by the NRC. In addition, the NRC
staff has approved a topical report on the use of modular concrete vaults
and is reviewing such a report on the use of concrete casks.

7.3 ESTIMATED COSTS

The estimated aggregate costs of providing additional at-reactor
storage capacity for the reference case (spent-fuel acceptance by the
repository begins in 2003) range from about $500 million to $2 billion.

- For the three alternative-acceptance cases (start of acceptance by the
- MRS facility in 1998, 2003, and 2008 at MRS ramp-up rates), the estimated

aggregate costs range from $200 million to $2.7 billion, The cost esti-
mates, however, are asscciated with considerable uncertainty.

7.4 IMPACTS ON HEALTH AND SAFETY AND THE ENVIRONMENT

In its Waste Confidence Decision of August 31, 1984 {Federal Regis—
ter, Vol. 49, No. 171), the NRC stated that *"the Commmission finds rea-
sonable assurance that, if necessary, spent fuel...can be stored safely
and without significant environmental impacts™ in reactor storage pools
or in "independent spent-fuel storage installations.” The NRC's findings
were supported by experience in more than B0 individual safety evalua-
tions of spent-fuel storage facilities. For dry storage, the NRC stated
its belief that current technologies are capable of providing safe stor-
age for spent nuclear fuel for at least 30 years beyond the expiration of
the operating license. The NRC also concluded that the possibility of a
major accident or sabotage at a spent-fuel storage facility with radio-
logical consequences to the public is extremely remote.

The NRC's findings are supported by the results of the radiation-
safety analyses conducted for this study, which show that the typical
radiation-exposure risk for the public is negligible. As an example, the
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ublic dose commitment from dry storage at one partiBular reactor site is

only 0.02 percent of the annual dose received by the same population from

natural background radiation.

7.5 TRANSPORTATION IMPACTS

None of the dry-storage options would significantly affect transpor-
tation unless the spent fuel is consolidated. For transportation, intact
spent fuel that is stored in casks or other dry-storage devices may be
required to be transferred to the same type of shipping cask that would
be used for intact spent fuel stored in pools. Thus, no modifications to
the transportation system are needed, and there are no changes in the
transportation operations or in the number of shipments required for a
given quantity of spent fuel,

The use of dual-purpose casks, if approved by the NRC for transpor-
tation, would have the advantage of eliminating the loading of spent fuel
into shipping casks and reduce the number of shipping casks needed for
the transportation fleet. The overall impacts on the transportation sys~—
tem would be minimal. Additional cost savings may be realized by using
these casks for lag storage at a DOE waste-management facility. These
benefits to the waste-management system would depend on the timely avail-
ability of these casks to the utilities as well as to the DOE's trans—
portation system, . :

Spent-fuel consolidation can increase the payload per shipping cask,
which could reduce the number of shipments required for transporting a
given quantity of spent fuel. The reduction in the number of shipments
depends on optimizing cask capacities, This potential benefit, however,
would represent a small portion of the overall cost of waste management.

7.6 USE OF THE NUCLEAR WASTE FUND FOR AT-REACTOR STORAGE

The Nuclear Waste Policy Act of 1982 (NWPA), which established the
Nuclear Waste Fund, does not authorize the DOE to use the Nuclear Waste
Fund to provide direct financial support for storage at reactor sites.
The DOE will consider mechanisms whereby the utilities.can realize bene-
fits resulting fromat-reactor spent-fuel-management activities if such
activities can be demonstrated to be beneficial to the overall waste-
management system. However, it would be difficult at present to iden-
tify and quantify the benefits because the design and the development of
the overall waste-management system are still in a preliminary stage an
it is not clear which technologies the utilities are likely to select;
nor is it clear which technologies would be of benefit to the waste-
management system, because of the developmental status of the system.
System-integration studies being conducted by the DOE are examining the
potential for at-reactor activities to contribute to the goals of the
waste-management system. As these efforts proceed, the DOE will discuss
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them with potentially affected parties and factor them, as appropriate,
into program-planning and facility-design activities.

7.7 CONCLUSION

The DOE concludes that these existing technologies are technically
feasible, safe, and enviroumentally acceptable options for storing spent
fuel at the sites of civilian nuclear reactors until such a time as a
Federal facility is available to accept the spent fuel.
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Appendix A

ADDITIONAL BACKGROUND INFORMATION

In considering some comments on the initial version of the report,
it wae deemed appropriate to reformat some of the information provided in
the text of the report in order to provide easily usable and accessible
information on the background and current status of the various storage
technologies as well -as sources of additional data. This material is
presented in this appendix. It consists of a tabular summary and a

biblicgraphy.

The tabular summary was prepared in response to several comments
requesting a summary of the discussions on the research, development, and
demonstration work that has been performed for storage technoclogies as
well as the current licensing or certification status of each technol-
ogy- Table A-1 identifles the specific technology, the organization or
place where it is used, its principal characteristics, the period of time
over which the particular research-and-development work has been per-
formed, and the licensing or certification status.

The bibliography was prepared in response to comments requesting
references that provide detailed information about. the development and
testing of the storage technologies, health-and-safety considerations,
and demonstrations conducted to support licensing efforts.
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TABLE A-1. SUMMARY OF DEVELOPMERT AND LICENSING STATUS £OR SPENT FUEL STORAGE METHODS

Organtzation

Technoloey/Method -_Locaticng

DRY_STORAGE

Meta) Casks

L21-1

REA-2023

CASTOR-1IC

CASTOR-V/21,
TK-24P, MCID

CASTOR-v/21,
MC=-18, NAC,
GNSx33

CASTOR-W/21

TN-24P

NAC 26-5T
NAC 28-5T

DOE
-GE-Morris

GNSI

VP/DOE/EPRI
-INEL

VP/DOE/EPRI
-Surry

VP

-Surry {ISFSI)

VP/DOE/EPRI
~INEL

NAC

Gescription

REA-2023 BWR: 52 Cooper assemblies;
approx. 15kW decay heat; fuel/cask
temp, & cask surface dose rate meas.

16 assemblies

CASTOR-V/21, TH-24P, & MC-10 PWR
casks: 21 to 24 Surry assemblies;
13 to 28 kW decay heat; fuel/cask
temp. & cask surfate dose rate meas.

3 CASTOR-v/21: 21 Surry assemblles

per cask;

1 MC-10; 24 Surry assemblies planned
for 1990 -

1 MAC: 11 Surry assemblies planned
for 1990

1 GNS-x33: 33 Surry assemblies planned

for 1890

5 CASTOR-v/21: 21 Surry assemhlies
per cask; other casks to be added
as needed

TR-24P consolidated PWR; 36 Surry
& 12 Turkey Point assemblies

_¢consolidated into 24 canisters; 23kw

decay heat; fuel/cask temp, meas. &
cask surface dose rate meas.

NAC 26-5T: 26 PWR assemblies
NAC 28-ST: 28 PWR assemblies or
28 canisters of consol. fuel rods

Time _Period

1683-198%

1985

1584-1987

1986-1990

1987-1958

1987-1988

1987-1988

Certification/

Certification activities
discontinued by MHI who had
purchased the design from REA

Topical reﬁort appfoved by NRC
in 1985, sublect to vendor glarif-
fcattons; vendor elected not to

‘pursug further

CASTOR-V/21 and MC-10
approved by NRC; TN-24P
being reviewed by NRC

Issued July 1986 for ISFSI
w/CASTOR-V/21s: planned to amend for
NAC and Westinghouse casks in 199¢
(as necessary)

Issued July 1986 for ISFSI w/CASTOR-
Viils; planned to be amended for other
casks in 1990

No application
submitted for consel. fuel in TH-24P

Approved by NRC




821-1

NUHOMS /NUTECH

NUHGHMS /HUTECH

NUHOMS /HUTECH

Hedular Vaultg

T e ifhice e

Congrete Casks

CP-9/vsC-12/
NUPAC/REEDY

Organi;aticn

CP&L/0BE/EPRL
-H.B. Robinson

Duke/NUTECH
~Oconee

BGRE/NUTECH
-Calvert
Cliffs

Tusler Wheeler

OQE/NUPAC/REEDY
EPRI /WEPCD
-INEL

Description

Three NUHOMS modules; 7 PWR assemblies

each; 5 kW decay heat per module; fuel/
tanister/module/air temp., atr flow and
module surface dose rate meas; 5 add'l

madules to be added as needed

88 modute licensed ISFSI; each module
contains 24 assemblies for total of
2112 assemblies

24 modules plus 8 every other year:
each module will store 24 assembites

Vault modules store 83 PWR and 150
BWR assemblies; minimum facility
consists of 2 modules, ecask handling
area, and shielded fuel handling
machine ’

One 9 assembly/canister PWHR cask

and one 17 assembly/canister PWR cask;
Surry and Turkey Point consolidated
fuel; fuel/can temp. & cask surface
dose rate meas.

1984-1988

1988 Open

1989-0pen

18986-0pen

1987-1989

TABLE A-1. SUMMARY OF DEVELOPMENT AND LICENSING STATUS FOR SPENT FUEL STORAGE METHODS {cont.}

Certification/

Issued August 1986
for 8 module ISFSI

Notice of intent for 88 madule ISFSI
submitted to HRC tn Sept. 1987;
Ticense application submitted March
1988

Application to be submitted in 198%

" Approved by NRC in March 1988 for

nitrogen storage only; note that HRC
did not approve the system for air
storage until sufficient oxidation
data are obtained

9 assembly/canister PWR cask being
reviewed by NRC

AP

T
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TASLE A1y
’ Organization
Technoloay/Methad = b
IN-P RCD N It
West inghouse Cuke
-{conee

Proto-Power
Corp.

NAC

usTaD

CE

Westinghouse

Maine Yankee
Atomic Power Co.
-Maine Yankee

RGAE /DOE/EPRY/
NYSERDA
-West Valley

RGAE/DDE/EPRLI/

HYSERDA

~Battelle
Columbus

NUSCO/BGRE/DOE/
EPRL
-MiTlstone

NSP
-Prairie Island

Description

Removes all rods at once: max.
consolidation ratic of 2:1 for 4
assembltas; NFECs compacted 6:1

Removes all rods at once: max.
1.6:1 consolidation ratio for 1
assembly

Removes PWR rods one at a time;
1.8:1 max. consgltdation ratto for
6 assemblies

Removes one row of PWR rods at a -
time; known damaged rods; 1.85:1
to 2:1 consolidation ratio for §
assemblies

Removes one row of PWR rods at a
time; 2:1 consolidation ratio for all
& assembltes; NFBCS awaiting compaction

Removes all reds at once; 2:1
consolidation ratio for 36 assemblies
{most rods consolidated in a demo to
date); NFBCs to be compacted by
WasteChem

Time Period

1982

1981-1984

1985-1986

1986

1983-1988

1987

SUMMARY OF DEVELOPMESAT AND LICLHEING OTATUS FON SPENT FULL STORAGE METRODS {cont.)

Certification/

Utility's Plan modified:
Rod consalidation replaced
by dry storage

Delayed to 19%90s

Ginna lYi¢cense issued
Dacember 1985

Ginna Ticense issuved
December 1985

Millstone license {ssued
March 1983

Planned for 1989
{as of Jan 1988)
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Part II

RECORD OF COMMENTS AND RESPONSES

A. INTRODUCTION

In September 1988, the U.S. Department of Energy (DOE) distributed
the initial version of the Dry Cask Storage Study report to the Congress,
the U.S. Nuclear Regulatory Commission {NRC), State and local govern-
ments, and the public, with a solicitation for comments. The comment
period closed on October 28, 1988. This part of the report identifies
the comments received by the DOE, presents synopses of the comments and
the DOE's responses, and ends with an index of comments and responses.
The 46 comment letters that were received are presented in Part III.

As comments on the initial version of the study report were re-
ceived, each letter was assigned a number to identify it and its ori-
ginator. Where an organization or individual commenter submitted com-
ments on various topics, the comments were separated, given a sequential
jdentifying number, and then assigned to common topical groupings.
Altogether, in the 46 letters of comment, 301 single-subject comments
were identified. The identifying numbers assigned to individual comments
appear in the left-hand margins of the letters.

The grouping of comments into topical categories served as the for-
mat for presenting comments and the DOE's responses in the next section
(Section B of Part II}. Because of the topical grouping, it was possible
to prepare synopses of comments that address a particular topic, but in
doing so care was taken to include specific concerns of the commenters in
the general synopses. This approach to presenting comments and responses
should facilitate the readers‘ understanding of the concerns and issues
related to a common subject. Moreover, this approach minimizes redun-
dancy in responding to the comments.

Section C presents and addresses the comments of the Nuclear Regu-
latory Commission (NRC). Because the Nuclear Waste Policy Amendments Act
specifically directs the DOE to consult with the NRC and to include the
views of the NRC in the report, each of the NRC comments is presented
separately, and each comment is answered in turn. The NRC will also be
requested to review the final report, and any additioral comments re-
ceived from the NRC will be submitted to the Congress.

Section D is an index of all comments and responses. It identifies
each comment by a two-part number, with the first part consisting of the
number assigned to the whole set of comments {the letter) and the second
part consisting of the number assigned to the particular comment. The
index shows the subsection of Section B that contains a response to a
specific comment.

Listed on the next three pages are the organizations and individuals
who submitted comments on the initial version of the Dry Cask Storage
Study.

I1-1




9.

10.

11.

12,

13-

14,

15.

16.

17.

Name of organization

United States Senate
State of Alabama

State of Vermont,
Dept. of Public Service

State of Maryland,
Dept. of the Environment

State of Wisconsin,
Dept. of Administration

State of New Jersey
Board of Public Utilities

Commonwealth of Penn-
sylvania, Department of
Environmental Resources

State of Washington
Energy Facility Site
Evaluation Council

‘ Georgia Publie Service
‘Commission

Néw York Power Authority

Vermont Yankee Nuclear
Power Corporation

Middle South Utilities Inc.

Southern Company Services,
Inc.

Pacific Gas & Electrie Co.
Peansylvania Power &

Light Co.

Baltimore Gas & Electric

Duke Power Co.

Name of correspondent

Timothy E. Wirth
Guy Hunt

G. Sterzinger
Martin W. Walsh, Jr.

James R. Klauser

Christine Todd Whitman

Thomas M. Gerusky

Curtis Eschels

Ford 3. Spinks
J. Phillip Bayne
J. Gary Weiganﬁ
W. Cavanaugh III
B. E. Hunt

James D. Shiffer

Robert K. Campbell

Joseph A. Tiernan

T. €. McKeekin

I1-2

Title
U.8. Senator
Governor

Commissioner
(for Governor Kunin)

Secretary

Secretary
President

Director
Chairman

Vice-Chairman
President and Chief
Operating Officer

President & Cﬁief
Executive Officer

Senior Vice Presi-
dent

Manager, Nuclear
Fuel :

VP, Nuclear Power
Generation

Chairman, President
CEQ

VP., Nuclear Energy

Vice-President,
Design Engineering




18-

19.
20.

21-

22.
23.

214-.

25.
26.

27.

28.
29.
30.
31.
32.
33.

34,

35.

Name of organization

Public Service Company
of Colorado

Long Island Lighting Co.

Sacramento Huhicipal Utilicy
District

Niagara Mohawk

The Light Company
{Houston Lighting & Power)

Virginia Power

Environmental Defense Fund

Southern Research &
Information Center

Transnuclear, Inc.

Nutech

Gesgellschaft fuer
Nucklear Service

FW Energy Applications Inc.

Ebasco Services Inc.

Chem-Nuclear Systems Inc.
B&W Fuel Co.

Utility Nuclear Waste
Management Group

UF.8., Council for Erergy
Awareness

Individual {Nevada)

Name of correspondent

D. W. Warembourg

W. J. Catacosinos

David A. Boggs

J. M. Endries

- J. Robert Wordan

W. L. Stewart

Melinda Kassen

Caroline Petti
Bill R. Terr

¥. J. McConaghy

Dr. Klaus Janborg

B. K. Agarwal

Harold L. Rothstein

Victor J. Barnhart
Thomas R. Stevens
8. P. Kraft

J. Siegel

Frank Clements

I1-3

Title

Manager, Nuclear
Engineering

Chairman & CEQ

General Manager

President

Manager, Nuclear
Fuel Division

Sr. Vice-President
Power .

Senior Attorney

Senior Vice-
President

Vice-President

Waste Management
Businese Group

Program Manager
Manager, Nuclear
Fuel Storage
Systems

President

Manager SF & Waste
Technology Services

Director

Vice-President
Technical Program




36.

37.

38.

9.

&0.

41,

42,

43,

as,

45.

&6.

Name of organization

State of Nevada, Agency
for Nuclear Projects

Florida Power & Light
Arizona Nuclear
Power Project

Yankee Atomic Electric Co.

Individual {Pasco, Wash.)

Boston Edison

Duquesne Light Co.

National Association of
Regulatory Utility
Commissioners

State of New York Public
Service Commission

U.S. Nuclear Regulatory
Commission

State of Nebraska,
Department of Health

Name of correspondent

Robert Loux

W. F. Conway
Paul Crawley
J. M, Buckheit

J. R. Young

R. G. Bird
d. J. Carey

Ronald €. Callen

Peter Bradfoerd
Lando W. Zech, Jr.

Gregg F. Wright

II-4

Title

‘Director

Nuclear Waste
Project Qffice

Senior Vice-Presgident
Nuclear

Manager, Nuclear
Fuel Management

Senior Nuclear
Fuel Eng.

e

Senior Vice-President
Nuclear

Executive Vice-
President, Operation

Chairperson, Staff
Subcommittee on
Nuclear Waste
Disposal

Chairman
Chairman

Director of Health




B. SYNOPSES OF COMMENTS AND RESPONSES

This section presents synopses of the comments submitted on the
jpitial version of the Dry Cask Storage Study report and the responses of
¢he DOE. It consists of 11 subsections on the following topics:

1. General comments.

2. Comparison of at-reactor storage to the MRS facil1ty.
3. Use of the Nuclear Waste Fund for at-reactor storage.
i, Waste acceptance.

5. Storage technologies.

6. Transportation.

7. Dual-purpose casks.

8. Cost considerations.

9. Health and safety.
10. Licensing.

11. Miscellaneous comments.

In the synopses of comments, each comment bears a two-part number
that identifies first the organization or the person submitting the
comment and then the particular comment. For example, comment 5 in
comment letter 34 is represented as 34-3. A list of commenters and the
numbers assigned to their comment letters is given in the preceding
section, and the comment letters, marked with the numbers assigned to
each comment, are reproduced in full in Part III of this report.

B.1 GENERAL COMMENTS

A number of comments received by the DOE were general observations
requiring no response. However, since they reflect views and attitudes
about the quality, utility, and scope of the study, they are briefly
summarized here.

Middle South Utilities, Inc. and Southern Company Services, Inc. (on
behalf of the Alabama Power Company and the Georgia Power Company) sup-
ported the report's conclusion that at-reactor dry storage is a techni-
cally feasible, safe, and environmentally acceptable option for the
management of spent fuel pending the development of Federal facilities.

The following organizations commented to the effect that, in gen-
eral, the Dry Cask Storage Study report is very 1nformat1ve and thorough
with respect to the status of spent-fuel-storage technolegies and will
serve as a useful reference to the utility industry and other crganiza-.
tions involved in the application of these technologies: Pennsylvania
Power & Light Company; Baltimore Gas & Electric; Public Service Company
of Colorado; Long Island Lighting Company; Virginia Power; Southwest Re-
search and Information Center; Ebasco Services, Inc.; Chem-Nuclear Sys-
tems, Inc.3 B & W Fuel Company; Edison Electric Institute, the Utility
Nuclear Waste Management Group, and the Eletric Utility Companies® Nu-
¢lear Transportation Group; and Yankee Atomic Electric Company.
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The National Association of Regulatory Utility Commisioners said
that, in general, the Dry Cask Storage Study represents a responsible and
responsive effort by the DOE to provide the information required by the
Congress in Section 5064 of the Amendments Act. The U.S. Council for
Energy Awareness expressed a similar view, stating that the overall scope
and depth of the document are excellent. '

Boston Edison noted that the DOE, in cooperative projects with the
Electric Power Research Institute and participating utilities, has devel-
oped technology for the dry storage of spent fuel and said that the DOE's
aggressive action in this connection is encouraging. It urged the DOE to
continue to support work on dry storage and similar storage measures to
assist the industry in accommodating delays in the development of the
Federal waste-management system.

Senator Timothy E. Wirth observed that the Dry Cask Storage Study
could play an important role in the development of a national strategy
for radicactive-waste disposal in the United States. He felt that the
study contains a thorough and thoughtful analysis of the various dry-
storage technologies.

The Duquesne Light Company (42-~1) urged the DOE "to complete the
program which was enacted under the Waste Policy Act of 1986 as rapidly
as possible.” In addition, the utility observed that no increases in
assessed costs should ever be required since the 5-year delay in the
program will result in significant increases in project funding prior to
incurring major development and operating expenses.

The National Association of Regulatory Utility Commissioners (NARUC)

stated (43-2) its agreement with *the general tone of the study"——-namely,
the configuration of temporary at-reactor spent fuel storage as a reason-
able option until a repository or an MRS facility is available. However,
the NARUC was not satisfied that "“indefinite at-reactor storage is a
low-impact, cost-effective interim alternative to the failure to develop
a high-level radioactive waste disposal capability on a timely basis."
In this connection, the NARUC felt that extended at-reactor storage, even
if operated without accident and without substantial public protest, will
represent a further expense te utility ratepayers and will alsc raise the
cost and complicate the decommissioning of many reactors.

The U.S. Nuclear Regulatory Commission represented the study as
providing a well-balanced presentation of spent-fuel storage require-

- ments, of in-pool consclidated-fuel storage, and dry-storage technologies

available to address these requirements in at-reactor storage and of the
impacts and costs of such storage. :

Most of the above-mentioned commenters alsc provided critical com-
ments or recommendations on specific aspects of the study; for example,
Senator Wirth expressed concern that the study does not provide a compar-
ison of the impacts of at-reactor dry storage with a system containing an
MRS facility. These comments are addressed in the sections that follow.
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5.2 COMPARISON OF AT-REACTOR STORAGE WITH THE MRS FACILITY

-gzgggsis of comments

Senator Wirth felt {1-1 through 1-4) that the study should eval-.
uate at-reactor storage as an alternative to an MRS facility by consider-
ing the full costs and other impacts of these options in relation to one
another. He said {1-5}) that this type of analysis would benefit the
congress by showing whether at-reactor dry cask storage would cost rate-
payers more or less than the alternative of storage at an MRS facility.

The Environmental Defense Fund (EDF) stated similar views (24-2),
asserting that the study "is supposed to have presented an analysis of an
alternative to the authorized system.” The EDF further stated that the
DOE must compare the. “'pre-repository® costs, risks and impacts of the
sreference” case of the study (which inéludes at-reactor storage and a
repository, but no MRS facility) to those of the authorized case (a Fed-
eral waste-management system with an MRS facility). This theme is con-
tinuved in EDF comment 24-4, In addition, the EDF proposed {24-1) that
the study consider an alternative scenario in which the spent fuel ig
retained in storage at the reactor sites until after decommissioning and
then shipped directly to the repository. Before decommissioning, spent-
fuel transfers to the DOE would occur only in those cases where the
reactors did not have sufficient onsite storage capacity for the entire
service life of the reactor.

The State of Nevada said (36-2) that the study, in conflict with the

requirements of the Nuclear Waste Policy Amendments Act (Amendments &ct),
took liberties in its selection of scenarios for analysis and suggested
that at least two additional "conservative'" scenarios be analyzed: (1) a
case in which there is no MRS facility in the DOE system and spent—fuel
acceptance at the repository is delayed 10 or more years beyond 2003 and
(2) a2 case in which the spent fuel is stored at the reactors up to 30
years beyond the expiration of their operating licenses. '

In summary, this group of commenters believes that the study should
address at-reactor storage as an alternative to the MRS facility or other
system options and should include an expanded set of scenarios and
associated impact evaluations. :

DOE responses

The DOE counsiders the information requested by the commenters to be
outside the scope of the legislative mandate for the Dry Cask Storage
Study. However, as explained below, comparisons of storage at reactor -
sites and at an MRS facility are to be made in the report to be prepared
by the MRS Review Commission. Furthermore, information of the type
requested by the commenters is available in another DOE report.*

*U,8. Department of Energy, Additional Information on Monitored
Retrievable Storage, DOE/RW-0166, Washington, D.C., 1987.
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The Amendments Act requires in Section 5064 that the DOE "conduct
a study and evaluation of the use of dry cask storage technology at the
sites of civilian nuclear power reactors for the temporary storage of
spent nuclear fuel until such time as a permanent geologic repository has
been constructed and licensed by the Nuclear Regulatory Commission.” In
conducting this study, whose results are to be reported to the Congress,
the DCE is to consider the costs of dry-cask-storage technology; the
extent to which at-reactor storage of spent fuel will affect human health
and the environment; the extent to which such storage affects the costs
and risk of transporting spent fuel to a central facility, such as an MRS
facility; and any other factors the DOE considers appropriate. The only
further direction in the Amendments Act in regard to the scope of the
study is related to the use of the Nuclear Waste Fund.

The Amendments Act does not require the DOE to evaluate dry cask

- storage as an alternative to the MRS facility. Instead, the Amendments

Act explicitly mandates an entity other than the DOE to perform this
evaluation. More specifically, Section 5021 of the Amendments Act (Sec-
tion 143 of the Nuclear Waste Policy Act (NWPA) as amended) establishes
an MRS Review Commission and directs it, in Section 143(a)(2) of the NWPA
as amended, to "compare such a facility [the MRS] to the alternative of
at-reactor storage of spent fuel prior to disposal of such fuel in a -
repository under this Act.”

Other provisions of the Amendments Act introduced uncertainties as
to the role and timing of an MRS facility by specifying the following
constraints: (1) the MRS Review Commision is to report to the Congress
on the need for an MRS facility (Section 143(a)(1)(c) of the NWPA as
amended); (2) the DOE cannot begin a survey and evaluation of potenmtially
suitable sites for an MRS facility until the MRS Review Commission sub-

mits its report to the Congress (Section 144 of the NWPA as amended)}; and’

(3) the construction of the MRS facility may not begin until the NRC has
authorized the construction of the repository (Section 148¢d){1) of the
NWPA as amended).

In view of these uncertainties, as well as those associated with the
repository schedule, it is understandable that the Congress requested
information about the potential impacts on the utilities and the Federal
waste—management system resulting from extended and expanded at-reactor
storage. Moreover, a comparative evaluation of at-reactor storage versus
storage at an MRS facility, as suggested by some commenters and as the
Amendments Act requires of the MRS Review Commission, necessitates the
development of an information base on the current statug of storage tech-
nologies and the economic and technical impacts of their use at reactor
sites requiring additional spent-fuel-storage capacity. It was in this
context that the Dry Cask Storage Study was undertaken. This study was
not intended to replace or negate the need for comparative analyses of
at-reactor storage versus a variety of waste-management-system configur—
ations, with and without an MRS facility.

The DOE feels that the information developed in this study will be

helpful to the MRS Review Commission in discharging its responsibili-
ties. Morever, the Commission has visited facilities where dry-storage
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rechnologies have been implémented. The DOE will alko be using the
information developed in the Dry Cask Storage Study to support a series
of systems—integration analyses for a variety of system configurations,
with and without an MRS facility. The results of these analyses will
also be provided to the MRS Review Commission.

The DOE would also like to note that the MRS facility deseribed and
costed in the 1987 proposal to the Congress* was to perform functions
in addition to temporary storage. At-reactor storage would not, there-
fore, be a direct alternative to the MRS facility proposed by the DOE,
and such a comparison would be complex.

A study published by the DOE in November 1987 under the title
Additional Information on Monitored Retrievable Storage (see footnote on
page 11-7) did compare an MRS facility to various no-MRS system alter-
natives. This study provides considerable information of the type the
commenters feel should be imcluded in the Dry Cask Storage Study.

Both Additional Information on Monitored Retrievable Storage and
the environmental assessment for an MRS facility at Oak Ridge, Tennes-
see {part of the 1987 proposal to the Congress*), compared the radiation
doses estimated for a waste-management system with and without an MRS
facility. With an MRS facility, the occupational dose predicted for
the waste-management system would increase slightly, whereas the dose
received by the public would decrease because of a decrease in the dose
received from waste transportation. Additional Information on Monitored
Retrievable Storage shows that the radiation exposures received by the
public from an MRS facility would be well below the regulatory limits set
by the NRC in 10 CFR Part 72: the population doses were comsistently
estimated to be less than 1 percent of the radiation dose received from
natural background radiation. C '

B.3 USE OF THE NUCLEAR WASTE FUND FOR AT-REACTOR STORAGE

Synopsis of comments

Many comments were received on the use of the Nuclear Waste Fund
(Fund) for at-reactor storage, and all cf the comments except comments
12-2 (Middle South Utilities) and 43-8 (National Association of Regu-
latory Utility Commissioners) agreed with the study's conclusion that,
under the current provisions of the NWPA as amended, the DOE dees not
have authority to use the Nuclear Waste Fund for supporting at-reactor
storage. However, the comments expressed a diversity of views on the
question of whether the Fund should be used in direct support of '
at-reactor storage.

*[f,S. Department of Energy, Monitored Retrievable Storage Submigsion
to Congress, DOE/RW-0035, three volumes, Washington, D.C., 1987.
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The State of Alabama (2-1) and Southern Company Services (13-2) op~
posed the use of the Fund for at-reactor storage under any circumstances,

Several utilities and utility organizations (New York Power Autho-
rity (10-1); Baltimore Gas & Electrie (16-29); Duke Power (17-1); Utility
Nuclear Waste Management Group (33-1); Arizona Nuclear Power Project
(38-2 and 38-12); and Boston Edison (41-2)) felt that the question of
whether the Fund should be used for at-reactor storage depends on whether
the costs are incurred for the establishment of at-reactor-storage capac-
ity prior to the DOE's start of spent-fuel acceptance in 1998 or for ex—
panding storage capacity beyond 1998 in order to compensate for the DOE's
inability to start spent-fuel acceptance in 1998. These commenters felt
that, if additional storage is needed because acceptance does not start
in 1998, the costs should be the DOE's responsibility.

The Public Service Commission of New York {44-2) recommended that
the DOE request authority to use the Nuclear Waste Fund for all costs of
at-reactor storage and said that this would reflect “the cost of the back
end of the fuel cycle in a more open manner.™ '

The National Association of Regulatory Utility Commissioners {NARUC)
suggested (43-8) that the use of the Fund for at-reactor storage in the
post-1998 period may not be prohibited by the NWPA. The DOE's contracts
with the utilities* require the DOE to arrange for and provide trans—
portation casks suitable for use at the individual utility's gite. 1In
NARUC's view, it is conceivable that a utility that incorporates trans—
portation, packaging, or necessary fuel-handling measures into its at-
reactor-storage program may be legally entitled to payments from the Fund.

The Georgia Public Service Commisgion (9-3, 9-6) felt that the issue
of using the Fund requires broader consideration than that provided in
the study. It agreed that the issue isg complex and that equity and fair—
ness in the use of the Fund are major considerations. However, the Com-
mission stated that the "recently anncunced 3-year schedule delay," which
is beyond the control of the utilities and will result in additiomal ex-
penditures for at-reactor storage, introduces new considerations deserv-
ing additional study.

Middle South Utilities (12-1, 12-2) encouraged research and develop-
ment on technolegy to minimize the costs of dry at-reactor storage and
said that at-reactor storage represents an allowable and appropriate use
of the Fund. Moreover, it suggested that a more detailed evaluation may
show that payments from the Fund for at-reactor storage costs due to
recent developments {e.g., the DOE's delay in repository startup) may,
in fact, yield the lowest overall costs, thereby supporting a request to
the Congress for relief from Fund restrictions. Baltimore Gas & Electrie

*I.8. Department of Energy, "Standard Contract for Disposal of
Spent Nuclear Fuel and/or High-Level Radioactive Waste,™ final rule,
Federal Register, Vol. 32, September 18, 1987.
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s a similar view (16~30), noting that as the cost effectiveness of at-
aactor storage is increased through standardization, there may be addi-
Zgoﬂﬂl incentives for using the Nuclear Waste Fund to support at-reactor
storage-

The Environmental Defense Fund (EDF) criticized {24-9) the study for
gismissing the use of the Fund on the grounds of inequities among utili-
ties and cost inefficiencies without providing supporting data., The EDF
con:ended that any inequities resulting from the use of the Fund for at-
ceactor storage are no different from the inequities resulting from Fund
support for an MRS facility, in that certain utilities will be contribut-
ing to the Fund and paying for a facility (MRS) that they do not need
pefore 2003. It is the EDF's contention that the study’'s evaluation of
gse of the Fund for these activities is further evidence that the DOE
nisinterpreted the purpose of the study--namely, an evaluation of the use
of at-reactor storage as an alternative to an MRS facility. This type of
study, the EDF contended, would have determined the costs, including ad-
ministrative costs, to the Fund for dispersed storage at reacters as
compared with the costs of an MRS facility.

A similar viewpoint is reflected in a comment by Senator Timothy E.
wirth, who said (1-5) that the examination of whether the Nuclear Waste
Fund can or should be used for at-reactor storage relates to an evalua-
tion of whether dry at-reactor storage would be cost effective in com-
parison with an MRS facility.

Ebasco Services said (30-1, 30-44, 30-46) that the question to be
addressed is whether the Fund can be used for post-1998 at-reactor stor—
age as a means of fulfilling the DOE's contractual obligation to start
accepting spent fuel by January 31, 1998. Moreover, Ebasco suggested
that a more direct answer be provided on the issue of “should the Waste
Fund be used for at~-reactor storage,” even if the answer is "it cannot be
determined at this time."” Duke Power suggested (17-3) that the DOE, in
cooperation with the utilities, begin to outline the principles of such a
program of support.

.

The State of Nevada stated (36-8) that the report is unnecessarily
vague regarding how the DOE will determine whether and when it might
recommend to the Congress that the policy on the use of the Waste Fund be
altered. It felt that the DOE should clarify its statement about re-
questing Congressional authorization to use the Fund for at-reactor stor-
age if such use is demonstrated to be beneficial to the overall system.
At least the terms should be defined and criteria be developed for such
a determination,

The U.S. Committee on Energy Awareness suggested (34-2) that current
NWPA constraints on the use of the Waste Fund should be reconsidered if
spent—fuel shipments to.a DOE facility are to start after 1998. The
DOE's Annual Capacity Report was suggested as an appropriate vehicle for
such a reevaluation. .
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DOE responses

As noted in Chapter 6 of this report, the NWPA constrains the DOE
from using the Nuclear Waste Fund for the direct support of at-reactor
storage. The amendments to the NWPA have not altered these constraints,
Therefore, the DOE does not intend to use monies from the Fund for the
direct support of at-reactor storage or to seek Congressional
aythorization for such use of the Fund. :

. With respect to whether the Fund should be used for at-reactor stor-
age, the DOE considers that it should not use monies from the Fund to
support activities intended solely to alleviate interim storage needs at
reactor sites because of the inequities inherent in such an action.
However, if waste-management activities on the part of the owners and
generators of spent fuel or high-level radicactive waste lead to signif-
icant and clearly identifiable net reductions in the cost of the Federal
waste-management system, then the DOE will consider arrangements that
would result in the owners and generators sharing in the benefits of such
actions. However, a definitive determination as to whether using the
Fund to support specific at-reactor storage activities represents a cost
benefit to the overall waste-management system is not feasible at this
time in view of the current uncertainties about the structure and func-
tions of the system and uncertainties in waste-package design and
handling requirements. :

Once these issues are clarified by such current initiatives as the
evaluations of the Yucca Mountain site, the evaluations being performed
by the MRS Review Commission, and the variocus systems-integration anal-
yses being conducted by the DOE, it will be possible to define with
greater confidence the waste-package design, the the waste-acceptance
criteria and schedule, and the additional at-reactor-storage require-
ments. This information, in turn, will permit realistic determinations
about specific at-reactor options in terms of economic benefits to the
overall waste-management system. -

Until such clarifications about the waste-management system are
available, it is premature to undertake determinations as to whether
specific at-reactor storage cptions represent net savings to the Fund.
These clarifications could also facilitate the development of criteria
or guidelines for determining the benefits realized by the Federal waste-
management system from specific at-reactor storage optiong.

The argument that using the Fund for developing the MRS facility
represents an inequity for the utilities that do not need additional at~
reactor storage before the start of repository operations might have some
validity if the advantages of the MRS facility were limited to storage.
However, even a storage-only MRS facility would provide significant bene-
fits to the combined utility/DOE waste-management system in terms of
scheduling and operational flexibility., In addition, the MRS facility
may provide preparation functions for the spent fuel received from the
reactors.
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B.b WASTE-ACCEPTANCE SCHEDULE

§£EQE§15 of comments

The State of Maryland said (4-1) that it does not support the
remise that the availability of dry-storage technologies allows the DOE
to take until 2003 to construct the repository and start accepting spent

fuel-

Six utilities (Vermont Yankee Nuclear Power Corp. (11-1), Southern
company Services (13-1), Pennsylvania Power & Light (15-1), Baltimore Gas
& Electric (16-12), Duke Power (17-1), and Yankee Atomic Electric (39-1))
noted that the DOE has a contractual obligation to start spent-fuel ac-
ceptance in 1998. Duke Power stressed that meeting this obligation is in
return for payment of the full costs of the Federal program. To the ex-
tent that the DOE does not have an operational facility to start accept-
ing spent fuel in 1998, the utilities and their ratepayers should not
have an on-going open—ended obligation to pay for the storage of spent

fuel.

Baltimore Gas & Electric felt that the discussion of the trend in
additional storage requirements after spent~fuel acceptance is initiated :
(page 19} should note not only that for several years storage needs will o
increase at some reactor sites because their rates of spent-fuel dis- ;
charge will exceed the rate of acceptance by the DOE but also that during !
the same period other sites will accrue excess storage capacity because i
the DOE's acceptance rate at these sites will exceed the rates of spent- ﬁ-
fuel discharge from their reactors. ﬂl

The Southwest Research and Information Center stated (25-1) that the i
DOE erroneously assumed in the study that an MRS facility will enable the o
DOE to accelerate waste acceptance. It is the Center's view that it will :
be extremely difficult for the DOE to bring an MRS facility into opera-
tion because of difficulties associated with the siting and licensing
processes. The DOE should assume that spent fuel will remain at reactor
sites until a geologic- repository is available.

The Georgia Public Service Commission said (9-2, 9-4, 9-5) that the
DOE should establish a reliable schedule for beginning the acceptance of
spent fuel for offsite storage, thereby facilitating economic decisions
by the utilities about the type of at-reactor storage to use when it is
needed. Moreover, the Commission urged the DOE to begin spent—fuel
acceptance for offsgite storage ag soon as f8351b1e.

The State of Nevada faulted (36-2) the report for its failure to
analyze a scenario where the DOE is not able to accept waste by 2003 nor
the "more realistic" situatica involving an indefinite postponement of
geologic disposal. For this reason, Nevada suggested ‘that the report
analyze two additional scenarios: (1) a no-MRS system in which reposi-
tory acceptance is delayed 10 or more years and (2) a case where the
reactors are required to store spent fuel for up to 30 years beyond the
expiration of their operating licenses.
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The State of Nevada (36~3) and the National Association of Regula-
tory Utility Commissioners (43-4) questioned why scenarios of waste
acceptance beginning in 1998 and 2008 were selected as opposed to some
other milestone dates for starting to accept spent fuel. These dates
appeared to Nevada to be "simply arbitrary and convenient.”

Virginia Power suggested (23-1) that line 3, paragraph 2 on page vi
be revised to include the date assumed for the "start of spent-fuel
acceptance by DOE."

The Edison Electric Institute, the Utility Nuclear Waste Management
Group, and the Electric Utility Companies' Nuclear Waste Transportation
Group recommended (33-1) that the report should not address the issue of
the DOE's "“statutory commitment to begin taking spent fuel in 1998."
These commenters viewed this commitment as an important issue to be ad-
dressed in an appropriate forum at an apprOprzate time.

DOE responses

.The DOE has entered intc contracts with the owners and generators of
spent fuel, in accordance with Section 302(a) of the NWPA. The contract
provides for the DOE's acquisition of title to the spent fuel, trans-
portation, and subsequent disposal. Under the contract, these services
are to be provided “"after the commencement of facility operations.”" As
noted in the Draft 1988 Mission Plan Amendment,* the DOE recognizes that,
under current conditions, waste acceptance at a Federal waste-management
facility cannot begin in 1998. Moreover, because of the delay in the
repository schedule and the linkages between the repository schedule and
key milestones in the siting and the construction of an MRS facility, the
DOE may not be able to start accepting waste significantly before the
year 2003.

In view of these considerations, the reference case used in the Dry
Cask Storage Study initiates waste acceptance in 2003. However, consis~
tent with the Draft 1988 Mission Plan Amendment (Section 2.4), this ref-
erence waste-acceptance case is viewed as preliminary and is presented
for illustrative purposes only. The Dry Cask Storage Study included al-
ternative waste-acceptance schedules in which the removal of spent fuel
from reactor sites was assumed to start in 1998 and 2008.

These alternative dates and scenarios were not intended as proposals
or commitments by the DOE; their purpose was merely to provide some in-
sight, through sensitivity analyses, into the at-reactor storage require-
ments and the attendant impacts resulting from changes to the selected
reference case (i.e., the starting date and acceptance rates). The
results of these sensitivity analyses {Table 3-2) show that the date for
the start of spent-fuel acceptance by the DOE significantly affects at-
reactor storage requirements. These data will be available to the MRS

*1J.S. Department of Energy, Draft 1988 Misgion Plan Amendment,
DOE/RW-0187, Washington, D.C., 1988,
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geview Commission for its evaluation of the need for ah MRS facility.
qhe DOE believes that the effects of other alternative acceptance sched-
gles can be readily interpolated or extrapolated by the reader and that
an analysis of different acceptance dates and rates is not required of

this report. :

It is not feasible to establish a "final" waste-acceptance schedule
at this time because of the long period of time that will elapse before
the start of waste acceptance and the many major program decisions and
evolutions that must occur during that period. These major program de-
cisions and evolutions include such items as decisions on an MRS facil-
ity, the evaluation of the Yucca Mountain site, the design of the repos-—
jtory waste package, and various systems-integration analyses being
performed by the DOE. Once the more significant uncertainties are clar-
ified, it will be possible to establish a waste-acceptance schedule with
greater certainty in concert with the affected parties. However, the
standard Contract for the Disposal of Spent Nuclear Fuel and/or High-
Level Radicactive Waste provides the general guidance the DOE will use in
developing waste-acceptance priority rankings and delivery schedules. In
accordance with the provisions of the standard contract, the Annual Cap-
acity Report (most recent update: DOE/RW-0191, June 1988) represents the
first step in providing utilities with a preliminary indication as to
where specific nuclear power plants rank relative to others in the waste-
acceptance schedule. .

B.5 STORAGE TECHNOLOGIES

This section summarizes the major comments and presents the DOE's
responses on the status and development of the following technologies for
at-reactor spent-fuel storage: metal casks, horizontal concrete modules,
concrete modular vaults, concrete casks, and spent-fuel consclidation.
Comments and responses on dual-purpose casks are presented in Section B.7.

B.5.1 Metal casks

Synopsic of comments

Middle South Utilities (12-4), Pacific Gas & Electric (14-3),
Virginia Power (23-4), Ebasco Services (30-16), and the Utility Nuclear
Waste Management Group (33-9) said that the report should not suggest
that boron is the only neutron absorber that can be used in metal casks
and other dry-storage systems for the control of nuclear criticality.
Related comments were submitted by the State of Vermont (3-10), Baltimore
Gas & Electric (16-17), Virginia Power (23-5), and the. Utility Nuclear
Waste Management Group (33-10), who addressed the issue of receiving
credit for spent-fuel burnup in order to minimize or eliminate the use
of neutron poisons in dry-storage systems. The State of Vermont sug-
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gested (3-4) that similar considerations could be applied to in-pool
storage racks.

The Public Service Company of Colorado asked (18-4) whether it is
necessary to have the capability at all times for removing spent fuel
from metal casks and other dry-storage systems. This concern was asso-
ciated with the shutdown of a reactor before the DOE accepted all of the
spent fuel stored at the reactor site and the need to maintain the stor-
age pool in an operating mode.

DOE responses

The DOE agrees that boron is not the only material that can be used
as a neutron absorber and acknowledges that configuration design is also
a method for eliminating criticality. The text was changed by replacing
"boron” with "neutron-absorbing materials,” *neutron peisons,™ or “geo-
metrically safe design control,” as appropriate.

In regard to credit for burnup, the DOE, utilities, and vendors are
attempting to obtain burnup credit from the NRC. For PWR facilities, the
NRC has approved (under 10 CFR Part 50) the use of in-pool spent-fuel
storage racks with credit for burnup. The DOE, whose interest in burnup
credit is related principally to spent-fuel transportation, is in the
process of demonstrating that appropriate administrative controls can be
used to ensure that only irradiated fuel is loaded into transportation
casks. The results of the current work with transportation casks will
also apply to storage casks.

The DOE is unaware of a requirement to have a method for unloading
fuel from a cask at all times. This issue is reviewed by the NRC on a
case-by-case basis and depends on the design of the cask closure and its
redundancy. It is possible to develop redundant closure seals, such as
seal welding an outer lid to the body of the cask, that could eliminate
the need to be able to unload the spent fuel at any time. However, at
the only licensed cask-storage facility in the United States, a means for
removing the lid or lids from a cask is required in case a leak gccurs in
the 1id system and repairs are needed. In this specific instance, if the
outer lid leaks, it can be removed and repaired on the storage pad, but
if the inner 1id leaks, the cask must be moved to the pool and both lids
removed. Underwater removal is required for the inner 1id in order to
provide shielding.

B.5.2 Horizontal concreté modules

Synopeis of comments

Several commenters (Baltimore Gas & Electric (16-7, 16-11, 16-16,
16-18), Duke Power (17-4}, NUTECH (27-7, 27-15)) stated that more utili-
ties were planning to use horizontal concrete modules than had been sug-
gested in the report. NUTECH requested (27-18) that the report be re-
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vised to indicate that utility planning trends are predominantly toward
e selection of horizontal concrete storage modules. In addition,
gcH (27-10) and Ebasco Services (30-21) requested clarification on
the loading of a horizontal concrete module.

pOE _responses

The report was revised to say that Duke Power and Baltimore Gas &
glectric had submitted or were planning to submit license applications to
the NRC for the use of horizontal concrete modules. Moreover, the report
was revised to add that Carolina Power & Light (CP&L) has recently an-
aounced its intent to establish a dry-storage facility at its Brunswick

lant. This facility will use the same storage technology that is used
at the CP&L's H. B. Robinson plant—-the horizontal concrete module tech-
nology {the NUHOMS system). Current plans provide for a capacity to
store seven spent-fuel assemblies per module.

Since only five reactor sites have selected a method of dry storage
and only two dry-storage facilities are in operation, the DOE considers
that it is too early to define trends as to which storage system or
method a utility may zelect. , '

The NUHOMS module is loaded dry, the spent fuel having been loaded
into the storage canister in the pool in a transfer cask. The canister
is then sealed, dried, transferred to the storage module, and loaded into
the module (in a dry condition) with a hydraulic ram.

B.5.3 Concrete modular vaults

Synopsis of comments

A number of comments addressed modular vaults (Baltimore Gas &
Electric (16-2, 16-8, 16-21), Foster Wheeler (29-4 through 29-9, 29-13,
29-14, 29-15), and Ebasco Services (30-34). Most of these comments were
concerned that the discussion of concrete modular vaults in the report
was negatively biased because of the lengthy discussion of licensing is-
sues. Moreover, Foster Wheeler (29-3) emphasized the experience outside
the United States in using this storage method.

DOE responses

The DOE did not mean to imply that concrete modular vaults were
inferior to the other dry-storage methods. The report was revised to
indicate that similar licensing issues have been raised with metal casks
and horizontal concrete modules. In addition, the discussion of inter-
national storage practices was revised by adding a section that presented
a summary of the more than 17 years of experience with modular concrete
vaults in the United Kingdom. '
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8.5.4 Concrete casgks

Synopsis of comments

Most of the comments on metal casks are applicable to concrete
casks. Therefore, the section on metal casks should be referenced. How-
ever, the B & W Fuel Company (32-1, 32-5) asked for more-detailed inform-
ation on the designs of concrete casks, whereas Baltimore Cas & Electric
(16-2, 16-8, 16-21) asked for information on the status of concrete-cask
technology. The B & W Fuel Company (32-6) also challenged the statement
that, for dry storage in concrete casks, the spent fuel must be in can-
isters. Moreover, the B & W Fuel Company (32-1) noted that concrete dry—
storage casks rely on a metal liner and 1id for containment. '

DOE responses

Little value would be added to this report, which has been prepared
for the Congress, by including the design details for every metal cask,
concrete cask, horizontal concrete module, and concrete modular vault.
Therefore, general concepts were presented to give readers a basic under—
standing of each storage-method design without including details that can
be found in technical papers and reports (see the bibliography in Appen-
dix A in Part I).

The status of concrete-cask development and application is that they
are being used extensively in Canada. In the United States, one vendor
has submitted a topical report to the NRC, another vendor plans to submit
a report in 1989, and at least one utility is seriously considering the
use of concrete casks at one of its reactor sites. The DOE and Pacific
Sierra Nuclear are planning to conduct performance tests {(heat transfer
and shielding) on one or two concrete casks in 1990.

There are currently no requirements for packaging intact spent-fuel
assemblies in canisters for dry storage. The report was revised to say
that the use of canisters is an assumption rather than a requirement.

In the initial version of the report, the discussion in Section
4.1.3.1 of the characteristics of concrete casks did state that the casks
have a metal liner and a metal lid. However, the text was revised to
draw attention to this feature of the concrete casks at an earlier point
in the text.

B.5.5 Spent-fuel consclidation

Synopsis of comments

The New York Power Authority (10-4, 10-5) said that the development
of spent-fuel consolidation is lagging and that the DOE should be funding
more research and development (R&D) on consolidation. The same reviewer
(10-4) also pointed out that the dry rod-consclidation R&D program at
Idaho exceeded cost estimates and is falling short of its goals.
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The Enviroamental Defetise Fund (24-7) questioned why rod consolida-
rion was not considered thoroughly in the study since the DOE was certain
3t could successfully perform dry consclidation at an MRS facility. The
game commenter criticized the DOE for focusing on in-pool consolidation
potwithstanding the fact that not all the steps of the comsolidation
process have been satisfactorily demonstrated. -

The Southwest Research and Information Center (25-3) said that more
jnformation is needed for the DOE to conclude that the technical fea-
gibility and the safety and environmental acceptabil:ty of in-pool con-
solidatzon have been successfully demonstrated.

The Arizona Nuclear Power Project (38-3) noted that canisters of
consolidated fuel should be considered equivalent to standard fuel
assemblies., Otherwise, utilities should be informed whether there are
technical difficulties associated with the handling of these canisters.
Pennsylvania Power & Light (15-2) also noted that the classificaticn of
consolidated fuel under the DOE's standard contract with the utilities
requires clarification.

The State of Georgia (9-8), the New York Power Authority (10-3), and
the B & W Fuel Company (32-9) szid that the DQOE did not discuss rod con-
solidation in conjunction with dry storage and that the report should be
revised to clarify the impact of consclidation on dry-storage options
other than dual-purpose casks.

DOE responses

Section 218(a) of the NWPA requires the DOE to "undertake a coopera—
tive program with civilian nuclear power reactors to encourage the devel-
opment of the technology for spent nuclear fuel rod consolidation in
existing power reactor water storage basins.” The. NWPA goes on to spe-
cify that in carrying out "the programs described in subsection (a) “the
utility shall select the alternate storage technique to be used....”

The DOE has participated in three at-reactor consolidation demonstra-
tions, which were the only activities proposed by the utilities. The
consolidation of BWR rods was terminated early in the program when the
participating utility, the Tennessee Valley Authority, had to withdraw
because of other priorities. The demonstrations by Rochester Gas &
Electric and NUSCO were completed and added valuable information to the
development of rod consolidation. In addition to the programs that
involved DOE participation, there were other demonstratioms in which
the DOE did not participate. The latter demonstrations were conducted
by Maine Yankee Atomic Power, Duke Power, and Northern States Power.
The DOE has not been approached to do additional rod-consolidation R&D
and thus has no plans for future at-reactor spent-fuel consolidation
demenstrations.

In-pool consolidation demonstrations at reactor sites have ini-
tially experienced difficulties with the complex equipment that is
involved, which is not unusual in the early development of a new tech-
nology. In the last two demonstrations, performed by NUSCO and the
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Northern States Power Company, the consolidation of the spent-fuel rods
was performed without major difficulties. However, difficulties were
encountered in the compaction and canistering of the non-fuel-bearing
hardware left after consolidation.

Even though the dry-rod-consolidation work at Idaho has cost more
than initially estimated, the primary goals are expected to be met at
reasonable cost. In this modest dry-rod-consolidation demonstration,

48 PWR assemblies were successfully consclidated into 24 canisters, and
it was shown that a consolidation ratio higher than 2:1 could be ob~
tained. The canisters were later loaded into a metal cask, and a per-
formance test (heat transfer and shielding) was performed. In the large
prototypical consolidation development program (PCDP), five candidate
vendors prepared preliminary designs, and three of these vendors were
chosen to develop final designs. One of the final designs has been
selected for fabrication and "cold" testing with nonradiocactive mate—
rial. A further demonstration with spent fuel may be performed, depend-
ing on the results of the "cold" testing and additional evaluations of
the potential advantages of rod consolidation to the Federal waste-
management system.

The DOE is considering the consolidation of spent fuel before dis-
posal because of the potential cost savings that consolidation may yield
for storage at an MRS facility, transport to a repository, packaging for
repository disposal, and emplacement in the repository. Comsolidation
may net be justified alone for benefits to dry storage at the MRS facil-
ity but may be justified when the benefits to dry storage are combined
with the benefits to additional parts of the system. The definitive
estimate of costs and benefits for the centralized-facility consolidation
considered by the DOE will not be known until the Idaho demonstration is
complete., If consolidation should prove to result in no savings and not
be required for the technical performance of the waste package, the DOE
will stop its development of central-facility consolidation technology.
This would not affect the ability of the waste-management system to
accept fuel appropriately consolidated at reactor sites.

The text of the report was revised to better describe the state of
technology development and future activities,

Canisters of consolidated fuel are not considered to be standard
fuel under the existing standard contract. Any difficulties associated
with handling these canisters at the reactor will depend on their
designs. Provisions must be made for physically moving them, and their
dimensions must be compatible with the utility's in-pool storage racks
and with the transportation casks into which they are to be loaded. With
respect to the latter consideration, the DOE is supporting efforts to
develop canister specifications that will ensure compatibility with
transportation casks.

The consclidation of spent fuel offers a potentially attractive

method for increasing the capacity of existing reactor pools. However,
the relative economic gain from consolidation is lower when performed for
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the purpose of dry storage in casks. The dry storaéé of consclidated
fuel has the potential of reducing storage cask or vault costs by approx-
jmately &40 percent, provided that (1} a rod-consolidation ratio of 2:1 is
achieved, (2) a compaction ratio of 10:1 is achieved for the non-fuel-
pearing components, and (3) the storage module has the necessary added
capability for heat rejection and radiation attenuation. However, the
savings are at least partially offset by the cost of consolidation.
pepending on the relative costs of the storage system and consolidation,
the net change in total storage costs may be favorable or unfavorable. If
a high—-cost storage system is involved, consolidation can result in a net
cost savings; if a low-cost storage system is involved, there will be
1ittle, if any, savings.

B.6 TRANSPORTATION

synopsis of comments

The New York Power Authority (10-6) commented that the transporta-—
tion impacts of the variocus dry-storage options and consolidation were
not adequately discussed and that consolidation, dual-purpose casks, and
the type of dry storage used are significant to the transportation of
spent fuel and the overall operation of the waste-management system.

Baltimore Gas & Electric (16-1) observed that a very narrow defini-
tion was applied to the transportation system when looking at the ben-
efits and effects of various at-reactor storage alternatives. For
example, it believes that the savings realized in transportation through
the use of dual~purpose casks should be shown as being offset by the
added expenses incurred by the utilities in connection with the use of
such casks. '

Baltimore Gas & Electric (16-26), Duke Power (17-2), and NUTECH
{27-5) said that the report should mention the transportation advantages
of multiple-element sealed canisters, which are used in horizontal con-
crete storage systems. On the other hand, the B & W Fuel Company {32-10)
cited some potential disadvantages of these canisters, such as the com—
plexity and cost of unloading the canisters before loading the spent fuel °
into transportation casks.

The B & W Fuel Company (32-12) peinted out that, in order to
increase the capacity of transportation casks by shipping consolidated
fuel, which the report mentions, it is necessary to optimize the design
of the cask for consolidated fuel, and considerable savings could be
realized in such an event. Ebasco Services (30-43) suggested that the
shipment of consolidated fuel in legal-weight truck casks should double
the capacity of these casks as compared with the shipment of intact spent
fuel. L . ’ .

The Arizona Nuclear Power Project (38-10) commented that canisters

of consolidated spent-fuel rods and non~fuel-bearing components should be
treated as the equivalent of a standard fuel assembly. It alsc felt that
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on storage and the transportation system (difficulty in
::ggfixz,iTE:g::tions on the weight of the cask, etc.) that might be
caused by such materials should be ideantified to the utilities at an
early date. This commenter was also concerned (38-11) whether the trans-
portation casks developed by the DOE will be able to accommodate its non-
standard spent-fuel assemblies. Baltimore Gasg & Electric (16-28) ques~
tioned the use of spent-fuel casks for shipping non-fuel-bearing
components,

The Environmental Defense Fund (24-3) and Senator Timothy E. Wirth
(1-4) pointed out that the costs and the risks of transporting spent fuel
depend on many factors, including the distance dnd the age of the fuel,
neither of which was considered by the DOE in evaluating transportation
impacts. Vermont (3-12) questioned the DOE’s assumption that the actual
condition of rail lines will not be a factor in the transportation of
storage casks.

The Utility Nuclear Waste Management Group (33-4) asked the DOE to
clarify the statement in the report that the use of dual-purpose casks
would result in minimal overall costs and risks to the transportation
system; the Group said that the report does not explain whether the costs
and risks would be decreased or increased.

DOE respouses

The observation in the report that the impact of dual-purpose casks
on the transportation system is expected to be slight is based on two
premises. First, the beneficial impact of dual-purpose casks on the
transportation system requires a commitment by the utility to deliver
certified casks sufficiently far in advance for the DOE to avoid the
purchase of transportation casks for its fleet (see Section B.7 for a
discussion of the potential cost benefits). However, studies to date
indicate that, if the entire transport fleet were composed of dual-
purpose casks, only 28 to 34 such casks would be required. Second, it
is doubtful that a utility would want to ship the spent fuel stored in
dry storage earlier than the spent fuel stored in the spent-fuel pool.

The use of dual-purpose casks would have the benefit of reduced
exposures of workers. The exposure reduction that would result from a
reduction in spent-fuel-handling operations at the transportation inter—
face with the reactor would be very low. :

There should be no Lransportation impacts of the other dry-storage
options, assuming that the spent fuel delivered to the DOE from dry
storage is identical in form with the spent fuel stored in the reactor
storage pool. The DOE is studying the potential impacts of receiving the
multiple-element sealed canisters that are used in the horizontal con-
crete storage modules (the NUHOMS system). Preliminary results indicate
that multiple-element canisters carrying 2L to 24 PWR assemblies would
have little impact on transportation from the reactor, but lower-capacity
canisters would have increasingly adverse impacts.
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The amount of spent fuel that can be shipped in 4 &ingle cask load-
will be increased by consclidation but is not likely to be doubled.
2:1 consolidation ratio for fuel rods is achieved, along with a 10:1
ompaction ratio for the non-fuel-bearing hardware, the capacity of a
c-ngle cask for consolidated fuel would be about 1.67 times higher than
?;s capacity for intact fuel--provided that the cask can reject the
;dditional heat and attenuate the additional radicactivity. These issues

are currently under study.

ing
1f 2

The report attempted to address the impacts of at-reactor storage
options on transportation from the reactor to DOE facilities. This inc-
juded impacts on cask capacity, cask design and cost, freight and asso-
ciated costs, and the radiation exposure of the general public. The
report did not consider similar impacts on the remainder of the Federal
waste-management system and on the utility system. These issues are
peyond the scope of the dry cask storage study required by the Amendments
Act, but they are addressed by other elements of the DOE program, taking
jnto account, as appropriate, the results of this study.

The DOE currently plans to accept "nonstandard" fuel. However,
pbecause of the numerous variations that can exist in the characteristics
of the fuel, the DOE is first making provisions for the transportation of
rstandard” fuel and will initiate efforts to develop mechanisms for
.transporting nonstandard fuel at a later time.

The shipping distance will affect the cost and the shipment-miles
{nvolved, and the age of the fuel may also affect these factors. How-
ever, both the distance and the age of the fuel will have the same
relative impact on the costs and risks of shipping any given quantity
and form of spent fuel for any specific set of reactor and DOE facility
locations. For example, if the costs and risks of shipping 10 MTHM of
consolidated fuel over 1000 miles are less than those of shipping the
equivalent quantity of intact spent fuel over.the same distance, a sim-
ilar effect will apply to a2 shipment of 500 miles or 1500 miles. Sim-
ilarly, if the costs and risk of shipping 10 MIHM of consclidated 1{Q-
year-old fuel over a distance of 1000 miles are less than those of ship-
ping over the same distance the equivalent quantity of intact spent fuel
of the same age, a similar effect will apply to a shipment of fuel that
is 5 or 20 years old. The same situation applies to the condition of the
rail lines between two points: if the rail line cannot handle the load
of a dual-purpose cask, it will probably not be able to handle the load -
of a rail transport cask. :

¥hether or not canisters of cousolidated fuel rods and non-fuel-
bearing components should be treated as the equivalent of standard fuel
assemblies is being studied by both the DOE and the utilities. Alse
under study are the impacts of consolidated fuel and non-fuel-bearing
hardware on the Federal waste-management system. This and the subject
of whether DOE shipping casks will be compatible with the spent-fuel
assemblies from all light-water reactors are not within the scope of
this study, but they a.e being addressed separately by the DOE (see the
response to NRC comment 45-1 in Section C).
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ent in the study that the overall costs and risks of using
The St:tzgsks are expected to be minimal means that the costs and
dua;—p:::0§ot expected to vary significantly (either up or down) from
:ﬁ:s: expected for DOE-supplied transport casks.

B.7 DUAL-PURPOSE CASKS

Synopsis of comments

Vermont (3-11) commented that the study should elaborate on the
advantages and disadvantages of dual-purpose casks and pointed out that
the costs estimated for loading and unloading shipping casks are very

Wisconsin (5-1) said that, while a dual-purpose cask may be de-
sirable for possible cost advantages, flexibility, and reduced radiation
exposures, separate casks for storage and transportation may allow design
goals to be more readily achieved. However, it believes that the long-
term goal should be to use such casks for storage at more than one loca-
tion {i.e., at reactor sites, the MRS facility, etc.) and for transporta-
tion between such activities.

Georgia (9-9) asked the DOE to clarify some of the costs associated
with the use of dual-purpose casks. Moreover, it suggested (9-10) the
possibility of the DOE's offering a credit to utilities for the transfer
of dual-purpose casks to the DOE in view of the prospective cost advan-
tages to .the Federal waste-management system and urged that the amount of
this credit and the schedule for agreements therefor be established at an

early date,

The New York Power Authority (10-7) felt that the report's discus-
sion of dual-purpose casks was incomplete in that there were no recom-
mendations, no commitments for future work, no position taken on the use
of such casks in the waste-management system, and noc mention of the at-
tractiveness of such casks in achieving the objective of keeping radia-
tion exposures as low as is reasonably achievable (ALARA). This com-
menter also pointed out (10-8) that some of the cost information provided
wag inconsistent. Furthermore, it criticized (10-9) the DOE for defer—
ring the development of dual-purpose casks and stated-the "strong" belief
that it would be prudent to actively pursue the option of using dual-
purpose casks.

Middle South Utilities (12-1) believes that the dual-purpose cask
minimizes handling costs and reduces personnel exposure and accident
risks--and hence should be given priority in research and development.

Baltimore Gas & Electric (16-27) agreed that the use of dual-purpose
casks may minimize the number of transportation casks purchased by the
DOE, but the DOE is trading its savings for a substantial additional cost
to the utilities using dual-purpose casks. Furthermore, if one considers

the costs of disposing of the additional hardware associated with a large
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aumber of dual-purpose casks, there may not be any overall system

Virginia Power (23-9) felt that the dual-purpose casks could be used
for shipments from reactor sites that have barge access, but no direct
railroad capability. It also asked for more discussion of the report
cited as reference 15.

The Southwest Research and Information Center (25-2) said that
safety benefits would result from using dual-purpose casks because
spent-fuel-handling operations may be eliminated, reducing the radiation
exposures involved in transferring spent fuel from conventional storage
casks to transportation or disposal casks. The Center asked for more
information on the status of the dual-purpose-cask technology and
relevant DOE R&D programs. :

Transauclear Inc. (26-3) and the B & W Fuel Company (32-11) asked
the DOE to clarify the cost estimates developed for the use of dual—
purpose casks. : o

NUTECH (27-19).said that the savings associated with the use of
dual-purpose casks may be misleading inasmuch as they do not account for
the cests incurred by the utilities in purchasing these casks.

The Utility Nuclear Waste Management Group (33-13) asked why the
report did not include a range on the additional costs for dual-purpose
casks ($7 per kilogram of heavy metal). '

The Arizona Nuclear Power Project (38-4 and 38-9) stated that the
costs incurred by the utilities in purchasing DOE-approved dual-purpose
casks should be reimbursed in an equitable fashion. -

DOE responses

The report referenced in Section 5.3.1 of the Dry Cask Storage
Study, Use of Transportation Storage Casks in the Nuclear Waste Manage-
ment System,* provides a detailed discussion of the prospective advan-
tages and disadvantages, both to the utilities and to the Federal waste-
management system, of using dual-purpose casks. Since the information
included in this reference was quite extensive, only a brief summary of
its conclusions was included in the report. Further observations on the
use of dual-purpose casks can be summarized as follows:

The use of dual-purpose casks by a utility is generally more costly
than other methods of dry storage at reactor sites; the Dry Cask Storage
Study showed that it was more costly than storage-only metal casks (by
about $7 per kilogram of heavy metal, when all costs were considered)}.

*0ak Ridge National Laborétory, Use of Transportation Storage Casks
in the Nuclear Waste Management System, ORNL/Sub/86-SA094/1, Oak Ridge,
Tenn., 1987.
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‘from the assumption that the dual-purpose cask would not have to be un-

This included a savings of about $1 per kilogram of heavy metal resulting

loaded and the spent fuel it carries would not have to be inspected and
then loaded into a shipping cask. However, other methods of storage,
such as those involving concrete storage modules (the NUHOMS system) and
concrete casks, may be less expensive than metal storage casks, and the
costs of using dual-purpcse metal casks for storage at reactor sites
could be higher, by about $30 to 335 per kilogram of heavy metal, than
the costs of concrete storage technologies.

On the other hand, dual-purpose casks could be used in the Federal
waste-management system with attendant cost savings (avoided costs)
provided they are made available by utilities on a timely bagis. Three
potential scenarios are given below.

1, From 28 to 34 dual-purpose casks could be used by the DOE as
part of its transportation fleet provided that {(a) the casks are
certified for routine use for the trangportation of spent fuel
as of the time of receipt, (b} the casks are received by the DOE
at the start of operations in the Federal waste-management sys-
tem, and (c) a firm utility commitment to deliver the casks is
made to the DOE sufficiently early to allow the DOE to aveid the
purchase of shipping casks. If these conditions are met, the:
Federal waste-management system could realize savings of 390 to
$95 per kilogram of heavy metal for the amount of spent fuel
delivered in dual-purpose casks. This would amount to a total
savings on the order of $20 to $40 million (undiscounted),
assuming that the payload is 9 to 12 MTHM per cask and that 28
to 34 casks are delivered.

2, Similarly, approximately 50 dual-purpose casks might be used to
provide lag storage in the Federal waste-management system if
the system does not include an MRS facility. As many as 80 such
casks might be so0 used if an MRS facility is included in the
system, provided that the casks are received at the start of MRS
operations and a firm commitment to deliver the casks is made
sufficiently early to allow the DOE to avoid the installation of 1
the corresponding amount of lag-storage capacity. If these con-
ditions are met, savings of $50 to $75 per kilogram of heavy
metal could be realized by the Federal waste-management system
for the amount of spent fuel that is delivered in dual-purpose
casks.

3. Furthermore, as many as 240 additional dual-purpose casks might ' *
be used in monitored retrievable storage to replace the cor-
responding capacity of concrete storage casks at the MRS facil-
ity, provided that an MRS facility is included in the Federal
waste-management system and the casks are delivered on a sched-
ule that would permit the DOE to avoid the procurement of con-
crete storage casks. If these conditions are met, savings of
$5 to $30 per kilogram of heavy metal could be realized by the
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Federal waste-maragement system for the amduht of spent fyuel
that is delivered in dual-purpose casks. (The lower level of.
savings would be applicable for casks equipped with BWR baskets,
and the higher level of savings would be applicable for those
equipped with PWR baskets). :

from the foregoing it can be seen that the use of limited numbers of
dual-purpose casks (the maximum realistic total storage capacity is esti-
mated at 1250 MTEM for transport and lag storage in the Federal waste~
management system) could result in net savings to the combined utility/
pOE waste-management system provided the casks are certified for trans-
ortation and are delivered at or near the start of Federal waste-
management operations. It is doubtful that this uncertain usage poten-—
tial would justify the DOE's expending for the development of dual- |
purpose casks more funds than those already committed for that purpose. |
Moreover, because the utilities that might use dual-purpose casks do not
necessarily have delivery allocations, accelerating the acceptarice of
spent fuel in dual-purpose casks in order to obtain these casks when
needed could seriously complicate the delivery-allocation procedure set
forth in the standard contract with the utilities.

The report intended to say that the designers of casks believe that
they can modify the design of the metal storage casks so that the casks
can be certified for transportation and that such modifications would
increase fabrication costs by $50,000 to $300,000. When the costs of
design and certification are considered, the additional cost of storage
amounts to an average of $7 per kilogram of heavy metal. In developing
this unit cost, the added cost of fabrication was assumed to be $110,000, r
which was considered to be reasonable from discussions with cask vendors
and is within the range cited above. Moreover, the unit cost accounted
for potential economies in the fabrication of casks as experience is
gained.

The DOE has been actively involved in attempting to identify any
cost savings that might be realized by the Federal waste-management sys-
tem through the receipt of dual-purpose casks and the conditions under
which such savings might be realized. - As the design of the waste— :
management system progresses, any such savings will be quantified to the i
point where the DOE may be able to take measures to allow utilities to ;
benefit from the use of these casks. Any such benefits to the utilities
would correspond to the cost savings realized by the waste-management
system.

The QOak Ridge study cited above also concluded that a savings of
about $1 per kilogram of heavy metal (and lower personmnel exposures)
could be realized because a dual-purpose cask would not have -to be un-
loaded and the spent fuel it carries would not have to be inspected and
loaded into a transportation cask before shipment to a DOE facility;
however, these advantages did not nearly offset the added cost of the
casks to the utility. ' i
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B.8 COST ESTIMATES

Synopsis of comments

Several commenters, including the New York Power Authority (10-2),
Middle South Utilities (12-3), Baltimore Gas & Electric (16-4, 16-24),
NUTECH (27-4), Foster-Wheeler (29-2, 29-11, 29-12), the B&W Fuel Company
(32-3, 32-8), Utility Nuclear Waste Management Group (33-11), and the
Arizona Nuclear Power Project (38-8), submitted questions or comments
about the general cost methodology.

The State of Vermont (3-9), Vermont Yankee (11-2), Baltimore Gas &
Electric (16-14), NUTECH (27-4), Foster Wheeler (29-10), and an indi-
vidual, John Young (40-1) commented on or requested additional informa—
tion about cost uncertainties. The B&W Fuel Company {32-4) said that the
cost estimates for metal casks are low, particularly in view of the as—
sumed contribution from receiving credit for burnup.

The State of Vermont (3-8), the State of Nevada (36-4), and the
National Association of Regulatory Utility Commissioners (43-5) suggested
that the time value of money should be addressed. The State of New York
(44-1) requested estimates of dry-storage costs in terms of mills per
kilowatt-hour. '

Senator Timothy E. Wirth (1-2) and the Environmental Defense Fund
(24-2, 24-4) criticized the report for not including an in-depth
comparison of the costs of an MRS facility with those of at-reactor
storage. '

The State of Vermont (3-7), Baltimore Gas &n Electric (16~14, 16-15,
16-19) and the Utility Nuclear Waste Management Group (33-15) observed
that the report's estimates of the cost of licensing were too low since
the license fee is $405,000.

Baltimore Gas & Electric (16-4, 16-23), NUTECH (27-16), Gesellschaft
fuer Nuklear-Service mbH (28-1), Foster-Wheeler (29-12, 29-15, 29-16),
Ebasco Services (30-19, 30-25, 30-28) the B&W Fuel Company (32-2, 32-8),
and the State of Nevada (36-5, 36-6, 36~7) all offered comments on values
assumed for specific cost factors.

BQE responses

The general cost methodology used for the report was intended to
estimate a range of total-system costs that would be likely to bracket

‘the costs of providing additional out-of-pocl spent-fuel storage. Since

the specific storage technologies will be selected and managed by indi-
vidual utilities, the DOE will not control the costs, and costs will not

" be the sole factor in utility decisions of dry-storage technologies.

Thus the unit-cost estimates provided were not intended to be used for
comparisons among technologies and, because of differences among tech-

nologies in the status of technical development and the lack of site~

specific costs, should not be interpreted in this fashion. The cost
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gtimates for each storage technology are based on estimates provided by
ihe'utilities and vendors, primarily as presentations at recent confer-—
ences on spent~fuel storage, or from other DOE reports.

Basically a three-step cost-estimating method was used. First,
ranges of unit-cost estimates for each storage technology were developed
as a function of the site storage-requirement capacity. These unit costs
were extracted from estimates aveilable in the current literature. The
gecond step involved developing three ranges of system-wide unit costs as
a function of individual-site storage-requirement capacities. The third
step was the estimation of the ranges of system-wide total at-reactor
storage costs, using the system-wide storage costs and various projec—
tions of storage requirements at each individual site.

The methods and assumptions used in estimating the individual stor-
age technology unit costs include the following:

¢ Cost components were selected from existing cost estimates,
mainly from utility and vendor estimates presented at fuel-
management conferences.

¢ When several estimates were available and all seemed to be rea-
sonable approximations of. the costs, the highest and the lowest
were used to bound the range of unit costs for the technology.

¢ When only one estimate was available and it was. provided by a
vendor, it was assumed that the estimate is likely to be
optimistic, so the reported cost was used as the lower cost
bound. The upper bound was assumed to be fractionally higher.
The value assumed for the fraction was established to represent
the degree of uncertainty expected by the DOE. The use of this
assumption is supported by the historical cost estimates for new
technologies, which almost always tend to be low initially but
increase as more design and engineering information is developed.

® When cost estimates were given, they were used as reported. If
labor hours were given, they were costed at an average wage of
$16 per hour, with an coverhead rate of 70 percent.

¢ The weights of single spent-fuel assemblies were assumed to be
460 and 185 kilograms of heavy metal for PWR and BWR assemblies,
respectively. ' o

After the basic cost-factor estimates were collected, the costs were
divided into estimated fixed and variable costs. Then, a high and a low
unit-cost estimate was developed for each technology as a function of
storage capacity. _ :

Three ranges of system unit costs were developed and used in projec-
tions of the individual-site storage requirements to estimate the total-
system cost. The three ranges were selected to represent the technol-
ogies that currently exist, technologies that are likely to be developed,
and a goal, or optimistic, estimate.
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Aggregate system-wide costs for at-reactor storage were then devel-
oped by using the three ranges of system~wide unit costs and various pro-
jections of individual-site storage-requirement capacities. The storage-
requirement projections vary with the assumption of nuclear power growth
and with the DOE's spent-fuel acceptance schedule.

With respect to cost uncertainties, cost-uncertainty factors were
not typically available for the individual estimates that were used.
However, cost uncertainties are illustrated by variations in the reported
cost estimates. Cost estimates may vary for several reasons, including
differences in accounting practices, vendors' enthusiasm for developing
a particular storage technology or willingness to absorb losses for a
market entry, significant cost reductions due to advances in technology,
and improvements in production methods, which may reduce future produc-
tion costs. :

The combination of these factors produces a significant variation
between the highest and the lowest unit costs for a given quantity of
spent fuel at a site (typically by a factor of 2) as reported in the
initial version of the report. When the estimates are applied in the
intended context, the DOE has a high degree of confidence in them; that
is, the DOE considers that it is highly unlikely that system-wide average
unit costs would be ocutside the ranges developed.

The report of the Dry Cask Storage Study has been revised to elabo-
rate on the uncertainties in cost estimates.

. The timing of expenses for the various storage technologies varies
considerably. To address the time value of money, it would be necessary
to make assumptions about which technologies would be chosen by the spe-
cific utilities requiring additional at-reactor storage over the period
of interest. The cost of dry storage was not reported in terms of mills
per kilowatt-hour inasmuch as this would vary widely, depending on
burnup, the type and the size of the reactor, and the plant factor for
the relevant period.

The criticism that the study did not include a comparative analysis,
including costs, of at~-reactor storage and an MRS facility is addressed
in Section B.2.

In response to the comment that, in view of the NRC's published 1i-
censing fees, the estimated costs of licensing dry at-reactor storage are
too low, it should be noted that the $405,000 license fee is the maximum
fee according to a footnote in the fee schedule published in the Federal
Register. The upper bound for the licensing cost was increased from
$600,000 to $1 million in the report, with the system cost estimates
being adjusted accordingly. This resulted in a slight change (on the
order of 2 percent) in the estimates of system—w1de average unit costs
and total costs

All comments on values assumed for specific cost factors were re-

viewed, and none was considered significant enough to justify cost- _
estimate revisions at this time. Some of the comments conflict with each
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sther; for example, one commenter felt that a cost Waé too low, while
pother thought it too high. Under the auspices of the Electric Power
;esearch Institute, the DOE asked for better cost information early in
the development of the initial version of the report, and the values used
¢n this report reflect the information received from the utility group.
rherefore, no change to the reported cost values {other than the adjust-
ment for higher licensing costs) can be justified by the DOE at present.

It should be emphasized that the information included in this report
js intended to estimate the system-wide cost of at-reactor storage, not
to provide refined cost estimates to influence a utility's choice of
storage technology. More accurate cost estimates should be ocbtained by
the utility at the time decisions on storage technologies must be made.

B.3 HEALTH-AND-SAFETY IMPACTS

synopsis of comments

The Vermont Department of Public Service (3-1) and the Envirconmental
pDefense Fund (24-3) said that more evidence should be presented to sup~
port the conclusion that at-reactor storage is safe. In addition, the
Environmental Defense Fund (24-3) and the National Association of Regu-
latory Utility Commissioners (43-7) requested that the health-and-safety
impacts of at-reactor storage be compared with those of "early" spent- ,
fuel acceptance by, and either storage or disposal within, the Federal o b
waste-management system.

Several commenters, including the State of Vermont {3-6) and Penn-
sylvania Power & Light (15-3), noted the lack of specific health-and-
safety data for particular technologies (consolidation, dual-purpose
storage-and-transportation casks, and the dry transfer of spent fuel}.
Pacific Gas & Electric (14-4) suggested that generic issue 82 in reactor
safety, “Beyond Design.Basis Accidents in Spent Fuel Pools,” should be
considered in the context of currently reracked poels.,

Several comments suggested clarifications of the text describing the
health-and-safety implications of variocus design features.

DOE responses

The DOE believes that sufficient supporting informaticon and data are
available to conclude that the dry storage of spent fuel presents no un-
due risks to public health and safety and no significant adverse environ-
mental impacts. The bases for these conclusions, as cited in many places
in the report, exist in the dry-storage licensing documentation submitted
to the NRC and in the NRC's approval of these documents. A discussion
of the bases for the NRC's approval of dry-storage technology would be
lengthy and detract from the main objectives of the report. No changes
to the text were felt to be warranted. :

The DOE also considers that comparisons of the health-and-safety
impacts of at-reactor storage with either storage at a centralized fa-—
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cility like the MRS facility or comparisons between surface storage and
repesitory disposal are not appropriate for the report of the Dry Cask
Storage Study because such comparisons are outside the scope of the study
as specified by the Amendments Act. Furthermore, the licensing recerd to
date demonstrates that at-reactor storage is safe and does not pose undue
risks to the health and safety of the public.

The comment regarding the health-and-safety impacts of dual-purpose
casks is accurate in that the report assumes that all necessary reviews
are adequately performed. This is not to deny that there remain substan-
tive issues in licensing a dual-purpose cask. As acknowledged in the
report {page 75), there are few publicly available documents that address
the radiation safety of at-reactor spent-fuel consolidation. The refer-—
ence cited on page 75 indicates that these impacts are expected to be
minimal. Several demonstrations, as detailed in the report, have con-
firmed this expectation. Although the analyses that would permit a
detailed discussion of the health-and-safety impacts of consolidaticn

- have not yet been published for these demonstrations, the DOE feelsg that

the basic conclusion that at-reactor spent-fuel consolidation is a safe
technology is a valid one.

In regard to generic issue 82, the NRC is considering this issue in
terms of past and future reracking efforts. To our knowledge, no resolu-
tion of this issue has been developed by the NRC. If the NRC so decides,
it could issue requirements to utilities to implement improvements to
installed spent-fuel storage racks or place administrative controls on
the types and ages of fuel placed in them. At this time, the DOE is not
aware of any forthcoming requirements in this area.

The purpese of this study, as stated on page 2 of the initial ver-—
sion of the report, was to comsider the costs and the health-and—
environmental impacts of expanding at-reactor storage capacity through
dry-storage technology. The intended audience for the report is the
Congress. As such, the report was not intended to provide a sufficient
basis for utility decisions on dry storage. It does, however, state that
dry loading at reactor sites has not been licensed by the NRC (pages 29,
31) and that it is likely that site-specific analyses would be necessary
to obtain NRC approval of such activities.

B.10 LICENSING

Synopsis of comments

Questions and comments on licensing covered a broad range of con-
cerns about the licensing process and several specific technical issues
relevant to licensing. Several of the questions and comments on the
licensing process were related to the generic nature of licensing. These
issues include opportunities for public participation and the stream-
lining of the site-specific licensing process.

The State of Wisconsin (5-2) and the Arizona Power Project (38-7)
expressed support for NRC initiatives designed to streamline the process
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¢ licensing at-reactor storage. However, Wisconsin and the States of
ézshington'(S—l) and Vermont (3-2) cautioned that such undertakings
nould not reduce opportunities for public participation in the process.
& ey felt that limitations for public participation could undermine the
credibility of the dry~storage option and result in possiblg delays
¢hrough litigation.

Two commenters, Pacific Gas & Electric (14-2) and Ebasco Services
(30-4)» indicated that, even after the storage cask (or other technology)
nad been approved by the NRC, the effort required to obtain a site-
specific license could still be significant.

The issue of licensing jurisdiction was raised by one commenter:

the Energy Facility Site Evaluation Council of the State of Washington
(8-1) criticized the study for implying that only NRC 1icgnsiug require—
ments apply to at-reactor dry storage without recognizing the potential
for State or local licensing requirements. The Council felt that at-
reactor storage is not an integral part of the reactor complex licensed )
under 10 CFR Part 50; therefore, it assumed that any dry-storage facility
will fall under its regulatory responsibilities and require an amendment
to the site certification agreement between the State and the utility.

- The amendment process requires, by law and rule, that the public be in—

volved.

Whether the licensing process requires a determination of "feasibil-
ity" (in addition to safety) was questioned by Virginia Power (23-3) and
the Utility Nuclear Waste Management Group (33-3).

Several commenters questioned the implied assumption that an inoper-~
ative reactor with only in-pool storage would require a license under 10
CFR Part 72. Among these were the Public Service Company of Colorado
(18-2), Virginia Power (23-8), and the Utility Nuclear Waste Management
Group (33-17). The State of Vermont (3-3) suggested that it is necessary
to determine. the possible effects on spent-fuel storage of extending
reactor operating licenses.

A final process-related issue is that of the licensing cost (see
also Section B.8). Pacific Gas & Electric (14-2) noted that NRC approval
of the use of a precertified cask may still involve a significant licens-
ing effort and potential intervention in the process.

The Environmental Defense Fund (24-8) questioned the range of costs
presented in the report for licensing in-pool consolidation ($200,000 to
$600,000), because to date the licensing proceedings for these activities
have not been contested by formal intervention. This commenter alsoc re-
quested the justification for the cost figures provided and an explana-
tion for why cost estimates were not provided for licensing the dry stor-
age of consoclidated rods and hardware.

The comments on technical issues commonly mentioned the specificity
of an NRC requirement for criticality control with boron and the general
issue of burnup credit as part of the licensing process. Several commen~
ters questioned the specificity of the requirement that a ecask be loaded
under borated water conditions or that cask baskets include boron. In
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this context, Middle South Utilities (12-4), Virginia Power (23-4), and
the Utility Nuclear Waste Management Group (33-9) stated that it was not
aware of an NRC requirement that a cask be loaded under borated con-
ditions (see first full paragraph on page 29 of the initial version of
the report). These commenters maintained that the requirement is more
general, as represented in 10 CFR Part 50, Appendix A, Criterion 62
(i.e., preferably criticality is to be prevented by the use of geomet-
rically safe configurations). Pacific Gas & Electric (14-3) recommended
that the last sentence in the first paragraph of Section 2.1.1 of the
initial version of the report be revised to read "...and adding neutron
absorber in the racks or imposing fuel burnup requirements to preclude
criticality." The issue of burnup credit was mentioned by the State of
Vermont (3-10), Virginia Power (23-5), and the Utility Nuclear Waste
Management Group (33-10).

In addition to these comments on the licensing process and specific
technical issues, several commenters supplied information on licensing
developments since the writing of the initial version of the report.
NUTECH (27-1, 27-3) recommended that the licensing status of all tech-
nologies be summarized in the Executive Summary.

DOE responses

In response to the provisions of Sections 133 and 218(a) of the
Nuclear Waste Policy Act, the NRC has undertaken initiatives designed
to streamline the process for licensing dry at-reactor storage of spent
fuel. A detailed discussion of these regulatory initiatives and their
objectives is provided in Section 2.2 of Part I of this report. In sum-
mary, the NRC staff is developing a proposed amendment to 10 CFR Part 72
for consideration by the Commission. This amendment would include a
process for the issuance, pursuant to a formal regulatory action, of
generic certificates of compliance for dry-storage casks. Moreover,
the proposed process would enable a utility with a nuclear-plant license
issued under 10 CFR Part 50 to register with the NRC for a general li-
cense to store spent fuel at the reactor site in NRC-certified casks,
pursuant to conditions specified in the general license. These casks
could then be used for spent-fuel storage at the reactor site without
further licensing actions. The Part 50 license would constitute evidence
of compliance with other regulatory requirements for dry storage. Where
opportunities for public participation may be reduced, this is a direct
consaquence of the requirements of the Nuclear Waste Policy Act.

With regard to the time period required to license a dry-storage
system, the licensing of the first dry-storage facility required almost
4 years, and the second licensing required less than 2 years. At pres-
ent, a licensing period of 1 to 2 years is probably a good estimate. The
revised report emphasizes that under current regulations the licensing
effort is specific to the technology and to the site.

The DOE acknowledges that at-reactor storage may be subject to State
regulations. Any State regulation of dry at-reactor storage would have
to be done in a manner consistent with 10 CFR 72.8, which provides that
"Agreement States" under the Atomic Energy Act *...may not issue licenses
covering the storage of spent fuel in an ISFSI...."
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The references to a "feasibility demonstration™ as a part of the
required content of an ISFSI license applications were deleted.

Wwith regard to licensing costs, the $405,000 NRC license fee ig the

jmum fee according to a footnote in the fee schedule published in the
ederal Register. The upper-bound licensing cost, which includes this
fee and other costs, was increased from $600,000 to $1 million in the
- peport, and the system-cost estimates were adjusted accordingly. This

adjustment resulted in a change of approximately 2 percent in total cost

The issue of licensing coverage for sites with inoperative reactors
js discussed by the NRC in its comment 45-20 (see Section II.C). The
extension of a reactor's operating license should not result in any
adverse effects on at-reactor spent-fuel storage.

The DOE agrees with the comments on requirements for boron in pool
water and cask baskets. 1In general, references toc boron were replaced
with the term "neutron absorber or a safe configuration." The reference
to boron was left in the text in specific places because boron is actu-
ally used in casks and baskets and is the most widely used neutron poison
(see also the NRC's comment 45-12 in Section II.C).

The issue of burnup credit is discussed in Section B.5.1. Several
commenters called the DOE's attention to recent developments in the
licensing of specific storage technologies. These developments are men-
tioned in the revised report. Moreover, a summary of the current licens-
ing status of the spent-fuel storage technologies has been developed and
is presented in Appendix A in Part I,

B.11 MISCELLANEOUS COMMENTS AND RESPONSES

A number of the comments either required no response or resulted in
minor revisions to the text of the initial version of the report, such as
changes in sentence structure or substitution of words. Since these
appear to be noncontroversial improvements of the text or the transmis-—
sion of relevant infermation, the suggesticns in the following comments
were adopted and the revisions, as appropriate, have been made:

16=-3 18-3 27-14 30-18 30-40
16=5 18-5 27-17 30-22 32-7
16-6 23=-2 30-3 30-26 33-6
16-10 26-1 30-5 30-27 33-8
16-20 262 30-6 30-30 ©33-14
16-22 272 30-8 . 30-33 33-16
16-25 27-11 . 30-10 . 30-35 33-18
17-5 27-12 30-15 30-37 38-3
17-6 27-13 ©30-17 30-39 43-1
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Other miscellaneous comments, for which a response is deemed appropriate,
are addressed in this section because they did not conveniently fit into the
generic categories covered in the preceding comment-and-response sections.
Since each comment covers a discrete topic, it was necessary to depart from
the format of the preceding sections and provide a specific response for eac
comment.

Comment

The State of Vermont (3-5) said that the study should consider what
additional support from in-plant systems, such as cooling and cleanup systems,
may be required for in-pool spent-fuel consclidation.

Response

These considerations have been investigated in some of the joint utility-
vendor demonstrations. Cleanup systems have been incorporated into the fuei-
consolidation equipment by some of the organizations participating in these
projects. (Table A-1 of Appendix A identiffes the participating organizations
engaged in the field demonstrations to date.) The DOE is not aware of addi-
tional cocling being required for these operations.

Comment

The Georgia Public Service Commission {9-7) requested a more comprehen—
sive discussion of transshipment, including licensing considerations. The
National Association of Regulatory Utility Commissioners (43-6) recommended
that transshipment not be dismissed as a viable storage—~expansion option since
there are no guarantees against future publiec opposition to any at-reactor-
storage option.

Response

This study was conducted in accordance with the provisions of Section
5064 of the Amendments Act, which did not include a requirement for the
analysis of the costs and other considerations associated with transshipment.
Transshipment was mentioned in the background section of the report for com-
pleteness. It may be used in some limited instances to achieve more efficient
utilization of existing pool storage capacity on an interim basis, but is nect
generally available for use by all utilities in meeting their storage needs.
The use of the transshipment option obviously does not increase the aggre—
gate spent-fuel-storage capacity at reactor sites. However, where the option
can be used, it can provide temporary relief for storage—capacity deficiencies.

Comment
The Pacific Gas & Electric Company {14-1) suggested that the Executive
Summary {(page vi, third paragraph) should emphasize the importance of timely

spent-fuel acceptance by the DOE and the impact that any delay will have on
at-reactor-storage requirements.
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No change was been made to the report to reflect this comment because the
eferenced paragraph does emphasize the importance of the timing of waste
8cceptance by the DOE to addltzonal—storage requirements at reactor sites.

comment

Baltimore Gas & Electric (16-9 and 16-13) noted the potential conflict
for a utility between the DOE's interest in applying the *oldest-fuel-first"
rinciple in spent-fuel acceptance and utility deczsxons about loading a dry-

gtorage fac1lity.

Response

The DOE appreciates this concern and is in the process of clarifying this
jssue in its discussions with the industry's response team for the Annual

capaC1ty Report.

Comment

Virginia Power (23-6) requested additional information on the cost
estimates for metal storage casks in Sectiomn &4.1.1.4.

Response

The commenter is referred to Section B.8 for a discussion of the cost-
estimating methodology used in this report. More specifically, cost factors
were developed from cost estimates provided by vendors, utilities, and other
DOE studies. The lower cost ranges for the metal storage casks are consistent
with most of the sources quoted. The consensus in the reported cost estimates
was that casks will cost less than the DOE's purchase price for the four casks
owned by the DOE; therefore, the high cost estimate was assumed to be equal to
the lowest cost of the four casks.

{omment

Virginia Power (23-7) requested that "large capacity increases" (Section
4.1.1.4) be defined in terms of metric tons of heavy metal.

Response

In Table 4-1 of the initial version of the report, the variable-cost
estimates range from $54 to $97 per kilogram of heavy metal, and the fixed-
cost estimates range from $800,00C to $1 million; the latter estimate was
revised to $1.8 million in the final report. Thus, the total unit cost will
range from $55 to $100 per kilogram of heavy metal whenever the fixed cost
divided by the capacity is about $1 to $3 per kilogram of heavy metal.
Therefore, large capacity increases would be on the order of 700 to 1,000
metric tons of heavy metal. :
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Comment

The Environmental Defense Fund (24-6) felt that the study "ignored the
impacts of public opinion regarding transport of spent nuclear fuel shipment n
Furthermore, the EDF objected that the DOE ignored the fact that the public jg
likely to be against an MRS facility for much the same reason.

Response

As explained in Section B.2, the scope of this study did not cover a com~
parative analysis of spent—fuel storage at reactor sites versus an MRS facil~
ity; nor was the study intended to conduct an in-depth analysis of the trang-
portation element of the Federal waste-management systemj the study addressed
only the potential impacts on transportation arising from the possible ex-~
tended and expanded at-reactor storage of spent fuel. Also outside the scops
of the study was an analysis of public acceptance for each at-reactor storage
technology. However, public reaction to, and acceptance of, the Federal
waste-management program, including the transportation system, are regarded
very seriously by the DOE, as can be seen in such program documents as the
Transportation Institutional Plan* and the Draft 1988 Mission Plan Amendment , *x

Comment

The Southwest Research and Information Center (25-4) noted that the
report concludes that existing technologies are technically feasible, safe,
and environmentally acceptable options for storing spent fuel at reactor sites
until such time as a Federal facility is available to accept the spent fuel.
However, no conclusions are offered on at-reactor storage pending the avail-
ability of a geologic repository. The Center asked whether the DOE does not
believe that existing storage technologies will be safe until a repository
becomes available. S .

Response

The DOE does believe that existing storage technologies will be safe
until a repository becomes available. This belief is based on the data
summarized in Chapter 5 of the report and on the safety evaluations performed
for all existing technologies, including storage in spent-fuel pools, by the
NRC. In additicn, the DOE program plans and schedules provide for the
geologic repository to be available in 2003. As discussed in Section B.4,
present circumstances preclude the availability of the MRS facility for re-
ceiving spent fuel significantly in advance of this date. Hence, the con-
clusion cited about at-reactor storage of spent fuel with existing tech-
nologies being an acceptably safe option until a Federal facility is available

*U.S. Department of Energy, Transportation Institutional Plan,
DOE/RW-0094, Washington, D.C., 1986.

**J.5. Department of Energy, Draft 1988 Mission Plan Amendment,
DOE/RW-0187, Washington, D.C., 1988.
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lies equally to a situation where the Federal facility is the MRS facility
35 the geologic repository.

gomment

The Southwest Research and Information Center {(25-5) expressed disap-
jntment that the study did not evaluate a variety of configurations for
the overall waste-management system, including at-reactor storage, "from the
standpoint of how best to assure quality control, minimize transport, and
pinimize waste handling." The Center would also like the analysis to cover
the extent to which the Nuclear Waste Fund can be used to encourage employment
of the optimized system configuration.

Response

- The analyses suggested are beyond the scope of this study. The commenter
ig referred to Sections B.2 and B.3 for a discussion of how these considera—

tions are being addressed in the DOE program.

Comment

In regard to the cost uncertainties mentioned in the report, NUTECH
(27-4) noted that the costs of dry storage are much more certain to the util-
ities because much information is developed in the utility procurement process.

Response

Cost uncertainties do exist, not necessarily for an individual utility
that has already contracted for a storage system, but for dry storage in
general. There are, of course, a number of factors that can contribute to the
cost uncertainties, such as variations in the costs of constructien and
manufacturing, site preparation, and licensing. The costs identified in this
report are intended to provide a general price range and are not intended for
use by utilities in lieu of the normal procurement process.

Comment

NUTECH (27-6) commented that the report should identify those dry-storage
systems that have been developed beyond the conceptual design stage. More-
over, the report should not include system designs that have not been licensed
or developed to the point of a "licensing topical report review."

Response

The DOE was charged to evaluate the technology for dry at-reactor stor-—
age of spent fuel. Therefore, the study included all methods of dry storage
on which information was available.

Comment

NUTECH (27-9) stated that water is not a typical candidate neutron-
absorbing material in metal storage casks.
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Response
The DOE agrees, and the text of the report has been changed accordingly,

CommenE

~ NUTECH (27-17) suggested that Section 4.5.1.5 should reflect the conclu-
sion that can be drawn from the cost-comparison table in the Executive
Summary--namely, that at present the horizontal concrete medule represents the
mest economical dry-storage method.

Response

It is not the purpose of this report to tell utilities which is the most
economical system for their needs, but rather to provide a basis for assessing
the overall technical capability and the cost of providing dry at-reactor
storage.

Comment
Ebasco (30-9) suggested that the first paragraph of Section 2.1 be
revised to mention that the 1987 Amendments Act imposed the restriction that

the construction of the MRS facility may not begin until the NRC issues a
construction authorization for the repository.

Response

This revision was not made to avoid complicating the text with
information that is available elsewhere.

Comment
Ebasco (30-11) suggested citing other DOE publications that provide the

same or more-detailed information as that contained in the RW-859 forecasts of
spent-fuel discharges.

Responsge

This revision was not made. The information and data provided in the
report are deemed adequate for the purposes of the study.

Comment

Ebasce (30-12) suggested defining the unit of measure "MTHM" for the
general public. :

Response

This unit of measure is defined where it is initially used in the
Executive Summary.
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Ebasco (30-13) said that some "reason should be given for the use of
che RW-859 forecast rather than the EIA upper reference case beyond the year

2013.19

Response

. The "reason” cited in the comment was not the reason for selecting the
rw-B59 forecast. The aggregate RW-~859 forecast was used consistently
throughout for the sake of uniformity since it is the upper bound over most of
the time frame of_interest.
omment

Ebasco {30-14) suggested adding additional remarks in Section 3.1.2 (page
17 in the Initial Version) to emphasize the reference in the second paragraph
to the changes over time in at-reactor storage requirements.

Resgonse

The suggested revision is not deemed necessary; the initial text suf—
ficiently highlights the point.

Comment : ' i

Ebagco (30-23) suggested stéting thét the reason for the change in the
NUHOMS system designed for the H. B. Robinson plant, as discussed in Section
5.1.4.2, was to use the CPiEL IF-300 cask.

Response

As suggested, the text of the report was revised to clarify the reason
for the change. :

Comment

Ebasco (30-29) noted that the words "without any spacer grids”™ in the
first sentence of the first paragraph in Section 4.2.2 makes the sentence
-inapplicable to the Maine Yankee consolidation license application, which
assumed reorienting the spent-fuel rods in a more closely spaced, simple grid
array.

Respouse

The text was revised to indicate that the absence of spacer grids does
not apply in all cases.

Comment

Ebasco (30-31) cited the reference on page 50, Section 4,2.4, to 688
locations in the Millstone Unit 2 pool authorized for the storage of con-
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solidated fuel and asked about the source of this number. It also questioneq
whether the last sentence in the second complete paragraph oan this page
prejudges the use of dry storage or other methods for any additional storage
that may be needed.

Response

The number 688 represents the number of in-pool storage locations re-
quired to store the spent fuel that is comsolidated pursuant to the Part 30
license amendment submitted by the utility and approved by the NRC. There
was no intent in the last sentence to prejudge the option selected by the
utility to enhance its at-reactor storage capacity in order te maintain a
full-core-reserve storage capability, nor does the sentence appear to do
S0.

Comment

Ebasco (30-32) suggested menticning in Section 4.3 {last paragraph) that
significant savings can be expected in the costs of dry-storage facilities if
the fuel that is stored is consolidated,

Responsge

The economics of dry storage for consolidated fuel depends on a number of
factors that require clarification through additional field demonstrations. A
discussion of this subject, including the identification of the aforementioned
economic factors, is provided in Section B.5.3 of Part II.

Comment

Ebasco (30-41) felt that the discussion on page 73 of the initial version
of the report about radiation doses and the regulatory limits in .10 CFR 72.67
should mention the need to compare the doses resulting from dry storage with
those from the operation of the colocated nuclear reactors or other radiation
exposures from uranium-fuel-cycle operations in the region.

Response

The regulatory limits for the annual dose equivalent received by an indi-
vidual outside the controlled area are specified in 10 CFR 72.104 rather than
72.67. The regulatory limits for radiation exposures of the public (which
were cited on page 73 of the initial version of the report) include any con-
tributions from uranium-fuel-cycle operations within the region. Hence, a
revision of the report is not required.

Comment
Ebasco (30-42) questioned the statement that non-fuel bearing component

canisters will constitute a larger source of gamma rays than a spent-fuel
assembly.
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Response de

The statement in question is based on work performed for the DCE by the
pacific Northwest Laboratory. This work is reported in the following PNL
documents:

® A. T. Luksic et al., Spent Fuel Disassembly Hardware and other.
Non-Fuel-Bearing Components: Characterization, Disposal Cost
‘Estimates, and Proposed Repository Acceptance Reguirements, PNL-6046,
Pacific Northwest Laboratory, 1986.

¢ A, T. Luksic, “Chéracterization of Pressurized Waste Reactor Spent
Fuel Hardware,"” paper presented at the 10th Annual DOE Low-Level Waste
Management Conference, Denver, Colorado, August 30-September 1, 1988,

¢ M. A, McFinnan et al., Performance Testing and Analysis of the TN-24P
Cask Loaded with Consolidated Fuel, PNL-6631, Pacific Northwest
Laboratory (to be published by the Electric Power Research Institute
under the report number EPRI NP-6191).

Conment

Ebasco (30-44, 30-45) recommended that Section 6.1 of the report mention
the DOE's contract with the utilities to start accepting fuel by January 31,
19983 it should also address the question of whether the Nuclear Waste Fund
can be used for post-1998 at-reactor storage. Moreover, Ebasco said that the
DOE's expression of willingness in Section 6.2 to consider support for at-
reactor storage options and the systems—integration studies cited should be

referenced.

Response

The start of waste acceptance and the use of the Nuclear Waste Fund are
discussed in Sections B.4 and B.3, respectively. The systems—integration
studies cited are in progress, and therefore no references are yet available.
As discussed in the preamble to the standard contract for the disposal of
spent fuel, the DOE recognized that certain credits for specific utility ac-
tions may become appropriate. At that time, the DOE deferred establishing a
policy on issuing credits for any activities. The DOE remains willing to
consider possibilities for providing credits when significant savings to the
Nuclear Waste Fund are demonstrated. o

Comment

Chem-Nuclear Systems, Inc. (31-1) requested that the next version of this
report include a description of a storage concept, the Castor V/12 cask, that
it has developed. ’

Response

The DOE both recognizes and applauds the efforts of vendors to make new
and innovative alternatives available for utilities to meet their future
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t-fuel storage needs. It also recognizes that other such alternatives are
sfﬁnl to be introduced from time to time in the future. However, there is ng
iim: {o obtain the information necessary for evaluating the cost, licensing
considerations, and development status of the Castor V/12 concept and to prop-
erly integrate the information into the current study report, which is in the
final review stage before issuance. The DOE will continue to monitor progress
on the development and application of the Castor V/12 and other storage tech-
nologies that may subsequently become available and will include an analysis
of such technologies in future reports that are issued by the DOE on at-
reactor storage, as appropriate at the time.

Comment

The B & W Fuel Company (32-10) questioned the conclusion that the use of
horizontal concrete systems will have no effect on transportation, pointing
out that the utility will have to unload the spent fuel back into the pool for
transfer to the transportation cask or have the dry shielded canisters
designed for direct loading into the transportation cask.

Response

The conclusion in the report was based on in-pool unloading of the dry
shielded storage canisters and spent-fuel transfer to a trangportation cask.
Although this operation requires fuel handling at the reactor site, it has
virtually no effect on transportation. The DOE is studying the potential
impacts of transporting the dry shielded storage canisters in the Federal
waste-management system. Preliminary results indicate that the receipt of
spent fuel in canisters containing 21 to 24 PWR assemblies would have little
impact on transportation from the reactor. However, the use of lower-capacity
canisters would have some impacts, and these impacts would increase with
decreasing canister capacity. '

Comment

The B & W Fuel Company (32-11) noted that the discussion of dual-purpose
casks in Section 5.3.1 did not state the assumptions for a life-cycle cost
analysis.

Response

The total savings in life-cycle cost for transporting spent fuel does not
include any added costs that utilities experience in connection with the use
of dual-purpose casks. Moreover, transportation casks were assumed to have
the same payload capacity as dual-purpose casks.

Comment
The Utility Nuclear Waste Management Group (33-2) asked what destination
or destinations were assumed, the MRS facility or the repository, in

evaluating the potential effects of the various at-reactor-storage options on
transportation.
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RespPOnSE

The study was undertaken, in accordance with the requirements of the
amendments Act, to evaluate the potential effects of at-reactor storage on the
costs or risks of transporting spent fuel to a central waste-management facil-
jty, such as an MRS facility. The study, therefore, involved an examination
of the potential additional impacts of possible expanded and extended dry
at-reactor storage on the transportation element of the Federal waste~
management system. The destination assumed for the shipments--aq MRS facility
or the repository--has no relevance for the purpose of this study.

Comnent

The Utility Nuclear Waste Management Group (33-5) noted that the practice
js generally to store spent fuel in the reactor pool for as many as 5 years
pefore transferring it to dry-storage facilities, not 1 year.

Response

The text (paragraph 4 on page 10 of the initial version of the report)
is not in conflict with this observation. Hence, no change was made to the

report. '
Comment

The Utility Nuclear Waste Management Group (33-7) observed that the issue
of land-use requirements for the various dry at-reactor storage optons was not
addressed in the report. Estimates of land-use requirements would be useful.

Response

The report has been revised to indicate typical land areas needed to
accommodate the generic dry-storage technologies covered in the study. It is
also noted that, in addition to the land areas actually used for the dry-
storage technologies, it may be necessary to take into account the site—
specific land-use policies of individual utilities or the land-use regulations
of local jurisdictions.

Commenﬁ

The U.S. Committee for Energy Awareness (34-1) recommended that the study
provide additional consideration of the integration of at-reactor storage with
the DOE's transportation program for spent fuel, thereby enabling the
utilities to plan an at-reactor-storage facility for compatibility with the
DOE transportation casks. ' '

Response

The question of optimizing the compatibility of at-reactor spent—fuel
management with the Federal waste-management system is discussed in Section C,
in reponse to comment 45-1 from the NRC.
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Comment

Mr. Frank Clements (35-1) provided 10 reasons why he feels the report's
assumption that the geologic repository will be in operation by 2003 is weak.

Response

The views expressed on this subject are appreciated; however, an evaluy-
ation of the considerations and the probability that the repository will be
available by 2003 is not within the scope of this study. As discussed in the
Draft 1988 Mission Plan Amendment, the DOE’'s integrated schedule for the
waste-management system shows the repository starting waste acceptance in
2003; hence, it was the logical choice for the reference case used in this
study. Other dates were alsc assumed in the study for the purpose of a sen-
sitivity analysis to reflect the potential impacts of delays in the availab-
ility of Federal facilities on requirements for additional at-reactor storage.

Comment

Mr. Frank Clements (35-2) noted that the study did not consider
alternatives to the current geclogic repository program for the disposal
of spent fuel, such as reprocessing to remove the plutonium or at-reactor
entombment.

Response

The objectives of the study did not include comparative evaluations of
alternatives to the geologic disposal of spent fuel. However, it should be
noted that spent-fuel reprocessing results in high-level-waste streams that
must be managed and disposed of by technologies providing permanent isola-
tion for the long-lived radionuclides from the human environment. A portion
of the waste destined for disposal in the geologic repository was generated
from reprocessing irradiated reactor fuel to remove plutonium and uranium
regiduals. ' '

Comment
The Arizona Nuclear Power Project {38-1, 38-11) stated that it must be

assured that the DOE will develop transportation casks that can handle its
fuel. v

Response
The DOE has a major program under way to provide on a timely basis the
fleet of transportation casks necessary to discharge its transportation

responsibilities under the Nuclear Waste Policy Act. A more extensive
discussion of this issue is provided in response to comments in Section B.S6.

Comment

The Arizona Nuclear Power Project (38-6) encouraged the development of
standard methods to verify fuel burnup.
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Resgonse

In February 1988, the DOEisponsored & two-day workshop on fuel-burnup
credit. At this workshop the development efforts of both industry and the DOE
were reviewed and discussed. These efforts are ongoing,

Commernt

The National Association of Regulatory Utility Commissioners (43-3)
stated that the Study reflects the fact that an integrated disposal system has
not yet been developed. The Association cited the potential cost savings and
safety benefits resulting from system integration and standardization and
noted that the success of such an approach will depend on close cooperation

 petween the DOE and the utilities in the further development of at-reactor

storage facilities.

Response

Compatibility between the speﬁt—fuel management gystems of the utilities
and the Federal waste-management system and the mechanisms for 'addressing this
compatibility are discussed in Section C in response to NRC comment 45-1.

Comment

The New York Public Service Commission (44-3) suggested that the DQE
investigate the possibility of disposing of a portion of the non-fuel-bearing
hardware from rod consolidation as low-level radiocactive waste, thereby
increasing pool storage capacity for spent fuel.

Response

The type of disposal (and the associated degree of isolation from the
human environment) that is acceptable for the various categories of radio-
active waste is ultimately determined by the NRC in the licensing process.
For radioactive wastes to qualify for disposal in near-surface land disposal
facilities (the currently licensed commercial facilities for the disposal of
low-level waste {LLW)}), the concentrations of the radionuclides contained in
the waste must fall within the limits set forth in Tables 1 and 2 ef 10 CFR
Part 61. Thus, in terms of regulatory requirements, any non-fuel-bearing
hardware resulting from spent-fuel consolidation would be eligible for dis-
posal in commercial LLW disposal facilities if it complies with the require-
ments of 10 CFR Part 61 and meets the acceptance criteria (e.g., waste form
and packaging) of the disposal facility. However, most non-fuel-bearing
components of a fuel assembly with nominal irradiation exceed the limits
established in Part 61 and therefore do not qualify for disposal in LLW
disposal facilities.

Low-level wastes with radionuclide concentrations exceeding the limits
in Part 61 for Class C low-level wastes are referred to as "greater-than-class
C waste” and require disposal in a system affording greater confinement (iso-
lation) than that provided by the LLW disposal technologies currently in use,
but not necessarily the degree of isclation provided by a geologic reposi-
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tory. The non-fuel-bearing hardware would normally be clagsified as greater-
than-class C waste unless the spent-fuel assembly from which it came had a
below-normal irradiation history, resulting in reduced concentrations of
radionuclides (activation products) in the hardware.

There are currently no disposal facilities for commercial greater-than-
¢lass-C wastes. The DOE is charged under the Low-Level Radicactive Waste
Policy Act to ensure the safe disposal of these wastes. Hence, under the
present circumstances, the national strategy for the disposal of greater-than-
class C waste will be decided by DOE policy. The DOE can either develop and
license a disposal facility with "greater confinement" technologies (sometimes
referred to as "alternative technologies), or it can elect to emplace these
wastes in the geologic repository.

The Federal policy is to accept the non-fuel-bearing components removed
during consolidation. In other words, if the non-fuel-bearing components were
an integral part of the intact fuel assemblies and would be accepted under the
standard contract without consolidation, then the DOE will accept such compo-
nents although they have been removed from the assembly during consolidation.
However, a utility is free to dispose of its non-fuel-bearing components asg
low-level waste if this waste can meet the regulatory qualifications for Class
C waste. If it does not qualify as Class C low-level waste, the waste will be
classified as greater-than-class—C low-level waste, for which the DOE is res-
ponsible for ensuring safe disposal. Under the standard contract, the utility
can also deliver the non-fuel-bearing waste resulting from consolidation to
the DOE for disposal in the geoclogic repository.

Comment

The New York Public Service Commission (44-4) observed that eventually
at-reactor storage casks will have to be decontaminated and decommissioned;
therefore, the cost for these activities should be presented.

Response

The decontamination of storage casks should be straighforward under
normal operations and relatively inexpensive for either metal or concrete .
metal-lined storage casks. However, when the cask is no longer used for
storage and is ready for decommissioning and disposal, it is likely that the
storage cask will be used as a disposal package for other wastes, which would
save some disposal costs. Moreover, a cost estimate today for the decom—
missioning and disposal of a storage cask a couple of decades or so in the
future is of little utility. The disposal will undoubtedly be in regional or
State LLW facilities that are to be established in the future; the disposal-
fee schedules for these facilities are unknown at present.

Comment
Ebasco (30-7) felt that the third sentence in the second paragraph on
page 7 is misleading in that it can be interpreted that the Standard Review

Plan imposes a regulatory requirement for reactor storage pools to maintain an
ability to receive one full reactor core and the maximum quantity of spent

II-48

Wy

Enr e —




fuel discharged in one Euel?ng cycle. Ebasco noted that several reactors have
slready lost the full-core-reserve capacity in their storage pools.

ResSponse

After reviewing the cited sentence, the DOE feels that the sentence is

gppropriate, and hence no revisions were made to the text.

Comment

Ebasco (30-36) recommended revising Section 4.5.1.3 on page 56 of the
initial version of the report to reflect the following: when comparing the
current rates at which spent fuel can be prepared for storage with the rates
for in-pool consolidation, the DOE should use the total time required for cask
loading and handling plus placing the spent fuel in storage at the dry-storage

facility.

Response

The cited text was focused on the current time requirements for perform-
ing in-pool operations. These operations are normally the most critical from
a scheduling standpoint. It is likely that the operations performed after the
in-pool work will have greater scheduling flexibility.

The DOE accepted the suggestion to replace the term "fuel-handling
cranes” with "cask-handling cranes” in this section of the report.

Comment

Ebasco (30-38) felt that the second sentence in Section 4.5.3 on page 58
of the initial version of the report, which seems to imply that large storage
requirements may favor consolidation, contradicts the statement in Section
4.2.5 that 350 MTHEM is essentially the maximum quantity of additional storage
that can be accommodated for a pool.

Response

The referenced sentence in the summary section on page 58 of the initial
version of the report was not intended to depict dry-storage technologies and
rod consolidation as wutually exclusive options. There may be situations that
favor, for economic or other reasons, the use of rod consoclidation for in-
pool storage or for dry storage or for combinations of the two. Therefore,
the cited statements in Sections 4.5.3 and 4.2.5 are not considered contra-
dictory. ' .

Comment
The Public Service Company of Colorado (18~1) noted that it would be

helpful if the report provided any available information about the dry cask
storage of spent fuel from high-temperature gas-cooled reactors.
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Response

The generic spent-fuel-storage technologies discussed in the report
should be applicable to spent fuel from high-temperature gas-cooled reactors
(HTGRs). Because HIGR spent fuel differs from the fuel discharged from
light-water reactors, it may be necessary to modify some specifications for
the storage facilities. The commercial organizations that have been involveg
in the development and marketing of the dry-storage technologies should be
able to provide useful information about specific applications. Some of the
dry-storage experience in other countries, described in Chapter & of the
report, such as the use of concrete modular vaults in the United Kingdom and
metal casks in the Federal Republiec of Germany, is related to the storage of
spent fuel from gas-cooled reactors. '

Comment

The Gesellschaft fuer Nuklear Service {(28-2) noted that the ventilated
concrete casks and the horizontal concrete modules (the NUHOMS concept)
apparently do not have inlet or outlet filters for the passive cooling system,
and the lack of filters may allow the entrance of insects or animals, which
may result in a plugging up of the ducts and potential thermal overloads.

Response

Although filters are not provided for the passive cooling system of the
horizontal concrete module, wire-mesh screens do cover the inlet and outlet
openings of the cooling system to prevent entry by birds or rodents. This
consideration did not represent a concern to the NRC in its review and ap-
proval of this storage technology. Moreover, the NRC looked at other possible
events with the potential for disrupting the performance of the passive cool-
ing system and determined that the thermal overloads that might result from
such events do not represent a health-and-safety concern.

Comment

The Gesellschaft fuer Nuklear Service (28-3) cited several additional
demonstrations that have been conducted outside the United States for the dry
storage of different types of spent-fuel assemblies in various versions of the
Castor metal casks. These were suggested as additions to the discussion, in
Section 4.4.1, of the cask tests and demonstrations in the Federal Republic of
Germany.

Respense

The cemment provided no information about the cbjectives or the results
of the tests or demonstrations, and hence the suggested additions were not
made. However, for the benefit of those who may have an interest in exploring
this matter further, the demonstrations cited in the comment are listed below.

4+ The Céstor—AﬂR cask has been loaded high-temperature-reactor fuel
since 1983.
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¢ Four Castor KRB-MOX casks were loaded with BWR mixed-oxide fuel for
one year {(1986-1987).

¢ The Castor WWER 1000 cask was used in 1984 for a storage demonstration
-at the Voronesh power station in the Soviet Union.

The State of Nebraska (46-1) suggested that the effect of temperature on
the concrete needs to be evaluated, especially since there is concern that the
structural integrity of the cask cannot be maintained. If so, this could
result in a breach of the cask during movement or handling, leading to sub-
stantial radiation exposure of personnel. There is alsoc some question as to
whether the integrity of the spent would be maintained. This would depend on
the extent and the type of cask detericration from thermal interactions. .

Response

Normally, concrete casks are designed to maintain temperatures within the
limits specified in Standard 359-86 of the American Concrete Institute (ACI).
The allowable temperatures specified in this standard are 160°F for bulk
. concrete with nuclear heating and 250°F for local hot spots during long-term
normal operationms.

The effects of mildly elevated temperatures on concrete in dry-storage
systems are being evaluated in Canada and the United States. In Canada,
concrete casks have been used for more than 10 years. Evaluations of concrete
performance have been conducted and will continue to be conducted in tests on
concrete integrated casks (see Section 4.4.3).

In the United States, spent fuel will soon be loaded in horizeontal con-
crete modules at the dry-storage facility of the H. B. Robinson nuclear power
plant. The concrete in the modules will be inspected over time to verify that
no degradation is occurring from the mildly elevated temperatures.

The DOE, in cooperation with the private sector, iS'planning to conduct
in 1990 performance tests (heat transfer and shielding) on one or two concrete
casks. As part of these tests, temperature instrumentation will be installed
in the cask walls to monitor any changes in the thermal properties of the con-
crete. If there are indications of property changes, samples of the concrete
in the walls of the test casks may be taken to determine the condition of the
concrete,

Because the steel liners used in concrete casks maintain the structural
integrity of the casks, deterioration of the concrete should not lead to a
breach of containment. If the concrete deteriorated to the point that its
shielding capabilities were reduced, the radiation dose rates at the surface
of the cask would increase. Substantial exposure of personmnel would not be
expected because this process is likely to be a slowly occurring process
rather than a breach. However, the concrete is not expected to deteriorate at
mildly elevated temperatures meeting ACI Standard 359-86.
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Most concrete—cask designs have sealed stainless-steel baskets or canis-
ters in which the spent fuel is stored. Because the sealing of these baskets
does not depend on the concrete, the performance of the concrete does not af-
fect the integrity of the spent fuel. The integrity of the spent fuel depends
largely on the temperature and the cover gas in which the fuel is stored.
Since the steel canister is sealed, the cover gas will remain at its original
purity level. ' .

Comment

The State of Nebraska (46-2) expressed concern as to whether the integ-
rity of concrete casks can be maintained when the cask is used for transporta-
tion after extended storage. This concern stems from possible thermal ef-
fects on the concrete and also the potential effects of handling, moving, and
shifting the cask. Nebraska questioned whether a concrete cask could with-
stand a transportation accident "with only minimal, or preferably no, loss of
material.” :

Responge

Concrete casks are not being considered for dual-purpose storage-and-
transportation service. Only metal casks would be used for this application.

Comment

The State of Nebraska (46-3) observed that, since there appears to be
more than one method for handling and loading the casks with the spent fuel,
the possibility of an accident increases significantly in relationship to the
number of times the material is handled.

Response

The utilities and the DOE have undertaken a dialogue designed to enhance
the compatibility of the spent-fuel management systems at reactors and in the
Federal sector. One of the objectives of this process is to minimize the cost
and the health-and-safety impacts associated with the waste-acceptance inter-
face between at-reactor storage and the Federal waste-management system. An
obvious target benefit from these efforts would be to minimize the number of
spent-fuel-handling steps associated with cask loading and unloading. This
topic is discussed in greater detail in the response to the NRC's comment 45-1
in Section C.

II-52




. C. NRC COMMENTS AND DOE RESPONSES

This section presents the comments submitted on the Dry Cask Storage
gtudy report by the U.S. Nuclear Regulatory Commission (NRC). All of the NRC
comments are presented individually, and each is followed by a DOE response.
The complete set of NRC comments can be seen in the NRC's letter, which is
veproduced in Part III as comment letter 45. ‘

NRC comment 45-1

The Commission is concerned, that inadequate attention is being given to
ensure the compatibility of the various steps in the storage, transport, and
disposal of spent fuel and thereby enhance the safety and efficiency of fuel
handling.. With a proliferation of storage options, it appears likely that
fuel to be removed from reactor sites in some instances may have to be
returned to reactor pools to be unloaded from storage canisters and then
loaded into transportation casks for ‘shipment off site. In addition, sub-
sequent operations at the repository, or a monitored retrievable storage site,
may be needed to repackage the fuel for ultimate disposal. The Commission
believes that radiation exposures and other handling risks should be minimized
in the entire process from removing the fuel from the reactor pool the first
time to its ultimate disposal. System analysis and action at this early stage
could result in minimizing these handling risks, and the Commission suggests
that the DOE proceed on this course of analysis and action to achieve cask
design compatibility to the greatest extent possible. ) '

DGE response

) The storage, handling, transport, and disposal of spent nuclear fuel will
involve actions by both utilities and the Federal Goverment. The DOE agrees
that these activities should be coordinated to enhance the safety and effi-
ciency of spent-fuel management and plans to increase its efforts to ensure
that this coordination takes place. This need has already been recognized by
both the DOE and the nuclear utilities, and elements of this general
coordination issue have been identified as topics to be addressed through the

- process for resolving issues concerning the standard contract for the disposal

of spent fuel. This contract establishes, among other things, the contractual
terms and conditions for the waste-acceptance process. The issue-resolution
process associated with the contract is a mechanism for identifying and ulti-
mately overcoming obstacles to the effective and efficient implementation of
the contract. The issue-resolution process was described in the June 1988
issue of the Annual Capacity Report*® and is commonly referred to as the "ACR
issue-resolution process.” :

*U.S. Department of Energy, Annual Capacity Report, DOE/RW-0146,
Washington, D.C., 1988.
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The DOE intends to discugs with the utilities, at the next meeting in the
ACR issue-resolution process, the general c¢coordination issue that the NRC hag
raised, to identify opportunities for, and the timing of, steps to address any
coordination elements that are not already being addressed. Any elements of
the general coordination issue that are not appropriate for resolution through
the ACR issue-resclution process will be taken up separately by the DOE, work-
ing with the utilities, under the auspices of the Edison Electric Institute's
Utility Nuclear Waste and Transportation Program {successor to the separate
Utility Nuclear Waste Management Group and the Nuclear Transportation Group).

In discussing this issue, it should be recognized. that the Nuclear Waste
Policy Act of 1982 (NWPA) assigns the nuclear utilities the primary responsib-
ility to provide for, and the responsibility to pay the costs of, the interim
storage of spent fuel until the fuel is accepted by the DOE. Furthermore, the
NWPA does not authorize the DOE to regulate how the utilities meet their
spent-fuel storage requirements unless the utilities' activities affect their
obligations under the standard contract for the disposal of spent fuel.
Furthermore, in certain areas, as explained below, it could be detrimental to
the Federal waste-management system to attempt to influence the utility
actions prematurely. Accordingly, the DOE believes that the coordination of
at-reactor spent-fuel-storage activities with the Federal waste-management
system should be pursued through a combination of DOE/utility discussions
through the ACR issue-resolution process and DOE-facilitated voluntary efforts
of the utilities involved. Furthermore, such activities should be conducted
in a deliberate manner whose pace is determined with consideration given to
the downstream impacts of the coordination decisions on the entire Federal
waste-management system.

In considering the appropriéte steps and pace of activities to use in
addressing this coordination issue, the following points should be kept in
mind: .

1. As of the year 2003, approximately 80 percent of all spent fuel that
has been discharged will still be in storage in the utilities’
storage pools. Ouly the 20 percent that will have been moved into
other storage mechanisms might be affected by efforts to increase
coordination.

2. Qver the next 5 years (1989-1993), only about 930 MTHM of spent fuel
in excess of the projected pool capacity will be discharged. If this
fuel is handled in a less than optimum fashion with respect to inte-
gration with the Federal waste-management system, it will still con-
stitute less than 2 percent of the approximately 50,000 MTHM of fuel
projected to be discharged through 2003 and an even smaller percent-
age of the total fuel destined for dispesal. Thus, the DOE and the
utilities have several years in which to develop the mechanisms to be
used for coordinating at-reactor spent-fuel storage with the Federal
waste-management system and still have these mechanisms in place in
time to be used for the great majority of the spent fuel to be
discharged and stored outside the reactor spent-fuel storage pools.
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This point is illustrated graphically in Figtres C~1 and €-2, includ-
ing data on the cumulative amount of spent fuel projected to be
discharged from 1985 to 2020, for the projected cumulative out-of-
pool spent-fuel-storage requirements assuming that the repository
opens in 2003, and for the projected cumulative out-of-pool spent-

" "fuel-storage requirements assuming no repository operations through
2020.

3. Since the DOE has only begun to characterize a proposed repository
site in detail, it is still several years away from being able to
specify the characteristics of the repository waste package. The
waste-package requirements and designs will determine items such as
materials selections and quantities, physical configurations, and
disposal-package heat and radiation limits. Hasty action taken by
the DOE at this time could easily result in the selection of standard
requirements that, while they might result in more nearly optimum
front-end handling of the relatively small amounts of spent fuel to
be moved into dry storage in the near term, might be incompatible
with the final waste-package requirements or might be decidedly
nonoptimum for the much larger amount of spent fuel to be discharged
over the long run. .

4. All of the mechanisms now being pursued by the utilities ensure that
the minimum required level of compatibility is maintained, This is
accomplished by retaining the capability to return the spent-fuel
assemblies to the spent-~fuel storage pool, thus allowing them to be
transferred to the Federal waste-management system as if they had
never been placed in dry at-reactor storage to begin with.

In recognition of these facts, the DOE considers that, although the
coordination issue in general should be pursued as expeditiously as possible,
certain of the coordination efforts may have to be paced to incorporate the
requirements stemming from the final waste-package design or other design
specifications. Clearly, the better defined the Federal waste-management
system, the more productive these coordination efforts will be. In additien,
all of the coordination activities must weigh the cost and impact of the
restraints implicit in the coordination versus the benefits that can be

obtained.

As described in the body of the Dry Cask Storage Study, several different
types of technologies for expanding at-reactor storage are in various stages
of development. No single technology is likely to meet the requirements of
all of the utilities. Furthermore, the utilities believe that they need to
retain the flexibility to choose the option that best suits their requirements
while choosing systems that incorporate compatibility elements that are
jeintly developed on the basis of system requirements.

As more information is obtained concerning which of the spent-fuel-
storage technologies will be needed to fulfill utilities needs, it will be
appropriate and natural to consider certain features or interfaces within each
of the technology categories for compatibility with the Federal waste-
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panagement system. These features or interfaces could include items such as
Jimensions, weights, payloads, materials, heat and radiation limits, and
handling features.

The compatible elements of each of the major types of technology can then
gerve as focal points for combined Federal and utility efforts to ensure that
the various technologies interface satisfactorily with the Federal waste-
management system. Such a process will allow those items of the .spent-fuel-
management system that can be designed to be compatible in the near term to be
so handled. However, it will also provide time prior to the design of the
storage mechanisms to be used for the majority of the spent fuel, and that
could affect the downstream elements of the Federal waste-management system,
to allow the MRS issues to be resolved, more experience to be cobtained with
the various at-reactor storage technologies, and the waste-package require-
ments to become better defined.

In the meantime, prior to any coordination activities, the DOE's near-
term shipping-cask designs will be oriented toward the development of the
basic designs needed to ship the bulk of the spent fuel (i.e., the 80 percent
of the spent fuel that consists of intact spent-fuel assemblies stored in
wvater-filled pools). The DOE's longer term shipping-cask design efforts will
consider modifications of these basic designs to maximize the efficiency of
handling as much of the remaining 20 percent of the spent fuel as possible,
primarily the portion whose storage incorporates the compatibility features
discussed above.

Finally, the DOE will separately consider how to handle any spent fuel
whose storage mechanisms do not comply with the compatible techniques estab-
lished in cooperation with the utility industry, recognizing that such fuel
may be subject to delayed acceptance under the terms of the standard disposal
contract. )

NRC comment 45-2

With reference to the paragraph beginning at the bottom of page vii and
continuing on page viii, the NRC notes that while topical reports have been
referenced in dry storage licensing, there is no requirement to do so. A
license applicant could simply submit a new design detailed in the Safety
Analysis Report that is submitted as part of the site-specific license
application.

DOE response
The text in question has been revised in accordande with the comment.

NRC comment 45-3

Concerning the first full paragraph and sixth full paragraph of pages
viii and 13, respectively, a utility would not apply for a general license to
store spent fuel in NRC-certified casks under the proposed amendment to 10 CFR
Part 72. The utility would, instead, register with the NRC to use a certified
cask, thus committing to the specific conditions of the general license.
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DOE_response
The two paragraphs in question have been revised in accordance with the
comment.

NRC comment 45-4

Insert the following underlined wording at the end of the first sentence,
fourth full paragraph, page viii: "...for dry storage in that dry storage.
involves a new license under 10 CFR Part 72, while consolidation where it
increases the number of assemblies permitted to be stored in the pool involveg
an _amendment to the 10 CFR Part 50 license. To the extent that utilities have
consolidated spent fuel rods as a demonstration, they have performed these
limited consolidations under 10 CFR 50.59., First of all...."

DOE response

The text hag been revised as recormended.

NRC corment 45-5

In the third sentence of the first full paragraph on page x, the words
"for at least 30 years beyond the expiration of the operating license" refer
also to reactor-pool storage.

DOE response
The text has been revised as recommended.

NRC comment 45-6

Delete the last sentence from the partial paragraph at the top of page
9. Also, revise the second sentence in the first full paragraph on page 9 by
incorporating the underlined words as follows: "...all spent fuel storage
pools where an evaluation shows that the pool can support the additional
weight...."

DOE responsge

These proposed revisions to page 9 of the report have been made.

NRC comment 45-7

Note that 10 CFR Part 72 has been recently amended (Federal Register,
Vol. 53, p. 31651, August 19, 1988), and this Part is now entitled "Licensing
Requirements for the Independent Storage of Spent Nuclear Fuel and High-Level
Radiocactive Waste.” This change in title should be reflected in the fourth
paragraph of page 11. '

DOE response

The text has been revised as recommended.
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NRC comment 45-8
-—-""F——_——_-—

Delete the last paragraph on page 11 and top of page 12 and replace it
gith tbe following paragraph:

Consolidation where it increases the number of assemblies
permitted to be stored in the spent fuel pool involves an
amendment to the 10 CFR Part 50 license. To the extent
that utilities have consolidated limited numbers of spent
fuel rods as a demonstration, they have performed these
consolidation programs under 10 CFR 50.59.

DOE_response

This proposed revision has been made.

NRC comment 45-9

In connection with the second full paragraph of the page 12, NRC points
out, as was done earlier in comment 45-2, that a topical report on a specific
dry storage technology is not required by regulation to be submitted for NRC
review and approval prior to applying for a license under Part 72 for a stor-
age facility employing that technology.

DOE response

The cited paragraph has been revised to clar1fy this point about the
regulatory. requ:rements.

NRC comment 45-10

The first sentence in the third full paragraph on page 13 should be
revised to read "Consistent with this objective, the NRC staff is currently
developing a proposed rule for consideration by the Commission which would
amend 10 CFR Part 72 to provide a process for the issuance of...." (A
similar revision has been made to the first sentence in the first full para-

graph on page wviii.)
DOE response
The proposed revision has been made.

NRC comment 45-11

The first sentence of the fourth full paragraph on page 13 should be
revised to read "The proposal under development envisions an amendment to 10
CFR Part 72 to specify the following process...."

DOE response

The proposed revision has been made.
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NRC comment 45-12

The first sentence of the first full paragraph on page 29 concerning
cask loading in the storage pool and boron is incorrect. Nuclear criticality
analyses to date have not taken credit for the presence of boron in the water,

DOE_response

This observation has also been made by others (see, for example, comment
12-40) and responded to in Section B.10. The response is consistent with the
correction recommended by the NRC.

NRC comment 45-13

Gesellschaft fuer Nuklear Service mbH is improperly identified in
Section 4.1.1.2, paragraph 3 on page 30, and in Sectionm 4.1.2.3, paragraph 1
on page 34. This should read General Nuclear Systems, Inc. {the U.S. ,
partnership). -

DOE response : ' ﬁ
The proposed changes in the text of the report have been made.

NRC comment 45-14

The first paragraph in Section 4.1.2.3 (page 35) should note that the
technical review panel set up by the NRC to investigate the acceptability of
nodular cast iron for transportation casks has been completed. It was con-
cluded that nodular cast iron should not be used as the primary structural
material in spent fuel shipping casks based on the material properties and
available information at this time.

DOE response

The text of the report has been revised and updated to reflect the new
developments cited in the comments.

NRC comment &5-15

hY

The first sentence, paragraph 2 of Section 4.1.4.2 on page 41 should
cite the topical report rather than the topical safety analysis report.

DOE response

This change has been made throughout the text of the report.

NRC comment 45-16

The first sentence in the second paragraph on page 47 should be revised
to read "...with rod consoclidation are primarily economic in nature. They
include the difficulties....”
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pOE_response

This sentence has been revised to reflect the comment,

NRC comment 45-17

The first two sentences in the second full paragraph on page 49 should

pe deleted and replaced with the following sentences:

As explained in chapter 2, consolidation where it
increases the number of assemblies permitted to be
stored in the spent fuel pool involves an amendment to
the 10 CFR Part 50 license. To the extent that util-
ities have consolidated rods as a demonstration, they
have performed these limited consolidation under 10 CFR
50,59,

DOE response

The proposed revision has been made to the repert text.

NRC comment 45—18

Delete the words "local or" in the third sentence of the third full
paragraph on page 49.

DOE response
This deletion has been made.

NRC comment 45-19

Delete "1993-1994" in the fourth sentence of the second full
paragraph on page 50 and insert in jits place "1997.%

DOF response
This revision has been made in the report.

NRC comment 45-20

With respect to the first paragraph on page 72, the reactor operating '
license may be amended at the end of the plant operating life. Thus,
spent fuel may be stored in the reactor pool under a "possession only”
license pursuant to 10 CFR Part 50. The reactor license cannot be
terminated until the reactor isg decommissioned. To fully decommission
the reactor, all spent fuel must be removed from the site.

DOE respeuse

The referenced paragraph in the initial version of the study report
has been deleted. It ig replaced by a paragraph reflecting the substance
of NRC comment 45-20.
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Y nited Stm:s Sensate

WASHINGTON, DC 20510
October 27, 1§88

ghe Honorable John &. Herrington
pecretary -
pepartment of Energy

1000 Independence Ave., KW
washington, D.C. 20585

pear ¥Kr. Sectretary:

3 em writing to comment on the fnitial version of the Department of
pnergy’s {DOE) Dry Cask Etorage Study, which was regquested by Congrese
as part of the Kuclear Waste.Policy Act (NWPA) Amendments of 1987
pPublic Law 100-203). This study could play an fmportant role in the
evelopnent of & national strategy for nuclear waste disposel in the

pnited States.

By including the Dry Cask-Storage Study fn the 1987 NwPA Anendments, I
believe Congress recognized the need for the nation to examine
slternative options for the our nuclesr waste disposal nanagement
program in the context of persistent concerns about the costs, sefety
and impacts of the federal governmment’s program to manage the disgoual
of nuclear waste. %The Dry Cask Storage Study was regquested to he P
rovide Congress and others with information about at-reactoer dry cask

storege & one of those opticns.

In addition, this information could be essential to the Monitored
etrievable Storage Commission’s mandate to evaluate the need for a
onitored retrievable storage (MRS) facility. 1In pa
feould provide the commission with information about the
cost-effectiveness and safety of dry cesk storage of spent nuclear fuel
as &n alternative to a MRS facility. Unfortunately, duve to certain
assumptions made {n the finitial version of the report, I fear that the

complete picture of dry cask storage as an option.

sccurate comparison of the coste of at-reactor dry cas storage in
relation to soveral scenarios explored in the study that involve the
siting of an MRS facility. In the reference case for ate-reactor dry
cagk storage, #ll of the coste of & pre-repository storage systex are

storege under alternative spent-fuel-acceptance schedules st & MRS
Wlfacility do not include.the total pre-repository costs. The costs

and operation of & MRS facility are sizmply exciuded from analysis. 1In
order for the MRS review commission and Congress to evaluate the peed

at-reactor storage pnd & MRS facility. A more thorough examinaticn of
roete of the alternstives must be included £n the final study.

Ill-1

rticular, this study

report may not provide the coxmission, the Congress and the public mith

considered. However, the study’s exaxination of the costs of at-resctor
sspociated with the siting, development, licensing and transportation to

for and alternatives to an MRS, the full costs of an at-reactor dry cask
storage systen murt be weighed against & systex that requires additional

e




Page Two
Octobar 27, 1388

2 sape doficiencies Iin the study can be applied to consideration of
the comparison of impacts of dry cask storage. Again, the impacts ot
*Jat.reactor dry cask storage should be compared against the total impace,
associated with additional in-pool/at-reactor storage and the
stablishment of an MRS. , -

§£n11ar1y, I am very concerned about the study’s limited examination of
the transportation costs end icpacts. 6States and municipalities acroay
the country are extraemely sensitive to tha transportation of spent
nuclear fuel. At-reactor dry cask storage may bo a8 promising
alternative to a MRS facility precisely bocause it could minimize the
pumber and distance of shipments regquired before eient nuclear fual s
Jpermanently disposed of. The study fails to fulfil) the requesat in the
™legislation for an exanination of the affects of at-reacter storage on
the cost and risk of transportation directly to a repository versus
transportation to a central facility such as a MRS facility. The costs
and safety considerations i{nvolved in the transportation of nuclear
wastes must be compared more complaetely &n order for Congress to
[evaluate the alternative waste management systems. :

Qinally, the study inadegquately examines P.L. 100-203's provision
related to an examination of whether the Nuclear Waste Fund can or
should be used for at-reactor dry cask storage. I believe the intent of
this provision was to provide Congress with an evaluation of whather
at-reactor dry cask storage would ba cost-effective in relation to the
full coats (as described above) of 8 MRS facility. Chapter Six of the
initial study corractly points out that whother dry at-reactor storaga
costs are paid for by utilities or the Nuclear Waste Fund, they will be
paid by the utilities ratepayers. Congreas would benefit from an
analysis of whether or not Tatepayers will pay morae or less from
at-reactor dry cask storage versua the alternative of MRS facilicy
storage. The study mentions that DOE is “exanining the potential for
at-reactor storage to contribute to the the goals of the
waste-management system.® DOE should work to ensure that these studies
ars completed expediticusly and included in the final Dry Caskx Storags
Study repoxt. : :

In conclusion, I belleve the study can and should be expanded to give
all Interested parties a more thorough examination of the overall -
Picture of alternative nuclear waste managexent systszs. The study
contains a thorough and thoughtful analysis of the various dry storags
cask technologies. Unfortunately, I believe it £aills to apply the sace
thorough analysis in other areas. As I have described above, I beliave
the data on costs is limited, Furthemmore, the study provides no data
on the effect of the at-reactor dry cask storage alternative in terms of
transportation or impacts.

-
e
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fshe nation needs to develop the safest most cost-nffective systenm
poesible. I am confident that DOE will belp further this effort by
ding its study to analyze &t-reactor caek storage as an
slternative to an MRS by considering the full coste and cts of these
options in relation to one &nother. I look forward to working with you

in this process.
¥ith best wishes,

Eincerely yours,

w WD

Timothy E. Wirth
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STATE OF ALABAMA

GOVIRNOR'S OFFICE

MONTGOMERY 38130

GUY HUNT
GOYERNOR

October 11, 1988

Mr. Charles Head

U, S. Department of Energy

Office of Civilian Radioactive
Waste Management )

RW-322 Forrestal Building

1000 ‘Independence Avenue SW

Washington, DC 20585

Dear Mr. Head:

On behalf of the State of Alabama, I would like to thank you
for giving us an opportunity to review your report on at-reactor
nuclear waste storage using dry cask technology.

Alabamians are greatly concerned about the problem of
nuclear waste disposal. Although your report seems to indicate
that several safe methods exist to increase storage capacity at
the reactor site until the germanent Department of Energy (DOE)
disposal facility is available, at-reactor storage capacity is
expensive and adds to the cost of providing electric power to our
citizens. This at-reactor storage expense is in addition to the
millions of dollars Alabama electric power consumers are paying
into the DOE Nuclear Waste Fund.

Nuclear utilities have long been concerned about their
capability for long term storage of spent fuel on-site. Most
nuclear plants were designed assuming spent fuel would be shipped
off-site for reprocessing. Spent fuel pools were typically
designed to hold two or three years worth of discharged fuel as
well as the entire reactor core if a core unload was planned.
The unavailability 6f commercial reprocessing and lack of a
national regository forced utilities to evaluate and implement
various methods of increasing their on-site storage capacity.
Such methods include re-racking of spent fuel pools with
closer-spaced storage racks, fuel assembly disassembly and fuel
rod consolidation, transshipment to other reactor sites, and
on-site dry storage casks.

Alabama Power Company, at its expense, has re-racked its two
spent fuel storage pools to hold 1407 fuel assemblies each.
Based on a discharge of 72, fpel assemblies at each refueling,
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gtorage is available at Farley Units 1 and 2 to maintain full
core discharge capability until the year 2004 and 2007 :
respectively. Current fuel management schemes sre expected to
result in refueling discharges below the assumed values. 1In
agddition, the storage racks were designed to accommodate the
ossibility of further increasing capacity through rod
consolidation. These measures minimize the chance that Alsbama
Power will have to utilize on-site dry cask storage.
Revertheless, failure of DOE to begin receiving spent fuel
reasonably close to the 1998 schedule could force the use of
on-site dry cask storage. _

Other utilities &re physically unable to expand their spent
fuel capacity and could require alternative storage means such as
dry cask storage even if DOE could provide storsge beginning in
1998. We concur with DOE's conclusion that the various dry
storage technologies addressed in the study &re technically
feasible, safe, and environmentally acceptsble for on-site fuel
storage until a federal facility is availsble to accept the fuel.
[ 0f particular concern to us, is the issue raised in the study
of using the Nuclear Waste Fund for at-reactor storasge. DOE
acknowledges that the Act does not authorize use of the Found to
provide direct financial support for fuel storage at reactor
sites, and properly concludes that Congress intended that
utilities be responsible for interim storage until permanent
facilities are available in 1998. DOE also correctly states that
the primary issue to be considered in using the Nuclear Waste
Fund for on-site storage activities is the matter of equity among
utilities; i.e. why should funds provided by one utility's
ratepayers subsidize storage at ancther utility's facility? DOE
also concludes the Nuclear Waste Fund should be used for on-site
storage when such storage provides overall benefits to the
waste-management system and would so recommend to Congress if
appropriate. ' ' :

We strongly oppose this concept and see no reason why ane
utility's ratepayers should subsidize storage at another
utility's facility. -

The need for such storage could be substantially reduced if

-|POE would concentrate its efforts on providing off-site disposal

and/or storage by 1998 in accordance with legislative and
contractual obligations, not increasing on-site storage

capabilities. | _ :
~ Sipcerely,
ey
Gove r
GH:ce
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STATE OF VERMONT
DEFARTMENT OF PUBLIC SERVICE
120 STATE STREET
STATE OFFICE BUILDING
MONTPELIER 03602
TEL BDR 323-1311%

October 28, 1988

Mr. Charles Head

U.S. Department of Energy

Office of Civilian Radiocactive
Waste Management

RW-322, Forrestal Building

1000 Independance Avenue, S.W.

Washington, D.C. 20585

Dear Hf. Head:

Governor Kunin has asked me to respond to.your regquests
for comments on the DOE study of dry cask storage on bshalf
of the State of Vermont.

I strongly support the need to develop acceptable
approaches to solving the problem of high level radioactive
waste disposal, At the current rate of generation, much
existing on-site storage capacity will be used before any
off-site option is ready. Solutions must be identified and
developed. This is essential in order to protect the public
from the potential hazards presented by these wastes and to
allow existing nuclear power facilities to remain a viable
option for electric generation. The use of dry casks for
storing spent fuel could provide the storage necessary to .
allow sufficient time to solve finally the disposal problem.
In order to fill this role, the use of dry casks will have to
be accepted not only by utility and government officials, but
by the public. This will not be easy under the present
environment. There is a great deal of distrust of official
assurances from either the nuclear industry or the fuderal
government. This makes it extremely important that -
conclusions and decisions on the options for spent fuel
storage have substantial supporting data. The support should
include designs, testing, demonstrations, and licensing.
Simple assertions and poorly supported conclusions by federal
or industrial officials will be be sufficient.

ITI-6
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The conclusions presented in the study on health and
safety effects need more detailed and specific support. A
general conclusion by the NRC in its waste confidence
proceeding that there is *"reasonable assyrance that spent
fuel--can be stored safely™ and the conclusions from two site
and design specific evaluations are not adequate bases of
support for the broad conclusion that health, safety and

sslenvironmental a2ffects of dry cesk storage are negligible.

32

Additional studies need to be either presented or performed
in order to support the conclusion. The conclusions on the
risks of transportation of duzl purpose casks (pg. 76) do not
appear to be conclusions, but assumptions of what the result
would be if all the necessary &ctions and appropriate reviews
jare adequately perxformed. :

[ - Another area of extreme importance to the success of the
development and use of dry cask storage is public
participation. 1If the cask option is to maintain
credibility, the public, including state governments, must be
included in the ‘process as much as possible. This should
include the right to request and participate in formal
licensing proceedings. Attempts to expedite the process by
eliminating the requirement for a formal licensing action
when & power plant proposes to use dry cask at its site, as
the study stetes the NRC plans to attempt, just frustrates
the public's attempts to be involved and is questionable
public policy. '

In addition to the general areas which I have just
discussed, 1 have 2 number of specific comments regarding the
study. -
" The study needs to identify and quantify
to the extent possible the effects on fuel
storage that would result from the
widespread use of operating license
" extensions, .

2. The assumption that there is no additional
expansion of storage possible within
existing pocls needs to be supported.
There are a number of different designs
for in-pool storage racks. For dry casks,
-the study includes the effects of

" potential changes in licensing criteria,
such as being able to take credit of burn
up. The same consideration should be

given to in-pool storage racks.
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The study needs to consider and discuss
what additional support may be required by
plant systems, such as cooling and clean
up systems, due to in-pocl spent fuel
consolidation.

An expanded discussion including support
is needed with respect to the health and
Bafety affects of spent fuel consolida-
tion. The existing study does not praesant
any significant information on this
subject.

The basis for the licensing cost estimates
needs to be discussed. The discussion
should include an explanation of the typs
of proceedings assumed (i.e., were they
formal contested or another type} and the
support for that assumption.

The cost estimates need to be adjusted for
the affect of the time value of money.
Estimates where that is not considered
necessary or possible need to be
identified, along with an explanation of
why and a discussion of the uncertainties
that result from not making the
adjustment.

The study needs to quantify to the extent
possible what the uncertainty is {n the
cost estimates. The study does atrempt to
use bounding cases to account for some of
the uncertainty. However, the broad range
of the numbers and the unspecified high
degree of uncertainty make it difficuit to
know how much confidance should he
attached to the estimates. They study
ngeds to identify what degree of
confidence the authors have in the
estimates and why. i

Further discussion and support is nweded
of the assumption made in the study that
the NRC will relax its requirements on dry
cask storage with respect to burn up
considerations. -
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Q. The study needs to elaborate on how
significant the advantages and
disadvantages are of using dual cascks.

11 During the discussions on dual casks, it

is inferred that their use would be a

significant advantage. HKowever, the cost

estimated for loading and unloading
shipping casks show those costs as very
small.

10. The study needs to support the question-
342 eble assumption that the actual condition
of rail lines will not be & factor in the
transportation of storage casks,

Thank you for the opportunity to comment on the study, I
hope that my comments &re useful in revising the study and
furthering the development of the dry cask storage option.
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DEPARTMENT OF THE ENVIRONMENT
201 WEST PRESTON STREET »  BALTIMORE, MARYLAND 21201
AREACODE 20! o 2255385

William ﬁonlrlgorsd\“fﬂ October 26, 19883 ms:qu;ym, Je,

Mr. Charles Head

U.5. Department of Energy
Office of Civilian Radiocactive
Waste Management

RW-322, Forrestal Building _
1000 Independence Avenue, S.W.
Washingten, D.C. 20585

Dear Mr. Head:

‘Your letter to Governor William Donald Schaefer regarding
our views on the use of dry cask storage methods at nuclear
- reactor sites has been referred to me for response.

The idea of long term dry cask storage at one or both of
the nuclear power plants within Maryland’'s area of immediate
concern (Calvert Cliffs in Maryland and Peach Bottom in
Pennsylvania) for a period of up to eleven years is unacceptable.
{Note: Calvert Cliffs will reach pool storage capacity in 13923.
The expeditious construction of a permanent geologic repository
should be the top priority of the U.S. Department of Energy's
(DOE) Office of Civilian Radiocactive Waste Management, and no
slippage of the 1985 Mission Plan Schedule should be permitted.
{Start of phase 1 operations for the repository is scheduled for
the first quarter of 1998). As it now stands Maryland has no
choice but to accept some form of dry cask storage, but does not
support the premise that this method of storage allows DOE to
take five years longer to develop this much needed permanent

[ repository.

Regarding the methods of storage, staff at the Center for
Radiological Health (CRH) have reviewed the August 1988 document
entitled, "Initial Version Dry Cask Storage Study." As indicated
in this study, we note that there is no immediate, simple
solution to the problem of storing spent nuclear fuel once the
capacity of on-site reactor pools has been reached. Purther, in-
depth studies of the various types of dry storage {metal,
concrete or dual purpose cast and/or modular vault systems} have
not yet been completed, thus complicating comparisons of various
storage methods almost as much as individual reactor site

conditions and available equipment.
ITI-10
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?age Two

Acknowledging these limitations, it is our position that
poth the metal casks and the horizontal concrete modules
tepreﬁent the most acceptable methods of on-site dry cask storage
nd are the only ones currently licensed by the Nuclear .
pegulatory Commission (KRC).

Although the total costs for the dry cask storage methods
are estimated and may vary from site to site, the horizontal
concrete module concept appears to offer lower coste in the
grudy’'s range of 100-1000 metric tons of heavy metal (MTHYM).
qghis method also provides greater flexihility for future storage
expansion in the event that the proposed permanent Federal
repository is not available as plenned. These factors may make
porizontal concrete module storage the preferred dry cask storage
methods at reactor sites. '

If you have any questions concerning these comments, please
contact me at (301) 225-5385 or have a member of your staff
contact Mr. Roland Fletcher, Administrator, Center for
radiologicel Health, at (301) 333-3130.

Sincerely,
DA, W Vel s

Martin V. Walsh, Jr.
Secretary

MW lj
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Tommy G. Thompson Maifing .;kdd,.ea:

Governor Post Office Boy n s
James R. Kisuser Madison, W] 53,0?
Secretary g
Department of Administration
101 South Webster Street  Madison, Wisconsin T~

October 5, 1988

Mr. Charles Head

U.S. Department of Energy : _

Office of Civilian Radicactive Waste Management
RW-322, Forrestal Building o
1000 Independance Avenue, S.W.

Washington, DC 20585

Dear Mr., Head:

At the request of Governor Thompson, we have r- ewed the initial
version of the Dry Cask Storage Study which wa ent for our
comments by Acting Directory Charles E. Kay.

The Dry Cask Storage Study offers an excellent review of the
present status of our knowledge of dry cask storage of spent
nuclear fuel. Dry cask storage is designed for use at existing
electric utility industry reactor sites. As in-pool steorage
space at existing reactor sites becomes full, dry cask storage
will become an important part of our mix of options for storage
of spent nuclear fuel.

We note that the EIA no-new-orders case was used as the reference
case for projections of spent-fuel discharges. This seems to be
the more realistic case since recent years have not demonstrated
the likelihood of additional orders for new nuclear power plants;

The study references a survey Page 58 of 118 nuclear reactor
operators. A large portion of those responding have not
extensively studied their options for increased at-reactor
storage of spend-fuel. This lack of preparedness is a matter of
concern and makes the present study even more timely.

The need for dry cask storage is further demonstrated by the
Tecognition of the limitations of the concept of

rod-consolidation. In the last full paragraph of page vii there is
an acknowledgement that the maximum rod-consolidation ratio is
never achieved because of the non-fuel-bearing hardware that is
left after consolidation but which still takes up in-pool storage .

I11-12
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Mr. Charles Head
pctober 5, 1588

page 2

The study provides an excellent review of existing technolegy and
discusses several options for the use a&nd future development of
dry cask storage. Wisconsin has concerns with some of the

‘proposals.

rhe concept of a dual-purpose cask for use in both storage and
transportation is desirdble in temms of potential reduced cost,
increased flexibility and possible reduction in radiation
exposure. However, it may be difficult to design and fabricate a
cask which fulfills both functions. Separate function casks may
allow for the design gozls to be more easily schieved., We feel
the long term coal should, however, be a cask which can be used
for ‘Monitored Retrievable Storage. After & long storage period
the cask should have enough integrity to allow it to be
transported and then be usable for continued long term storage at

_gnother Eite.

——

dnother issue of concern is the reference on page viii to a
proposed rule to streamline licensing procedures after a dry-
storage cask has been issued & generic certificate of compliance.
We strongly support the proposed rule to reduce "licensing
related activities"™ and to streamline the licensing procedure.
However, streamlining procedures could alsoc reduce the
opportunities for public information and input at individual
reactors with the possible result of litigation delays. These
opportunities for public participation are critical in developing
public confidence and acceptance by local communities because of
the perceived hazards gssociated with the storage of radioactive

materials.

We appreciate the opportunity to review the August 1988 Initial
Version Dry Cask Storage Study and we are pleased to send you our
comments on this important issue.

Slncerely

amee R, 1auser
cretary
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STATE OF NEW JERSEY
BoArDp or Pusric UriLiTizEs

CHRISTINE T. WHITMAN Two GATEWAY CENTER
Presiognt NEwaRk, N.J. 0702
' 201 6482027

Cctober 17, 1988

Mr. Charles Head

U.S, Department of Enargy

Office of Civilian Radiocactiva wWaste Management
RW-322, Forrestal Building '

1000 Independence Avenue, S.W.

Washington, D.C. 20585

Re: Dry Cask Storage of Nuclear Fuel
CTW 804-88 :

Dear Mr. Head:

This is to acknowledge receipt of Mr. Charles E. Kay’s letter
of September 1, 1988 to Governor Thomas H. Kean on the above
matter which the Governor has referred to me for reply.
Please be advised that I received a copy of Mr. Xay’s
September 1, 1988 letter addressed to me directly and I
replied to it on September 11, 1988, Attached is a copy of
that response for your information,

Please do hot hesitate to call upon me if I may be of further
assistance in this matter. _ '

Sincerely,

J/E A

‘Christine Todd Whitman
President

CTH/MVE
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STATE OF Ngw JERSEY
Boarp or Pusric Urnirities

CHRISTINE T. WHITMAN Two GaATEWAY CENTER
PRISIDINT NEwarKk, N.J. o702
Septem'be.r 14 » 1988 2OLGAR-2027

yr. Charles Head

y.S. Department of Energy

pffice of Civilian Radiocactive Waste Management
w-322, Forrestalo Building

3000 Independence Avenue,:!S.W.

washington, D.C. 20585 :

ge: Dry Cask Storage of Nuclear Fuel
CIW: §721-88 -

pear Mr. Head:

We have received a 1letter from Mr. Charles Kay, Acting
pirector, Office of <Civilian Radioactive Waste Management

requesting that the New Jersey Board of Public Utilities furnish
our views on the use of dry cask storage to meet the utility

industries spent nuclear fuel storage needs through the start of

operation o©of a permanent - geologic repertory. Mr. Kay requested

that we respond directly to you with our reply.

The ultimate decision regarding the disposal of epent nuclear
fuel waste resjdes with congress and the DOE. Since the New Jersey
Board of Public Utilities has no legal jurisdiction regarding the
disposal or  reprossessing of spent nuclear fuel, or other

radicactive. waste, nor any technical staff experts in that field,

ve are unable to.offer meaningful comments on the options evaluated

in the dry cask storage study report submitted with Mr. Kay’s

letter.

Thank you for contacting the Kew Jersey Board of Public
Utilities regarding our wviews on this matter. Please do not
hesitate to call upon us again whenever we w2y be of assistance to

you.

Sincerely, E ;

Christine Todd Wnitman
President o

CTR/MVE/peb

I1I-15
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&“A‘s : COMMONWEALTH OF PENNSYLVANIA

I ——— DEPARTMENT OF ENVIRONMENTAL RESOURCES
PENNSYLVANIA Post Oftice Box 2063

m Harrisburg, Pennsyivanta 17120

Octebar 1, 13988
Bursau of Radistion Protection

{717) 787-2143

Charles E., Kay, Acting Director

. Office of Civilian Radiocactive Waste Management
Department of Energy
Washington, DC 20585

Dear Mr. Kay:

We appreciate the opportunity to provide comments on your draft
report pertaining to dry cask storage of nuclear spent fuel at
nuclear reactor sSites. We have reviewsd the report and have no
substantive comments at this time. We do believe that the concept
has merit to alleviate the spent fuel storage problem., We would be
interested in reviewing Specific designs and NRC implementation at

sincerely,

specific reactor sites.

Thomas M. Gerusky
Pirector
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STATE OFf WASHINGTON |

ENERGY FACILITY SITE EVALUATION COUNCIL
Mail Stop PY-11 e  Olympia, Washington $5504 & (206) 4596450 « (SCAN] 5854450

October 24, 1988

Mr. Charles Head

U.S. Depaniment of Energy

Office of Civilian Radioactive
Waste Management

RW-322, Forresta! Building

1000 Independence Avenue S.W.

Washington, D.C. 20585

Dear Mr, Head:

The Washington State Energy Facility Site Evaluation Council (Council) is pleased to
gro;ide you with its comments to the Auvgust 1988 Initial Version Dry Cask Storage
tedy. _

Background: In Washington State the Council has statutory authority for licensing

thermal power facilities over 250 megawatts. - The Council’s goal is “"to assure Washington

State citizens that, where applicable, operational safeguards are at least as stringent as the

criteria established by the federal government and are technically sufficient for their

g;zlftan{c and protection.” The state has authority to license puclear power plants in
ashington.

The state currently bas issned licenses for the construction and operation of three
commercial nuclear power plants, of which one has been completed and has been
operating for three years. The license is & contractual agreement between the state and
the utlity termed & Site Certification Agreement (SCA). The SCA bas been developed
through 2 public process as required by statute.

Issues: The Council’s concern with issues presented in the Initial Smdy sre limited to
licensing. The study implied thet all licensing will be by the NRC, and does not address
ssible state or local licensing requirements or any public involvement on siting, or the
censing of the site. Because the proposed dry cask storage will not be &n integral pant
of the reactor and will pot fall under 10 CFR S0, the Council assumes that & dry cask
storage facility would fall under its regulatory responsibilities and its SCA with the utility.
The Council’s position is that its regulations require &n amendment to the SCA for
construction &nd operation of a dry cask facility. Amendments o the SCA are, by law

.

and rule, public processes.

I11-17
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Mr, Charles Head
October 24, 1988
Page 2

Washington State also shares a common border with Oregon along the Columbia River,
‘The Trojan nuclear power plant sits on the Oregon side of the river but the prevailing
winds ere toward Washington. Although Washington does not regulate this sits, this state
feels it should be involved through a public process with the ability to participate in 2
decision by the Trojan plant to develop a dry cask storage facility, Without the ability or
right to participate regarding such a facility that may have ap impact oa the citizens of
Washington, we feel the study fails o provide the pecessary measures for special
concems to be addressed.

The scenario described in the USDOE Initial Swudy does not address ragulatory concerns
other than those of the NRC, Public involvement is at the root of the state process, A
public process is the policy of the state involying its statutory responsibility to protect the

health and safety of its citizens,

CE:AlF:2b
cc:  Tom Walt, Portland General Electric
- G. C. Sorensen, WPPSS
Bill Dixon, Oregon DOE

Max Power, Office of Nuclear
Waste Management, Ecology
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'o'.ﬂ PAFFOAD WALLIAM 4. SUCHNEN

(Beorgin Public Bervice Commission

244 WASHINGTON ETREET, BW
ATLANTA, GEORGIA 30334

EXECUTIVE XML CTOR /S ESRETARY

October 24, 1988

Kr. Charles Head

U. S. Department of Energy

office of Civilian Radioactive Waste Management
R¥W-322, Forrestal Building

1000 Independence Avenue, S.W.

wWashingten, DC 20585

Dear Mr. Head:

On September 1, 1988, a copy of the initial version of the Dry Cask
Storage Study was transmitted ¢o the Georgia Public Service
Commission soliciting review and comments. We have completed our
review of the initial version of the Dry Cask Storage study and our
comments are attached for your consideration.

There are considerable uncertainties 'in the DOE schedule for
beginning to accept spent fuel and in the costs associated with
various storage options. This is of special concern for minimizing
costs to ratepayers in Georgia because depending on the timing of
DOE acceptance of spent fuel within the limits covered by the
study, at-reactor storage costs could vary between nothing and over
$100 rillion. These costs would ulticately be passed on to
ratepayers.

The major points contained in the attached comrents are summarized
below:

{1) DOE should beg.n to accept spent fuel for off-site storage as
soon as feasible (and should accelerate the current schedule
if possible) which will pinimize costs associated with at-
reactor storage:;

{2) DOE ghould provide a reliable schedule for beginning to accept
spent fuel for off-site storage which will allow economic
decisions to be made for what type of at-reactor storage to

use when it is needed;

I11-1%
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Mr. Charles Head
Ooctober 24, 1988
Page 2

(3) The peossibility of using the Nuclear Waste Fund to assist ip
defraying at-reactor storage costs for spent fuel should be
given a broader consideration than the narrow view taken in
the study that such funding was not originally authorized.

Additional comments are also provided on other areas for your
consideration.

If you have questions on these comments, please call us.,

FBS/rpb
Attachment

c: Gary B. Andrews, Chairman
Billy lovett
Robert €. Pafford
Cas Robinson
B. B. Knowles, Director of Utilities

IT11-20
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COMMENTE ON TEE
INITIAL VERSION
"OF THE
DRY CASK ETORAGE STUDY

GENERAL COMMENTS

ould be o _accept epe nel for off-site age as
goon_ss feasible (and should accelerate the current gchedule
cseible}l which w inimize co associsted with at-
reactor storage. According to Table 3-3 in the study, 10

states which would previously have reguired little if any
additional at-reactor site storage with a 1958 start (the
original schedule} will likely go above the threshold and
require additional storage with a 2003 start (the current
schedule}. The study states that a five year acceleration or
delay in schedule affects costs downward or upward by 50%.
When the nominal nationwide costs are between $470 million and
$2 billion for additional at-reactor site storage, the 50%
cost savings or increase clearly deserve top management
priority and an aggressive program to stay on. or ahead of
schedule. '

shou ovide elizble schedule for beainnt ocac t

gpent  fuel for off-site storage which wil)l allow economic
jecisions e made r what e of at-reactor storage to
use vhen it is needed. :

A utility which believed it would need only small amounts of
at-reactor storage could choose a particular option for that
storage believing that was all it would need before DOE
storage would be available. If the off-site storage was then
. not available when needed, the utility could be forced to make
further jinvestments which taken in total with the earlier
decisions could be uneconomical. A

Likewise, a utility could choose the most economical option
for a large amount of storage not realizing that DOE storage
would be available prior to the time that all of the larger
extra capacity was needed. This could easily result in a net
investment in storage capacity which is uneconomical.

The ggésibj]itx of using the Nuclear Waste Fund to assist in

a t-reactor site gto e coste for spent fuel should

v der consideration th e oW ew _txken
in_the study.

The report's basic conclusion of the Congressicnally mandated
question of whether the Ruclear Waste Fund ghould be used to
fund at-reactor site storage of spent fuel is given an
inadequate treatment by the study. It basically states that
the fund was originally set up to prohibit its use for funding

111-21

——r i



[(4)

*Y

(5)

at-reactor site storage and that equity and fairness
provisions preclude further consideration of use for that
purpose unless it is in the national interest as part of ap
overall policy on waste management.

We agree that the issue is complex and that equity ang
fairness are a major consideration. Nevertheless, utilities
(and ultimately ratepayers) are already paying 1 mill/kw-hr
for ultimate storage of spent fuel. In many cases (as noted
above, in 10 states including Georgia), the recently announced

-5 year schedule delay which is beyond the direct control of

utilities will cause expenditures to ba required for at-
reactor site storage where previocusly none would have been
required. This fact should also be considered in determining
how equity and the public interest should be served.

In addition, if, as stated in the study, the legislative
record is indeed clear that the narrow interpretation taken
by DOE is correct, it is not clear why the question was
mandated for consideration at all in the Nuclear Waste Policy
Amendments Act of 1987. - : ' o

DETAILED COMMENTS

A _more comprehensive discussion of transshivment should be ‘

provided. In Section 2.1 of the study, a single paragraph
discusses (and dismisses) the possibility of transshipment of
fuel between sites as an option. Although such transshipment
is not a long term solution, a more comprehensive discussien
should be provided. According to the Section 6.1 of the
study, this is an option which must be considered before a
utility can meet the legislatively dictated qualifications for
contracting with DOE for interim spent fuel storage at
existing DOE facilities. The reascns given for not discussing
transshipment further is that there has been public
opposition. Although this is certainly correct, it fails to
ment’on other significant considerations. Transshipment of
fuel is not authorized by power reactor operating licenses and
requires license amendments with associated costs as well as
transportation and handling costs. Also, 1if fuel from
different types of reactors is being stored in a common
facility, possible spent fuel pool rack or supporting system
modifications would be required. 1In some cases, this may
nevertheless represent a viable option for a utility,
particularly in states which are on the threshold for not
needing additional storage and where there are reactors of
different ages. . '

Section 4.2 of the Study generally provides a good discussion
of fuel rod consolidation. The discussion of costs associated
with fuel <consolidation 1in Section 4.2.5 is clear.

Clarification is needed however with regard to how the use of
consolidation would affect the ultimate costs of other storage
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options. This is mentioned briefly for duel purpose casks,
but not for the other dry storage options.

ection 4.1.2.4 should arif e coste associzated with due
purpose casks. It is not clear what fixed and variable costg

are or vhether it is anticipated that the fixed costs would
be handled entirely by the vendor so that the end user would
see only variable costs.

Sections 4.1.2 and 5.3.1 discuss the possibiiity that the use
of duel purpose casks could reduce aggregate costs if the
utility owner of such casks would agree to transfer ownership
to DOE early enough. to enable DOE to procure that many fewer
casks. Presumably- if this is the case, DOE will offer that
utility a credit of some kind for the transfer of ownership.

amou this cred and the schedulée for enterin

eements s d _be spec ed clearly -so that the

uch 2
benefit is not Jost due to a fajlure to communicate.
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123 Main Sereet
White Plav i, New York 10801

814 681.6800

# NewYorkPower oo see |
« AUfh Of “y and Chef Opera:m; O,
October 20, 1988 o

Mr. Charles Head

U. 8. Department of Energy

Office of Civilian Radioactive Waste Management
RW-322, Forrestal Building

1000 Independence Avenue, S, W.

Washington, D. C. 20585

Dear ¥r. Head:

Under the terms of the Nuclear Waste Policy Act of
1987, the U. S. Department of Energy is to provide a
report to Congress on the use of dry cask storage at
reactor sites to meet the utility industry's needs for
spent nuclear fuel storage through the start of operations
at a permanent geological repository. The report was to
consider costs, effects on human health and the
environment, and the degree to which the Nuclear Waste
Fund could be used to provide funds for at-reactor storage. i

Authority staff have reviewed the Initial Version
of the 'Dry Cask Storage Study® sent to us for review.
The Attachment to this letter provides the Authority's
comments.

I also want to express the misgiving I feel ;
regarding the progress of the Department of Energy's
repository program, The National Waste Policy Act {NWPA)
of 1983 required start of repository operations in 1998.
That legislative intent was incorporated in a contract
between the Authority and the Department of Energy. It
now appears, law and contract notwithstanding, that the
104 1398 date will not be met and significant storage will be
regquired until a permanent repository becomes
operational. <This additional interim storage is different
from that envisioned and discussed in the NWPA.

Therefore, the pr hibition contained in that act against
funding interim ¢« orage from the Nuclear Waste Fund does
|not appear applicable under a revised repository schedule.

ITI-24
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J.p. Bayne
?age TwO

The Authority is continually evaluating its storage
requirements, We are into 2nd generation modifications of
poth of our nuclear units, If the 1998 date is not
achieved, significant additional engineering effort ana
funds will be required,

1€ you have any further questions or comments, please
contact Mr. William Yario {814-681-6493).

very ttuly yours, : o o ' %

hief Operating Officer

JPB:elb
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ATTACHMENT

NEW YORK POWER AUTHORITY
- COMMENTS ON
INITIAL VERSION OF THE

*DRY CASK STORAGE STUDY'

B The significant cost increase to the utilities caused by
the announced 5 year delay in the repository program is
understated. In fact this delay contributes about 1/2 65 the
estimated cost t§ utilities for reactor storage. In addition, tne

significant utility in-house engineering cost of managing an ever

10-3

]

increasing amount of spent fuel is not even mentioned.

I~ The report tends to understate the difficulty in
increasing spent fuel storage in technically acceptable and cost
effective ways. For example, it states in a number of places that
fuel consolidation is developed, when in fact it is far from a
reliable cost-effective reality. Similarly, it states that dry
storage in casks is readily available neglecting the fact that many
plants, because of low capacity cranes and site restrictions, will
find it difficult to use the more efficient heavy (& 110 ton)
storage casks. The use of transfer systems is discussed but this
cannot be considered a developed technology except for a specific

storage system.
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The éevelopment of consolidation continues to lag behingd
predicticns. The program &t Idaho has exceeded estimates while
achieving less than the étated goals. The DOE staff have recently
stated there sre no short term plans for a_signifiqant poolside
consolidation R&D effort. If fuel per shipmenf ¢an be almost
doubled with consolidation, DOE should be funding consolidation R&D
with the objective of decreasing shipping cost and perhaps
decreasing éioragé cask ¢ost. .Statgments in the report that fhere
will not be sighificant savings are‘not substantiated,

-

If consolidation is not given significant R&D support,. it
may never become a feasible option, While the DOB.report points to
the Northern States Power-Westinghouse demonstration at Prairie
Island 2s & success, the program was chatacterized_by o
low-throughput. 1In a2nother case, the EPRI/NUSCO program was marked
by high cost and unresolved problems. These consolidation programs
were with PWR fuel. No similar progranmns hav; been ca;:ied out on
BWR fuel. & éurrent ESBERCO reﬁort sunmarized the accbmplishments
of the consolidatiod demonstfatious and identified the need for
further development. There are few éonsolidation successes to

repott on.

the transnortation impacts of the various dry storage
options &nd fuel consolidation in general are not adeguately

discussed. The report treats all systems and storage issues as
being not important or of having little impact. Actually, fuel

consolidation, dual purpose casks and the type of dry storage

‘|employed, are important and significant in the transportation of

spent fuel and the overall waste system operation.

111-27




g A . 1

10-7

10
The discussion in the report on dual purpose casks (DPC)jg
not thorough. No technical recommendations, no commitments for
future work, and no pdsition on the use of DPC in the waste

management system is given.

The attractiveness of the DPC in achieving ALARA

objectives is not mentioned. Utilities consider the one time

—

10-2
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handling feature of a DPC as one of its chief advantages.

The discussion on the cost of DPC's is inconsistent in
that it states thaf metél"storage ¢casks™ can be modified at a cost
of from $50K to $300K in order _ﬁo utilize them for ﬁransportation.
It gives the additional cost per XKg of heavy metal as about $7 (with
no range given).. This calculates to be about $75K per cask, nowﬁere

near $300K.

DOE states that the licensing of DPC depends on demand but
it has the responsibility for repository schedule and spent fuel
shipments and, therefore, will directly determine this same demand.
DOE in recent months has deferred the development of this option
while continuing to support the truck and rail shipping cask
program. The Authority strongly believes that it would be more

prudent to actively, pursue the dual purpose cask option.

o .
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11 study shows that any delay beyond 1898 could cost the utility dndustry up to
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VERMONT YANKEE
NUCLEAR POWER CORPORATION

RD 5, Box 169, Ferry Road, Brattiebore, VT 05301

J. Garr WEGAND

PRESIDENT AND
o,ll;lllicﬂﬂﬁ DFFICER

R October 25, 1488

Mr. Charles Head
u.5. Department of Energy
office of Civilian

Radicactive Waste Management
RW-322, Forrestal Building.
1000 Independence Ave., S.W.
Washington, D.C, 20585

Dear Mr. Head:
Subject: August 1988 DOE Dry Cask Storage Study | ' i

We have reviewed the subject draft DOE study &nd have no technical comments }
on this draft, An earlier version of the study was reviewed and commented on by
the Utility Nuclear Waste Management Group (UNWMG) and the Utility Nuclear
Transportation Group (NTG} with the aid of their respective consultants, We
believe that these reviews identified most of the problems with the initial
draft; and, for the most part, the Department of Energy (DDE)} took these comments
into account during preparation of the subject draft.

e would Yike to reiterate, however, that DOE is required by the standard
contract to begin accepting spent fuel in 1998. Vermont Yankee continues to }
believe that DOE should make every effort to accept fuel by that time. The

$2.7 billion to augment on-site storage capacity if acceptance of spent fuel is
_Selayed to 2008. The Jonger the delay, the greater the cost.

[~ Vermont Yankee also #eels that wmore emphasis should be placed on the cost
of uncertainties associated with the utilization of the dry cask storage option,
especially in light of today's regulatory end legal environment,

Thank you for the opportunity to comment on your study.

Very truly yours,
Ko 922

Jdm I11-29
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WILLIAM CAvANA LT, IX
SENIGR VICL BRESIOENT
SYSTEM EXECUTIVE-NULCLEAR

October 25, 1988

Mr. Charles Head

U. S. Department of Energy

Office of Civilian Radioactive
Wasts Management

RW-322, Forrestal Building

1000 Independence Avenue, Southwest

Washington, D. C. 20585

Dear Mr. Head:

Your memo of September 1, 1988, requested comments on the initial version of
the Dry Cask Storage Study (DOE/RW-0196). 1 am pleased to respond on behalf
of the Middle South Utilitjes System. Middle South Utilities operates four
nuclear generating units in three states: Louisiana Power & Light's Waterford
Unit 3; Arkansas Power & Lipht's Arkansas Nuclear Ope (ANO) Units 1 and 2; and
System Energy Resources' Grand Gulf Nuclear Station Unit 1.

We agree with the report's cosclusion that dry cask/modular storage is a
technically feasible, safe, enviroomentally acceptable option for interim
storag of spent fuel pending final storage at a federal repository.

We offer the following comments for your consideration:
1. Usiog DOE's midpoint estimates for the cost of dry stor ge {approximately
' §75 per kilogram of discharged heavy metal), we estimat annual expenditures
"(in excess of the currest 1 mill/kwh) of $2-$3 million per unit at Arkansas
Nuclear Ope beginning ia 1995. At Waterford Unit 3, costs are estimated
at $2 million annually beginning in 2001. Grand Gulf would pay an
estimated additional $2 million per year begimning in 2003.

Given the magnitude of these additional expenses for on-site dry storage,
we are keenly integested in selecting snd using the most cost effective
technology available. We encovrage research and development in technslopy
that will pinimize costs and b: iieve such RZD programs are an appropriate

apd allowable use of Nuclear W -te Fund monies. One particularly
attractive design concept that . ould be given priority is the dual
purpese shipment and storage cz. . Use of such a cask minimizes handling
costs, reduces personnel exposure, and reduces accidsat risks.

111-30
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Mr. Charles Head
Page 2 :
October 25, 1988

422

123

124

3.

‘:.sli

2.

DOE has argued that the Nuclear Waste fund has previsions that prevent
its use to support utility on-site storage of muclear fuel. DOE,
bhowever, bas not adequately addressed the question of what actions sbould
be recommended to Congress to address the changes thet have occurred
which will impact utilities' storsge costs, e.g., DOE's delay of
repositery cperation until 2003 and the consequeptial costs to be paid by
the utilities for on-site storage in addition to the 1 mill/kwh waste
disposal fee. The report presents a genersl rather thap s detailed
cost-effectiveness argumtnt on this point. A more detailed evaluation
may show payments to utilities from the Nuclear Waste Fund do, in fact,
yield the lowest overzll cost, supporting » request to Congress for
relief from the above-referenced restrictions.

Chapter & of the report estimates storage costs for dry casks and other
rethods. So that future cost estimates can be independently performed
using DOE’s methodology, we request that DOE add more detail concersing
their estimates of future costs of storage. This detail could be zn
2ppendix to the report presenting essumptions, cost dats, snd calcula-
tions. : . :

At Page 29, the report states: "If the cask contains spent fuel and

water -~ 23 it would, for example, during losding in the storage pool --
the NRC requires thst ‘boren be used to prevent s muclear chain reaction
(ouclear criticality).” We are not aware of any specific KRC requirement
to load & cask under borated conditions. The requiremept as we understand
it is more gemeral and is found in 10CFRSO Appendix A, Criterion 62, -
which states: '

"Criticality in the fuel storage and bacdling system.shall be
prevented by physical systems or processes, preferably by the
use of geometrically safe cb;figurations."

We suggest the report be revised to address the more generic requirement.

Middle South Utilities apprecistex the opportusity to comment on this report.

L

: anaugh, III
Systen Executive~Nuclear

WCIIY/sep

ce: Mr. T. H. Cloniﬁger

Fr. J. G. Dewease
Mr. ©. T. Cottle Mr. F. B. Rives
Mr. T. G. Caxmpbell
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Sauthern Company Sarvices, ing.

Post Office Box 2625
Brmingham, Alabama 35202
Talephone 205 870-5011
A
. Southern Company Services
Certified Mail the souhern elecirc syste~

Octoder 26, 1988

V. 'S. Department of Energy

Office of Civilfan Radioactive Waste Hanagement
RW-322, Forresta) Buflding .

1000 Independence Avenue, SW°

Washington, D.C. 20585

Attn: Mr. Charles Head

Re: Comments on the use of dry cask storage at nuclear reactor sites
through the start of operaticon of a permanent geologic repository
and its impact on Contract No. DE-CRO)-B83NE44361 with Alabama
Power Company and Contract Nos. DE- CR01-83N£44478. B3ME44479 and
83&544386 with Georgia Power Company.

In August, 1988, the Department of Energy ("DOE" ) through the Office of
Civilfan Radioactive Waste Managament, published its Initial Yersion -
Dry Cask Storage Study. This letter 1s submitted to the DOEL by Southern
Company Services, Inc. {*SCS"), the service company subsidiary of Tne
Southern Company, on behalf of Alabama Power Company (“APC") and Georgia
Power Company {™GPC™)}, the operating company subsidfaries of The Southern
. Company which operate nuclear electric generating facilities. APC and
GP{ are owners and gensrators of spent nuclear fuel {"SNF"}, and, as
such, are purchasers from the DOE of SNF dfsposal services under the
Standard Contract for Disposal of Spent Nuclear Fuel and/or High-Level
Radioactive Waste {“disposal contracts™), 10 CFR Part 951. Specifically,
APC is the holder of DOE Contract No. DE-CRO1-83KE44351 covering the
disposal of SKF from the Joseph M. Farley Nuclear Plant and GPL 15 the
holder of DOE Contract Nos. DE-CRO1-B3NE44478, B3NE44479 and B3NE44386,
covering the disposal of SNF from the Edwin I. Hatch Electric Generating
Plant and the Alvin W. Yogtle Electric Generating Plant. Under the
disposal contracts in exchange for payment to the DOE by the purchasers
of the cost of disposing of SNF gemerated by the nuclear facflities, the
DOE 1s responsidle for accepting title to, transporting, and disposing of
such SNF commencing net Tater *hen January 31, 1998. This Jetter 1s
being submitted becauge of continued concern over what appears to be an
indicaticn by DOE that 1t may not comply with 1ts odligations under APC
and GPC disposal contracts and the possible use of the Nuclear Waste Fund
for at-reactor storage.

The Nuclear Waste Policy Act of 1982 {the Act) reauires the Department of
Energy {DOE), with funds provided by nuclear utilities and other
generators of high-level radicactiva waste, to develop, design, license,
construct and operate a national repository for spent nuclear fuel and
other high-level waste by 1998, Each nuclear ut{lity has been required

to contract with DOE for spent fval Aigposal services which currently
requires a payment tnto a Nuclzar wuste Fund of one mf11 per kilowatt-hour
for actual.nuclear generated net electricity.

I11-32
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Mr. Charles Head
October 26, 1588
Page 2 ’

The Kuclear Waste Policy Amendments Act of 1987, {n addition to
designating Yucca Mountein, Nevada, as the only potentia) repository site
to be examined, 2150 required DOE to prepare the subject report on the
use of dry cask storage at nuclear reactor sites which are expected to
exhaust their spent fuel pool storage capacity prior to DOE's abiifty to
begin acceptance of thefr spent fuel at the natfonal repository or the
possible monitored retrievable storage facility. Despite the statutory
schedule contained in the ACt and the express will of Congress which
enacted the legislation, DOE continues to assert fn fts Annual Capacity
Report {ACR) and Draft Mission Plan Amendment (DMPA) that it does not
expect 1o be able to receive any spent fuel until 2003 and then only on a
1imited basis. Please refer to Attachment 1 for APC and GPC comments on
the 1988 ACR and 1988 DMPA regarding the acceptance of title to,” |
transportation and disposing of SKF commencing no later than January 31,
1998. Further, the current allocation schedule in the latest ACR
Indicates that no spent fuel will be accepted from GPC ang APC until the
third and fourth year of repository cperatfon.

Huclear utflities have long been concerned about thefr cepability for
Tong term storage of spent fuel on-site. Most nuclear plants were

designed assuming spent fuel would be shipped off-site for reprocessing, -

Spent fuel pools were typically desfgned to hold two or three years worth
of discharged fuel as well as the entire reattor core if 2 core unload
w2s planned. The unavailabilfty of commercfa) reprocessing and lack of 2
riational repository forced utilities to evaluate and {mplement various
methods of increasing their on-site storage capacity. Such methods
include re-racking of spent fuel pools with cleser-spaced storage racks,
fuel assemdly disassembly and fuel rod consolidation, trans-shipment to
other reactor sites, and on-site dry storage casks.

Both APC and GPC have re-racket thefr spent fuel pools with high density
fuel racks at Plants Farley anc Hatch, respectively. It should be
further noted that GPC's Plant Vogtle 21so plans to fnstall high density
spent fuel racks fn its spent feel storage pool. Based on current fuel
manzgement schemes, storage will be available at Farley Unfts 1 and 2 to
mafntain full core discharge capabflfty until the year 2004 and 2007.
Kith 1ts combined spent fuel storage pool, Plant Hatch {s expected to
lose full core discharge capabi«fty in 1999, Once a1l racks have been
installed, Plant Vogtle will lose full.core reserve §n 2008. In some
cases, the storage racks were desfgned to accommodate the possidility of
further fncreasing capacity throurh rod consoclfdation. These measures
were taken 8t each utility’s own expense in order to minimize the use of
on-site dry cask storage. Nevertheless, failure of DOE to begin
receiving spent fuel by January 31, 1938 could force the use of on-site
dry cesk storage. Both APC and GPC realize that other utilities may de
physically unable to expand their <vent fuel capacity and could require
#lternative storage means such as dry cask storage even {f DOE could
provide storage beginning fn 1998. APC and GPC alsc concur with DOE's
conclusion that the various dry rtorage technologfes addressed in the
study are technically feasitle, sate, and envirommentally acceptable for

II1-33
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Mr., Charles Head
October 25, 1988
Page 3

on-site fuel storage unti) a federal facilfty {s availadle to accept the
fuel. As noted {n the Dry Cask Storage Study, the need for such storage
could be substantially reduced, as much as 50%, {f DOE would concentrate
its efforts on providing off-site disposal and/or storage by 1998 in
L accordance with legistative and contractual obifgations, :

[In addition there is concern over the fssue rafsed n the study of using
the Nuclear Waste Fund for at-reactor storage. DOE acknowledges that the
Act does not authorize use of the Fund to provide direct financial '
support for fuel storage at reactor sites, and properly concludes that
Congress intended that utilfties be responsible for {nterim storage until
permanent facilities are availadle fn 1998, DOE also correctly states
that the primary issue to be considered tn using the Nuclear Waste Fund
for'on-sfte storage activities is the matter of equity among utilities;
{.e. why should funds provided by one utility's Tatepayers subsidize
storage 3t another utility's facility. However, DOE concludes the
Nuclear Waste Fund could be used for on-site storage when such storage
provides overall benefits to the waste-management system and would so
consider and recomend to Congress 1f appropriate. DOE should take all
necessary actions to meet fts contractual obligations to commence fuel

receipt 1n 1998 and not use the waste fund for on site storage.

Alabama Power and Georgfa Power, as fndfvidual ut{litfes and through
their membersnip in the Edison Electric Institute and the Utility Nuclear
Waste Management Group, will continue to monftor the {ntended use of the
Nuclear Waste Fund to ensure fair treatment of their ratepayers. Further,
they encourage DOE to adjust fts Waste Management Program to meet the
original 1998 schedule. In conclusion, doth APC and GPC:

{1) support the concept of on-site dry cask storage as technically
feasible, safe and environmentally acceptable, pending completion
of federal facilities,

{2} encourage DOE to minimize ~he need for such stdrage by expediting
completion of federal facilities {n accordance with statutory and
contractual obligations, and

{3 eppose use of the Nuclear Waste Fund for on-sfte storage.

Sincerely,

B. E. Hunt

Manager, Ruclear Fuel

SOUTHERN COHPAH? SERYICES, INC.
{Agent for Alabama Power Company
and Georgia Power Company)
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pr. Charles Head
pctober 26, 1988
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BEH:DCH/1b
Attachment

cc: Alabama Power Company
R. P. McDonald
W. 6. Hairston, II1
J. D. Woodard
M. D. Rickels

$2-0010
$1-0100
$2-0200
$2-0300

30434
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R. P.
H. G.
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R. D.

Power Company
McDonald
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PacHis Bas and Electric Company 77 Beae Stree? James 0. Stz 120&38
San Francises. CA 34106 Vrce Presigent :
415197272000 Nociear Power Geneigticn
TWX 910 3726587

October 20, 1988

Mr. Charles Head

U.S. Department of Energy

Office of Civilian Radicactive Waste
Management, RW-322, Forrestal Building
1000 Independence Avenue, S.W.
Washington, D.C. 20585

Dear Mr'. Head:

Reference: DOE letter from Charles E. Kay to Ricthard A. Llark dated
September 1, 13988 _

The attachment to this Tetter provides our comments on the Initial
Version Pry Cask Storage Study dated August 1988, which we received via
the referenced letter. We appreciate tha opportunity to review and
comment on this report.

. Sincerely,

7
e -
JDS:ald

‘ttachments: Comments on DDE/RW-0196, August 1988

$j-doe

I1T1-36 ‘



m Lim e W ——

b il Fobt e

v

!

sol

wl |

all

14

ATTACHMENT

COMMENTS ON DOE/RW-0198, August 1988
"Initial Version Dry Cask Storage Study"

1. The last sentence of the third paragraph on page vi of

the Executive Summary should emphasize how important the
timely acceptance of spent fuel by the DOE is, and the
significant impact that any delay would have on the
required onsite storage capacity at plants.

The second paragraph on page viii in The Executive
Summary describes how & proposed rule would allow a utility

‘with a nuclear plant licensed under 10 CRS0 to apply to the

NRC for & general license to store spent fuel in & NRC
certified cask and to use their casks without further
licensing activities. This implies that the ‘general
license" to store fuel would involve & very small licensing
effort since a certified cask is used. It should be
acknovledged that NRC approval for use of even a pre-
certified cask may still involve 2 significant licensing
effort and potential intervention.

We recommend changing the wording at the end of the last
sentence in the first paragraph under 2.1.1 on page 8 from
"-~and adding neutron-absorbing material to minimize the
potential for nuclear critically” to "--adding neutron
absorber in the racks or imposing fuel burn up reguirements
to preclude criticality". .

The first paragraph on page 9 refers to Generic Safety
Issue 82, “Beyond Design Basis Accidents in Spent Fuel
Pools". 1If this issue is mentioned, it should be in the
context of the potential affect on not only reracking, but
also on existing storage capacities at plants that have
already reracked. . : .
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G}ﬂ Pennsylvania Power & Light Company

Two North Ninth Street » Afientown, PA 18101-1175 « 215/770-5151

October 25, 1988

. Robert K, Campbelt

Chairman/Peesident
Chinf Exacutive Oicer
21547705947

Mr. Charles Head

U.S. Department of Energy

0ffice of Civilian Radigactive Waste Management
RW-322, Forrestal Building L :
1000 Independence Avenue, S.¥.

Washington, DC 20585

Dear Mr. Head:

Your letter dated September 1, 1988 requested comments from

Pennsylvania Power & Light Co. on the Initial Version - Dry Cask Storage Study

prepared by the OCRWM. Thank you for the opportunity to participate in the
review process of this important study,

The Dry Cask Storage Study provides a comprehensive_issessment of
at-reactor storage options currently being researched and tested. Our review
of the report resulted in the following comments:.

1. Section 6.1 of the study states *It is the DOE's position that
the ut{lities are responsible for storing spent fuel at reactor
s;tes u?til an operating Federa) facility {s available to accept
the fuel.® _

Section 6.2 goes on to state “the DOE has determined that the
Nuclear Waste Fund should be used to support at-reactor storage
only when such storage provides overal) benefits to the
waste-management system and not as a means of providing direct
assistance to utilities in their at-reactor storage facilities.”
b The report fails to address the appropriateness of fimancial
assistance to utilitiss in the event that DOE does not comply
with its contractual obligation to accept spent fuel by the year
1998, The year 2003 has been fdentified both in the Dry Cask
Storage Study and the Draft 1988 Mission Plan Amendment as the
refarence, date for spent fuel acceptance to begin under the DOE
Waste Management Sysiem. This date has not yet been established
as meeting DOE's contractual obligation and clearly will have a
~ significant economic effact on utilities. The DOE report
confirms the economic ‘mpact by noting that the five year delay
will result in cumulative additfonal storage requirements
estimated to cost $200 million to $500 million.

PPEL recommends that DOE address its cbligation to assist
utilities with the cosis of additional at-reactor storage when
those costs are imposed as a result of DOE's faflure to begin
accepting fuel by 1998. 1If, as DOE has inferred, it is
inappropriate to usess® Nuclear Waste Fund for this category of

111-38

1$




1%-2

153

rat b

'] l‘

financial assistance, then DOE should consider financial
assistance from its general revenues.

The report depicts in-pool consolidation as a promising
technology in terms of making more efficient use of spent fuel
storage space and, more importantly, fn terms of much lower
storage costs as compared to other alternatives.

However, the cost estimates of consolidated fuel summarized in
Table 5-1 of the report do not consider the fact that
consolidated fuel is presently classified as non-standard fuel
by the DOE. As non-standard fuel, its position in the
acceptance quete could be Jeopardized per Article VI, paragraph
A.2{b) of the LOE Contract for Disposal of Spent Fuel And/or
High-Level Radioactive Waste., If the shipment of consolidated
fuel were delayed because of the non-standard classification,
the economic benefits of this technology could be more than
offset by the necessity of additional storage, especially if
pool space is exceeded. The costs associsted with in-pool rod
consolidation cannot be properly estimated by utilities unti}
the fssue of classification is resolved. While PPAL recognizes
that this is one of the thirty-four ACR issues being evaluated
by DOE, PP&L also believes that the Dry Cask Storage Study
should note that the feasibility of in-pool consolidation may be
dependent upon the schedule for acceptance of such fuel.

The study does not provide sufficient detail regarding the
logistics or health physics aspects associated with dry transfer
of spent fuel, such as from a dry storage cask to 2 shipping
cask. The potential hardware requirements and ALARA o
considerations are not clear. A better understanding of these
issues may help utilities to decide on thefir own best
alternatives, e.g., the use of a dual-purpose cask.

The Dry Cask Storage Study represents a sfgnificant step toward
essessment of the options available to nuclear utilities for
increasing at-reactor storage of spent fuel. PPAL appreciates
the efforts of DOE in research projects of this nature as well
as the work DOE has put into this informative study. PPAL
believes that the continued viability of nuclear power _
generation {s greatly dependent upon industry and government
working together Successfully toward the common goal: A promise
of safe, economical, &nd reliable electric service to meet our
nation's needs into the next century,

Sincerely,

Robert K,/Campbell
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BALTIMORE
GAS AND
ELECTRIC

CHARLES CENTER+P. 0.BOX 1475 - BALTIMORE, MARYLAND 21203

Josern A.TIERNAN
Yier PREJATEWTY
Nycitan Entray -

October 27, 19838

Wr. Charles Head

U.5. Departzent of Energy

‘Office of Civilian Radicactive Waste Management
R¥-322, Forrestal Building '
1000 Independence Avenuse, S. W,

Washington, DC 20583

Dear Mr. Head:

After Teviewing the fnitial wversion eof ths OCRWM Dry Cask Storage Study,
Baltimore Gas & Electric offers the following comnants for‘comidera:ién.

GENERAL COMMENTS

The report is a wuseful refersnce with respect to the status of storage
technologies and the industry-wide cepacity sxpansion that s occurring and will
be needed in the future. In many instances, however, it appsars to pressnt a
picrocultural perspective of the overall spent fuel sterage/transpertstion/
disposal system, focusing on potential bensfits to DOE alone. Some specific
instances are pentioned under pur specific comments. Generally, there wvas a
.very narrow definition applied to the "transportation systez” when looking at
benefits and effects of wvarious at-reactor storage systems. The pavings to DOE
vhen dual purpose casks are usad iz not countersd by the added sxpense to the
utflity, The many beneficial effects of a transportation systen that is
cozpatible with -the shipment »f multi-element sealed canisters are not
pentioned - in fact, horizontsl a~dular storage is sazid to have "no effect” on
the transportation systex. Balrinore Gas & Electric, having comamitted to a2
horizontal modular storags sys~an for cspacity expansien, is keenly awars of .the
potential effascts that can axist, and urges DOE to strongly consider the
at-resctor interfacs issues when designing the frea-reactor transportation
system,
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Octeber 27, 1888
Mr. Charles Read
Page 2

SPECIFIC CONMENTS

[P. vii - Under "Hodular vault dry-sterage systens®, It iz stated, "Io date, this
concept has not been ipplemented in the United States.* Dual purpose casks and
concrete casks have not been implemented in the US elther, Singling out of the
| vault systen to make this statement unnecessarily implies & negative bias,

. vil - Under “"Evaluatfon of in-pool storage concepts®, the statement, *These
demonstrations achieved a rod consolidation ratio of up to 2:1, the maximum
possible, but none achieved effective ecompaction and packaging of the nen fuel
bearing hardware ..." sheuld be modified to read, * a consclidation ratio of up
te 2:1, but mnene have yet achieved effective ..."., Twe to one is not the
zaxioun possidle consolidztion ratio, and some vendors are proposing to exceed
2:1. The demonstrations of compaction are ongoing, &6 the insertion of the
| vords "have yet® avoids the implication that they are not,

p. 1x - The estizmated unit costs for storage expansion presented in the table
are, in pany cases, not rveflective of the market. DOE should note that, in
corpiling this study, they have had limited access to the type of cost
inforation that & wutilicy would obtein durfng « competitive procurement
process. Systemx unit costs will vary widely becsuse of such things as wvendors
trying to bresk into the market or different assembly wvelghts (MTHY). The study
seemed to imply that any uncertainties in cost were due only to varying levels
| of maturity and uncertainty as to vhich systems will be chosen by utilities,

P. X - Under “Health and.Safegy Iopects®, HE Rebinson 1is Ilocated in South
{ Carolina, not North Carclina ss {5 ctated.

(2.1 The statement, "utilities are using fueling cycles of 12 to 18 ponths, ...~
should be changed to read * ... of 12 to 24 months, ...*. Both Calvert Cliffs

¥4 Units sre currently on 24 month fueling cycles, and other utilities are moving

-]

1w

J_}n this direction as well.

2.1.2 (paragraph 3) Under the 4iscussion on horizontal concrete modules, the
$tatenent, “At least one additional reactor site has firo plans to implement
this technology, and is prepar-ug & license gubmittal.”™ cghould be added afrer
*The use of this .... for snother site has been subnmitted*. Calvert Cliffs
plans to subzit an application in 198S. DOE should contact CPLL about their
plens for Brunswick, as well,

2.1.2 (paragraph &) Under the discussion on the dry vault, the statement, *this
concept has net been fmpleasnted in the United States® should not be made unless
it {c also made with respect to all other technelogies which have not been
izplenented in the United States, such as dusl purpose caske and concrete casks.

F}.I.Z (paragraph 6) Vhen discussing which fuel will be taken to & dry storage

1s-s) facility first, DOE should note the difficulty & utility faces in placing its

oldest fuel in the dry store in lighc of the fact that ro specific guidance from
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October 27, 1738
Mr. Charles Head
Page 3

DOE exists on the Oldest Fuel First fssue. If the utility wers forced to ship
its oldest fuel o the repository first, it could have to download {ts dry store
for shipzent and then resload it to =zaintain sdequate pool capaciry, ,
reasonable approach invelvaes imposition of a heat load limit, or minimum coolin
time, with utilities zllowved to ship any fuel assemblies falling within tha:
linit.

2.2 (paragraph 5) The phrase *are considered to be not an integral part® should
be reworded to read, “ave mot considerad to be an integral part”.

(2.2 {paragraph 13) The statement, "The latter technology is also proposed for
use in a dry storage licenss application by a third utility" should be modified
‘te read, «+. by a third utility, and has been zelected for fmplementation at
twy additional sites™, Both Calvert Cliffs and Brunswick plan to fmplement the
NUHOHS, system. '

[3.2.1 {paragraph 1} The discussion on removal from raszctor sites ignores the
fact that DOE is under contract o commencs fuel acceptance in 1998, not 2003,

se.12] The discussion in paragraph 2 relative to the miscatch batween acceptance rate

and discharge should point out that whils zome zites need more space than they
are allocated, some are allocatsd more than thay need to keep up with discharge,

[3.2.3 The discussion on oldest-fuel-first should peint out the impact that the
issue can have on selaction of fuel for on-site dry stozage, since utilicies

W13 uish to minimize the azmount of fuel handling that is performed, and avoid

1814

unnecessary fuel handling.

[2.1.1.4 {paragraphs 354 and table 4-1) Costs quotéd for metal casks do not
reflect the market., The licensing costs quoted seen Iow as well, since the RRC
Lapplication fee alone is $400,00C.

[%.1.3.4 Licansing costs are underastimated since NRC application fee alone is

13 $400,000. Cask costs presented on Table 4.2 vary depending on vhether the cask

Li’ ventilated or mot.

[4.1.4 The statement, “...has Wween 1icensed and constructed, and another
installation i3 %eing designed Both systems use .... and are designated
RUHOMS-07 and NUHOMS-24.® shou%a be modified to read, "...has been licensed and
constructed, and three additional imstallations ars being designed. All of the

118 systens uss ... . The currently wxisting facility and one baing dasigned are

designated NUHOMS-07, and two sacilities baing designed are desipgnated
NUHOMS-24, storing 7 and 24 aawenmblies in each moduls, Tespectively.® Both
{Brunswick and Calvert Cliffs are presently designing such facilities.

I1I-42
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October 27, 1588
Hr. Charles Head
Page & .

:.1.&.1 (paragraph 2) The statement, *does mot contain neutron absorbing
paterials™ should read, "mey or may not contain neutren sbsorbing matzerials®

e

%.1.4.2 The following paragraph should be added after the description of Duke
Power’s facility plan. *Baltimore CGar and Electric has selected the NUHOMS-24
systez for its Calvert Cliffz facility. Fuel loading 1s scheduled to begin in

$400,000

1‘-‘,[&.1.&;& Licensing costs are xnderestinated, as FRC application fees slone are

1420

"4.1.5.1 {paragreph 1) The module size of £2 PUR assembdlies is not a hard number.
¥hile 83 wzs the nunber used in the topical report, Individual modules storing
up te 200 or more fuel assexblies can be builr.

1®-21

%2

2.1._5.2 The statement "At present, no utility has Indicsated that it pians to
implement this dry storage option.”™ should be deleted. The status of MVDS is
not different in this regard than that of concrete casks or dual purpose casks.

[4.2.3 (pnragrl.pﬁ 7) DOE should contact Horthern States Power to verify their

current thinking with regard to conseclidation.

,,_,,[:..2.5 Costs as':m'ed fer equipment'&o not reflect the martket.

1£-24

i o

T2

5.1 Sazme comment on Table 5-1 that applied to Executive Summary, page ix.,
regarding the limited applicabllity of the presented cost information relative
to that which & urility will see in a competitive procurement process.

[5.2.1.3 (paragraph %) HE Robhson.ls loceted in South Cerolina, not North
Carolina.

b

5.3 (paragreph 3) It iz stated that horirontsl concrete systexms would have no
effect on transportatior. While 4t may be true that-the nunmber of shipments may
not be affected, that ghould only be considered as one aspect of
"transportation®. It should Ekr noted that the transportation rystez (i.e.,
shipping casks) can be designed to be compatible with multi-element sealed
canisters, and that this can have beneficlal effects on the overall system. At
the reactor site, the reopening of canizters and rehandling of individual
assecblies can be aveided, ar well as the subsequent disposal of the canisters.
If the canisters sre transferred to the shipping cask dry, there 1s no need o
place the cask in the spent fuel pool, making the entire operation more
efficient, and cbviating the need for decontamimatfon activities and liquid

II1-43
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Cetobher 27, 1988
Mr. Charles Head
Page 5

vaste procés‘sing. At the fazderal site, handling of Individual sssemblises can be
avoided as well.

-~
L]

$.3.1 %hils 1t s true that the uss of dual purpose casks has the potential to
zmininize the nunber of transportation casks purchased by DOE, that by no means
foplias an overall benefit to the systen, DOE 1z trading its savings for a :
152 substantial additional cost to the utility using dual purpose casks, Coupled
with the additional hardvars to bs disposed of with ths introduction of a large
nusber of dual purpose casks, {t {s not clear that the ovarall system benefits,

5.3.2 (paragraphs 2 & 4} Why should it be assumed that fuel casks would be
1g.2s| naeded/used to ship NFBC? A separate canister/cask system could be used that
vas designed just for that purpose.

[£.1/6.. We agree on the interpretation that the Waste Fund {s not to be used to
provide interin storage to utilities, vhere interim is defined as the period
prier te 1995, vhen the contract calls for DOE to begin accepting fuel. When
the pericd of time called "interinm”™ is stretched out due to slippage in the
operation of a federal facility (and subsequent acceptance of fuel), the use of
the UWaste Fund to provide on-site storage after 1938 seems a reasonable
alternative for DOE to consider as DOE attempts to meet {ts contractual
[obligatiens to the utilities.. -

1429

[As DOE discovers that standardization in the at Teactor program would lead to a
moTe cost-effective program overall, addicional Incentive may exist to use the
3% Vvaste Fund to encourage such standardizstion by partieipating in at-reactor
storage capacity expansion. :

3altimore Cas & Electric apprecs-tes the opportunity to provide comments on the
Dry Cask Storage Study. If there are any questions concerning any of our
cozments, we would be pleased ty discuss then with you.

Vary truly yours,

Y proar—

JAT/PAF/lat

II1-44 ' : E
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Duke Fouer Compuny T C Matran
E Electric Center icw President
-, PO Box 131a% Design Enginvering
Charlonte. K € 28242 (70418734301
2 DUKE POWER
4 o )
’ ' October 27, 1588

] ¥r., Charles Head

U. S. Department of Energy

office of Civilisn Radicactive Waste Hanagement
fwW=-322, Forrestel Building

1000 Independence Avenue, S.W,

vashingten, D, C. 20585

e e -

Subject: Comments of DOE/RW-0196, Imitial Version
Dry Cask Storage Study (August 1988)

puke Power Company appreciates the opportunity to comment on the gubject dry
cask storege study, As you &re no doubt avare, we have had to expand the .
gpent fuel storage capscity oo our gystex on & number of occesions, begin-
ping in the mid-1970's. To date such expansion has been sccomplished pri~
parily through spent fuel pool rerackings. In the cese of one of our
plents, it was possible to physically expend the size of the spent fuel pool
early in plant construction, In addition, Duke has employed transshipment
between plants on & limited basis to balance inventories, effectively deley-
ing loss of storage capacity, and Duke conducted the first demonstration of
the Tod consolidation technology &t our Oconee Ruclear Station in 1582. On
March 31, 1988, Duke submitted an spplicaticn to the KRC for authorization
to construct &nd operate &n Independent Spent Fuel Storage Installation at
Oconee. This facility will utilire dry storzge in borizontal concrete
modules. In light of cur extensive experience irn on-site spent fuel
storage, Duke feels particularly qualified to comxent on the content of
VOE's Initial Versiom Dry Cagk Storage Study.

|

The Fuclear Waste Policy Amendments Act of 1987 contains the legislative
requirezents for this study. In {t, Congress required DOE to study and
evaluate the use of dry cask technology for storage of spent fuel on the
cites of civilian power reactors untii a geologic repositery is availatble.
In particular, Congress required DOE to examine two priuary issues: 1) the
costs, 28 well as the bealth and envirnnmental {mpacts of such storage, and
2) the extent to which amounts in the Nuclear Weste Fund can and should be
Iused te provide for such on-site storage.

In general, the teport reflects an accurate representation of the current
etatus of dry storage and other technologies available for on-site use.
Also, the range of spent fuel generation rates and pool capacities used for
projection of storage expsnsion needs appesrs reasonable, Eowever, DOE’s
trestment of the second issue gbove == us. of the Nuclear Waste Fund to
provide on-site storage — gives us concern. Specifically, we agree with
DOE's primary conclusion regarding the use of the Waste Fund, f.e., that the

I11-45
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Act does not appear to suthorize such use, but we disagree as to DOE's
reasoning and the impact of that reasoning on the cost of spent fuel storage
expansion needs beyond 1998.

Duke Power believes Congress ordered the dry casgk study in recognition of,
on the one hand, the 1ikelihood that no MRS or repository will be in
opsration by 1998, and on i{he other, the obligation of the Faderal govern=-
ment to accept spant fuel from civilian power reactors at such a rate as to
eliminate the need for further on-site storags expansion by that date. In
our view, this basic principle underlies the Act and the DOE/utility waste
disposal contracts. To the coatrary, DOE apparently takes the position that
it has po responsibility for storage of spent fuel until it is accapted by
DOE for tramsport to Federa} facilities, whatevar that date might be,

DOE relfes on Section 111(a)(5) of the Nuclear Waste Policy Act (NWPA),
vhich states "the generators and owners of high-level radioactive waste and
spent nuclear fuel have the respossibility to provide for, and the Tespon~
sibility to pay the costs of, the interim storags of such waste and spent
fuel until such waste and spent fuel is accepted by the Secrastary of Enargy
iz accordance with the provisions of this Act.” 1In short, Duke belfsves
that the "{nterim storage™ that is referrasd to in the Act is pre~1993
storage, and that acceptance of spent fuel "in sccordance with the provi-
sions of this Act" means acceptance beginning mot later tham 1998. In fact,
the "Interim Storage Pund™ and the assoclated "interin” storage program
established by the NWPA, by the very naturs of its linfted capacity (1900
MIU) and limited availability (contract deadline Jaouwary 1, 1990) appears to
have deen designed by Congress to bridge what was {ntendsd to be a short gap
between what the utilitles could confidently provide in the way of storage
expausion and acceptance by DOE beginning in 1998, . i

In crafting the language of the Amendments, Congress had the opportunity to
use the term "interim storage" in referring to the function 4t ordered DOE
‘to evaluate, as well as the opportunity to change the 1998 date. It did
neither. In fact, despite the many times the term Minterinc" was used in the
original Act, the term “temporary™ was used in the Amendments when referring
to the type of storage to be covered by the dry cask storags study. Duke
tharefore continues to believe that the bargain struck between U, S. nuclaar
utilities and their customers and the Pederal government calls for perfor-
mance of the government's obligat{ous beginning om s date cerzatin, 1998, in
Teturn for payment of the full costs of the Federal program., To the extent
that the DOE does not have an operational facility to sccept spent fuel in
1598, the utilities and their customers should por have an ongoing cpen~
ended cbligation to continue to pay for speat fuel storage. That would be a

one-gided dargain indeed.

The above discussion represents Duke Power's primary comment on the Initial .
Verslon Cask Storage Study. Attached please find specific comments
focussing on two other fssues: 1) the need for better treatment of the _
integration of on-site dry storsge into the overall waste management systenm,
and 2} the need to establish guidelines for reimbursement from the Waste

I11-45
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Fund for certain specific utility on-site activities vhich provide met beze-
fits to the waste mansgement system. We would be plezsed to discuss these
coments and the issues raised in this letter should you so desire,

Very truly yours,

§24 W«A
T./C. Zzzeekin. Vice Presidert
Design Engineering

RGS:dyh
Attachment

cc: W. H, Owen
K. B. Priory
T. F, Wyke
K. 8. Cenady
F. &, Hudson
R. W. Rassusgen -
A, ¥, Carr, Jr..
¥. J. Bowvman, Jr.
S. P. Kraft (EEI)

ITI-47
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Attachment

Comnents on Initial Version Dry Cask Storage Study
' (DOE/RW-0196 August 1988)

-integration of Dry Storage into Overall Systenm

Section 5.3 discusses the impact of at-reactor storage options on transpor=-
tation. In it, DOE concludes that no transport system bemefits would accrue
from any form of dry storage except dual-purpose metal casks., Duke would
point out that bemefits to tYe transport system may also result from the
traosfer of multielement sealed canisters gsuch those vhich which we, and we
firoly believe-other utilities, will be ut{lf2{np In the future. In
general, we believe Section 5 would be improved by a more thorough treatmeat
of the opportunities for optimization of the entire system with on-s{te dry
storage, :

Section 6.2 raises the issue of the impact on overall system efficiency
resulting from specific utility actions, It would improve the usefulness of
this report 4f DOE would describe actions it could undartake to ensure that
the DOE transport cask fleet {s as compatible as possible with utility
storage systems, Obviously, we must be willing to engage in give and take
with DOZ as both the Federal system and the utility systems develop. As an
example, DOE could outline a program of phased transport cask desigs and
procurazent which recognizes the need of utilitfes to be able to implement a
linited number of different storage systems based on differeat fuel types,
site constraints, etc., while providing utilities with guidelines based on
Teasonable weight and size limitations of the yet-to-be designed Federal
facil{ties and transport systems.

Reigbursement for Utility On-site Activities

Sectlon 6.2 indicates DOE's willingnens to consider support from the Nuclear
Waste fund for activities undertaken by utilities which have overall
demonstzable savings for the system »= a whole. While we realize {t 1s pre~

173 mature to try to ideatify every activit~ eligible for reinmbursement and the

amouat of such reinbursement, we belfeve DOE, in cooperation with the utili-
ties, should begin to outline the principles of such a program of support.
In addition, we believe it 15 posaible at this time to identify s limited
nuzber of eligidle activities and the a~sociated level of rsimbursesesnt,
particularly 4f eligibility criteria ana payments are made subject to
periodic prospective sdjustment as the system develops.

Editorial Comments

s14] Section 4.1.4 -~ We understand an additional utility has formally announced

its intent to utilize the NUROMS-24 system. DOE should
confirm and so reflect. :

1&;[?ection 4.1.4.2 = Dixe Power currently intends to load seven modules in

1930,

1%;[?ection 4.1.4.3 = Duke license sudmittal for the Oconee ISFSI was dated

Marech 31, 1988.
ITI-48
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2420 M. 26th Avenue - 100-D Denver, Colorado 80211 Denver, CO 80201- 0840

October 26, 1888
Fort St. Yrain
Unit No. 1
KDG-88-0880

Mr. Charles Head

U.S. Departmerit of Energy

Office of Civilian Radicactive Waste Management
R¥-322, Forresta! Building

1000 Independence Avenue, S.W.

- Washington, D.C. 20585

Dear Mr. Head:

Ke have recefved 2 copy of the "Initfal Versfon Dry Cask Storage Study”
which was sent to Mr. Richard F. Walker and Public Service Company of
Colorade (PSC) for review and comment. Overall, the report was very
informative and thorough. The mafn comment which PSC has §s that the
report addresses storage of spent fuel from PWR and BWR plants only. PSC

-operates and maintains the Fort St. Vrain (FSV) nuclear power plant which

is 2 high temperature gas cooled (HIGR) power plant.. We currently ship
our spent  fuel to the DOE facility im Idaho, but due to contract
limitations, we are fnvestigating dry cask storage for use with HTGR
fuel. ' .

He rezlize that it is difficult to include al) aspects of dry cask storage
as it pertazins to HTGR fuel since FSY is thHe only plant with this type
of fuel. However, it would be help“ul §f any available information could
be included in the report. A few additional comments are alsc zttached
to this letter for your consideratiorn.

Again, the report was very well put *igether and we appreciate the chance

te comment on 4t. If you have any questfons, please call me at
(303) 480-6910. '

Sincerely,

b. W. Hﬁremb0urg Z;=
Manager, Nuclear Enginéering

DHW/KD:dh
Attachment 1II-4%

cc: K. Dvorak
M. Fisher

B Cavnant
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COMMENTS ON THE INITIAL VERSION
DRY CASKX STORAGE STUDY

p

Page 13, Section 2.2:

The report states that the license issued by the NRC under
10 CFR Part 50 would constitute evidence of compliance with othey
regulatory requirements for dry storage, such as safeguards angd

,Lsecurity. What if the dry storage is required for a plant which

is intending on shutting down and reducing the Part sg
requirements since the plant is no longer in operation? At this
peint, what would the level of requirements be and under which
license would they be contained?

Page 24, Table 3-3 and Page 25, Figure 3-6:

The table and the figqure do not reflect Colorado as
requiring additional storage requirements for spent fuel. As
stated in the cover letter, PSC is currently investigating dry
cask storage options for the FSV nuclear power plant for the
storage of spent HTGR Zfuel which is not under contract for
storage at the Idaho facility.

pr—

Paga 28, Section 4.1.1.1: _

The report specifies a typical metal dry storage cask for
BWR and PWR fuel. PSC has had preliminary analysis performed
which indicates that the metal dry storage cask may also be
suitable for the storage of HTGR fuel. The cask is very similar
to the casX described in the report (somewhat smaller due to the
proposed dry loading method directly from FSV's refueling
machine) with the main difference being the basket design to
accommedate the hexagonal shaped HTGR fuel. '

Page 29, Section 4.1.1.1:

Pertaining to the discussion on dry loading, the preliminary
plan is to dry load the ETGR fuel into the metal storage cask
directly from FSV's refueling machine. Normal spent fuel loading
into shipping casks is currently performed dry for HTGR fuel.

Page 76, Section 5.3:

The report states that if these storage options are used,
the stored fuel will be transferred to a transportation cask for
shipment, and the transportation system will be virtually
identical with the reference system. What is the current plan for
the transfer mechanism or process and will it ba standard to mate
with all types of dry storage casks? If a plant is planning on
shutting down, will it have to r:.ain the original loading system
functional until the time when tha fuel will be transferred to
the DOE shipping casks?

h—

Genaral Comment:

Is a means for renoving the fuel from the dry storage casks
required at all times? Normal reactor plant equipment will be
used to load the fuel but this equipment may be unavailable if
the reactor is shut down or detommissioned prior to DOE
transferring the fuel to the repository.

I11-50
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JECO} LONG ISLAND LIGHTING COMPANY

2L LIPS
EXECUTIVE OFFICES 173 EAST OLD COUNTRY ROAD ¢ HICKSVILLE. NEW YORK 1 1801

WILLIAM J CATACOSINGS
LA AND SenEF tltﬁ\)‘l’!v: (-l = 2

October €, 1%B8

Mr. Charles Head
U.S. Department of Energy
Office of Civilian Radiocactive Waste Management
RW~322, Forrestal Building -
1000 Independence Avenue, S.W.

- Washington, DC 20585

.Dear ¥r. Eead:

The Long Island lLighting Company &ppreciates the
opportunity to comment on the initial version of the dry cask
storage study prepared by the U.S. Department of Energy. In

! general, we find the report informative and descriptive of the
f present gituation on dry cask storzge of spent fuel at civilian
! nuclear reactors. _ : g

! . By virtue of its existence as well as its description

? of spent fuel storage reguiremente in the near future, the
report highlights the need for prompt federal action on &
repository for spent fuel and other high-level radiocactive
by-products of reactor operation. Although the Long Island
Lighting Company agrees in principle with the necessity and
viability of dry caszk on-site fuel storage, we can only continue
to urge the federal government to .nove promptly in finding a
permanent resolution to the spent fuel and high-level waste
storage problem. '

Very truly yours,

| ‘{06 Q}\AMM.»:&_ J—

WIC:MF

111-51 - o
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SACRAMENTO MUNICIPAL UTILITY DISTRICT O P. O. Box 15830, Sacramento CA 95852-1830, {91 8l 452.3>

AN ELECTRIC SYSTEM SERVING THE HEART OF CALIFOR,

GM 88-528

October 3, 1983

Mr. Charles Head _ ]
-~ U.S. Department of Energy

Office of Civilian Radioactive Waste Management

RH-322, Forrestal Building

1000 Independence Ave., S.H.

Hashington, DC 20585

Dear Mr. Head:
INITIAL VERSION DRY CASK STORAGE STUDY

- The District appreciates the opportunity to review and comment on the
Department of Energy Report DOE/RW-0196, "Initial Version Dry Cask Storage i
Study.” As a result of our review we have no technica) comments; however,
we do wish to indicate our support for efforts to streamline the 1i¢censing
process. Since the need for dry cask storage facilities will increase k
during the next several decades, a streamlined 1icensing process will offer
a significant advantage from a resource planning and cost standpoint for
both the NRC and nuclear utilities.

Members of your staff with questions resuiring additional information or
clarification may contact Steve Crunk at (209) 333-2935, extension 4913.

Sincerely,

Dav%d A. BW’

General Manager

I11-52
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HIAGARA MOHAWK POWER CORPORATION /XX ERIE BLVD. W_ SYRACUSE. NY 12202/TELEPHONE (315) 4286192 TELECORY 15} 428- 3406

September 23, 1988

Mr. Charles E. KRay

Acting Director _
Office of Civilian Radioactive Waste Management
Department of Energy

Washington, D.C. 20585

Dear Mr. FKay:

In response to your letter of September 1,
1588 to Mr. John G. Haehl, Jr. requesting comments
on the "Initial Version Dry Cask Storage Study",
please be advised that our comments on this study
are being incorporated into the comments to be
provided by Edison Electric Institute’s Utility
Ruclear Waste Management Group (UNWMG) of which we
are 2 member. It is not our intention at this time
to subnit separate comments on this report.

We thank you for the oppertunity that you have
provided for direct comments, however, we believe
working through the UNMWG is the most effective
means of providing our input.

Sincerely,

| / (szz:zéa CEE:Z1661-
JHE:dan -”//

cc: W. J. Donlon
C. V. Mangan

I11-53
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The Light
c o m p a n ySoutb Tezas Project Electric Generating Station  P. O. Box 308  Bay City, Tezas 77414

Houston Lighting & Power iy

Octeber 7, 1988
S§T-HS~FD=- 4
Ré

Charles E. Kay, Acting Director

Office of Civilian Radiocactive
Waste Managenent

US DOE

Washington, DC 20585

Reference: 9/1/88 Letter C. E. Kay, USDOE to D. D. Jordan, HL&P

Dear Mr. Kay:

Due to the magnitude of the South Texas Project Electric
Generating Station on-site spent fuel storage capacity (approxi-
‘mately 33 years of discharges), we have no immediate need for
dry cask storage of spent fuel. Accordingly, we will not be
submitting comments on the initial version of the Dry Cask
Storage Study attached to the referenced letter.

Through the Utility Nuclear Waste Management Group (UNWMG), we
will continue monitoring your organization’s dry cask storage
activities and, when necessary, will submit comments through the

UNWMG.
_Best regards,
J. Robert Worden
Manager,
Nuclear Fuel Division
BAH/ssf

ce: 5. L. Rosen
D. J. Denver
UNWMG - 5. Kraft
5T? RMS

{c\mn\doc\CEKAY) 111-54
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VIRGINIA POWER

¥r. Charles Head :

U.S. Department of Energy

office of Civilian Radioactive Waste Management
RW-222, Forrestal Building .

10600 Independence Avenue, SW

kashington, DC 20585

Dear Mr. Head:
 COMMENTS ON INITIAL YERSION OF DRY CASX STORAGE STUDY

Virginia Electric and Power Company {(Virginiz Power) is pleased to provide the
attached minor comments on the Initial Version of the Dry Cask Storage Study.
In addition to our specific comments, Virginia Power wishes to also endorse the
comments submitted by the Utility Nuc]ear Waste Management Group. We find the
report to be a thorough review of the subject and wnuld like to commend you for
your overall effort.

If you have any questions on these comments. please contact Mr, M, L. Smith at
{804} 273-2244. .

Yery truly yours,

Il St

W. L. Stewart
Senior Vice President, Power

Attachment
cc: Mr. S. P. Kraft, UNWMG

I11-55
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ATTACHMENT

COMMENTS ON INITIAL VERSION OF DRY CASK STORAGE STUDY

Page vi, ?aragraph 2, lYine 3., Provide the date assumed for *start of
spent-fue acceptance by the DOE." While the reference date of 2003 is
used in the next paragraph, it should also be included in paragraph 2.

Page vii, Metal Storage Casks and page 28, Section 4.1.1, Metal Dry-Storage
Casks. The first reference uses 1983 for the start of metal storage cask
demonstration while the sscond reference uses the correct date of 1984,

Page viii, paragraph 1. This paragraph indicates in two places that
"feas1bility“ must be demonstrated as part of either technology or facility
licensing under 10 CFR Part 72. Demonstrating feasibility is not required
under 10 CFR Part 72, but as a practical matter feasibility is established
as part of demonstratlng safety.

Page 29, paragraph 2. This paragraph indicates that “"the NRC requires that
boron be used to prevent a nuclear chain reaction...."™ We do not know of
any such requirement. The use of boron in storage cask design is left
entirely to the discretion of the designer. _

Page 31, Section 4.1.1.3, paragraph 2. Licensing storage casks and
facilities for burnup credit now appears to be mainly the responsibility of
the facility licensea. Our experience with the U.S. NRC indicates that
completing cask ¢riticality analyses and establishing loading controls wili
be our responsibility with minimal design support from the cask vendor.

Page 32, Section 4.1.1.4, paragraph 4. Not encugh detail is provided to
duplicate the calculation of the range of cask costs of $50 to $90 per
kilogram from the original $90 to $105 per kilogram. What assumptions are
used for capacity increases from burnup credit?

Page 33, Section 4.1.1.4, paragraph 1, Please define “large capacity.
increases” in terms of MTHM.

Page 72, Section 5.2,1.2, paragraph 1 We are not aware of any NRC
requirement that spant fuel pools be licensed under 10 CFR Part 72 after
exptration of a reactor's operating license. At such time, reactor
operators could obtain a Yicense under 10 CFR Part 50 allowing only
possession and storage of spent fuel.

Page 76, Section 5.3.1, paragraph 2. Dual purpose casks could also be used
from reactor sites that have barge access, but no direct railroad
capability. Also, please discuss in mure detail the report cited as
Reference 15.
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October 27, 1988

Mr. Charles Head

Pepartment of Energy, Office of Civilien Radicsetive Waste
RW-322, Forrestal Building _

1o00 Independence Avenue, S.W.

Washington, D.C. 20585

RE: 1Initial Version, Dry Cask Storage Study

Dear Mr. Head,

The Environmental Defense Fund (EDF) is & non-profit
national organization with over £0,00C members. EDF, whose
members Include sttorneys, scientists, economists, teachers,
other professionals and citizens concerned sbout the
canagement of hazerdous materials, including radiocactive
wastes, holds & long term interest in the subject of nuclear
waste manzgement. OQur goal is tc encourage decision-makers,
through sdvocacy in administrative, legislative and judicial
forz, to choose envirenmentally and economically sound
solutions to the problems which plsgue the nation‘s nuclear
vaste management system, To that end, EDF has filed
comzents on the Environmentsal Assessments for the first
repository candidate sites; EDF was & pleintiff in several
sets of litigation over the Department of Energy’s (DOE)
repository selection; an EDF representative participated in
the Nuclear Regulatory Commission’s (NRC's) negotiated
rulermaking

- for repository licensing reform; &nd an EDF representative

serves today on the League of Women Voters Nuclear Waste
Education Steering Committee. EDF hes focused much of its
attention on the risks &nd costs essociated with the

. transportation component of the waste management system: in

that capacity, EDF nes been asked to testify before several
Congressional subcommittees, :

.EDF :upported rhe amendment to the Nuclear Waste

:-Pe *icy Act, initially propesed by Senator Wirth, which

directed DOE to produce & study for Congress by October 1,
1888 considering the technology, costs, health effects,

. transportstion risks ani other factors associsted with dry

cask storsge of spent nuclear fuel. The folloving commen:s

on the Initial Version of the Dry Cask Storage Study reflect

our deep disappointment {n the facile asnalysis contained in
this report. DOE should pot release & final study until i
corrects the problems catalogued below. The Departmert s
missing an opportunity to describe a more cost effective and
safer interim storage system than that system (with reliance
on an MRS) wkirh was authorized by Congress in 1987,
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Due to the significant failings of the Initial Version, or draft, Dry
Cask Storage (DCS) Study, EDF urges DOE to rethink the entire composition of
the final DCS Study. Rather than repeat the linitations and inadequacies of
the initial version, DOE should use the opportunity of a final DCS Study to
consider a scenaric that mr~imizes the benefits of using at-reactor dry cask
storage. Such a refsrence -~ise would start with the premise that each reactor
or reactor group -=tores al. spent fuel on site, either in pools with reracked,
but nonconsclidated fuel rods or in dry casks. The waste management system
would entail mostly single bulk shipping campaigns from each reacter to a
repository, preferably immeidately after reactor decommissioning. All spent
fuel and high level wasta, consolidated or compacted to the extent that the
technology exists, would be transported to the repository after
decomnissioning in this one campaign unless the reactor or group of reactors
24-1|did not have sufficient on-site capacity to hold the fuel for its entire
service life, Under those circumstances, interim shipping campaigns would be
sllowed. 1f necessary to comply with the ill-conceived "contracts” that DOE
has already signed with most utilities to accept title to spent fuel in 1998,
DOE would honor those contracts by accepting title but not relocating the
wastes, just as the Department will have to do if neither the repository nor
MRS i{s opened by that date, '

Using this system as the reference case, DOE can then compare its costs,
risks and impacts to a system wherein DOE builds an MRS for dry cask storage
and tod consolidation. The costs, risks and impacts of that system (the

"authorized” system) include those associated with (a) the additional
at-reactor storage that will be necessary, (b) the MRS, and {c} transportation
from reactor to MRS and from MRS to repository. Only :hrough the tool of this
kind of whole system comparison can DOE ~ssess the potential fer reliance on
at-reactor dry cask storage, including buch positive or negative factors.

Listed below EDF 1denti££es the ms T failings of the draft DCS study.
They involve either unwarranted assumpti1ns false comparisons, or
unsubstantiated conclusions.

1. Apples & Oranges: Tha False Comparison of Costs and Impacts
i The draft DCS Stpdy has created a meaningless comparison, in terms both
of costs and of {mpacts. The "reference” case Iincludes at-reactor storage and }
2 repository, but no central interim storage facility such as the Monitored
Retrievable Storage facility (MRS). Drafr .CS Study, pp. 17-18. 1/ Thus, the
reference case considers the total pre-repository storage system. By
22|contrast, the systems with which it {s compared, which are variations on the
*suthorized” system that includes an MRS, analyse the costs, risks and impacts
of at-rsactor storage but exclude the other pre-repository storage costs and

1/ All further page references are to the draft DCS Study.
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impacts, 1.e., those sssociated with storage at an MRS, {pp. 20-21.) The DCS
Study is supposed to have presented an anslysis of an alternative to the
suthorized systez. For a true comperison, DOE must compare the pre-repository
costs, risks e&nd impacts of the reference case to those of the suthorized
case. DOE did not do so; this 15 & farz]l flaw of the study, rendering it
virtually useless as £ tool for informed decision-making either by Congress or
by DOE poliey officisls.

™ In Chapter 5 of the draft DCS Study, DOE s&nnounces that it will not
consider human health or environmental impacts of reliance on st-reactor
storage, because the NRC determined in its Waste Confidence Proceeding that
the {mpacts were negligible. (pp. 63 & 70.) DOE has missed the very point of .
doing the DCS study. What are the health end environmental impacts of relying
on dry-cask at-reactor storage as ccompared to the impacts associated with {a) .
in-pool rod storage, (b) in-pool red consclidation storage, or (c) storage at
an HRS. NRC simply did not address these issues. The instant study is the
forum in which Congress has directed DOE to evaluate this question: DOE has
failed entirely to do so, ' '

- Chapter 5 of the draft DCS Study also contains DOE‘E cost estimates for
the alternatives considered therein. As explained sbove, the total costs for
the reference case, given the definition thereof, include &ll pre-repository
storage costs. (p. 68.) However, in defiance of the very purpose of the

DCS Study, this cost estimate sssumes the use of in-pool rod consolidatien for
facilities needing between 70 and 350 metric tons of spent fuel storege. (pp.
65-66.) Moreover, in keeping with the limited scope of DOE‘s alternate
scenarios, their cost figures do not include the costs of storage at an MRS
(p. 69); thus, the costs of the altermative scenarics are understated.

2. Contlusions without Data: Transportation
B The costs and risks of transportin, spent nuclear fuel depend on many -
factors, the most important of which ar( (a) nurber of miles traveled and (b)
how hot the fuel 1is (i.e., how long it haa. been out of the reactor core). The
cursory trestment of transportation costr {mpacts and risks in the draft DCS
Study considers three alternatives and ..cupies 21l of twvo pages. (pp.
76-77.) The draft DCS Study concludes thiat at.reactor dry cask storage will
have no impacts on trensportatien. (p. 76.) Yet, the draft DCS Study
contzins no comparative mileage data, no comparative data regarding spent fuel
age 2nd, in fact, no dsts at £ll. On what 4asis could DOE have reached eny
conclusfon for this section given that it would appear from the draft DCS
Study that DOE did no anzlysis? ' ' .

[~  As & correlary, it is puzzling thast DOE has ignored the impacts of public
opinion regarding transport of spent nuclear fuei shipments., While excluding
trensshipments as an option (p. 7) because of concerted adverse public

pressure, DOE ignores the fact that the public is likely to be against an MRS
for much the same reason: its existence substantially increases the number of
shipments, especially in the corricer states around such & faciliry. If DOE
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is willing to consider adverss public opinion regarding unnecessary shipmen:ts
¢f waste vhen rejecting one storage option, the Departmant should extend thig
consideration in evaluating all system facets, i.s., throughout the draft DCS
Srudy,

3. ﬁisslng the Point In Pool Rod Consolidation

- In sec., 5604 of the Budget Reconciliation Act of 1987, DOE was directed
to evaluate the techneology, impacts, risks and costs of dry cask storage.
Nonetheless, the centerpiece of DOE's draft DCS Study is a lengthy discussion
of spent fuel rod comsclidation which focuses on in-pool rod consolidation.
(pp. 46-52.) DOE almost dismisses red consolidation in conjunction with dry
cask storage; the draft DCS Study devotes a mere seven sentences to the topic.
{pp. 32-53.) Moreover, DOE appears to indicate a belief that utilities will
ultimately favor in-pool rod consolidation {p. 55), notwithstanding that
proponents have yst to demonstrate the technelegy’s capacity to perform the
vhole task -- consclidation of both rods and hardware -- in a way which would
make reliance on red consolidation efficient. DOE not only acknowledges tha:
consolidation has thus far failed to complete the critical sscond half of the
task -- hardware consolidation -- (pp. 48-49), but also admits that licensing
of rod consol{dation as a method for increasing pool storage capacity has been
controversial (and therefore expansive). ({pp. 49-50.) Not only do these
discussions ignore the Eurcpean and Canadian successes with dry cask storape,
and not only do these discussions ignore that DOE itself intends tc use dry
cask storage at its preferred interim storage option (the MRS}, bur this
discussicn is antithetical to the Congressional mandate for a dyy gask
storage study. Why is DOE so reluctant to do what Congress asked? And, why if
DOE is certalin that it can accomplish rod conselldation successfully at the
MRS -- which will be a dry cask storage facility -- {s this optiom not

considered theroughly in this study?

4. TFailing to Understand the lesshtis of the Past: Licensing
B After acknowledging that licensing for in-pool rod Lonsolidation had been
controversial in at least one of ths twu cases where ths issue arose, DOE
proclaims that license-amendzent costs Por in-pool consclidation would range
from §200,000 To $50Q,000. {(p. 50.) DOE giver mo figures for rod
consolidation dons ir conjunction with dry cask storage, despite the fact that
the study was request 3 to provide Congress with an evaluatien of dry cask
technelogy. DOE doe: howsver, estimate .ue costs of licensing dry casks for
at-reactor storsge of unconsolidated spent fuel rods: $300,000 to §$600,000
{(p. 32.) This range is higher despite the fact that neither of the existing
licensed dry cask technologies were done in crntested proceedings, and despizte
the fact that DOE admits that dry cask strrage is a mors *mature” technology
than rod consollidation. (p. 55.) What is the justification for the test
figures given, and vhat is the justification for not giving a cost estimate

for dry cask storar of conso%&?aggd rods and hardware?
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Not only':h§u1d the final DCS Study address these questions and adjust

. the ranges as spprepriate, but DOE sheuld also consult with NRC and those

erganizations which DOE fondly refers to as ®"antinuclear groups™ {p. 50) in
reassessing the cost figures. EDF would suggest that DOE has fziled to
appreciare an important distinction., One reason that there has been no
opposition to dry cask sterege msy derive from the technical information
eveilable to industry crities which has led to their perception that dry cask
sterage 1s safer “than pocl storege &nd is therefore preferred. The result of
this perception would be that dry casks could continue to be licensed without
opposition, in stark contrest to utility attempts te increzse relisnce on pool
storage.

5. Flawed Datz, Flaved Result: Use of the Nuclear Waste Fund

DOE correctly analyzes the Nuclear Waste Policy Act and Congressional
intent that as originally drafted, the Nuclear Waste Fund provisions were not
expected to be used or designed for use to provide funding for at-reactor

| storage generally, or dry cask storage as a specific subset thereof. (pp.

l-84.) At the time, of course, at-reactor dry cask storzge was not
considered to be &n integral part of the water management system. {(I1d.)
However, DOE then fails to esnalyze correctly the second, snd more important
question posed in the amendments to the original sct that direct DOE ro

do the DCS Study. Although DOE conceeds that if would be appropriate to use
Ruclear Waste Fund monies for system components, presumably including at-
reactor dry cask storapge, which result in "significant demonstrable savings,®
DOE proceeds to dismiss &t-reactor dry cask storage &5 such a system
enhancement component on the grounds that reliance on dry cask storage would
result in inequities between utilities and would result in cost inefficiency.
{p. 85.) DOE includes nc data te support these alleged deficiencies.

With regard to cost efficiency concerns, DOE hes cnce again missed the
peint of what it was supposed to be studying. Assuming that at-reactor
storage would be used as & substitute for the MRS, hov do the costs of
dispersed storage compare to the costs of an MRS? What are the administrative
costs of esch? Is it in feact less efficient te have flexible, modular dry
cask units at individual reactors instesd of a single mammoth facility which,
once built, cannot respond {n & flexible cost effective menner to & decrease
in projected storage? Put gnother way, does the MRS truly a&llow for an
econony of scale that s different from that which would ecbtain if zil
reactors were to rely on at-resctor dry cack storage until the repository
becane available, thereby significantly increasing economies of scale in the
dry cask manufacturing industry? Would reliance en rod consclidation vendors
who could move from reactor to reactor increase cost efficiencies?

EDF is surprised to see DOE arging tlat using the Waste Fund to subsidize
at-resctor storage would lead to inequities between utilities. Would the
resulting inequities be &ny less than those associated with the MRS? In that
case, certain utilities’ contrimaion to the Waste Fund would be paying for
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facility vhich they do not need for pre-2003 storage. Why is it inequitable
to require collective financial responsibility for dispersed storage (and rod
consolidation) but not for centralized storage (and consolidation)? DOE has
assumed that each utility will pay for its own dry cask at-reactor storage ang
that the Nuclear Waste Fund will pay for MRS storage. As EDF suggested above,
if dry cask at-reactor stoxage is framed as an alternative to an MRS, then DOF
would be taking title to the spent fuel and dry cask storage costs would be
for DOE to pay from the Waste Fund. If examined in that light, then the
inequities problem disappears,

EDF hopes that these comments are helpful and that DOE makes the effort
to engage in a significant reworking of the draft DCS Study so that it
presents useful information to Congress along the lines of what Congress
requested. The draft DCS Study does not meet this eriterium,

Sincerely,

Dbt o fopac)

Melinda Kassen
Senior Attorney

cc: Senator Tim Wirth _
Nuclear Regulatory Commission
Cffice of Management & Budpet
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soUTHWEST RESEARCH AND INFORMATION CENTER .
Albuquerque office: P.0. Box 4524, Albugquerque, New Mexico 87106 {505) 262.1862

washington office: 2001 O Slr_q_e'l. N.W., Washington, D.C. 20036 (202) 457-0545
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OCtOSe: 28, 1988

#Mr. Charles Head :
' U.S8. Department of Energy _
\ Office of Civilian Radicactive Waste Management
"~ RW=-322, Forrestal Building ' '
1000 Independence Avenue, S.K. '
wWashington, D.C. 20585 ' : '

Dear Mr. Bead:

The Department of Enercy's {DOE} Office of Civilian

Radicactive Waste Management has circuleted for comment the
Pry Cask Storsge Study, DOE/RW-0196. What
- follows £re the comments of the Southwest Research and

Information Center. Southwest Research is a non-profit, :
environmental organigation based in Albuguergue, New Kexico with
offices in Washington, D.C. - Southwest Research has 2 long-
standing interest in federal nuclear waste programe and works
closely on nuclear waste-related issues with cltizen and
environmental groups throughout the United States.

L e o AR a4

Our specific comments are as follows:
Estimetes of 2dditional at-reactor storage requirements

The factor thet has the most &inificant effect on at-reactor
storege reguirements is the tining of waste acceptance by the
DOE. DOE erronecusly assumes  hat a Monitored Retrieveable
Storage (MRS) facility will enable the Department to accelerate
waste acceptance. - :

It will be extremely difficult for DOE to bring 2 MRS into i
¥4 operation. MRS sitihg hac engendered widespread opposition in :
states under qoneideration for che facility. MRS giting and :
licensing processes are likely to expérience substantial deleyz.

In anticipating storage reguirements, DOE should assume waste

will remain at reactors until 2 geologic repository is aveilable
| &nd not place false hope fn an early MRS.

Dual Porpose and Dniversal Casks ' ‘

% i1t appears that safety benefits could potentially derive from Hie
the use of dusl-purpose and universal casks. Dual-purpose cacks
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would be used for storage and transportation; universal casks
would be used for storage, transportation and disposal. The use
of these casks would potentially eliminate the handling
operations and attendant radiation exposures involved in
transferring spent fuel from conventional storage casks to
transportation and/or disposal casks. _ .

While the discussion of dual-purpose storage is fairly thorough,
there is almost no mention of universal cask technology. More
information is needed on the status of the universal cask

_}echnology and any relevant DOE research/demonstration programs.

Safety of Rod Consolidation

Rod consolidation is a means of reducing the volume of waste and
increasing storage capacity. Spent fuel rods are removed from
the assemblies that hold them together and loaded into canisters
in a closer array. The assembly-~-hardware components are then
compacted and loaded into similar storage canisters. Scuthwest
Research is concerned that there may be significant safety risks
associated with rod consolidation operations.

The report refers to problems encountered during the compaction
iof the non-fuel-bearing hardware, the potential for releasing
gaseous radionuclides, the limited number of actual rod
consclidation demonstrations and the lack of "publicly available”
documents on the occupational doses (and other radiolegical
impacts).

Clearly more information is needed for DOE to legitimately
conclude that: *"The feasibility of ir-oool consolidation
has....been successfully demonstrated....” and "The safety and
environmental acceptability of consoiidating and storing
canisters of fuel rods in storage poois have been demonstrated in
| safety analyses, NRC safety evaluation reports, and experience.”

Evaluation of dry-storage concepts

Section 5604 of the Nuclear Waste Policy Amendments Act of 1987
requires DOE to conduct "a study and evaluation of the use of dry
cask Btorage technology at the sites ox civilian nuclear power
reactors for the temporary storage of spent nuclear fuel until
such time as a permanent geclogic repositorv has been constructed
and licensed by the Nuclear Regulatory Conmmission....and is
capable of receiving spent nuclear fuel. :

{(Emphasis added.)

While the report concludes rhsreomxisting technologies are
technically feasible, safe, ana environmentally acceptable
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options for storing spent fuel at the sites of civilian nuclear

rgactors until such time 2s & Federa] facjlitv is avajilable to
ccept the spent fuel, it offers no conclusions on at-reactor

:tozage pending the availability of a geologic repository.,

could it be that the Department does‘ng; believe eiisting
technologies will be safe until a repository becomes availsble?
if £0, Please explain.

Tt

In generzl, we appreciate the information the Dry Cask
storage Study (DCSS}) provides on the status of nuclear waste
storage technologies. 1t offers, perhaps, the most
gtraightforward assessment yet that, indeed, technically feasible
at-reactor storage technologies are readily available to nuclear
ptilities.

approach to evaluating at-reactor storage technologies and did
not take the opportunity in the DCSS, to evazluate the use of at-
reactor dry storage casks in & broader context. The DCSS would
do 2 greater service to decisionmakers both in and outside the
DOE had it included a more comprehensive analysie and comparison
of & variety of waste storage/tranport/disposal configurations,

[ We are disappointed, however, that DOE chose & piecemeal

For instance, Southwest Research would like to see an
evalvation of & repository system that puts waste acceptance
*enhancement®™ last on the list of objectives and safe storage,
Htransport &nd disposal first. DOE would exemine & variety of
vaste management configurations from cthe standpoint of how best
to essure quality control, minimize tuensport, and minimize waste
handling, For instance, Southweet Rermearch would like to see &n
analysis of & configuration wherein nuclear vtilities store
unconsolidated fuel on-gite in dval-purpose or universal casks
pending shipment via dedicated train ¥o a geclogic repository.
We'd also like to cee en analyeis of the extent to which the
Ruclear Waste Fund could be uesed to encourage sucha
[configuration. . _

DOE does & disservice in not using the DCSS as an
opportunity to examine the potential for dry cask storage and
other at-rezctor activities to contribute to the goals of the
overall waste management system. : -

Sincetely,

Cancdl'me

Curnline Petti

Nuclear Waste Safety Project
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September 28, 1988

Mr. Charles Head _

U.S. Department of Energy

office of Civilian Radioactive -
Waste Management :

RW-322, Forrestal Building -

1000 Independence Avenue, S.W.

Washington, DC 20585

Subject: Comments on DOE/RW-0196 _
Initial Version - Dry Cask Storage Study

Dear Mr. Head:

The description of dual-purpose casks in Section 4.1.2.1 of
the study contains a reference on page 34 to a paper which
discusses Transnuclear's experiences with the NRC relative to the
certification of metal storage casks for transport.

The authers of the study have reached the wrong conclusion
from the paper, a copy of which is attached for your information,
There was not wmeant to be any implication that only “minor
modifications” would be required to a storage cask to meet NRC's
requirements for transportation. On the contrary, the intent of
the paper was to show how difficult it is to get a Part 71 license
for any cask with innovative design features, :

As rscognized in the last two paragraphs in this section, NRC
requirements for certifjcation of a transport cask are very
different from those for a storage cask. These paragraphs list
storage cask components which might require change in order for the
cask to meet transportation requirements: 1id, sealing system,
basket, and body. Since every major component might require
modification, it is clear that more than “minor modifications” will
be necessary to meet transport certification requirements.

We appreciate DOE's tecoghation of  Transnuclear's
contributions to storage and transport cask technology. However,
we would also appreciate a correct reicsence to our paper. The
following paragraph would be an appreoriate replaceuvent for the
first paragraph on page 34:

"It is reported that several vendors of metal storage casks

plan to apply to the NRC for transportation certificates. Some of
the designers of these casks have Incorporated features and used
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materials which may make the casks easier to license for transport
gnder 10CFR Part 71. However, the difficulties of licensing a cask
for transport should not be underestimated.l?v,

The next two paragraphs wmay need to be rewritten slightly and
ve suggest that the last paragraph in Section 4.1.2.3 be woved to
the end of Section 4,1.2,1,

hould be changed to Transnuclear, Inc.

[ In Section 4.,1.,2.2, the reference to the Transnuclear Conpany
#is

¥l

r In-Section:4.1.2;4, it is not clear what is included in the

estimated additional costs of $50,000 to $300,000. Is this only an
adder per cask for -the upgraded components or does it include

work which will be required? 1In Reference 11, the $7/Kgl cost is
said to be the additional cost of acquisition and handling for a2
dual-purpose cask. This reference estimated the cost of a
dual-purpose cask to be $990,000 and the cost of a storage-only
cask to be $880,000, =z difference of $110,000, excluding the costs
of design and licensing.

=

¥e will be pleased to discuss our views on dual purpose casks
with dOCRk'M. Please call if clarification or more information is
needed. o -

Verf truly yours,
Bill K. Teer

Senior Vice President

BRT:nb
161 8N

Enclosure
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OPPORTUNITIES IN THE CERTIPICATION
oF :
METAL STORAGE CASKS
FOR
SPENT 'FUEL_TRANSPORT

by

Bill R. Teer
Transnuclear, Inc.
January 1988

The <curtent requlatory <c¢limate in the Transportatiop
Certification Branch of "the Nuclear Regulatory Commission is such
that the applicant for a Certificate of Compliance must submit ,
well prepared, comprehensive Safety Analysis Report which meets al)
requirements of Regulatory Guide 7.9, All methods and procedures
for structural, nuclear and thermal analyses must be gualified ang
benchmarked. The materials used for the containment boundary,
impact limiters, neutron and gamma shields and internal structures
mist have documented and reproducible properties and, ideally, be
referenced in a recognized national standard. And, finally, in most
cases, the analyses must be supplemented by model or full scale test
results,

Where, then, do the opportunities arise if the requirements
are so rigid? All cask designers believe their design is new ang
improved when compared with others, As thes improvements frequently
are made by using new materials which were analyzed with new tools
and put together in new ways, the cask designer has the opportunity .
to prove the design to the NRC,

The paper will <discuss some recent Transnuclear experiences
with the NRC Transportation Certification Branch in attempting to
get the TN-BRP and TN-REG casks certified for the transport of spent
fuel. We have utilized non-standard materials for the baskets and a
modified material for the containmen:, The impact limiters are not
of a conventional design. Some of our analytical procedures are
proprietary codes which are not used by others in the industry.

These characteristics have combined to make the certification
process for these casks interesting and lengthy. Compromises have
been necessary to .reach the present status., More analyses, tests
and compromises will be required before a Certificate of Compliance
is issued.

INTRODUCTION

The metal storage casks refe-red 'to in the title of this

~ paper are the TN-BRP and the TN-REG which are large

transport/storage casks designed by Transnuclear for Nuclear Fuel
111-58 '
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gervices, 1Inc, (RFS). The basic 'progran{ Aﬁd_.the detaile of the
casks have been described at previous INEM meetings {1,2) ané
elsevhere, €o only & brief summary for background will be presentes
roday . | |

As a result of special terms in two reprocessing contracts in

he early seventies, NFS acquired ownership of B5 agsemblies from
consumers Power Company's Big Rock Point {BRP) nuclear power station

gnd 40 sssemblies from Rochester: Gas and Electric Company's R.E.
ginna (REG) station. These assemblies were not reprocessed and were

¢till in the pool at the West Valley facility when the Ruclear waste
policy hct was signed in January 1963, In order to empty the pool
st West Valley, NFS and the Department of Energy entered into & cost
gharing contract in early 1984 to develop and demonstrate dual

purpose shipping and storage casks which would be used for
transporting the NFS owned fuel from West Valley to DOE's Test Area

north facility at the Idaho NWational Engineering Laboratory and for
demonstrating extended storage at that facility, The broader
objectives of this program are to:

© Demonstrate the feasibility of a large transportable
' storage task for aged spent fuel; _

° Pprovide a design‘ and develop the manufacturing
technigues for such a cask:

e Proviéé data and informztion useful in demonstrating
dry cask storage technology: _

© Provide verification of spent fuel {ntegrity in
‘long-term dry storage. -

NFS_selected’Transnucleaf. Inc, to provide two casks for
this purpose, one for the transport &and storage of the BRP fuel

and the other for the REG fuel. The casks were designed by
Transnuclear, fabricated by Kobe Steel, Ltd (RSL) and deliveresd

to the West Valley site in the summer of 1985:; both casks were
two weeks ahead of schedule. The total elapsed time between

start of design and delivery of the first cask to West Valley
was .lJess than 19 months, _ _

The characteristics of the fue, and design constraints on
the casks are given in the references. Figure 1 shows &
longitudinal section and & cross section of the TN~-BRP cask.
The TN-REG is the.same basic desiqn., Principal Simensions of
both casks are given in Table 1. o

The focus of this paper will be on the certification
activities with both DOE and NRC. Although the TN-BRP angd
TN-REG casks were originally intended for DOE certification,
they were the first casks designed to comply with both the U.S.
Nuclear Regulatory Commission's (NRC's' transport regulations
in 1l0CFR7)] end the storage regulations in 10CFR72. They &are
2lso designed to comply with the U.s. Department of
Transportation (DOT) regulations jn 49CFRI73, 1In addition, the
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NRC's Regulatory Guides, Series 7, served as a basis for the

designs and: for preparation of the Safety Analysis Reports

(SAR's). :

'DOE CERTIFICATION

1t was intended originally to perform the transports of
the BRP and REG fuel under certificates issued by DOE. Oak
Ridge Natjonal Laboratory (ORNL) was designated by DOE to
review and approve the SAR's prepared by Transnuclear.

The simultaneous development of two different cask designs

‘required an innovatjive approach to certification, It was clear

from the beginning that time did not permit adhering to the
normal procedure of first dJdeveloping a complete cask design,
followed by preparation of a complete SAR prior to the first
submittal for certificatjon review. All parties agreed that
sections of the. SAR could be submitted and reviewed as they
were’ completed. This approach saved schedule time, especially
in the few instances in which ORNL's review demonstrated a need
for design changes which could be made prior to finalizing
other aspects of the design.

In all other respects, ORNL's review utilized the same
approaches as used by the NRC. The adequacy of the designs was
judged by full compliance with federal regulations and the
tequirements of NRC's Regulatory Guides. Questions and
comments were formally documented by Oak Ridge and 1led to
controlled revisions of the S$AR's by Transnuclear. The final
revisions served as a basis for ORNL's technical review report
{3} and recommendation to DOE to issue certificates for the
transports. ' :

NRC CERTIFICATTION

In August 1985, a decision was made byIDOE to perform the’

transports under NRC Certificates of Compliance (COC's), rather
than under DOE certificates and Transnuclear was instructed to
apply for COC's at NRC, We made r=latively minor changes to
the SAR's in format to Ffacilitate the NRC's review ano
submitted the TN-B2P SAR to NRC ir mid-September 1985 and the
TN-REG SAR one month later. At that point we began to realize
that we would have many opportunities for discussions with the
NRC. The chapter by chapter submittal of the SAR's deseribed
earlier did not result in the tightly knit volume desired by
NRC. ©One of our opportunities then was to reformat the SAR's
to meet exactly the regquirements of Reg. Guide 7.3 and
incorporate all information developed in discussions with the
ORNI, reviewers. ' '
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pdditional opportunities arose as HRC fébiewed the details
of the designs and in particular the properties of the
materials used for the cask body, basket and impact limiters.

. One common opportunity which we di{d not have was to make
design changes in response to WRC concerns. Both casks, as
mentioned earlier, had been fabricated and delivered to the

customer. We have to prove that the as-built casks meet KRRC
requirements. - '

Several meetings have been held with KRC on questions and
conmments related to the TR-BRP cask and basket designs. The
guestions and comments were formally documented by NRC in &
letter dated February 12, 1986,

kecceptable approacheé to  answering the guestions and

conments have been jdentified except- for those relating to the
design of the impact limiters and to the use of boron stainless

steel as & structural material for the baskets.

SPECIFIC ISSUES

Containhent raterial:

The gquick anéd eazsy way to meet fracture toughness
reguirements for thick walled monolithic vessels at low
operating temperatures is to use an asustentetic stainless steel
for the cask body. Transnuclear elected to use & standard

carbon steel modified by the addition of small amounts of
2lloying elements  to . achieve specified Jlow temperature

properties. This material, $:1-350LF3, has been found
acceptable by both ORNL and KRC.

Although the ORNL reviewer accepted the material -on the
basis of Charpy tests on impact samples which showed 100% shear
fracture, we had an opportunity to use a different criteria to
prove the material to the WRC., The reviewers 8t NRC required
us to prove that the nil ductility temperature of the material

was satisfactory. ' We were able to meet both criteria anc
convince both sets of reviewers that the material was

acceptable, This §llustrates that there eare plenty of
opportunities for the applicant to prove versztility.

Basket Material:

Constraints on the allowable size ané weight of the BRP
and REG casks dictated a high capacity in a minimum space

envelope. One of the design features developed by Transnuclear
to meet this reguirement was use of & combined structural

neutron poison material for the barket. TInterlocking toron
stainless steel plates eassembled in 2n egg-crate desicgn

provided the minimum size &nd weight basket which would control
criticality and meet structrez] reguirements.
I11-721
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Once again, we encountered a difference of opinion betwean
the ORNL and the NRC reviewers., After mueh discussion angd
detailed analyses Oak Ridge decided that the baskets were
acceptable even though some. yielding in a few of the ounter
plates was expected. Analyses showed that the fuel assemblies
would not shift into a more critical configuration after the 30

foort drop accident. Material properties used by Transnuclear -

in the basket analysis were determined by tests on the samples
from the actual plates used in the casks.

However, as the boron stainless steel is not an accepted
material with properties which can be referenced in a code
manual, NRC has refused to accept it. Transnuclear and other
DOE subcontractors have taken the opportunity to do dynamic
analyses of the baskets to prove acceptability. Tests of scale
models and full size mockups of the basket have been proposed.

The NRC reviewers have continued to i{insist on a standard
materjal. :

Design and operational changes have been proposed to
alleviate concerns about the post accident condition of the
basket and fuel. Aluminum inserts around the periphery of the
basket at the inner surface of the cask will be used to stiffen
and add support to the edges of the basket plates. Current
plans are to ship only one-half the total number of assemblies
at one time with stainless steel inserts in alternate basket
compartments. This allows a sub-critical configuration to be
maintained without any dependance on the basket for structural

support or to maintain neutron poisons between the fuel
assemblies, '

Certainly a tremendous opportunity has arisen for a
materials development and standardization program on boron
stainless steel, borated aluminum  and other combined
structural/poison materials. If sufficient time - were
available, Transnuclear would recommend to DOE that such a
program be undertaken for the BRP/REG basket material,

Impact Limiters:

Yany spent fuel casks designed in recent years have usesd
pelyurethane foam in the impact limiters for energv
absorbtion. Transnuclear's TK~8 and TN-$ truck casks. use a
combination of redwood and balsa and we have elected *o stayv
with wood for ourn impact limiters. A major advantage jis the
ability to get adéguate enargy absorbtion in a smaller envelope
as compared to feoam., In addition, the use of different woods
and grain orientations gives the designer flexibility. not
present with the use of foam. The anisotropic wood pro.erties
and the different grain orientations require a complex analysis

to predict the performance of the wood filled limiters  This -

analysis, which is performed with a Transnuclear dJdevelope?
computer code, must be verified by obtaining force-gdeflection
curves from scale model tests, )
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bynaric drop tests will not be conducted in contrast to
earlier plans; static tests will demonstrate the capability of
the impact limiters, i.e., provide the force-deflection curves
and prove the adeguacy of the attachments.

pther Cask Components:
Trunnions

Bolted on trunnions provide the cask lifting and tie-down
attachments. The desinn basis we2s to take loads by friction
between the trunnion flange and the cask body. This design
espproach and subsequent design and analysis was accepted by the
ORNL reviewers. During fabrication, 2 SO0 ton -load test was
applied to the tie-down shoulder of the rear trunnions. Only
the two highest stressed bolts were removed for inspection &nd
after replacement all bolts were sealed to prevent untorguing.
The NRC, however, will not accept reliance on friction and it
was necessary to change the trunnion design to uvtilize the
engagement &rea between the trunnions and cask in addition to
the bolts in shear to bzlance the lifting &nd tie-down loads.
¥vodifications to the trunnion flanges and some of the trunnion
bolts will be required,

Lid Bolts

Fine mesh finite element analysis was performed in the 1id
and bolt arez to assure maintenance of the seal during the drop
sccidents. This analysis led to an extremely tight tolerance
between the 1lid and the cask to limit lsterzl movement and
longer 1id bolts to minimize stresses. Final analysis showed
no loss of seal during the maximum bolt stretch. Several of
the highest stressed bolts showed yield in approximately 10t of
this cross section. The design and analysis was acceptable to
~the ORNL revijewers but the NRC reviewers do not accept vielding
of the lid bolts. This will require replacing the 1i3d bolts
with bolts of & higher strength material so that it can be
shown that there is margin to yield.

SUMMARY

The certification of an advanced design spent fuel cask
presents many opportunities for the sapplicent to present a case
to the NWRC., We hope our experiences will help others vlan
their strategies to eliminate many of the opportunities with
"which we were presented.

We believe our courrent strategy will result in a
Certificate of Compliance for both the TN-BRP and TN-REC cesks
being received a2t some point in the not too distant future.
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TABLE 1

CASK PARAMETERS

CAVITY I.D., INC,
CAVITY LENSTH, INC.
WALL THICXNESS, INC.
CASK 0.D., INC.
BOTTOM THICKNESS, IN.
LID THICKNESS, IN.
OVERALL LENGTH, IN.

- W/0 IMPACT LIMITERS

-~ WITH IMPACT LIMITERS
SPACING BETWEEN TRUNNIONS, IN.
NUMBER OF FUEL ASSEMBLIES

DECAY HEAT LOAD, KW
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TN-REG
£4.00 71.75

171.00 163.00
9.62 §.25
83.25 90.25
9,75 8.25
9.75 8.50

130,50 180.00

244,50 234,00

105.00 106.00

BS BWR 40 PWR
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October 26, 1988
WIM-88-217

Mr. Charles Head -

U.5. Department of Eneryy o
Office of Civilian Radiocactive Waste Management
RW=-322, Forrestal Building

1000 Independence Avenue, S.W.

Washington, D.C. 20585

Subject: NUTECE Comments on Initial Version Dry Cask
Storage Study

Dear Mr. Head:

NUTECH appreciates the opportunity to provide comments on the
subject report. We hope that our comments &re helpful to the
Department of Energy (DOE) in the preparation of the final report
and they contribute to the successful implementation of DOE
activities associated with the Nuclear Waste Policy Amendments
Act of 1987.

General Comments

[As stated in the executive summary, one ©of the elements studied
to evaluate costs and impacts of dry storage was the potential
effects on the transportation system. However, limited detail
is presented in the report. It is concluded in Section 5.3

tha; most dry storage options "would have no effect on transpor-
tation.” '

The subject of interfaces between the various dry storage systems
&énd the transportation system is complex and a function of the
specific storage systems selected by the utilities. The systems
chosen are influenced by economics as well as plant handling
censiderations (crane capacities, transportation access, etc.).
These interfaces cannot be fully addressed in the near term rince
the DOE transportation system development is still in its early
design stages while many dry storage system designs have been

developed to the point of field implementation.
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Mr. Charles Head | -2-. October 25, 198g
U.5. Department of Energy WIM=-88-217

Notwithstanding the above described plant unique considerations
and the differences in timing between utility dry storage
decisions and DOE transportation system development activities,
thare can be a substantial benesfit to the overall transportation
system {e.g. required fleet size cask turnarcund time, if
transfer activities at the plant site are optimized at an early
date, Direct transfer of multi~element shielded canisters to the
DOE system without returning them to the fuel pool provides an
opportunity to facilitate these interfaces and to realize these
savings. Additional bepnefits accrue to plant workers in terms of
reduced occupational exposure and lessened impact on ovarall
plant operations, especially in the fuel pool area.

These benefits of direct transfer of canistered fuel to the
transportation system, and the assoclated interfaces should be
more fully explored in the report, similar to the evaluation of
dual purpose casks. The combined goal of the DOE and the
utilities is to provide for the safe, reliable, and economical
dry storage as well as transportation of spent fuel. Further
study of the interfaces between the concrete modular storage
system and the transportation system can result in optimization
of the combined systems prior to the time that the transportation
|_program is completed and DOE acceptance of fuel commences.

Specific Comments

—1) Two of the most important considerations for the various dry
storage concepts are their economics and licensing status.
Accordingly, these considerations should both be summarized
in the Executive Summary section of the report. Although the
economics aspect of the concepts. is adequately covered in the
table on page ix, summary of the licensing status is totally
absent. It is recommended that an appropriate table 'be
included and referenced in paragraph 3 {page viii) under the
subsection entitled ®"Licensing of Storage-increase

Options®. The table should identify submittal dates and
licensing status of both Topical Reports and site license
applications.

—2} The second paragraph under the aforementioned subsection
{page viii) should be expanded to indicate that such pt sposed

rule making is.also applicable to horizontal concrete modular

-
1- storage so as not to bias opinion toward metal cask storage

na

per se.

3) The Executive Summary should also clearly identify whien
utilities have chosen which storage system. This could be
provided under a separate subsection entitled "Utility
Selection of Storage-increase Options®™ or also be included in

III-78
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the subsection entitled "Estimated Costs" (page viii) to
eliminate the uncertainty indicated as to storage method
selection by the utilities, ' '

The report states that the costs of dry storage are

-uncertain, It should be noted that these costs may be more -

certain to utilities than to the report authors since much
cost information is developed as a result of the utility
procurement process. In the cases where utilities have made
dry storage decisions detailed cost estimates are provided by
vendors based upon t{horough knowledge of component costs and
past experience with dry storage system development. For
example, concrete modular storage system dry shielded
canisters have been designed and fabricated. Detailed costs
are prepared by fabricators based upon the experience of
fabricating these components.

The first objective of the study is to consider *..,the

-extent to which the storage on the sites of civilian nuclear

power reactors affects the costs and risk of transporting
spent fuel..." Interfaces between the concrete modular
storage system and the transportation system can provide

-economic benefits as well as enhanced safety through the

transport of welded canisters which have an additional sealed
barrier between the fuel and the environment. These benefits
should be more fully evaluated in the report.

Page 2 "..Varjious design concepts...® Some dry storage
systems are developed beyond the conceptual stage and should
be so noted. Designs which have not been licensed or
developed to the point of licensing topical report review
should not be included i -eport.

Paragraph 3 {(page 10) under Subsection 2.1.2 "Dry-storage
Concepts®™ of Chapter 2, Background, should be expanded to

‘indicate additional site license applications anticipated in

18389, Optionally, the above expansion could be applied to
the second paragraph on page 13 (i.e., where an additicnal
license application is referenced).

Section 4.} ~ It is stated that *These methods have beer or
are being reviewed by the Nuclear Regulatory Commission.”
Only metal casks, modular concrete storage, modular vaults,

and unventilated concrete casks have been or are being

reviewed by the NRC.

Subsection 4.1.1.1 (page 28) - Based on 10CFR72 licensing
actions to date, water is not a typical candidate neutron-
absorbing material in metal dry storage casks.
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Subsection 4.1.1.1 {(page 29) - The last paragraph on page 29
should be revised to clarify the loading method for .
horizontal concrete modules {(i.e., dry loading is not used
for horizontal concrete modules and is not discussed in

_Section 40104,0 )

) Approval of the Castor IC metal storage cask by the NRC

should be identified in Section 4.1.1.3 on page 3l.

The reference to Sec¢tion 4.2.4.3 under Section 4.1.3.3,
"certiffcation and licensing™ on page 38 is incorrect. No
Subsection 4.2.4.3 exists, and no discussion of concrste
temperatures is included in the licensing status of concrete
modules (Section 4.1.4.3). ' '

The second paragraph under Section 4.1.4 "Horizontal Concrete
Dry-storage System™ on page 40, should be revised to more
accurately reflect the licensing review status of the
NUHOMNS®-24P system, including both the Topical Report and the
Oconee Site License application. .

The second paragraph under Section 4.1.4.1 on page 41, should
explain that the NUHOMS®-24P system does not contain neutron-
absorbing materials based on burnup credlit, and reference
Saction 4.1.4.3. Also, the heat generation rate should be
0.66 kilowatt. _

Section 4.1.4.3 - Licensing status.and issues on page 42
should reference specifically the NUHOMS-24P system Topical
Report and Duke Power's Oconee site license application, both
of which should be included in the references starting on
page 59 of the report.

Section 4.1.4.4 = The first paragraph on page 43 (under
Section 4.1.4.4) needs to be revised to clarify transfer cask
and hydraulic ram costs. Table 4-3 is not consistant with
the preceeding paragraph. No transfer cask 'is itemized in
the Table, and the transporter cost is described in the
preceeding paragraph as included in other fixed costs.

Section 4.5.1.5 ~ Cost should reflect the conclusions tnat
can be drawn fron the cost comparison table given in the
Executive Summary section i.e., that horizontal concrete
module storage presently represents the most economical Cry

storage method.

Section 4.5.3 - Summary should be revised to indicate present
utility trends, based on actual utility systems selections,
toward dry storage and predominately ‘toward horizontal
concrete modular storage.
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_ﬁg} Section 5.3.1 - Potential effects of using dual-purpose

| casks, gives a misleading conclusion regarding the savings

i that could result from use of dual-purpose casks, Based upon
? the relative costs of dry storage presented in the report,
o1 utilities would pay a significant penalty of millions of
dollars in storage casks (based on the comparative casks
presented in the Executive Summary, and the additional dual-
purpose cost of $7/kg) in return for the DOE’'s transportation
cost savings. '

Please let us know if any of our comments require explanation or
clarification. ' -

Very truly yours,

W. J. McConaghy, P.E,
Vice President -
Waste Management Business Group
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Mr. Charles Head

V.5, Department of Energy
office of Civilian Radicactive
Wazte Management

RW=322, Porrestal Bullding
1000 Indepandancs Avanue, 6. W.
Washington, D.C. 20585

Bun Nochvicht vom/ Zachen Unowrn Zaichan  Durheed %9

Initia)l version of Dry Cask Storags Study.

Dear Sir,

a5 requested by Mr. Clay we would like to transmit the following
comments to you, refarencing sach tims to tha corresponding page
of your study:

Pago ix
The metal casks at Surry may still lead to costs a-ound
110 $/kg U; the Teason for this cost-level lies in the fact,
that ths casks are bullt &z dual-purposs {transport/BTorage)
casks in correspondance with IAEA regulations.
In the US they are only licensed so far as ringle

purpose/storage casks. ONS {8t actually introducling & nevw
gask type «~ CASTOR ¥ 12 - in the US market, which zaduces
the costs already today to 60 $/kg Y. In this figure the
potential for cost yeduction in case of serial production is
not yet zaflscted.
TPage_37/42 .

The ventilated concrets cask and the NUHOMS concapt, both
zely for heat removal on the surrounding alr which passes
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the main shielding (concrete} through special ducts, which
apperently heve no inlet or outlet filtere. The unfiltered
air cools the basket on whose surface of stainless gteel a
dose-rate ©of >1500 rem/h exists. The unfiltered gair may
ellow the entrance of insects or other animals which may be
killed - eventually plugging the ducts - or at lesst risk
mutation.

If filters are foreseen to avoid this secenario, then the
advantage of completely passive ocooling is lost as the
filters need replacement or surveillance for plugging =as
this meay lead to thermzl overloads.

1 suppose thet these qQuestions heve been asked by NRC, but
in no evaluation could we see any response to them.

Perhaps you could clarify prior to the emigsion of 2 £inal
ctatement. ' : '

Page 53

The demonstration list <£or FRG omits the following:
CASTOR-AVR loaded with BTR~fuel gince 1883 and the one-year
storage demonstrations with BWR-MOX-fuel in § CASTOR KRB-MOX

caske in 1986/87.

Another storage demonstration took plece with CASTOR
WWER 1000 in 1984 &n the Voronesh power station in the USSR.
Furthermore, CaEKkE &re foreseen a8s emergency <torage
cepacity of the French £aé: breeder Super-Phenix.

Pleace feel free to use these informations &c seems best for your
purposes. ' '

very sincére;y Yours,

TX1-83
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'FW ENERGY APPLICATIONS, INC.

B8 PEACH TREE HILL ROAD « LIVINGSTON, NEW JERSEY 07039 « PHONE 201-535.23154

Octcber 24, 1988

Mr. Charles Head

U.S. Department of Energy

Office of Civilian Radicactive
Waste Management

RW 322, Forrestal Building

1000 Independence Avenue, S.W.

Washington D.C. 20585

Reference: Initial Version - Dry Cask Storage Study
{DOE/Rw-0196)

Dear Mr, Head:

We appreciate the opportunity to review the referenced report and are Pleased
to submit the following caments for DOE's consideration:

1. Title of the report “Dry Cask Storage™ is not very appropriate
-1 when consolidation, vaults and horizontal concrete systems are
5 embraced, N

B 2. Page vi Executive Summary: Estimate for additional at-reactor
storage requirements, ' _

-2 It would be useful and appropriate to explain exactly how
the use of a fuel assembly capacity standard as opposed
to Metric Ton of Heavy Metal (MIHM) standard will affect
cost oaamparisons between systems.

3. Page vii para 6 Modular Vault Dry Storage Systems

FWEA would like to suggest that the paragraph be modified

{ to read, "This concept has received RRC Topical Report :
B3 approval but as yet there has not been the time to implement
the modular vault system in the United States. The system
has been utilized for 17 years at the Wylfa facility in

the U.X."

™ 4. Section 4.1.5.3 Licensing Status and Issue s - Modular Vault
Storage System. -

254 a. FW Energy Applications, Tnc. (FWEA) does not understand wny
the licensing issues-dzscussed by the NRC in approving the
modglar vault dry store are so fully reported as campared
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cont'd

to the other systems. For example, "safety evaluation
report for NUTECH Horizontal Modular System for Irra-
diated Fuel Topical Report" issued by the NRC, dated

March 28, 1986 discusses issues such as the nead to
annually inspect the inside surface of RS concrete because
of non’ campliance with the concrete terperature limits of
ACI-349-80, and operating procedures, radiation levels,

-maintenance/acceptance tests all requiring site specific

development.

First paragraph of section 4.1.5.3 seems to imply that
cover gas .is.an NRC concern for the MVDS system. In the
base submittal of the MVDS topical report, use of nitrogen
as a cover gas was included and approved by the NRC. As

& separate item we seeked approval by the NRC of the proce-
dure that will allow use of air as the cover gas. This
procedure is subject to further research and review. Use
of air @s the cover gas enhances relisbility of the dry
storage system and MVDS is the only system \-mereofuel
temperatures are low enough (1607C vs approx 340°C) and

use of air is feasible. :

On the contrary to the presentation in the report, MVDS {
offers a significant advantage in storing the fuel in an

inert atmosphere at 160°C vs 340°C providing larger margin

of safety for the prevention of degradation of the fuel

assembly during the long term storage. :

With regards to the sample testing of the o-ring seals
after 5 years, FWEA has made provisions for this operation
to be carried cut efficiently and safely.

Second paragraph of section 4.1.5.3 leaves the reader uncer-
tain if the concrete temperature in the MVDS are acceptable
to ACI-349-80. The issue was raised only because the in~
correct code had been referenced and not beczuse of a concern
over the normal or fault condition temperatures. Mmsomets
ACI~349-80 concrete operating rature limit of 150°F *or
ambient air temperatures up to l00°F.

Third paragraph of section 4.1.5.3 implies that inadequate
operating procedures, maintenance programs, public and worker
radiatidn exposures pertain to the MVDS. This is not the
case and similar to any other system, NRC camented that these
items can only be finalized on a2 site specific basis.
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5. Section 4.1.5.4 - Estimated unit costs of Modular Vault Storage
at reactor sites.

a. The first paragraph is misleading and inaccurate in the vig,
of FWEA. There is no relevant experience of horizontal con.
crete cask systems even at the minimal site storage capaci-

- ties of 100 MI®M. The C.P. 3 L demonstration which has not
been demonstrated as yet with current capacity of less than
16 MM does not provide significant or relevant data base

20.9! for costs. The Oconee project would not provide “experience®

based data until further into the construction. There is a

great deal of experience of construction and cperation of

vault dry stores in the UK over 20 years fram which FWEA has
derived their vault technology. FWEA is prepared to offer
firm price proposals for the MVDS system.

o

Basad on cament a, FWEA does not understand the basis of
2610 the assurption that modular vault dry storage costs could be
' 50% higher whereas costs published by other system vendors
are mors accurate,

4

c. The second paragraph presents the published cost data for the
vault storage option but in a way that is not consistent with
the presentation of alternative system costs. The DOE draft
provides total unit cost {3/Kg) for three vault storage capa-
cities. Alternative systems {cask and horizontal concrete)
have fixed costs and an incremental rate. The data published
by FWEA (ref. 25) allows presentation of vault costs in the sae
way (see tahle below) as cask and horizontal concrete and we
request that this is done.

Table = Factors Used In Estimating Unit Cost Range For
Storing Intact Fuel in Modular Vault Store

: 1ow Cost High Cost

Factor Fixed Variable Fixed Variable
25411 NRC licensing _ 507,000 659,000

Equipment 2 6,632,000 8,621,600

Installation

Total Fixed Oost 7,133,000 - S 9,280.,?00

Cost of Modules (a) 30 38

Loading 2 3

Unloading 2 3

Total Fixed Cost 7,139,000 9,280,700

Total Variable Cost 34 £4

{a) Cost in dollars per kilogram of heavy metal.
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In addition, on studying the cost make up for the various dry
storage schemes, they 8o not seem to be made to the same level

of total cost. For example horizontal concrete storage modules

does not seem to consider the cask loading, unloading or place-

‘ment cost. There does not seem to be any quantification on the

ongoing cost e.g. annual inspections recamended by the KRC or
any monitoring equipment needed. .

Section 4.4 - Dry Storage Dcpenence in Other Countries

Two types of dry storage facility have been extensively tested in
the United Kingdam. The five storage vaults of Wylfa N.P.S. have
been in operation for an extended period (over 17 years in the
case of three of the vaults) and have received and discharged
hundreds of thousands of fuel assenblies in their role as interim
storage facilities between the reactors and UX reprocessing.

This experience has allowed FWEA in conjunction with GEC Energy
Systems to have camlete faith in the performance of their
modular vault dry store (MVDS) as & safe and economical interim
storage facility for irradiated fuel.

The United Kingdom's first three vault dry stores went into
comercial operation in 1971 at Wylfa Nuclear Power Station,
North Wales. Each storage vault has a capacity of 83 MIfM and
is used for the initial cooling period of the fuel when first
rexved from the on lozad reactor. Two further vault facilities
were added in 197% and 1980, these were much larger and each had
& capacity of 350 MTHM, these interim storage vaults were to act
2s & buffer for the reprocessing plant at Sellafield.

The original three vaults used natural! thermosyphon cooling with
the fuel stored in & storage tube with & carbon dioxide environment.
The additional vaults store the fuel in air, and are of a forced
cooled type due to physical constraints imposed by constructing
them as an extension to the operational reactor building.

The Central Electricity Generating Board in canjunction with thé
South of Scotland Electricity Board is in the process of finalizing
the design for a centralized vault storage system for the storage
of irradiated AGR fuel for periods uvp to 50 years.

FWEA, therefore requests that the DOE report be amended to reflect
this experience.

Section £.5.1.2 - Time needed for implenentation.

In the second paragraph we accept that NRC Topical Report approval

of = dry storage system removes an element of uncertainty in the site
specific licensing schedule, but 8o not understand why the modular
vault dry store system {i... the Foster Wheeler MVDS) is not cited
as having this advantage following NRC approval in March 1988.

II11-87
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8. Section 4.5.1.3 and 4.5.1.4

f-m agrees that certain conditions could be specific to a
particular reactor site such as the absence of large fuel-
- handling cranes or an insufficiently large storage poo) ]
»1y handling. In addition utilities Are reluctant to undertake ,'
any secondary activities that could interfere with the
operation of their nuclear reactors. Modular Vault dry store ]
system caters specifically to these needs and does not require
any modifications to the existing pool equirment and achieves
|_high production rates using small casks.

5. Chapter 5.1 - Estimated Aggregate Costs of prc\fiding additional ¢
' atrreactor storage -

The unit cost estimate data included in Table 5-1 is not apparently
consistent with the fiqures quoted in chapter 4. For exawple,

*#-3¢ using data in chapter 4, lower cost for 100 MTHM case for horizon~
tal concrete modules results in $58/kg: 1,800,000+ 40. instead
of $45/Kg. I _ 1000 x 100

Once again, FWEAR appreciates the opportunity to review and comment on the

initial version of the dry cask storage study. If you have any questions

Or need additional information, please contact me on {201) 35-2372.

Alsc we will welcare the opportunity to discuss our camment with you or
- your staff, ; _

Very truly yours,

BRA/Gd | _BX"Rgaral  \

Program Manager

A e b
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gBASCO SERVICES INCORPORATED - L EBASCO
Fwo World Tade Cenmer, New York, NY. 100480752

October 27, 1988

pr. Charles Head

U.S. Department of Energy

office of Civilfan Radicactive Waste Management
RW-322, Forrestal Buflding :
1000 Independence Avenue, S.W.

Washington, D.C. 20585

SUBJECT: U.S. Department of Energy Report
DOE/RH-0196, *Initial Version -
Dry Cask Storage Study", August 1988

pear Mr. Head:

In accordance with the request of GCRWM Acting Director Charles E. Kay in
the August 22, 1988 cover letter.to the subject report, Ebasco is pleased to
provide our comments (2ttached) on this Inftial Version of the Dry Cask Storage
Study. As you may know, Ebasco has been active in all aspects of spent-fuel
storage for many years, including reracking of utility spent-fuel pools, In-
dependent Spent Fuel Storage Installation design and evaluation, Monitored
Retrievable Storage Facility safety and 1icensing evaluation for the Nuclear
Regulatory Commission, and as Licensing Project Manager and Environmental
Project Manager for the OCRWM geclogic repository programs. Of most relevance
to the Dry Cask Storage Study is Ebasco's recent completion of & Spent Nuclear
Fuel Storage Feasibility Study for the Oyster Creek Nuclear Generating Station.
This study, which evaluated the feasibility of dry meta) cask and horizontal
storage module (NUHOMS} Independent Spent-~-Fuel Storage Installations zt the
Oyster Creek site, described the dry storage design concepts and thefr inter-
face requirements with the operating reactor, located suitable dry storage
facility locations at the Oyster Creek site, developed independent cost and
schedule estimates, and addressed cask handling safety {ssues and estimated
occupational and off-site doses resulting from utilization of the dry storage
facility. Ebasc. »as utilized all of the above experience in the preparation
of these comment and appreciates the opportunity to provide them.

Overall, Ebasco found the report to be an excellent summary of the
topics required to be covered, lacking only in a definitive answer to the
question, "should the nuclear waste fund be used for at-reactor storage?”

Should further ex, anation or {nformation be required, please contact
the undersigned at {212) 839-3280. :

Very truly yours,
dortd L Rtz
Harold L. Rothstein

Manager, Kuclear Fuel Storage
Systems Engineering

HLR/ amw 111-89
Enc.
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£BASCO COMMENTS ON DOE/RW-0195,
INITIAL VERSION - DRY CASK STORAGE STUDY"

REPORT PAGE REPORT SECTION/PARAGRAPH  COMMENT

-ife

-y i~

-viji-

-

Executive Summary/
end of second paragraph

Executive Summary/
second paragraph
third line

1

Executive Summary/
first paragraph

Exécutive Summary/
first partial paragraph,
next to last line

Executive Summary/

- first complete paragraph,

first sentence

2.1/second paragraph,
third sentence

2.17end of third
paragraph

I1I-30

The words, "including consolidation of
spent-fuel assemblies”, should be
added to the end of this paragraph,

The words, "assumed” or "raference

date of"” should be added before the
wor3s "start of spent-fuel acceptance

by the DOE*, to reflect the uncertainties
in timing of such acceptance mentioned
4n the succeeding paragraph.

Time durations for the process of
licensing dry storage at the reactor
'site should be clarified by examples
from actual experfence by Yirginia
Power and Carolina Power and Light, with
added explanation that these may be
atypical because of the lack of

{ntervention.

Note the typo on the word “acceptance®

There §s no need for two ast: .sks
for one reference; suggest de¢ :tion
of the first of these asteris.s.

The statement that the Standard
Review Plan *specifies” minimum design
capacity of the Spent-Fuel Storage
Pool {is misleading, as the Standard
Review Plan presents guidance vather
than regulatfons, and there ar2
several reactors that have already
Tost full-core reserve capacity.

The contrary, successful experience in
transshipment without signifitant public
resistance by Carolina Power and Light
from their #.B.Robinson to Brunswick
Stations should also be mentioned. Also
the *and® should be removed and this
1ast sentence broken into two sentences;
otherwise the public resistance issue
appears to predominate the consideration
of the study of transshipment.
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CCMMENT REPORT PAGE  REPORT SECTION/PARAGRAPH  COMMENT

g g8 . 2.1/first paragraph Menticn should be made of the 1987
- Amendments to the HWPA restricting
208 MRS construction until HRC {ssuance
: of a license for construction of the
repository.

g 9 - 2.1.1/first paragraph, ‘Suggest changing "will™ to *may* to
: last sentence ' reflect the current uncertainty as
to the general epplicability of the
results of the Brookhaven Naticnal
Laboratory repert KUREG/CR-4982,
Severe Accidents in Spent Fuel Pools
L S : 1N SUPpOTL OF GENeric SETeLly ISSué B2.

1r

10 16 3.1.1/first paragreph Reference should be made to other
- ' DOE publications supplying the same or
2011 Lo more deteiled information a5 the RW-B59
: forecasts, such as DOE/RL-B7-11,
- with any differences {e.g. incorporztion
of later updating information) noted.

o 11

1 _ 16 3.1,1/third paragraph R sentence should be added to define
3012 and clarify the Intent of the unit
"MTHM" for the understanding of the
general public.

il

2 17 3.1.1/first partisl Some reason should be given for the

30-13 paragraph use of the RW-85% forecast rather than

§h§3EIA upper reference beyond the year
D -

=l |
L7 )

17 3.1.2/second paragraph Additional remarks should be provided
tc the effect of the following:
«The history of utflity estimates
of additional Spent-Fuel Storzge
requirements reflects & continual
decrease in nesr-term requirements for
‘ _ : each succeeding survey year {see
®-u sttached Figure 2.3 from DOE,fL-B7-11)
This fmplies more Spent FueY Storage
Pool capacity cen frequently be
accommdated as the need for it
approaches. Therefore, the “aguregate
RW 858 Forecast™ of maximum fuer
capacities should be considered as
mone of 2 Tower bound.
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1980 Projections (1879 Data™)
1881 Projsctions (1580 Data™)
1982 Projections {1981 Data™)
1533 Projactions {1882 Data')
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1988 Projections (1585 Data™)
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Calendar Year of Requirement

® From DOE/RL-88-5 (DOE 1385)
® From DOE/RL-85-2 (DOE 1385).
* From DOE/RL-84-1 {DOE 1984).
* From DOE/RL-83-1 (DOE 1583).
® from DOE/RL-82-1 (DOE 1582).
g From DOE/SR-0007 (DOE 1981).
From DOENE-0002 (DOE 1980).

Thousands of Meldc Tong Uranium

- FIGURE 2.3 Comparisons of Annual Projections of Additional Spent Fuel
Storage Requirements _
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REPORT PAGE REPORT SECTION/PARAGRAPH

30

COMHERT

27

29

31

31

; 32

3z

Introduction for Chapter
4, second peragraph,
next to Tast sentence

4.1.1.1/first complete
paragraph

4.1.1.2/first complete
paragraph

4.1.1.3/first paragraph,
first sentence

4.1;1.4fthird paragraph

4.1.1 &4/fifth paragraph,
second sentence

I11-93

Suggest adding the word "recent®

before the 1ast word “year”, to justify
the sbsence of escalation wentioned
in the next sentence.

In the first sentence, the word “boren®
should be replaced by "nevtron absorber®,
as boron is not necessarily required.

In the 1ast sentence, suggest adding

the words "or eliminate the need for

- the neutron absorber® after the

words "fncrease the number of assemblies®.

Unti] release of the topical report, zny
other intial reports or papers on the
results should be referenced, This
comment slso applies to other un-
referenced data from future reports in
following subsections. :

Tepical Safety Analysis Report approvel
has 2Y¥so been issued by the NRC for the
Castor IC cask.

Ebzsco’s recent independent cost
estimates are generzlly in eccordance
with the costs quoted, Kowever, 2 503
adder for the high cost renge of initfal
facility costs s vecommended. Also,
the vendor design and topical report
licensing costs in 2 mnew design (e.g.,

~ for & BWR) should be mentioned, as

these Ticense-related costs would add
on the order of double the quoted
high range license-related costs.

Mentfon should be made that loading
and placement costs could vary grestly
depending on utility practice. Ebasco
estimates indfcate these costs,
tncluding pre-operaticnal testing

and trafning, could be double thuse
quoted,
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COMMERT REPORT PAGE REPORT SECTION/PARAGRAPH  COMMENT

20 40

®-21

aw[n a0

m,l:zz 4

’”,‘Eza 38
2

25 a4

% 3

o 27 a5

E 46

4 42-43

4;1.1.1.,ffirst'paragraph. The words *it cdntains 3 hydraulic

third sentence :

Figure 4-4

4.1.4.2/second paragraph

4.1.3.4
4.1.4.4

Figure 4.5

4.1.5.1/first paragraph,

next to Tast sentence

4.1,.5.4/1ast sentence

§.2.2/first paragraph,
first sentence

I11-94

ram for Joxding the canister {nto tn,
concrete module® should be moved to
the end of the next sentence, as 4t
refers ‘to the specfal-purpose trafler
rather than the transfer cask.

The word “Door® on top of the building
should be removed.

Mention should be made that the reason
for the difference stated was to utiliz,
the CPAL IF 300 cask.

Refer to Commant number 18
Refer to Comment number 18

In addition, Ebasco's estimate for the
transfer cask basad on costing of the
necessary materials and fabrication
amounts to about half the quoted
estimate; and mention should be made of

- loading and placement costs, astimated

by Ebasco to be similar to but about
10% above-the corresponding range of
costs for metal casks.

This figure can be cleaned up to
remove the letters “FHM" wherever
they appear and explain vhat *5 Off"
means. '

Suggest adding the words "truck-type”
batween the words “standard™ and
"transportation casks®.

Ebasco's estimates indicate the upper
bound should.be considarably higher
than 1.5 tines the lower estimata.

The words "without any spacer grids”
make the sentence $napplicable to the
Maine Yankee Consol{dation License
Application which assumed re-orienting
the rods in a closer spaced simple
grid array.




v M

»3

w13

-5-

REPORT PAGE REPORT SECTION/PARAGRAPH

30

COMMENT

"accidents® should be “sccident”

With regard to Millstone Unit 2
Consolidation {ntentions, since €88
locations represents less than 1/2 of
“he tota] pool Storage capacity, an
explanation where the number 688 comes
from seems appropriate. Alse, in the
Jast sentence, the words *will have to
start® appears to prejudge if dry

- storage or other methods might not be
- utildized instead.

49 4.2,8/1ast paragraph,
- Tast word
&0 -4.2.8/ second complete
peragi &ph
53 4.3/1ast paragraph
f53 4.4/third sentence
58 £.5.1.2/f1rst complete

paragraph, third sentence

56 4.5.1.2/second complete
_ paragraph
| 56 . §4.5.1.3/second sentence
I11-95

Mention should be made that 4t 4s
expected that significant szvings

in dry storage facility costs could

be achieved by many utilities by
storage of consolidated fuel in the dry
storage facility.

Remove "the® before the word
*Transnuclear”, Also, next to last
Sentence should szy *Canada is
interested and has demonstrated....”.

Suggest 2dding the words “and
constructed for U.S. ISFSI epplications'
after the word “approved”, &s otherwise
the MVDS would have to be included,

The words ®a decontamination area™
should spparently be removed, as it
would not typically be part of the
dry storage facility.

This sentence should be revised,

es it 1s unfair to compare timing for
consol fdation to past timing fn?

cask Yoading, Instead, an overgll cask
handling and ISFSI placement time of

about § days {Ebasco’s estimate) per

cask would be more appropriate. Also,
{n the third 1ine of the last sentence,
the words *fuel-handling cranes” should
be replaced by “cesk-handling cranes”
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30

COMMENT

a}m{?35
-

0-41

11

N-42

37

41

42

57

LY

71

71

73

77

77

4,5.1.4

4.5.3/second sentence

$.2.1.1/third paragraph,

- third sentence

5.2.1.2/first paragraph,
next to last sentence

5.2.1.3/first complete

paragraph

5.3.2/first paragraph,
last sentence

5.3.2/third paragraph,
third sentence

I11-96

Underlining for the title should
be removed.

The implication that large requirements
of storage may favor consolfdation
contradicts the statement at the

end of Section 4.2.5 that 350 MTHM

fs essentially the maximm amount of
additional storage that can be
accommodated for a pool.

Suggest changing the word “are* to
*include®.

Suggest adding the words “fusl handling*
before words “shielding purposes® and
the words "with typically about 25 ft,
sbove the stored spent fuel®™ at the end
of the sentence.

Mention should be made of the nead

td compare the doses resulting from the
ISFSI with those from the operation of
the co-located nuclear reactors at the
site or “other radiatfon from uranium
fuel cycle operations within the
region™, per 10(FR 72.67

The statement that NFBC canisters wil)
contain a larger source of gamma rays
than a fuel assembly does not appear
to be generally trus and should be
Justified further if it is true.

The three PWR or seven BWR assembly
truck cask capacities mentiones are for
raximm capacit{ overweight truck
casks. I1f legal weight truck casks
with one PWR or two BWR assembly
capacity are ysed, consolidated fuel
should doudle these tapacities.
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COMHENT

81~
84

g5

g5

£.1

€.27fin2] two paragraphs,
first sentence

- 6.2/fin21 paragraph

. time” should be provided.

I111-97

Reference should be provided for the

‘being conducted,

- more direct answer, even if the answer

With respect to the KWPA uses of the
Naste Fund, mention should be made of
che DOE contract with utilities for
disposal of spent nuclear fuel by DOE
*beginning not later than January 31,
1998%, In particular, the question
whether the Naste Fund can be used for
post-1998 at-reactor storage as 2
means of fulfilling this contractual
requirement should be addressed.

DOE expression of willingness to ctonsider
support for at-reactor-storzge options
and the systems-integration studies

The answer to the quesfion "should the g
Ruclear Waste Fund be used for at-reactor f
storage?” appears to be missing, A

is "it cannot be determined 2t this




§ CHEM-NUCLEAR SYSTEMS, INC.

: @ 220 Stoneridge Drive » Columbis, South Carolina 20210

I =

Oc tober 25, 1988
¥J8-0173-88

Mr, Charles Head

U.S. Departmer: of Energy

office of Civilian Radiocactive Waste Management
RW-322, Forrestal Building - -

1000 Independence Avenue, S.W.

Washington, D,C. 20585

Dear Mr. Head:

* Ne appreciate this opportunity to comment on the U.S. Department of
Energy’'s Interim Version of the Dry Cask Storage Study. We also appreciate
very much the recognition of our activities in your Tast annual report.

The Department is to be complimentad on the completeness and depth of
analysis of this study, It {is evident that every effort has been made to give
a batanced evaluation of the concepts reviewed.

We at Chem-Nuclear Systems and our subsidiary of General Nuclear Systems,
Inc, {GNSI} take particular ?ride fn the fact that we supplied all of the
storage casks for the only fully 1icensed and functional dry storage activity
in the U.S. This facility at Virginia Power's Surry Station has had over two
years of operating experience and now has approximately one full core of fuel
elements in dry storage, We are looking forward to participation in
additional applications in this most critical area of spent fuel storage.

Although the Department's study covers all of the publishad concepts for
dry cask storage, we would suggest that the next version of this report
include a concept that we have developed. This concept was developed with the
objective of achfeving minimum total system costs., By this we mean the sum of
the direct utflity costs and the goverrment waste fee costs are minimized.

This optimized concept {s centered around a downsized version of our GNSI
licensed Castor ¥/21 cask. This cask, the Castor ¥/12, {s described 1n the
attached Appendix A. Although our Castor Y/21 casks are licensed for both
storage and transportatien outside of the U.S., we recognfze ¢ could take
considerable time and effort to 1license them in the U.S. for storage and
subsequent transportation, We balieve, however, that we can demonstrate in 2
very expedited process that the ¥/12 cask can be licensed for storage and that
2 transportatfon overpack of a suftable material that would provide additional
shielding, sealed containment, and structural enhancement would be accepted by
the NRC. This concept would:

I11-38




¥r. Charles Head
October 25, 1988
Page Two

o provide for 1licensed, economic storage at reactors with minimized
handling 2t the reactor site, Once in a storage cask, the fuel would
not need further transfer or manfpulation,

o eliminate the requirement to demonstrate seal {ntegrity after
storage. The overpack would provide a new se2l for transportation.

o 2ltow for shipment to efther an MRS or geologic repository without
further manfpulation of fuel elements &t 2 reactor site.

o radically reduce. transportation equipment costs. If the dry cask
storage contafner {s subsequently wused as & portfon of the
transportation contafner, it would substantially reduce the costs of
transportation casks, '

o provide refmbursement 4o utility {if equipment {s transferred to the
government, There should be an 1incentive for the government and
utflities to transfer title and reimburse for equipment of common
usage. '

¢ allow for the potential use of the cask without the transportation
overpack as & repository package. The ductile fron storage cask has
a potential for befng.the repository overpack. This could provide &
system component at no addjtional cost, _

0 potentially eliminate DZD for onsite storage. Other systems would
have DED costs, while this concept could eliminate this cost if the
cask was suitable for 2 repository overpack, If ‘not, after
decontamination of the interior, it could be remelted for & credit.

The Castor Y/12 cask can be bufit in the U.S. This e'lfminates the concern
of our fuel storage program being dependent on forefgn suppliers, and 1t also
el{minates the balance of payments issue.

Distinct cost savings in & mass or serial production mode are possible,
In addition to cost savings, this design and fabrication process has distinct
advantages of rapid deployment. How that our costs are in the competitive
range, we view this concept to have 211 the {ngredients of success - cost,
schedule, and regulatory acceptance., The rate-making entities will endorse 2
program that has 211 of these attributes.

Further, the concept we have developed will help to eliminate the concern
of the public that any type of storage {s percefved to be permanent. There {s
2 potential that storage in mobile contafners would be more acceptable,
Recent experience in both Tennessee and South Carclinz indicate there s &
need to overcome the “permanence” fssue, Mobility will allow for a specific
time commitment of dry cask storage; both at & reactor site or MRS,

We are very enthusfastic about this concept. We stand ready to support
the Department {n furthering {ts objectives of safe and economic storage of
-spent reactor fuel until a geologic repository is availadle,

We would be pleased to provide you or your staff with further {nformation

or briefings at your convenience.
7/&'&13( youri,

Yictor Barnhart
I11-59President
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CASTOR V/12 SPENT FUEL CASK
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 CASTOR V/12

DRY STORAGE CASK OPTIMIZED FOR 11.S. APPLICATIONS

Generel Nuclear Systems, Inc. (GNSI) is developing & new eeries of CASTOR dry storage
casks, totally aimed at meeting the broadest spectrum of U.S utility needs for at reactor, dry
storage of spent fuel. This cask, called the CASTOR V/12, utilizes the licensed and proven
ductile cast iron technology. It can store 12 PWR fuel assemblies, cooled for as little gs five
years, for an indefinite period of time. GNSI is aiming for cbtaining NRC approval for this
cask in 1989 with production and availability by 1990. As many as 12 casks per year could
be delivered to a reactor to meet utility priority needs.

Some of the key features of this design are:

O

UNIVERSALITY - Reduced task weight permits rapid, direct pool loading at
el US. reactors.

U.S. FABRICATION - Cask design will permit manufacture of all components
in the U.S.

1I0W COST - Smaller cask leads to excellent economics particularly with
serialized production.

DUAL PURPOSE USE - A slainless steel overpack with wooden “shock
absorbers” will permit transport to DOE sites. The cask can be rapidly made
ready for off gite ghipment.

COMPATABILITY WITH DOE PROGRAMS « No need to repackage or inspect
the fuel prior to shipment.

PROVEN TECHNOLOGY - CASTOR casks using identical materiale have

been approved by the NRC and have been in-storage at & U.S. utility for over
three years. Over 70 CASTOR casks have been fabricated worldwide.

MAINTENANCE FREF. - Virtually zero maintenance or inspection is required
for the loaded cask
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We know that the CASTOR V/12 will fulfill a real uhhty need in the 90's and are anxious to
tell you more. The enclosed information presents summary data on this design. For more
detailed information on CASTOR casks, contact Mr. Glen Rae or Albert Bonifacio at:

General Nuclear Systems, Inc.
220 Stoneridge Drive
Columbia, S.C. 29210

{803) 256-0450 '
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TECHNICAL DESCRIPTION
OF THE
CASTOR V/12 SPENT FUEL CASK
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INTRODUCTION

. The CASTOR V/12 belongs to @ cask family which has slready received a NRC 10

2.0

CFR, Part 72 license for storage of spent fuel. The first license was obtained for &
CASTOR Ic in July, 1685, and the second license of & CASTOR V/21 was received in
September, 1885. :

The CASTOR V/I2 cask is designed for the storage of & maximum of 12 PWR spent
fuel assemblies of various fypes with a decay time of approximately five years. The
cask is made of ductile cast fron with a carbon-steel double-lid eystem. A basket made
of steel holds the fuel assemblies in place.

This cask iz the latest development in the fleet of CASTOR-type casks and an
optimized version -for Jow epecific tosts has & potentiel for perial production in -the
Unrited States. It can preferably, but not exclusively, be used for those power stations

with limited crane capacities.

If & certain minimum number of casks is used (to allow serial production), the specific
storage costs ($/Kgu) are Jower than for large storage casks. This development results

from experience with the licensing and fabrication of emaller waste casks _

(MOSAIK-Type), which are extensively used in Eurcpe. The cask can also be used for
transport of spent fuel with minor and inexpensive modification.

DESCRIPTION OF THE CASTOR V712 CASK

The CASTOR V/12 cask consists of a8 monolithic, ductile cast iron body with double
lids. The cylindrical cask is epproximately 14.4 £. (4.4 m) high, 68 in. (1.7 m) in

- diameter, and weighs approximately 123,000 1ba. (62 tons) fully loaded. The cask bas

& cylindrical eavity which holds a fuel basket designed to accommodate twelve (12)
spent PWR fuel assemblies. -

The CASTOR V/12 has & double lid system, consisting of & primary and secondary lid.
Both are made of carbon eteel with & corrosion-resistant treatment. The lids,
containing metal seals, are bolted to the cask body to form the leak-tight containment.
The leak-tightness of the cask is permanently monitored by means of a pressure
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For handhng the cask has four removable trunnions, two in the upper region and two
in the bottom region. When the cask is placed into storage, the trunnions are removed
and blind flanges are inserted.

Figure 2.1 shows a schematic diagram of the GASTOR V12 cask body. Overall
dimensions and weights are given in Table 2.1.

CASKBODY

The cask body is made of ductile cast iron, bas a cylindrical shape, and a cylindrical
cavity. The cask has integrated neutron shielding in the form of graphite nodules,
which constitute 3% of the weight and 10% of the volume of the cask material. The
mass of the cask body is approx. 84,000 Iba. (38 tons).

The outer surface of the cask is coated with a multi-layered, easily
decontaminable paint. The inner surfaces of the cask cavity are protected from
corrosion with a radiation resistant zinc silicate or similar coating.

CASK LIDS AND SEAL SYSTEM

The primary and secondary lids of the CASTOR V/12 cask are made of carbon
steel. The lids contain grooves for holding metallic seels (O-rings). The
thickness of the primary lid is 8.7 inches (220 mm), while that of the aecondmy
Yid is 3 inches (75 mm).

FUEL BASEETS

The fuel basket inserted into the cask cavity is made of steel. The basket serves to
physically separate the fuel, promote heat transfer,”and provide puclear criticality
control. The basket has a total of twelve 3quare fuel cells for PWR fuel assemblies and
is shown in Figure 2.2

The basket height can be fitted to the fuel assemblies to be loaded into the cask. The

fuel aaaemb!y positions have a square envelope of 825 x 8.25 in® {210 x 210
mm?). The empty basket weighs 7,000 Ibs. (3.1 m.t.).
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| FIGURE 2.1
SCHEMATIC DIAGRAM OF CASTOR V/12 CASK
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TABIE 2-1 i S, LR LTI e
CASTOR V/12 DIMENSIONS
AND DESIGN CHARACTERISTICS
mm inch

Overall length (w/o impact limiters) 4,405 ‘ 1734
Cross section (w/o trunnions) ' 1,730 68.1
Cavity length 3,850 151.6
Cavity diameter 1,130 4.4
Wall thickness 300 - 118
Bottom thickness 2'{0 105
Total lid thickness 285 10.8
Cask capacity (fuel assembly) Max 12 FWR F/A’s
Weights

~ Cask : 456 mt. 100,300 Ibs.
Basket ' S.1mdt. 7,000 Ibs.
Total Weight _ _ 58.1mt 123,600 1bs.
Materials
Cask Body Ductile cast iron _
Lids Carbon st-el with corrosion protection
Basket ' " Carbon SteeVBorated Steel

Protection Plate Stainless steel
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FIGURE 2.2
BASKET CROSS-SECTION FOR CASTOR V/12
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4.0

4.1

4.2

At S Smrl of #R ST e

MATERIAL TO BE STORED

The material fo be stored in the CASTOR V/12 cask consists of PWR fuel assemblies of
the CE 15 x 15 type or of the Exxon 15 x 15 type. Fuel data is summarized in Table
2.2,

CASK DESIGN

STRUCTURAL DESIGN CRITERIA

The cask structures are &eaigned,'fabﬁcated, and tested to maintain the confinement
of the fuel assemblies, both for normal eperation and under accident conditions. The
structural design is based on the licensing criteria defined in 10 CFR, Part 72.

The atructural design criteria of the non-cast iron metal components of the cask are
based on the criteria of Section III of the ASME Boiler and Pressure Vessel Code.
Criteria for normal and accident conditions are given in Table 2.3.

ﬁ'

The ASME Code does not provide for design stress values for use in design by analysis

for the cask body constructed of ductile cast iron. In absence of a definitive guideline
for the allowable atress for ductile iron, a conservative value equal to one-quarter of
the uitimate strength is used. This approach was approved by the US NRC during the
licensing of CASTOR V/21 & Ic cask. This provides a safety factor of four based upon
ultimate strength as compared to a eafety factor of three. This serves as the design
criteria for the eask body and is given in Table 2.4.

SHBIELDING DESIGN
The design criteria for the shielding of the CASTOR V/12 cask are:

o Maximum doss at any point on the cask surface less than 200 mrem/h
(neutron + gamma)

Results of preliminary ahielding analyses yield a total dose rate at the cask wall
surface of less than 100 mrem/h.
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TABLE22
PWR F/A DATA FOR CE AND EXXON FUEL
Fuel Assembly Type CE Exxon
Rod Arrey | 15x15 15x16
Fuel Materia! (Sintered Pellets) U, Us,
Active length, inches 140 x 353 140z 65
Total lengths inches 148.951 14890
Number of Active Fuel Rods per Assembly 212-216 216
'Fue! Rod Pitch, inches 0.550
Weight of Fuel Assembly, Pounds 1,350
Weight of Contained Uranium, kg U 413.38
Fuel Rod to Fuel Rod, inches _ €1185x8.1135
L
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TABLE 2.3

STRUCTURAL DESIGN CRITERIA FOR
NON-CAST IRON COMPONENTS

LOADING

CRITERIA

1. Normal Operation

Lifting Devices

2. Accident Conditions

3. Puncture of external surface

4.  Brittle fracture

Primary membrane stress less than
design stress intensity (Sm)

Sum of primary membrane and prim.
bending stresses less than 1.55m =

Fatigue gtress - usage factor < 1.0

Sum of maximum primary and secondary
stresses <3 Sm

Shear stress < 06S8Sm

Primary membrane and sum of primary
membrane and bending stresses < Sy/3
or Sy

Shear stress < 0.67 S5/3

Prim membrane strasses < (2.4 :
orO.'?g;)‘ = ' - Sz

Sy = uitimate stress

Sum of primmg membrane and bending
stresses < (3.6 Sy or < Sy)*

' Pure ghear primary atress < 0.5 Sy) |
%ter cask surface stresses less than

Selection of materials with adequate
toughness

. Smaller f
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STRUCTURAL DESIGN CRITERIA
FOR CASK BODY

LOADING

CRITERIA

. . Normal Operation

Accident Conditions

Puncture of external surface

Brittle fracture

Primary membrane stress less than
design stress intensity (Spm) _

Sum of primary membrane and primary
bending stresses less than 1.0 Sy

Fatigue siress - usage factor < 1.0

Sum of maximum primary and secondary

_siresses < 2/3 oy

Primary membrane stresses < (2.4 S
or 0.7 gg)" -

Su = ultimate stress

Sum of primary membrane and bendi
stresses 2 (2.2?,3 or < 0.7 8y)* ding :

Pure ghear primsary gtress < 0.5 Sy).
guuter cask surface stresses less than

See Section 8.2 of the Topiecal Safety
Anaslysis Report for CASTOR V/21] cask.

Smeller of
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The decay heat of the fuel elements is conducted through the cask body and
transferred to the air swrrounding the cask by natural convection and radiation
from the exterior surface,

THERMAL DESIGN

The thermal design of the cask is based upon a peak cladding temperature of 340°C
(644°F) for the hottest fisel rod, at an ambient temperature of 54°C for the cask
environment. This leads to a heat output of approximately 1 kw per fuel assembly,
with a cooling time prior to storage of approximately five years.

CRITICALITY SAFETY

The design criteria for criticality safety is that the effective multiplication factor,
kg is below 0.85, assuming optimal reflection and fresh, undepleted fuel.

The basket design as shown in Figure 2.2a can hold fuel with limited initial
exrichment (approxz. 2.2% U-235) if fresh fuel conditions have to be considered in the
Licensing procedure. If burn-up is applicable with the same design, higher initial
enrichments up to 3.5% are possible. For higher enrichments assuming fresh fuel
conditions, minor modifications of the basket (flux-traps and borated stesD) are
foreseen. See Figure 2.2a. '
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: FIGURE 2.22 )
BASKET CROSS-SECTION WITH

FLUX-TRAPS FOR CASTOR V/12
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B&W Fuel Company
A wortowide Aesourses . 3315 Old Forest Roag

P.O. Box 10935
Lynchburg, VA 245p
(804) 3852000 0T 00

QOctober 24, 19838
SFHLWS8.197

Mr. Charles Head

U.S. Department of Energy

Office of Civilian Radisactive Waste Management
RW-322, Forrestal Building

1000 Independence Avenug, SW.

Washington, D.C. 20585

Dear Mr-Heid:

. The B&W Fuel Company, a part of Babcock & Wilcox's Nuclear Power Division, has reviewed
the Initial Version Dry Cask Storage Study, DOE/RW-0196, and has several comments on it
that we wish 1o share with you. '

Our first comment is that the scope and depth of the document is excellent. The DOE did
a fine job in reviewing the alternative technologies for spent fuel storage and in.presenting
the impact of differing repository/MRS acceptance schedules. Notwithstanding the overal)
high quality of the study, B&W has identified some specific arecas where clarifications could
be made:

g

1.

On page vii and page 35 (section 4.1.3.1) concrete dry storage casks are referred to 2s
having 2 “..body made of heavily reinforced concrete® While this type of cask uses a
special concrete for shiclding, the containment is a2 metal linerslid. We suggest adding
a2 rpeference to the metal liner with the concrete; perhaps using the term
*concrete/metal cask® would be a more accurate description.

The cost of concrete/metal casks shown on pages ix and 39 appear not to reflect some
of the possible economies of this type of design. B&W projects our cask design 10
cost about $5/kg Iess than your low-cost projections for both 100 MTHM and 300+
MTHM capacities.

Also on page ix, the unit costs are given in dollars per metric ton-heavy metal. While
this is 2 common approach, perhaps a more useful unit would be dollars per space-
made-available for storage at-reactor. This eliminates confusion of different design
fuel assemblies with different weights of uranium, and it allows better comparisons
between technologies such as consolidation and dry storage.
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Section 4.1.14, at the end of the fourth paragraph, states that the low costs quoted
assume credit for burnup will be allowed. While this is & possible assumption, such
burnup credit from the NRC is net a foregone conclusion, and the sdditionz] design or
sdmipistrative costs required for NRC approval may be substantial. Such costs should
be eveluated and quantified, as well &s the risk of no burnup credit being sliowed.

There is o mention of competing designs of concrete/metal casks in section 413,
despite such designs being submitted in response to DOE-Richland Operations Office
SCAP No. DE-SC06-87RL11394. B&W"s design, the CONSTAR series, has been further
described in & paper presented to the 1988 Joint ASME/ANS Nuclear Power Conference
(April, 1988) snd has been the subject of 2 meeting with the NRC. The Topical Report
for CONSTAR is projected for submission to the NRC in mid-1989. 1 have attached o
paper on CONSTAR for your information.

Section 4.1.3.4 deseribes the dry loading of 2 concrete/metal cask as requiring the fuel
to be loaded into canisters and then into a transfer cask, W& E£re not iware of any
requirement {or canjisterization of intact vndamaged fuel,

The use of the word “optimum® in section 4.2.2, paragraph 2, implies that 2:1 fuel rod
consolidation is 2 physical limit which is not entirely realistic. Indeed, consolidation
ratios of greater than 2:1 are achievable with some systemns, BAW's included. Most
canisters will contain two assemblies worth of rods to maintain casy traceability snd to
simplify operations. Perhaps a more accurate term to use in this application is
*design.”

The cost anzlysis of consolidation (section 4.2.5) examined only the option of etility
purchase of the required equipment. Another option which may be more economic for
some epplications is where & supplicr provides equipment and manpower for g specified
period or campaign size for a fee. This fer will vary based on the size of the
campaign, but would be cheaper than purchase for small campaigns gnd would not Jeave
used equipment in the reactor pool for storage and disposal. This option is mentioned
Iater in section 4.5 1.2, Time Needed for Implementation.

The storage of consolidated fuel in concrete/metal casks should be included in the
section 4.3 discussion. The CONSTAR casks have the capability to store consolidated
fuel, The use of consolidation would also affect the LCC of this option, which should
be illustrated by an example as with the other options,

The conclusion in section 5.3 that the use of horizonta! concrete systems will have no
effect on transportztion does not sccount for the fact that cither the utility will have
to unload the spent fyel back into their pool for transfer to the transportation cask or
have the dry shielded canisters (DSC) compatible with direct loading into the
transportation casks. The first option is likely to be sigpificantly more complex and
costly thap the same operation with metal or concrete/metal casks. The second option
rcquires that the dimensiona) and structural characteristics of the DSCs be matched 1o
shipping cask designs to ensure compatibility with 10 CFR 71 requirements.
Additionally, casks have the potential for dry transfer of fuel to transportation casks,
thus eliminsting a trip for the fuel back into the pool; this would be extremely
diff: It with DSCs.

The discussion of dual-purpose casks in section $.3.1 does not clearly state the
assumptions for & Life Cycle Cost 1CC) Analysis; that is, sre utilities paid for the
casks (and if so, how much and when), are any potential costs included to upgrade

I11-117




B&W Fuel Company -3- October 24, 1583

11.

naﬂ

=

existing casks to meet 10 CFR 7] requirements, and are the different capacjy
inharent in casks optimized for storage and transportation factored in. fes

Section 5.3.2 states that, for a set weight limit, a 33 to 30% increase in transportay;
cask spent fuel capacity could be accomplished by using consolidation. We believe “:u
magnitude of increase could only be obtained by optimizing the transportation ch:
design for consolidated fuel, rather than simply shipping consolidated fuel in cas::
optimized for standard intact fucl (an eveatuality considered further down on the ;ms
page). ©On the other hand, the shipment of consolidated fuel with a matching ca;;
would yield consideradle LCC savings.

1 hope these comments will be useful to you and will be glad to answer any questions you
may have on them. Please contact me at (304) 385-3138 or John Matheson at (804) 335.3444
if you or your staff desire a dialogue.

Sincerely yours,

T o~ ST~

Thomas R. Stevens, Managcf
Spent Fuel & Waste Technology Services

TRS:wwh
Attachment

oL

w/o Att,
F. M. Killar, USCEA
S. T. Hinschberger, DOE-ID

The attachment contains proprietary infoermation. Furthermore it is not
critical for the reader to have the attachment in order to understand the
comments contained in this letter. Therefore the attachment is net reproduced

here. {U.5. Department of Energy)
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October 28, 1$88

Mr. Chirles Eead

Office ‘of Civilian Radiocactive Waste Hanagement
RW-322, Forrestal Building

1000 Independence Avenue, S.W.

. Washington, D.C. 20505
_Degr'nr. Head: |

Edison Electric Institute (EEI), the Utility
Kuclear ¥Waste Managerent Group {(UNWMG), and the
Electric Utility Companjes! Kuclear Transportation
Group {NTG) appreciate the opportunity to submit
comments on the s
LIVDESSY, dated August 1968, which was published by the

_ Department of Energy {DOE) in accordance with the
‘requirements of Section 5064 of the Nuclear Waste
. Policy Amendments Act of 1987 (NHPAA)

- EEI 15 the association of the nation £ investor-

. owned electric utilities; its pembers generate about
- seventy-three percent of the Raticen's electricity and

serve over sixty-seven million customers. UNWMG is &
group of forty-five electric utilities providing active

. oversight of the implermentaticn of the federal statutes

and the regulations governing radjoactive waste
managenment.  NTG is & group of twenty-nine utilities

. previding active oversight of implementation of the

federal statutes and the regulations governing

‘transportation of radicactive materials. Together,
- EEI/UNWMG/NTG represent the ma2jority of the holders of

contracts with DOE for disposal of spent nuclear fuel
under the Kuclear Waste Policy Act (NWPA}, as amended.

S date, electric utilitiec (and others) have paid over

£3.3 billion intec the Huclear Waste Fund. These funds
are collected from electricity consumers.

Given the signitic#ﬁt-increase'in additional on-

- site gtorage requirements and related coste associated

with each year's delay in spent fuel acceptance, it is

- extremely fmportant that the waste prograr be carriec

A Program Administered by Edison Liectric insiitue
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Mr. Charles Head'
October 28, 1988
Page Two

out on a schedule consistent with DOE's statutory obligation ang
contractual comnitments. Howaver, even today a number of '
electric utilities are actively involved in the expansion of
their on-site storage capacity and many more are now exploring
alternatives and will be making commitments to one or more of
these technologies during the next several years. EEI/UNWNG/NTG
believe, therefore, that the DOE was very timely in its release
of the JVDCSS.

The DOE deserves to be complemented for its efforts in
performing this study and in preparation of the resulting report,
We found it to be informative with respect to the individual _
technologies for expanding on-site spent fuel storage capacity.
Electric utilities requiring additional on-site spent fuel
storage capacity need to make many decisions in the face of
present technical, economic and political uncertainties, The
decisions made by one utility may not be appropriate for another.
The comprehensive presentation of information on each technology
should provide each utility with a good starting point from
which to proceed with their individual evaluation of the
available alternatives. .

- EEI/UNWMG/NTG agree in general with the DOE conclusion that
the NWPA does not appear to authorize use of the Nuclear Waste
Fund to provide funds for at-reactor dry storage. However, while
DOE, under Section 302(d), must receive express Congressional
authorization for the "construction or expansion of any facil-
ity," it may use the Nuclear Waste Fund to fund "any costs that -
may be incurred by the Secretary in connection with the transpor-
tation, treating, or packaging of spent fuel or high-level
radiocactive waste to be disposed of in a repository,™ as well as
"the costs...incident to such a repository [or] monitored
retriavable storage facility...". This language would appear
broad enough to authorize DOE to fund certain activities that
would be considered to be "in connection with transportation,
treating or packaging of spent fuel® or "incident to" a reposit-

|_ory or MRS.

EEI/UNWMG/NTG also agree with the DOE's second conclusion,
i.e., that only those activities that provide overall benefit to
the waste management system should gualify for huclear Waste Fund
support. ' : :

- It is important to emphasize that any discussion regarding
the use of funds from the Nuclear Waste Fund must be conditioned
-on whether the discussion addresses costs that are incurred: (1)
for on-site storage prior to the DOE taking delivery of spent
fuel starting in 1538, or (2) because the DOE did not meet its
statutory commitment to begin to take spent fuel starting in

1998. It is appropriata that this report does not address the
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Mr. Charles Head b
October 28, 1988 . : i

Page Three

statutory commitment to begin taking spent fuel in 19¢98.
However, EEI/UNWMG/NTG view this eas a very important issue that
will be addressed further in the appropriate forum and at the
appropriate time. _ .
EEI/URWMG/NTG have additional specific comments regarding
the IVDCSS that are identified in the enclosure to this letter.

We appreciate this opportunity to respond to the DOE reguest
for comments on the JVDCSS., We would be pleased to respond to
any questions or otherwise be of assistance te the DOE as it
finalizes its study. Please do not hesitate to call us.

Sincerely,
s/ _
S. P. Kr /
_ Director
SPK/m1f

Enclosure
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. Enclosure to Letter to
» Charles Head
Octobar 28, 1938

- EDISON ELECTRIC INSTITUTE

UTILITY
ELECTRIC UTILITY

NUCLEAR WASTE MANAGEMENT GROUP
and
COMPANIES® NUCLEAR TRANSPORTATION GROUP

Additional Commants on

Initjal Version Dry Cask Storage Study, August 1988

item 3, at bottom

viii, paragraph 1

xi,

10,

21,

27,

28,

paragraph 2

paragraph 4
Figqure 3-4

Chapter 4

paragraph 2

What destination{(s) was assumed, MRS or
repository.

While it is agreed that safety must be
demonstrated, it is not clear why an
application for license under 10CFR Part 72
must demonstrate feasibility.

It is not clear from the text whathar the
statement is suggesting that there is a
ninimal cost and risk increase or minimal
cost and risk decrease, It i1s also not clear
how much of a change would be considered by
DOE to be "minimal“,

In practice spent fuel is generally stored in
the spent-fuel pool for as many as five years
before being transferred to dry-storage
facilities, not one year,

The label on this figure reading “Acceptance
begins in 1988" should read *Acceptance
bagins in 1938." Also the "Year™ axis shoulad
be corrected by reversing 2010 and 2005.

The issue of land use requiremants for the
various dry at-reactor storage options was
not addressed. Estimates of land usa
requirements, even if sirilar among options,
would be useful.

The date 1384 should be changed to 1983.
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Page

13-
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Page

2%,

3,

a2,

a3,
35,

50,

50;

51,

paragraph 2

paragraph &
paragraph 4

line 1

paragraph 4.1.2.4

paragraph 5

last paragraph

paragraph 3

33

Enciosure to lLetter to
Mr. Charles Head
October 28, 1988

Does MRC Bpecifiecally require the use of
boron to prevent nuclear criticality, or does
BRC simply reguire that the licencee assure
that nuclear criticality will not be 2
problen by justifying the approach it gelects
to deal with this fsgue?

It should be noted in the text that the
vendore of caskes and utilities are attempting
to obtain KRC approval to take credit for
fuel burnup.

It is not obvious how to derive the final £50
to $30 per kilogram unit cost range from the
cask purchase unit costs of $30 to $105 per
kilograrm.

Please define “large capacity increszse.”

¥hy isn't there & range on the £7 per
kilegrem additional cost for dusl-purpose
C2EKE .,

It should be noted that Rochester Gas and
Electric Corporation received a license
amendment allowing storage of consolidated
fuel in the gpent-fuel pool of Ginna in
Decenber 1985. Thie wac done without
intervention.

It should be noted that the cost range of
$200,000 to $500,000 includes -
license-amendment action for reracking as
well a6 consolidation, with consplidation
comprising only & small part of this total
apount.

A staterpent should be added at the end of
this paragraph to the effect that "Efforts
have been started by EPRY and utilities to
look &t other methods for disposal ¢r storage
of non-fuel-bearing hardware componente such
that the consolidation ratic of fuel ic 2
true 2:1, The costs asgocisted with these
other disposal or storage alternatives would
be included in the consolidation costs.
These studies have not been completed, but
the identification of economical alternatives
could lead to lower consolidation costs.
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'::-17[1’393 72, paragraph 1

page 76, paragraph 5
3310

R

Enclosure to Letter ¢,
Mr. Charles Head
October 28, 1988

What is the basis for this statement
pertaining to action taken after the
expiration of the reactor's operating license:

Add the words "or barge™ to the first

sentence following the phrase “"rajlroad ang
rail-handling capabilities.”
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U35 Counciior Enetgy Awarengss

John

Siege!

YeePreset keonca'Pogams

October 28, 1988

Mr, Charles Head

U.S. Department of Encrgy :

Office of Civilian Radioactive Waste Management
RW-322, Forrestal Building :

1000 Independence Avenue, S.W,

Washington, D.C. 20585

Re: Initial Version Dry Cask Storage Study DOE/RW-0196

Dear'Mr. Head:

These comunents arc submitted on behalf of the Transportation Task Force of the U.S. Council
for Encrgy Awareness (USCEA) in response 1o the ebove-referenced study. We have reviewed
the study &nd have several comments. :

We believe the overall scope and d?:h of the document is excelient. The study responded to
Section 5064 of the Nuclear Waste Policy Amendments Act of 1987 in the ares of storing spent
fuel ot civilian reactor sites, considering factors of costs, effects on human health and the
environment, and the extent to which the nuclear waste fund can and should be used to provide

funds for at-reactor storage.

However, there are two areas which could use additional emphasis. The first area is the
integration of at-reactor site storage concepts with the DOE program for off-site shipments. The
study should provide information that a utility can use in planning en at-reactor site storage
facility for compatibility with the DOE shipping fieet.

The second arca that could use additional clarification is the use of the Waste Fund to cover
gt-reactor site storage costs. In the context that spent fuel shipments from the reactor sites to
DOE facilities were to begin in 1998, the study is a..EErogriatc. However, due to the delay in
shipments untit 2003 this should be reconsidered. The deiays in the program from 1953 to 2005
generate additionat storage costs for the utilities. Because the change in schedule occured
during the late stages of drefting this report, plus this report is past due to Congress, it is
recommended that rather than address it in the Dry Cask Storage Study a response to this

question can be provided in next years Annuel Capacity Report.
If you have any questions or desire additiona! information, please let me know.
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" HARD M. BRYAN STATE OF NEVADA ROBERT R. LOUX
rraor - Executive Director

- NUCLEAR WASTE PROJECT OFFICE
Capite! Complex :
Carson City, Nevada 88710

(702) BE5.3744

October 28, 1988

. ¥r. Charles Head _
Office of Civilian Radicactive Waste Management
RW=-322, Forrestal Building
1000 Independence Avenue
Washington, D.C. 20585

Deéar Mr. Head: o
'‘RE: INITIAL VERSION, DRY CASK STORAGE STUDY, AUGUST 1988

We have received the subject report (DOE/RW-01S6) and have
reviewed it from a number of perspectives in regard to Section
5604 ©of the Nuclear Waste Policy Amendments Act of 1987, which
requires the Secretary of Energy to prepare and submit such a
report to the Congress. _ _ :

™~ For a number of reasons which will be discussed below, it is
the conclusion of this Office that the report, in its present
form, does not provide an analysis of dry cask storage in a
context sufficiently realistic to be useful to the Congress and
the public in future policy decisions, nor does it ‘provide a
51 great deal of information of use to the nuclear power utilities
in their current and future spent fuel management and storage
planning. This flaw in the report could have been mitigated to
sone extent if the DOE had solicited the views of State and local
governments and the public in an early scoping process, prior to
preparation of the report, rather than 4issuing this Initial
Version for our review just two months prior to the statutory
| deadline for its submission to Congress. .

B In general, the report seems to serve primarily as a means
to mold selectesd {nterim storage scenarios and technology to
DOE's preferred high-level radiosctive waste wmanagement and
disposal program, rather than to recognize first, the
requirements of the Nuclear Waste Policy Act as amended ., and then
#2 the potential for achievement of either the requirements of the
Act or the elements and schedule of the DOE! preferred progranm.
The report takes considerable 1liberty in its selection of
scenarios for analysis, and assumptions of varjous elements and
events which may enter into the analyses. However, significant
likely scenarios and contributing elements have either been
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ignored or misrepresented in the report.

The most obvious shortcoming of the report is its failure to
analyze the most likely scenario in the future of the nuclear
waste disposal program. That scenario is the case in which the
DOE cannot begin accepting waste at a geologic repository in
2003, as projected in the DOE's schedules, and as anticipated by
the Congress, based upon DOE's assurances. Furthermore, the nmore
realistic situation may be an indefinite postponement of geologic
disposal. For this reason, the report should analyze at least two
additional conservative scenarios: 1. a situation, without an
MRS, in which repositoty waste acceptance is delayed on the order
of 10 or more years; and 2, a situation in which the plants are
obligated to store spent fuel up to 30 years beyond the
expiration of their operating licenses, as reviewsd by the NRC in
its Waste Confidence Decision. These types of analyses are
certainly not prohibited by the NWPAA, and, in fact, may provide
a useful, and even realistic perspective to the repdrt.

B The MRS schedule scenarios chosen for analysis offer some
interesting suggestions. The scenario for waste acceptance in
2003 conforms to the authorization of the Act, yet, without
presuming the recomnendation of the MRS Review Commission and
Congressional action, there is no assurance that this scenario
will be achieved. The 1998 scenario for waste acceptance, while
possibly being an acknowledgment of the DOE's legal dilemma
regarding waste acceptance contracts with the utilities, not only

33 would require additional Congressional action, but is probably

impossible to achieve. Therefore, it is misleading of the report
to present it as a meaningful scenario with the implication that,
if authorized, the DOE could bring it to reality. The 2008
scenario is clearly a recognition that, even if approved, there
may be a five year delay in implementing the MRS relative to the
statute and DOE's waste acceptance plans. Cne can only question
twhy, if the DOE suggests a scenario of delay in the possible
implementation of an MRS, it does not anticipate the likely delay
or postponement scenarios for a repository, discussed above.
Furthermore, there is no discussion of the basis for a possible
five-year delay, as opposed to some other number of years of

delay. The five-year figure appears to be simply arbitrary and
| convenient. :

- The uncertainty in the cost analyses for the described
technolegies, and associated assunptions, are acknowledged in the.
report, however there appear to be a number of significant.
omissions and misrepresentations in addition to the stated
uncertainties. Additional elements which should be analyzed or
clarified in the DOE's final Dry Cask Storage Study include the
following: . _ ) -

= Costs should be reported with a stated inflation factor

included. In the Initial Version, it is not even clear whether

the costs reported are in 1988 or 1987 dollars. Furthermore, it
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is difficult to place the costs reperted in a meaningful context
of the waste management and disposal program when the existing
version of the DOE's Analysis of the Total System Life Cycle Cost
for the Civilian Radioactive Waste Management Program (DOE/RW~
0047) is obsolete.
.= The cost analyses for the fixed-facility storage
ses] technologies do not seem to include the final costs of
decontanination and decommissioning.
= There does not appeer to be a recognition that there
rlikely will be a significant additional cost and time factor
involved in storage cask certifications if the concept of
extended burn-up credit is intended to be employed in cask
| design,
- = The cost factor involved in design and certification of
casks for consolidated fuel and associated scrap elements does
not appear to have been a&nalyzed in relation to the uncertainties
associated with consolidation and compaction ratios. In addition,
¥ the report does not recognize the fundamental problem of cost-
effectiveness in rod conscolidation. It is currently unknown by
the utilities whether the specific consolidated waste form
produced will meet the DOE's yet ¢to be determined waste
acceptance criteria for a& repository.

B The DOE's legal position regarding the inability of the
Ruclear Waste Fund to finance at-plant dry cask storage is
clearly stated relative to the provisions of the Nuclear Waste
Policy Act, however the report is unnecessarily vague regarding
how DOE will determine if and when it might suggest to Congress
that the policy be altered. The stated position is “The DOE will
consider requesting authorization to use the Nuclear Waste Fund
for at-reactor storage if such & use is demonstrated to be
beneficial to the overall waste managenment systen.%(page 89).
This position must be clarified, at least to the extent of the
definition of its terms, &and the criteria which will be applied
in DOE's considerations. XLacking such clarification, the
statenent of position is of no use to any of the affected
parties, including the Congress. -

We appreciate the opportunity to comment on this Initial
Version Dry Cask Storage Study, but, as stated above, it is our
belief that the report,could have been at & much advanced state
of maturity and usefulness at this late data had the views of
State and local governments and the public been solicited prior
to its drafting. For this reason, it is our recommendation that
the report be redrafted, and circulated again for comment, before
DOE seeks final comments from the U.S. Nuclear Regulatory
Commission and then submits it to Congress. ,

. : Sincerely,i-

fw/ﬁfg

Robert R. Loux, Director
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Mr. Cherles Head

U. S5, Department of Energy

Office of Civilian Radiocactive
Waste Management

RW-322 Forrestal Building

1000 Independence Avenue §.W,

Washington, D. C. 20585

Dear Mr. Head:

Re: Dry Cask Storage Study

P. 0. BOX 14000, JUND BEACH, FL 33“’&&;
N

OCTORBER 3 4 1988

L-88-484

This letter is submitted in support of the Edison Electric Institute
{EE1) Waste Management Groups comments on the Dry Cask Storage Study.
FPL agrses with all of the conclusions prasented in the EEI paper to ba

submitted by the October 28th comment date.

Thank you for the opportunity to comment on this matter.

Yours truly,

u. F, Congg

Senior Vice President - Nuclear

WIC/IAD/gp"
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Arizona Nuctear Power Project
PO BOXS203¢ e PROENIX ARIZONA 850722034

162-02815~-PFC/SLS
November 1, 1988

Mr. Charles Head

U. S. Department of Energy .
Office of Civilian Radicactive Waste Management
RW-322, Forrestal Building

1000 Independence Ave., $.W.

Washington, D.C. 208585

Dear Mr. Head:

Subject: Initial Version Dry Cask Storage Study
Flle No.: 88-070-220/88-0317-4316.16

Arizona Public Service Company (APS) is pleased to submit the

attached comments on the Dry Cask Storage S$tudy. APS is the

cperating agent for Palc Verde Nuclear Generating Station.

We must emphasize the following six points:

1. PS must be assured that there will be shipping casks
sydeveloped which can handle ite fuel.

2. [APS concurs that the Nuclear Waste Fund should not be used

arbitrarily to fund at-reactor site storage. However, if

utilities must expand storage as a result of delays in DOE's

n2iwaste program beyend the 1698 commitment date, utilities
should get some form of relief from the DOE.

3. [The proposrd NRC rule to sllow utilities licensed under
10CFRS0 to apply for a general license to store spent fuel
¥3in KRC-cervified casks without further licensing activities
|is a positive developrment.

4. @einbursement for the utility's purchase of dual-purpose

casks, if the casks are approved by DOE, must be done and
- 84idealt with in an equitable manner between DOE and the
utilities,

5. Consolidated canisters and non-fuel bearing canisters should
be considered as the equivalent of standard fuel assenblies.
ns]Otherwise, utilities need to be informed if there are
technical difficulties associated with the handling of thege
[cenisters,

6. APS encourages the development of standard methods to verify
»e fuel burnup.
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Charles Haad : 162-02815-PFCXSL$
Page Two . November 1, 1988

Details of thess comments are provided in the attachment.

APS appreclates the opportunity to submit these comments, and
would welcome the opportunity to discuss our comments with you or

your staff.

Very truly yours,

Paul F. Crawley,; Manager
Nuclsar Puel Managenment

PFC/5LS/evh
Attachnment
cc: D. B. Karner

J. G. Haynes

R. R. O'Laughlin

J. D. Wade
G. W. Duede
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APS COMMENTS ON DOE DRY CASK
STORAGE STUDY

I. AT-REACTOR STORAGE OPTIONS

A,

LICERSING CONCERNS

[The proposed rule by the NRC, which would allow
utilities licensed under I10CFR50 to apply for a general
license to store spent fuel in NRC-certified casks
without further licensing activities, is a positive
development. This should prevent delays in licensing
resulting from litigation based upon unfounded
concerns, o

APS would like to encourage the development of standard
zethods to verify fuel burnup. This would allow more
fuel assemblies to be stored in casks, and result in &

B.

3

| more efficient storage and transportation systen.
COSTS ASSOCIATED WITH AT-REACTOR STORAGE

Tosts for the various technologies are difficult to
anticipate due to the many uncertainties in the future:
such &as market dynamics, inflation, development of new
technology, storage needs of individual utilities, etc.
However, the analysis which was performed was useful
for comparison of costs between the different

| technologies.

[I1f DOE ultirmately approves the use of dual-purpose
casks, the cost of these casks must be dealt with in an
eguiteble manner between DOE and the utilities. Either
{ DOE should purchase the casks, or the utilities should
be reimbursed for the casks when the spent fuel is

c.

tranceferred to the DODE.
CONSOLIDATED CANISTERS AND NON-FUEL BEARING CANISTERS

Tonsclidated canisters and non-fuel bearing canisters
should be treated as the egquivalent of a standard fuel
assenbly in terms of shipping allocations, The DOE
report states that "canisters for consolidated rods and

810 non-fuel bearing hardware will be sized to fit into

existiug spent-fuel storage racks.”™ These consolidated
canisters have different radiological characteristics
than stendard fuel assemdlies. The varying
radiological characteristics can be accounted for by
additionial shielding, if necessary. If there are other
negative impacts on the storage and transportetion
systen which would make handling of consolidated and
nen-fuel bearing canisters difficult, they need to be
identified to utilities. If there are weight
limjitations which restrict the number of consolidated
canisters which can be sent in one shipment, the
jutility needs t¢ De informed ahead of time.
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D. CASK DESIGN

The report does not state whether the casks which have
been designed and/or developed are compatible with all
existing light water reactor fuel assembly designs. As
a contract-holder, APS nust be assured that there will
be shipping casks developed which can accommodate its
fuel. APS i3 concerned due to a previous oversight by
DOE, which resulted in ANPP fuel being classified as
non-standard due to the length of tha fuel assszblies.

USE OF THE NUCLEAR WASTE PUND

APS concurs with DOE that the Nuclear Waste Fund should not
be used arbitrarily to fund at-reactor site storage. As DOE
states, this could lead to inequities, along with a more

|inefficient waste management system. However, DOE's study

reports that a five year delay in the date at which waste
management system operations begin will result in a 50%
increase in at-reactor fuel storage requirezents. If
utilities must build additional at-reactor storage
facilities as a result of delays i{n DOE's waste program
beyond 19398 commitment date, utilities may be required to
seek some form of relief from the DOE. This relief may hava
to come from the Nuclear Waste Fund. "
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YANKEE ATOMIC ELECTRIC COMPANY T35 60 Teer

(\/ 580 Main Street, Bolton, Massachusetts 01740-15398

October 28, 1988
FMD B8- 814
GN-LO3=-04=01

Mr. Charles Head

U.S. Department of Energy

Office of Civilian Radicactive Waste Hanagement
R¥-322, Forrestal Building

1000 Independence Avenue, S.W.

Washingten, DC 20585

Subject: 1Initial Version = Dry Cnsk Storage Etudy
Dear Mr. Heagd:

Yankee Atomic Electric Coopany (YAEC): appreciatcs the opportunity
to comment on the subject study. YAEC owns and cperates & nuclear
power plant in Rowe, Massachusetts. Our Nuclear Services Division
glso provides engineering and licensing services for other nuclear
power plants in the Nertheast, including Vermont Yankee, Maine Yankee,
&nd Seabroock. We have reviewed the. study and wish to applaud DOE's
efforts for doing a credible job. Also, please note that we fully
endorse the comrents submitted by the Utility Nuclear Waste Management
Group and the Electric Utility Companies Nuclear Transportation Group.

r in addition, we would like to emphasize one specific comment.

We are very concerned about the potential additional cost of on-site
reactor storage of spent fuel because of the possible delay in the
waste acceptance date reyond 1998. The study shows such delay will
indeed be costly. Tahrle 5.4 ghows upper bound: aggregate costes of $1.68
billion ghould waste anceptance be delayed until 2003 and $2.68 billion
should it be delayed vntil 2008. We stongly urge DOE to maintain the ‘
1998 waste acceptance schedule. It is our belief that thic is required
by the Standard Contract and that DOE is obliged to use appropriate
efforts to have the Waste Management System available in 19S8 even
vhen delays are caused by circumstances beyond DOE‘s controel.

‘Thank you for the opporttnity to comment.

{ M. Buchheit
» Ruclear Fuels Engineer
JMB/cmb .
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9021 W, Sagemoor Road
Pasco, WA $9301
October 18, 1988

Hr. Charles Head

U,S. Danartment of Energy

Office of Civilian Radiocactive Wasts Managemeny
R¥~322, Forrestal Building

1000 Independencs. Avenue, S,W,

Washington, D.C. 20585

Dear Nr, Head:

Thank you very much for the opportunity to corment on the initial version
of the Dry Cask Storage Study. I have two comments, .

First, the report appears to be well written and appears to inclue all
of the important aspscts that it should contain,

[Second, the report appears to be conservative because it represents only

the current stete-ofwthe-art for the siorage methods., This conservatism
apparently recults fron the limitation of the identificztion and evalustion

of the various storage concepts to the use of published reports as well as
experience in both the United States and cther countries, as stated at the >
botton of page vi, .

Because four of the five storage methods discussed have not been fully
developed, the final designs are not known. Use of the current publishad
reports could result in cost estinates as much as twice as large as the actual
costs would be if and when those concepts are fully developed, As an exarmple,
there does not appear to be any eonsideration ‘given to the use of high density
concretes in the concrete casks, even though the Canadians have investigated it
and tested prototype casks., Use of that type concrete might reduce the concrete
cask costs by up to one-hzl{ because tha cask wall right have ¢o be only & half
as thick, This could more than doudble the amount of fuel stored in one cask,

The main disadvantage from using a conservative approach that overestimates
the totd costs is that it makes those methods of storsge appear much more
costly than they might be after they are fully developed, In comparisens with
other 2lternztives for spent fusl storage, those dry s torags methods might lose
whan they aciually might be the best choice when fully developed,

It 1s suggested that the executive summary, and the text, emphasize the
possidbility that the costs listed on page ix might be reduced substantially

by fully develdping those storage concepts,
Sincerely yours,

. R. Yo
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BOSTON EDISON

Pilgrim Nudlear Power Station
Rocky Hill Road
Piymouth, Massachysetts 02350

Ralph G. 8ird
Senior Vice President — Nuclear

November €, 1988

Charles Eead

U.E. Department of Energy : .
Office of Civilian Radioactive Waste Management
RW=322, Forrestel Building

1060 Independence Avenue, E.W.

Washington, D.C. 2e¢58s

Dear Hr., Head:

" Mr. C.E. Kay's letter of September 1, 1988 provided to our Mr.
Etephen J. Sweeney a Copy ©f the initial version of the Dry cCask
Storage Study, DOE/RR=-01%8, and requested our comments. ¥r.
Eveeney has asked that I respond to you. '

The Utility Nuclear wWaste Management Group analyieﬁ the study
&nd commented in their letter of October 28, 1988. Boston Edison
Bupports their comments.

In addition we offer the following comments related to the
Study:

g. [The Department of Energy, in cocperative projects with
the Electric Power Research Institute and participatory
utility coppanies, has developed technology for dry
storeage of spent fuel, The Department's aggressive
“faction is encouraging. However, the meed for at-reactor
storage facilities has been increased by tbhe announced
delay in operation of the DOE storage facility. We urge
DOE to continue to support work on dry storage =and
similar storage measures to assist the industry in
[8ccommodating the DOE delay.

IIT-139
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d. [The BStudy concludes that the additional at-reactor
' storage facilities to accommodate the DOE delay will
require substantial funding. Although present
legislation may imposse limits on use of the Xuclear Waste
Pund for ate-reactor storaga, such limitations did not
forasee the DOE delay. In equity, DOE should sesk any
needed authority for use of the Pund for at-reactor
storage during the period DOE is contractually obligated
to racaeive wadtes.

c. {The study doas not cite the basic reason for the various
spent fuel storage activities treated in the report. We
rafer to the legislation that precludes reprocassing.

413 added storage facilities are an inherent disadvantage of
anuclear power. Thay are not. Other countrias,
unhampered by such legislation, are reprocessing and
handling any resultant real wastes. We suggest the study

[Teasons for the costly storage facilities.
We appréciata the oppeortunity to comment on this Study. 1t

you need further information, pleass contact me or Mr. E.J. Wagner
at 508-747-8805.

o

ce: S8.J. Bweeney
' J3.2. Howard
X.L. Highfill

I11-140

A reader of the Study might parceive that the costly

should give the reader an overall perspective of the

4




-1

v .
;m l m ‘ mpany One Oxlorg Ce
M 0 G“:'r:tmf:m

Palaburgh, PA 15278

Jonn 4 CAREY | | October 28, 1988
Esecutive Vice Presigent.
Operatons

Mr. Charles Head

U.S. Department of Energy )

Office of Civilian Radjoactive Waste Management
RW-322, Forrestal Buillding

1000 Independence Avenue, 5.W.

Washington, D.C. 20585

Dear Mr. Head:

We have reviewed the *"Initial Version of the Dry Cask
Storage Study" which was forwarded with your September 1, 1988
letter. . .

We believe that dry cask storage provides a method to safely
store -spent fuel elenments, burnable poison assemblies, spent
start up sources and contreol rods at reactor sites until such
time as DOE completes its underground facility.

We are disappointed that DOE will fail to meet the original
schedule which would have the first repository receiving fuel in
1598,

Considering that  all operating nuclear utilities have been
making significant contributions to the program on the basis of
the assessed one mil .per net kilowatt hour, the extra expense
involved with at reactor storage represents an additional burden
tg the rate payers of electric utilities which operate nuclear
plants., '

Once again nuclear power will realize a shrinking of the
cost advantage over alternate generation technologies which must
be sustained to Justify its continued utilization as a major
energy source in the United States.

We urge the Department of Energy to complete the program
which was enacted under the Waste Policy Act of 1986 as rapidly
as possible and observe that no increases in assessed costs
ghould ever be regiired since the five year delay in the progranm
will result in significant increases in project funding prior to
incurring Lajor developrent and operating expenses.

Yours sincerely,

J. J. Carey
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STATE OF MICHIGAN
R .
COMMISSIONERS ‘Km? PUBLIC SERVICE COMMISSION
William E. Long '.q).. 63545 Marcartile Way
ECRRXHA X AN LSRR Po P.O. Box 30221
Steven M Felter I ;;i! Lansing. Micivgan 48909

Ronald E. Russell .
JAMES J. BLANCHARD, Governor

DEPARTMENT OF COMMERCE

POUG ROSS, Director .
Movember 15, 1588

Hr. Charles Head

U.S. Department of Energy

Office of Civilian Radfoactive
Waste Management

R¥-322, Forrestal Building

1000 Independence Ave,, S.W.

Washington, D.C. 20585

Subfect: Inftial Yersfon Dry Cask Storage Study
Dear Mr. Head: "

On August 22, 1988, the U.S. Department of Energy {DOE) released the draft
report, Initfal Version Dry Cask Storage Study {DCSS), and requested comments on
it. On Behalf of the Rational Issocia%ion of Regulatory Utility Commissioners
{RARUC), the Staff Subcommittes on Nuclear Waste Dispssal appreciates this
spportunity to respond. _

The NARUC fs an assoctatfon of all the public utility regulatory com-
missfons fn the natfon. Its merdership {ncludes bodies regulating all favestor-
owned utilities that opearate commercia? nuclear power electric generators. All
funds that have been and are patd into the Ruclear Waste Fund come from the
pockets of the electric utility ratega[ers, Liose financial fnterests are the
statutory responsidility of the public utility regulatory commissions. The
NARUC 1s on record as supporting a safe, successful and cost effective nuclear
waste dfsposal program, :

The NARUC has recognized for some time the {mportance of at-reactor storage
to the safe disposal of nuclear waste and to the costs of nuclear generation
that are charged to ratepaysrs. Tha NARUC fs concerned that more delays to the
federal program {n gdditfon to those already announced may, in the adsence of
any other alternatiyes, turn generating plants {nto extended spent fuel storage
facilities. Our report on at-reactor storage availabflfty, tssued early in
1988, 1s referanced *n the DCSS.

Qveryiew of the DCS

in general, we believe the DCSS represents a responsible and responsive effort
on the part of the DOF to provide the information required by the Congress ia
43-1Section 5054 of the huclear Waste Policy Amendments Act of 1587. We believe the
fmportan® cost data surmar{zed {n’the table on page {x of the Executive Summary
is reasonable, {f.e., the Varge range of costs for the varfous storage systems {s
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#¥r. Charles Head
Kovember 15, 1968
Fage 2

in agreement with the present very Timited actual experience with these tech-
nologfes. Recent vendor proposals recefved by one utilfty planning for expanded
storage generally confirms the range of values given for the dry storage and
consolidation options with one exception. If representative, bids for concrete
cask systems at the low end of the DOE's range may reflect & recent reduction in

] the cost of this option.

Kore spéc!fic corments on the DLSS are giien below.

Inpact of Program Deleys

--FThe tone of the study 1is, $n our opinfon, to cdnfirm'that temporary at-reacter

spent fuel storage 1s & reasonable option until & reposttory and/or & Monitored

Retrievable Storzge facility (MRS) are avafleble; we concur. We must add that

}be :t-reactcr storage option poses problems which sre not sdegquately addressed
n the DCSS. '

The DOE disposal program hes suffered many delays and, only very recently,
another wes ennounced in the date of drilling of &n exploratory shaft in Kevada.
We belfeve confidence In the DOF program has been affected {see the NARUL letter
to the DOE and others, dated October 26, 1988). Further delays are entirely
possible, and U.5. nuclear utilitfes must therefore contemplate the on-site
storage of resctor spent fuel for an indeterminant pericd of time. :

It shovld be noted that the 1998 or 2003 dates for federa)l spent fuel acceptance
are in sccordance with the current DOE plan, byt these dites represent only the
most recent projections of repository availadility. Fer example, according to 2
1973 publicetion, the spent fuel acceptance date then planned by the U.S. Atomie
Energy Commission was 1982, It should be noted, therefore, that fncreased costs
to ratepayers to support utfility spent fuel storage should be understood to have
begun many years ago. Expenses.to date assocfated with {ncrezsing on-site
storage reracking of exfsting pools and cther operating expenses &re part of the
cost of the delays in the federal disposa) program. Extended at-reactor
storage, even 1f operated es planned, without gccident or detertoratfon and
without substantial public protest, will represent & further expense to be
requested of vtility ratepayers. It will glso rafse the cest end complfcate the
decommissioning of many reactors, an {ssue not addressed {n the DCSS.

In summary, we are not satisfied that {ndefinfte at-reactor storage 1s & low-
fopact, cost-effective interim alternative to the faiJure to develop 2 high

Tevel radicactive waste dfsposal cepabflifty on 2 timely basfs.

Need for an Integraved Systems Plen

The DCSS reflects the fact that en fntegrated dispose] system has not yet been
developed. System fntagratfon end standardizat{on have the potential of saving

3] the natfon's electric ratepayers milifons of dollars, reducing worker radistion

exposure and enhancing the safety of spent fuel disposal, It {s alsc an
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Mr. Charles Head
November 15, 1988
Page 3

approach the success of which depends on clese cooperation between the DOE and
the utitities in the further development of at-reactor storage facilftfes. At
fts meeting on October 19, 1988, the U.S. Kuclear Regulatory Commission noted
the problems resulting from lack of an fntegrated plan, reviewsd some of the
ramifications and registered concern ovar the possible proliferation of individ-
ual utilfty at-reactor storage programs because a defined national disposal -
system will not be in place.: :

It {s noteworthy that Congress, {n ordering this study, recognized the need for
attention of the DOE management to this fssue. Yet, the value of an intagrated
system was emphasized by the U.S. Offfce of Technology Assessment {n 1985 in its
definitive study of nuclear waste disposal. The role that additfonal at.reactor
stora?e plays in the integrated waste disposal system as well as the potentfal
benefits and problems that would result from standardfzing the handiing and
_gisposal system should be discussed fn the DCSS.

Disposal Alternatives Examined

rin the DCSS, the aggregate costs of providing additional at-reactor storage are
studied for four cases. Thay are: 1) the regositor opens in 2003 without an
MRS; the reposftory and MRS both open, 2} fn 1538, 3) fa 2003, and 43 §n 2008.
Given that the future of the MRS is uncertain, at least two additfonal cases are
recommended: 5} the repository opens in 1998 without an MRS; and 5] the reposi-
tory opens in 2008 without an MRS. With further attention, these sdditional
anslyses will show the potential fmpact that an MRS could have on the as yst
undeveloped integrated waste disposal system, It should not be assumed that the
future of the MRS has been resolved; the Congress must sti1l respond to the
recommendations of the MRS Review Commission. Consfderatfon of the MRS as a
system design parameter {s reflective of the fact that all aspects of the dis-
posal system are {nterrelated, ' ,

The dates we have proposed for the addftiona) studies are reflectfve of the
dates the DOE has chosen. The basfs for the DOE's selsction of dates s not
made clear in the study. ODoes the DOE‘'s chofce of 1998 fmply the ability to
have a2 facility in place by then? Does the 2003 date {ndicate further antfci-
pated slippage {n the overall program? Ths notion that the chofce of dates §s
arditrary troubles us 1n view of the huge expenditures fn tfme and monsy that
have occurred sfnce the inception of this federal program. _

b .

DLSS Financial Analysis

The methodoTegy used {n the DCSS to estimate the aggregate costs of increasing
at-reactor storage for each of the federal waste acceptance scenario was to
nuttiply estimates of the 1988 price of the storage technologies by the natfon's
aggregate addftional storage nedds. However, {nd{vidual util{ties wi)l be
increasing at-reactor storage at varfous times over more than a twenty year

%t period and will be raintatning those faciltties thereafter. The tost study must
take account of the impacts of fnflation over this time perfod, and a utility's

;inance c?sti which a close reading of the DLSS suggests hive not been included
n the calculations,
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Mr., Charles Head
Hoverber 15, 1888
Page 4

The DOE has the necessary information to account for the time value of money in
fts anslysis. The analysfs should be performed utility by utility, imposing the
fixed costs assocfated with the spent fuel storage option in the first year that
additfonal storage is required and adding the variable costs that will accrue
thereafter. The KARUC requests the DOE perform the analysis and alsc requests
sccess to the detailed cost data from this study so that 1t may alse perform
such en2lyses. In additfon to the value of the analysis for our own purposes,
it may act as 2 verificatfon of, the underlying assumptions made for the DOE

study of the cost figures quoted fn the DCSS.

Discussfon of At-Reactor Storage Optfons

Due, 1n part, to the potentfal for public opposition (p. 7}, the DCSS dismisses
transshipment as a viable storage expansfon option. Transshipment is an
epproved and utilized option and therefore s expected to be 2 part of future
spent fuel man2gement plans where feasible. The DOE's 1987 Spent Fuel Storage
Requirements Study {ncorporates assumptions about transskipment as a means of
reducing the need for additfonal storage space. Sfnce there are a2 limited
number of at-rezctor storzge optfons, it seems that the DCSS should not rule out
this option, especially since there has been public opposition to the most popu-
lar method of increasing at-reactor storage, reracking. There are no guarantees

ag2inst future protests over other options included in the DCSS.

Effects on Human Health and the Environment

The DCSS review of the health and safety issue seems somewhat perfunctory n {ts
coverage, There is & discussien of prior KRC studies, but no perspective on
health end environmental impacts. In 1ine with our earl{er comments, we belfeve
the value of the report would be enhanced by a comparfson of environmental and
safety aspects of at-reactor storage versus early disposal,

Use of the Kuclear Waste Funé for At-Reactor Storage

The conclusion fn the DCSS that the DOE has no express authorfty to pay wonfes
out of the Fund for "short- serm {nterim storaget‘ as 3 general statement of the
present law, appears correct. However, the DDE's analys{s does not address al)
the possibilities rafsed by the Kuclear Waste Polfcy Act (NWPA).

The NWPA 2llows payments from the Fund for costs fncurred {n connection with
transportetion, treating or packaging spent fuel to be disposed of fn a reposi-
tory, MRS, et cetera. 42 U.8.C. 2110222{61(4). The ex{sting contracts between
the DOE and the utilfties obifige the DOE to arrange for and provide casks
suitable for use at the §ndividual ut{lity's site. 10 CFR §/961.11, Art. IV 2.

In the DCSS, the DOE has defined {nterim storege so as to preclude claims for

assistance from the Fund for storage costs fncurred after 1898. The DOE clafms
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Mr. Charles Head
November 15, 1988
Page 5

that 1t {s the utflfties who are responsible for spent fuel storage until "an
operating federal facility {s avaflable to accept the fuel™ (p. 84). However,
it 1s conceivable that a utility which incorporates transportation packaging or
necessary fuel handiing measures into {ts on-site storage program may be legally
entitled to payments from the Fund.

Although the NWPA has an entire section devoted to interim storage, 42 U.S.C.
§/10151-10157, the term is not defined. That interim storage was contemplated
to last only until 1998 is suggested by the selection of the near-term date of
January 1, 1930 as the final date for which contracts for {nterim storage may be
made by the DOE. 42 U.5.C. $/10156{a){1). Tha conclusion in the DCSS as to the
meaning of “interim storage®™ under the NWPA appears to be too expansive. We are
concarned that the DOE, by this construction of the statute, has limited the
payment options authorfzaed {n the present legislation.

We agree with the DOE's summary conclusfon (p. 89) that the Nuclear Waste Fund
should be used to support at-reactor storage only whan ft will benafit the waste
management system as a whole. However, the phrase {s cryptic and should be
expanded so as to convey adequate meaning of the DOE’s position. It may also be
that a more complete analysis should be conducted so as to aid adequate depth of
meaning to be communicated. It does appear to us that some on-site activities,
for example those which would reduce some DOE disposal expenses, might be
acknowledged via decreased payments by utilities who implement them. Care must

are not penalized.

We appreciate your attention to the matters that have been rafsed. The NARUC
Staff Subcomnittee stands ready to assist you in these matters of importance to

the safe and efficient handling and disposal of the natfon's spent reactor fuel,

Sincerely,

4, butt.

Ronald C. Callen

Michigan Public Service Commission

Chafrperson, Staff Subcommittee on
Nuclear Waste Disposal

Natfonal Assocfation of Regulatory

- Utility Commissioners

RC/kkf
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STATE OF REW YORK =
PUBUIC SERVICE COMMISSION

ALBARY
PETER A BRADFORD
Crutamais

- Kovenber 7, 1%58E

Kr. Charles Heaéd

U.S. Dept. of Energy

. Office of Civilian Ra&ioactive
Waste Mznagement, RW-322

Forrestz] Builéing

1000 Independence Avenue, SW

vashington, DC 20585

Dear ¥Mr. KFeegd:

e

TR EWPIRT $TATE P24

{518} &%a-2325

Thank you for the opportunity to review ané comment cr
DOE's report, "Initiel Version - Dry Cask Storage Study“. WwWe
offer the fellowing ccmments for your considerztien in preparing

the £inzl version.

rills per kilowatt hour depends on fuel burnup.

|pore apparent.

1. The report presents the cost of the various spent
fuel etorage optione in terms of dellars per metric ton of heavy
metel., It would be helpful to Blec present the coet in terms of
mills per kilowatt hour 2 thie is the unit of the fee inposed on
the utilities by Section 302(a) (1), (2! and {3} of the Act.
reletionship between dcllars per metric ton of heavy metal and

The amount of

fuel discherced and stored also depends on fuel burnup. By
expreceing the storege cost in terms of mille per kilowatt hour,
the additionel cost for the delay of repository availability is

- 2. At present, the vtilities pay 2 one mill per

kilowatt hour fee for the Nuclear Waste Fund {NWF} under the
terms of their contracte with the DOE., The contracts state that
DOE will begin to accept spent fuel in 1988. The one mill/kwh

ezl SUPPOEES tO Cover &ll the DOE's costs for disposing of spent

fuel, including <he transportation costs.
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The DOE has now acknowledged a five-year deley, to 2003,
for its initial scceptance of spent fuei. Consequently, the




Novenber 7, 1388
Page Two

utilities will have added costs for their at-reactor storage.
These added Costs 2re not funded through the NF,

We reccmmend that the DOE request authority to use the
MIF for the utilities® at-reactor storage costs. The added cost
for at-reactor storage is largely due to DOE's inability to begin
receiving spent fuel from utilities for disposal by January 31,
1598 as reqQuired by the Nuclear Waste Policy Act of 1882, We are
mindful that both the cost to the individual utilities and to the
DOE will ultimately be incurred by the utility ratepayers.
However, having both costs paid by the NWF will present the cost
.Pf the back end of the fuel] cycle in & pore copen manner.

= 3. Section 4.2 of the report presents yod consclidation
as an option for increasing at-reacteor storage. We suggest that
43| DOE investigate the possibility of disposing a portion of the
non-fuel~bearing hardware as low-level radiocactive waste. This
procedure may increase pool steoerage capacity for spent fuel,

r 4, Eventuvally, the at-reactor storage cask will have to
w4l be decontarinated and decomrissioned. The cost for this should
be presented.

vt e laftyin Gt AR et e

Thank you for the cprortunity to review this repor:.
Sincerely,
=== Z

Peter Bradford
me1(988-32
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_UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. L. 20555

teges’ S November 18, 1988 .. .
CHAIRMAN o o

United States Department of Energy :

ATTN: Mr. Sam Rousso, Acting Director

Office of Civilian Radiocactive Waste Management
RW-322 Forrestal Building

1000 Independence Avenue, S.W.

Washington, D.C. 20585 ’

Gentlenen:

I an responding to your September 1, 1988 request for.the
comments of the Nuclear Regulatory Commission (NRC} on the
Department of Energy’s (DOE) Initial Version Dry Cask Storage
Study (DOE/RW~-0196). The Commission’s detailed comments* are
enclosed. 1In general, we find it a well-balanced presentation of
spent fuel storage requirements, of the in-pool consoclidated fue)
storage and dry storage technologies available to address those
requirements in at-reactor storage, and of the impacts and costs
of such storage.

The Commission is concerned, however, that inadeguate attention
is being given to ensure the compatibility of the various steps
in the storage, transport, and disposal of spent fuel and thereby
to enhance the safety and efficiency of fuel handling. With a
proliferation of storage options, it appears likely that fuel to
Pe removed from reactor sites in some instances may have to be
“returned to reactor pools to be unloaded and then loaded into
transportation casks for shipment off site. 1In addition,
subsequent operations at the repository, or a menitored
retrievable storage (MRS) site, may be needed to repackage the
fuel for ultimate Cisposal. The Commission believes that
radiation exposures and other handling risks should be pinimized
in the entire process from removing the fuel from the reactor
pool the first time to its ultimate disposal. Systen analysis
and action at this early stage could result in minimizing these
handling risks, anr se suggest that DOE proceed on this course of
analysis and actiofn to achieve cask design compatibility to the
lgreatest extent possible. -
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I hope that our comments on this draft report have been helpful.
If you have any questions, please contact Hugh L. Thompson, Jr.
(telephona number 492-3352). The Commission looks forward to
commenting on your final report.

Sincerely,

Loty

Lande W, Ze Jr.d

Enclosure:
Detailed Comments

cc: Charles Head, DOE
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NRC COMMENTS ON DOE DRY CASK STORAGE STUDY (DOE/R¥-0196)

See the partial paragraph at the top of the page.

While as a practical patter topical reports have been
referenced in dry storage licensing, there is ne
requirement to do se. A license applicant could simply

See the first full paragraph and the sixth full
paragraph, respectively. 2 utility dees not apply
foer a general license.- Rather, the utility

Insert the following under lined wording at the end of
first sentence, fourth ful} paragraph:

"...for dry storage in_that drv cas storage jinvolves =&

e it c €S the pumber of assembliecs pe
o be stored i & _poo Yolves an amendment to the
b C art so ense. o the extent that ut ties
ave coneplidated spent fue ods as a demonstration
ave performed these ited consolidatione under

10 CFR_S0.59. First of al11,..."

new license_under 10 CFR Part 72, while consecljdation
Where jt increas £ the n r of as 1i permitted

ISee the first full paragraph. In the third sentence

the words, “for at least 30 years beyond the expiration
of the operating license," refer to reactor pool
storage aiso. :

Delete the last sentence from the partial paragraph at
the top of the page.

Revise the second sentence in the first full paragraph
by incorporating the underlined words as follows:

- "...211 spent fuel storage pools € an evaluation

shows that the ‘pool cap support the additional
VEighto .. ' ’

See the fourth paragraph. Please note that 10 CFR Part
72 has been recently amended {53 FR 31651, August 1le,
1%88). It is now entitled "Licensing Reguirements for
the Independent Storage of Spent Nuclear Fuel ang
High-Level \Radicactive Waste, ™
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(cont‘d)

12

A58

13

4510

pi

511

29

45-12

30

4513

34

45

)= *

Dalete the last paragraph (including the continuation
at the top of page 12) and replace it with the
following paragraphs

sconsclidation where it increases the number of

 assemblies permitted to be stored in the spent fuel

pocl involves an amendnment to the 10 CFR Part 50
license. To the extent that utilities have
consolidated limited numbers of spent fuel rods as a
demonstration, they have performed these consolidation
programs under 10 CFR 50.59.7" C

See the second full paragraph. Again tﬁere is some lack
of clarity in explaining the use of a reviewed topical
report as a reference in a site-specific application.

It may be advantageous to a license applicant to do so,

since it is an action that can reduce uncertainty (the
proposed design having been reviewed by NRC staff) and
effort, but it is not required by regulation.

Revise the first sentence in the third full paragraph
to read:

nconsistent with this objective, the NRC staff is
currently developing a proeposed _tule for consideration

. by the Commissjon which would amend 10 CFR Part 72 %o

provide a process for..."

Revise the first sentence of the fourth full paragraph
to read: -

“Thé propesal under development envisidns an amendment
+o 10 CFR Part 72 to specify the following process...

Sea the rirst full paragraph. The first sentence
concerning cask loading in the storage pool and boron
{s incorrect. Nuclear criticality analyses to date
have not taken credit for the presence of boron in the
wate!‘. .

section ¢.1.1.2, paragraph 3. Gesellschaft fur Nuklear
Service mbH is improperly identified. This should be
General Nuclear Systems, Inc., the United States
partnershivp. _

Section 4.1.2.3, paragraph 1 (same comment as above for
p 30).
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4517

4515
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35

42

[47

49

1

50

72

45
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Section' 4.1.2.3, paragraph 1. 'This section should note
that the technical review panel .set up by the NRC to
investigate the acceptability of nodular cast iron for
transportation casks has been completed. It was
concluded that nodular cast. iron should not be used as

the primary structural material in spent fuel shipping

casks based on the material properties and avajlable
information at this time.

Section 4.1.4.2, paragraph 2, line 3. The words,
"safety analysis,” should be topical repoert.

Revise the first sentence in the second paragraph in
incorporating the underlined words as follows:

"...with rod consolidation are primarily economie
in nature. They include the difficulties,..”

Delete the first two sentences in the second full
paragraph and replace them with the following
sentences:

"As explained in Chapter 2, consolidation where it
increases the number of assemblies permitted to be
stored in the spent fuel pool involves an amendment to
10 CFR Part 50 license. To the extent that utilities
have consolidated rods as a demonstration, they have
perfcrmed these limited consolidations under 10 CFR
§0.5¢%.% '

Delete the words *"local eor" in the third full
paragraph, third sentence.

Revise the wording in the second full paragraph, fourth

sentence w~ith the underlined words as follows:

*...and vill have to start by 1997 when a full-core..."

Reference: ®Spent Fuel Storage Requirements (1987)"
DOE/RL~-87~11, page 3.13, Table 3.4 shows full core
reserve at Millstone 2 not lost until 1997.

See the first paragraph. The reactor operating license

may be amended at the end of plant operating life.
Thus, spent fuel may be stored in the reactor peool
under a Ypcssession only"” license pursuant to 10 CFR
Part 50. The reactor license cannot be terminated
until the reactor is decommissioned. To fully
decommission the reactor, 21l spent fuel must be
removed from the site.
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In the Chapter §, DOE discusses the use of the Nuclear ‘

Waste Fund to support additional at-reactor storage.
The study finds that Nuclear Waste Policy Act of 1982
does not authorize DOE to use the Fund for providing
such storage. DOE alse finds, as a matter of policy,
that the Nuclear Waste Fund should not be used for
at-reactor storage unless such storage would provide
overall benefits to the waste-management system. As
these findings do not involve health and safety issues,
NRC takes no position thereon.
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STATE OF NEBRASKA®

DEPARTMENT OF HEALTH

KAY A. ORR GREGG F. WRIGHT, M.D.,M.En,
GOVERNOR DIRECTOR

23 November 1988

Mr. Charles Head

U.S. Department of Energy
Office of Civilian
Radicactive Waste Management
RW-322 Forrestal Building
1000 Independence Avenue, SW
Washington, DC 20585

 Dear Mr. Head:

Governor Orr forwarded her copy of the August 1988 publicetion titled
Initial Version Dry Cask Storage Study and asked the Department of
Health to review and comment on 1t. HKe are pleased to have that

. opportunity.

45-1

45-2

1t appears there are several issues that need to be addressed in detail,
some of which have potential health and safety implications.

1. The effect of temperature on the concrete needs to be evaluated

and assessed, especially since there is concern that the structural
integrity of the cask cannot be maintained. If s0, this could
result in breach of the cask during movement or handling teading to
.substantial radiation exposure to personnel. There is also some
question as to whether or not the integrity of the spent fuel would
be mafntained, This would depend on the amount and type of deteri-
oration of the cask from thermal interactions.

The use of the casks for transportation purposes after extended
periods of storage is of substantial concern as to whether or not
the integrity of the cask can be maintained. In addition to the
concern about the effects of thermal impact, we would be concerned
about the effects of handling, moving, and shifting that might lead
to breach of the container. We 21so question whether or not this
cask could withstand a transportation accident with only minimal,
or preferably no, loss of material, It would appear that the amount
~or level of deterioration of the concrete due to age would signifi-
cantly increase the possibility of loss of containment and poten-
ti2lly damage the spent fuel in a transportation accident. This
could result in substantial radiation exposure to first responders
and substantial contamination of the accident &rea, and would
require considerable effort and expense to clean up the site,

The amount of harm to the public would depend on the severity of
the accident.

a2
.

, 301 CENTENNIAL MALL SOUTH
F. 0. BOX 95007, LINCOLN , NEBRASKA 68509-5007
AN EQUAL OPPORTUNITY/AFFIRMATIVE ACTION EMFLOYER
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Charles Head
Page Two
23 November 1888

3. Since there appears to be more than one method for handling and
Joading the casks with the spent fuel, the possibility of an acci-
dent increases significantly in relationship to the number of times
the material is handled.

In conclusion, 1 believe that there is sufficient concern about the
thermal, transportation and handling effects to indicate that use of this
type of container may be premature. The fact that storage in concrete
casks has not yet been 1icensed by the NRC at any site and the review of
the topical safety analysis report on this technology also indicate that
it may be premature.

A study should be made on how to minimize and reduce the number of times
the spent fuel and casks need to be handled, This would decrease the
possibility of an accident, Decreasing the handling times would also
make sense from the health physics perspective of maintaining as low an
exposure as can reasonably be achieved.

Further information or guestions would be welcomed by our Division of
Radiological Health; Harold Borchert is the division director,

i) 7Y

Gregg F. Wricht, M.D., M.Ed.
Director of Bealth

GFW/1b

cc: Governor Orr
Harold Borchgrt

111-15%

Pt 11‘"




	Final_Version_Dry_Cask_Storage_Study_February_1989_part1
	Final_Version_Dry_Cask_Storage_Study_February_1989_part2

